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FOREWORD 

The first IAEA/WHO International Symposium on in vitro Procedures with 
Radioisotopes in Clinical Medicine and Research was held in Vienna in 1969. Since 
then regular symposia in this field have been organized, in Istanbul (1973), Berlin 
(1977), and Vienna (1982 and 1986). The proceedings of all these previous meetings 
have been published by the Agency. 

The present symposium, the sixth in the series, reflects the continued and 
increasing interest in radioimmunoassay and related procedures and its popularity, 
especially in developing countries. It focused on recent relevant methodological 
developments which would enable laboratories in such countries to upgrade their 
level of radioimmunoassay practice as a step towards bridging the technological gap 
between them and their counterparts in the industrialized world. Attention was also 
paid to other areas that have recently come into prominence in developing countries, 
such as local production of primary reagents including monoclonal antibodies and 
the establishment of external quality assessment schemes at regional level. The sym-
posium also attempted to put into perspective, from the standpoint of laboratories in 
the developing world, the position of newly emerging techniques, including non-
nuclear analytical methods, as alternatives to radioimmunoassay. The clinical papers 
presented were mainly on public health issues of grave socioeconomic concern such 
as neonatal hypothyroidism and cancer. Finally, discussion sessions on the future of 
radioimmunoassay provided guidelines as to the most suitable directions in which 
progress could be made. 

The Symposium was attended by 67 scientists from 39 developing and 
28 industrialized countries. It provided a most useful opportunity not only for the 
presentation of scientific results but also for contact and collaboration between wor-
kers in the fie jd from developing and advanced laboratories. 
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Keynote Address 

FUTURE DEVELOPMENTS IN RADIOIMMUNOASSAY 
WITH PARTICULAR REFERENCE TO THE NEEDS 
OF DEVELOPING COUNTRIES 

R. EKINS 

Department of Molecular Endocrinology, 

University Col lege and Middlesex School o f Medic ine , 

London, United Kingdom 

Abstract 

FUTURE DEVELOPMENTS IN RADIOIMMUNOASSAY WITH PARTICULAR 
REFERENCE TO THE NEEDS OF DEVELOPING COUNTRIES. 

Assays employed in the biological sciences fall into two categories, distinguished by 
their differing analytical objectives. Comparative (or 'functionally specific') assays are 
intended to compare the relative effects of substances, or mixtures of substances — not 
necessarily of identical chemical structure — on a biological system (e.g. whole animal, 
tissue, cell). Results are represented by units of effect, and differ depending on the nature of 
the effect, and the biological system in which the effect is expressed. Such assays cannot be 
'standardized' (i.e. brought into agreement) by the use of a common calibrant. In contrast, 
analytical (or 'structurally specific') assays are intended to measure in test samples the number 
of molecules (or mass) of a single substance of unique chemical structure, and cannot validly 
be employed to measure mixtures of substances of different structure. Results are represented 
by units of molecular number or mass, and should be identical irrespective of the assay system 
employed. Immunoassays are generally used for this specific purpose. Insofar as the antigenic 
substances present in standards or test samples are dissimilar and/or molecularly hetero-
geneous, an immunoassay is invalid; the results it yields do not represent the concentrations 
of a substance in the sample, and have no universal significance. Many substances of 
biological interest (e.g. thyroid stimulating hormone, TSH) — initially defined in terms of 
their biological activity or function — have subsequently been shown to be molecularly 
heterogeneous. It is thus impossible to measure the concentration of TSH in a sample; it is 
only possible to measure the effect mixtures of TSH isoforms exert in a particular assay 
system. Fundamental problems thus arise in the standardization of immunoassays used for the 
measurement of the amounts or concentrations of such substances, and the distribution by 
international organizations (such as the World Health Organization) of international reference 
preparations fails to achieve the basic objective underlying this activity. The long term solution 
to this problem lies in the ultimate development of assay systems measuring individual compo-
nents of heterogeneous mixtures. Until this is achieved, agreement between laboratories can 
only be achieved by the common use of entire assay systems, and the independent development 
of different assay reagent sets for routine immunodiagnostic purposes is a potential source of 
confusion and unnecessary cost. Turning next to assay design, past misunderstandings and 
dispute regarding the concepts of sensitivity and precision have resulted in extensive mytho-

3 



4 EKINS 

logy in the immunoassay field and impeded the development of the ultrasensitive methods 
required for the detection and/or measurement of many substances, such as viral antigens, of 
crucial importance to many developing countries. Immunoassays can be categorized as either 
of 'competitive' or 'non-competitive' design, depending on whether antibody binding sites 
occupied by analyte are measured directly or indirectly. Non-competitive assays are poten-
tially more sensitive, but their full sensitivity potential can only be realized using labels of 
much higher specific activity than the commonly used radioisotopes. It is therefore inevitable 
that radioisotopically based immunoassays will be superseded by non-isotopic methods in the 
assay of substances present in biological samples at levels below about 108 molecules/mL. As 
regards non-isotopic immunoassay, apart from their application to ultra-sensitive immuno-
assays, simple 'user-friendly' methods permit decentralized immunotesting (e.g. for the 
diagnosis of infectious diseases, pregnancy testing), and are particularly relevant to the needs 
of developing countries, although the present cost per test is high. Decentralized testing also 
constitutes a prime objective underlying the commercial interest continuing to be focused on 
the development of immunosensors, though the technical problems involved are formidable, 
and remain far from resolution. The development of multianalyte assay systems capable of 
measuring entire analyte menus simultaneously, or of identifying particular analytes in 
complex mixtures, is more feasible, and much closer to fruition. 

1. I N T R O D U C T I O N 

Radioimmunoassay falls within the broader class of assay techniques — 
frequently described as 'binding assays' — which rely on observation o f the 
binding reaction between the analyte and a speci f ic binding substance, the latter 
being generally o f biological origin and typically comprising a specif ic binding 
protein. Antibodies constitute an especial ly important class of protein in this context, 
s ince they can be generated conveniently and in large amount against an extensive 
range of substances o f biological interest (either by conventional in v ivo methods or, 
more recently, by the in vitro techniques pioneered by Köhler and Milstein [1]). 
These include high molecular weight substances (e .g . proteins, polypeptides, viral 
particles, ol igonucleotides) as wel l as substances of relatively small molecular size 
not themselves intrinsically immunogenic ( i .e . 'haptens') such as drugs, steroid and 
thyroid hormones and vitamins. Naturally occurring specif ic binding proteins 
nevertheless continue to be used in 'protein binding' assays, e .g . in assays for 
vitamin D and its metabolites, vitamin B i 2 , fol ic acid and (occasionally) thyroxine, 
albeit the availability of specif ic antibodies against most of these substances has 
resulted in the progressive abandonment of natural binding proteins as analytical 
reagents. More recently, assays essentially identical in principle to immunoassay, 
but relying on deoxyribonucle ic acid ( D N A ) 'probes' as binding reagents, have been 
introduced, though these are restricted in application to the detection and/or 
measurement of complementary nucleotide sequences . Though not having as yet 
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achieved the widespread usage or commercial importance o f antibody based assay 

methodologies; they are applicable to the resolution of many biomedical problems, 

such as the diagnosis o f infectious disease, or the identification o f genetic abnor-

malities, and their use is l ikely to increase greatly in the foreseeable future. 

Such assay techniques combine the great structural specif icity o f the binding 

reactions on which they rely with the exquisite sensitivity imparted by the use o f 

radioisotopic labels as indicators of the products o f reactions be tween small numbers 

o f reactant molecules . These two key characteristics — coupled with relative 

technical simplicity and widespread applicability — underlie the ubiquitous use o f 

radioisotopically based binding assay méthods throughout medicine and increasingly 

in other biologically related areas such as agriculture, the food industry, environ-

mental studies, etc. 

In responding to an invitation to survey future developments in this field with 

special reference to developing countries, one is faced with something o f a di lemma 

in identifying which of their particular needs it is most useful to address. These 

countries generally differ from the more developed nations in the spectrum of 

medical problems they face, and therefore need to place higher priority on the 

diagnosis of certain diseases. They are also typically faced with major economic 

difff icult ies , and are generally unable or reluctant to purchase relatively expens ive 

assay kits manufactured in the more industrially developed countries. Finally, they 

may suffer from shortages of personnel possess ing the skills required either to 

deve lop or routinely perform reliable immunodiagnost ic assays. Of these issues, the 

problems arising from shortages o f money and skilled personnel are clearly 

fundamental. 

However , neither the need for eff ic ient and cheap technologies for measuring 

clinically important analytes, nor skill shortages, are restricted to developing 

countries, arid some o f the technical advances made in this field are specif ically 

intended to reduce overall costs 'and the requirement for trained personnel, whilst 

increasing ease of use and diagnostic accuracy. Technical ly advanced methods may 

therefore be of greater potential importance to the wel l -being and ultimate wealth o f 

poorer countries than outdated, methodologies , despite the high cost of their 

importation. 

It must, of course, be borne in mind that, because of the various ways in which 

health services are f inanced, and the differing costs and availability of technically 

skilled personnel, technologies which of fer economic advantages in certain countries 

m a y not do so in others. Fashion, and the desire by companies (or individual 

scientists) to establish commercial or scientific distinction also play a part in the 

development of new methods, s o m e of which may of fer very f ew , if any, real 

benefits . Moreover , many developing countries may choose to retain older tech-

niques as a means of providing practical experience to indigenous scientists and 

technicians, thereby contributing to minimizing the technological gap between 

themselves and the more developed parts of the world. On the other hand, politicians 
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or professionals sometimes adopt the latest technologies for prestige reasons rather 
than because of any practical advantages they are likely to offer within the local 
context. In short, the question of which advances in assay methodology may prove 
beneficial to developing countries is so interlaced with political, social and economic 
considerations that it is virtually impossible to predict which currently foreseeable 
developments in this area will ultimately prove of greatest significance. 

Bearing these complications in mind, this presentation will confine itself 
primarily to basic, scientific issues of general interest and which appear to be the 
source of confusion and controversy in the immunodiagnostic field, but which are 
nevertheless relevant to the problems in this area encountered in developing 
countries. In particular, three principal topics will be addressed: 

(1) What are immunoassays intended to measure? The problem of assay 
standardization. 

(2) What is meànt by assay sensitivity and precision? The problem of optimal 
assay design. * ' 

(3) What new developments are occurring or are likely to occur in this field? The 
relàtive merits of isotopic and non-isotopic methodologies. 

2. . ASSAY STANDARDIZATION: WHAT ARE IMMUNOASSAYS 
INTENDED TO MEASURE? 

2.1. What is an assay, and what is meant by 'assay standardization'? 

The term 'assay' covers a wide range of analytical techniques used to quantify 
the amounts and/or effects (i.e. 'activities') of substances of biological importance, 
such as trace metals, hormones, viruses, tumour antigens and electrolytes. It is the 
fundamental basis of all measurement techniques used in science that the results 
obtained should be reproducible, either when measurements are repeated by the same 
analyst, or by analysts in other laboratories. The fulfilment of this requirement 
constitutes the central purpose of 'assay standardization'. 

In principle, two methods of attaining this objective exist. The first is to ensure 
that the assay system or instrument used for a particular measurement does not itself 
change in any way, and is isolated from all environmental factors that might affect 
its response to the measured substance (the 'analyte'). If measurements are to be 
repeated at other sites, either the original instrument must be transported thereto, or 
exact replicas must be constructed capable of responding identically to the analyte 
when used under the same environmental conditions. In other words the entire 
measurement system itself is exactly reproduced and 'standardized'. In practice, this 
approach is often impractical, and a second approach — relying on the use of a 
calibrant, 'reference preparation' or 'standard' to calibrate the various instruments 



IAEA-SM-324/1 7 

or systems used — is almost invariably adopted. International reference prepara-
tions or standards prepared by the National Institute of Biological Standards in 
London and distributed by the World Health Organization (WHO) are typically 
intended to fulfil this function in regard to many of the substances measured by 
immunoassay. It is, however, legitimate to question whether this approach is capable 
of fulfilling its intended purpose, and if not, what measures can be taken to ensure 
that the results and experience obtained in one institution or country can be made 
relevant to another. 

2.2. Nature and classification of assays used in the biological sciences 

Before addressing this issue, it is relevant to consider briefly the nature, 
purpose and classification of analytical techniques used in the biological sciences. 
These are commonly classified on the basis of some key methodological feature such 
as — in the case of 'immunoassays' — their reliance on an antibody, or mixture 
of antibodies, as the 'analytical reagent'. However an alternative (or complementary) 
method reflects the purpose of the assay. This distinction is of crucial importance 
since it is an assay's objective and the interpretation which may legitimately be 
placed on the results it yields, not its methodological basis, which define the validity 
criteria that it must satisfy. 

. , Two distinct assay objectives may be identified: The first is the measurement 
of the effect (от activity) of the biological substance, or mixture of substances, in the 
assay system. The result of such a measurement is expressed in units of the particular 
effect observed, which possess physical dimensions relating to that effect. For 
example, thé stimulatory effect of a thyroid stimulating hormone (TSH) preparation 
may be determined by injecting an experimental animal with a known quantity of the 
preparation, and observing either the growth of the thyroid, or the gland's.release 
of thyroid hormone. In these circumstances, the unit of effect comprises a specified 
increase in thyroid gland volume or mass in a defined time, (dimensions L 3 T~ ' and 
M T " 1 respectively) or rate of hormone release (MT" ' ) . The preparation's biolo-
gical 'potency', or 'specific activity', can subsequently be derived by dividing the 
observed units of effect by the 'amount' (see below) of the preparation. 

The second objective is the measurement of the amount of the substance per 
se present in a biological fluid or preparation, the result being generally expressed 
as the number of molecules or mass of the substance in a specified volume. This 
objective clearly differs from the first, albeit, for reasons briefly discussed below, 
the distinction has become blurred. 

Assays falling into these two categories have been respectively designated 
'comparative] and 'analytical' [2, 3], although the distinction between them relates 
solely to their differing objectives, not to the particular methodology used. For 
example, a 'bioassay' may be used for either comparative or analytical purposes. 
Thus, when considering 'assay validity', the relevant issues are the legitimacy of the 
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interpretation placed on assay results and the criteria of validity appropriate to the 
objective the assay is intended to fulfil. In the following sections these differing 
criteria and other distinctive features of the two types of assay are briefly examined. 

2.3. Comparative assays 

2.3.1. Criteria of validity 

The term comparative assay was originally applied by Gaddum, Finney and 
others to assays primarily intended to compare the relative pharmacological effects 
of different drug preparations in selected biological systems [2, 3]. Regrettably, the 
term is now sometimes used to describe assays in which a test sample is compared 
with a standard or calibrant; however, virtually all measurement systems used in 
science rely on the use of a calibrant, and are therefore comparative in this sense. 
Comparative assays (as originally defined) are widely used in many areas of 
biomedical science in order to assess the relative magnitudes of the effects exerted 
by different substances or preparations on a biological system. Such quantitative 
comparison requires that the substances compared should exert essentially identical 
effects in the system under study (though not necessarily in others), albeit their 
potencies or 'specific activities' (i.e. activity per unit mass) may differ. The ratio of 
the potencies of two substances or preparations defines their 'relative potency' in the 
system. To be meaningful, this quantity should remain constant, irrespective of the 
dose level at which the preparations are compared. Thus the response (or 'dilution') 
curves they yield (plotted in terms of 'log dose') should be 'parallel'. This constitutes 
the basic criterion of validity applicable to comparative assays; indeed parallelism 
of response curves is both a necessary and sufficient condition of 'assay validity', 
which if fulfilled, permits the relative activities (or potencies) of two substances (or 
mixtures of substances) in the system to be assessed. In short, a comparative assay 
may be valid notwithstanding the fact that the substances compared may be mole-
cularly heterogeneous, and totally dissimilar in chemical composition. In other 
words, the relevant form of 'likeness' between the substances compared is 'func-
tional likeness'. For this reason (coupled with evident misunderstanding of the 
meaning of the term comparative assay), I have suggested that assays falling into 
this category might be more appropriately termed 'functionally directed', or 
'functionally specific' [4]. 

2.3.2. Standardization of comparative assays 

A fundamental feature of comparative assays is that the relative potencies of 
two preparations observed in a particular assay system relate to that system alone, 
and are unlikely to be reproduced in another system [2]. For example, if the relative 
potencies of two drugs are examined in a variety of animal species, the numerical 
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results are likely to vary. Even when such comparisons are conducted in the same 
species, the results may differ in consequence of differences in strain, or in environ-
ment and nutrition to which animals have been previously exposed. Greater 
variations are likely if assay systems differ widely in format; for example, if results 
obtained using an in vivo system are compared with those observed in vitro. Such 
variations do not generally reflect 'errors' in the individual measurements, but 
represent real differences in the relative activities of different substances, or mixtures 
of substances, when their effects are compared in different biological systems. 

Thus the use of a calibrant or 'reference preparation' will'not ensure agreement 
between results yielded by different comparative assays, since the. comparative 
effects of test and standard preparations (assuming they comprise different 
substances or mixtures of substances) are likely to differ in different systems. 
Nevertheless the fallacious concept that a substance (or mixture of substances) 
possesses a 'biological activity' which can be assessed by comparison of the 
substance with a reference preparation (of differing composition) of known biolo-
gical activity; irrespective of the biological system in which the comparison is made, 
represents the fundamental basis of the experimental and statistical procedures 
currently employed to assign 'universal' unit values or potencies to international 
reference preparations (distributed by WHO) for hormones and other substances 
which are known to be of heterogeneous molecular composition. Another (or 
alternative) assumption which underlies the assignment of unit values to, and distri-
bution of, such reference preparations is the notion that a single molecularly 
homogeneous substance (which, albeit perhaps of temporarily undefined structure, 
can in principle, be isolated in pure form) constitutes the analyte within both the 
reference preparation and unknown test samples. This concept has likewise been 
shown to be untenable in the ease of many substances; for example, many poly-
peptide and glycoprotein hormones. 

2.3.3. Expression of comparative assay results 

As indicated above, the results of a comparative assay are expressed in units 
of effect (activity units) which relate specifically to the assay system involved. Prior 
to the introduction of International Reference Preparations (IRPs), such units were 
frequently described as 'animal units', since they generally represented an effect of 
defined magnitude observed either in an intact animal, or animal preparation. For 
the reasons indicated above, e.g. the difficulty of maintaining constant respon-
siveness of such assays over time, IRPs were developed to serve as calibrants, with 
the intention of reducing interassay variation. Such preparations were also claimed 
to provide a common currency, whereby results from laboratories using different 
assay systems could be expressed in identical units, thereby making their direct 
comparison (and 'standardization') possible. They were thus assigned arbitrary 
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potency values, i.e. an arbitrarily selected weight of the reference preparation was 
defined as possessing an activity of 1 (international) unit (IU). 

Regrettably this convention subsequently gave rise to the false notion that the 
IRP itself contains the unit of activity, an illusion reinforced by the imprecise and 
ambiguous wording often used in official publications in this area. For example the 
WHO Expert Committee on Biological Standardization has defined the IU for TSH 
as "the activity contained in 36.6 mg of the International Reference Preparation" [5]. 
This misconception has led in turn to the belief that the IU (of unspecified physical 
dimensions) represents a unit of amount of the active substance(s) present in the 
preparation — an erroneous concept reflected in the current practice of expressing 
the concentrations of many heterogeneous substances (e.g. the glycoprotein 
hormones) in terms of IU/L. 

These misunderstandings essentially stem from a failure to recognize that an 
IRP defines, but does not contain, the unit of activity (just as, analogously, a 
'standard' horse defines, but does not contain, the traditional unit of power — the 
HP unit — which possesses the physical dimensions L 2 MT _ 1 ) . For example, a 
TSH induced release of T4 (from a thyroid gland maintained under prescribed 
experimental conditions) of 1 ng/h might initially be arbitrarily defined as one TSH 
activity (i.e. animal) unit. If a reference preparation were subsequently used to 
calibrate the system, the corresponding TSH activity unit would be defined as the 
amount of T4 released per hour by the contents of an ampoule (or fraction of an 
ampoule) of the preparation. Thus in both cases the activity unit relevant to the assay 
system represents a specified rate of T4 release (and possesses appropriate physical 
dimensions), albeit the unit release rate is arbitrarily defined in the first case, and 
defined by reference to a calibrant in the second. It should be noted that the unit thus 
defined is qualitatively different (and possesses different dimensions) from the unit 
relating to a TSH assay system relying on observation of some other TSH induced 
effect (e.g. the stimulation of thyroid growth). 

Thus an international standard simply serves to normalize or calibrate the 
animal, or activity, units relating to individual assay systems, and the physical 
dimensions of the arbitrary activity units so defined are identical to those of the 
uncalibrated animal units which they replace. These units cannot legitimately be 
regarded as units of amount of a particular substance. 

2.4. Analytical assays 

2.4.1. Criteria of validity 

In contrast to comparative assays, the objective of an analytical assay is to 
measure the amount (or concentration) of a substance in a test sample. Implicitly, 
the substance must be of a single molecular structure, since the 'amount' of a mixture 
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of substances of different structure is an essentially meaningless concept . 1 In other 
words , the distinguishing features of a valid analytical assay are that it should be 
responsive only to molecules of a single structure in the test sample, and that 
molecules of both calibrant and test substance should be structurally identical. For 
this reason, analytical assays may appropriately be termed 'structurally directed ' or 
'structurally specific ' [4]. 

Since structural identity of calibrant and test substances is, in principle, neces-
sary to ensure valid calibration of an analytical assay, both must also display 
functional identity in the assay system. Parallelism of response curves is thus a neces-
sary, albeit not a sufficient, condition of analytical assay validity: it is not a guarantee 
of structural identity of calibrant and test substance, and other evidence of this should 
normally be sought. It is, however , impossible to prove structural identity between 
two substances generating an assay response, it being only possible to gather 
evidence supportive of the presumption that the system responds to a single 
substance, and is therefore 'analytically val id ' . 

1 This assertion occasionally creates dissent. The term 'amount of a substance' is here 
used in the simple intuitive sense, i.e. as signifying a conceptual entity which can be presumed 
to exist, and which can be determined, independently of any measuring system. For example, 
it is possible to visualize the amount of salt (NaCl) present in the world's oceans, a quantity 
which can, in principle, be estimated by a variety of techniques, all of which should — 
disregarding experimental errors — yield identical results. Other conceptual entities have no 
independent existence, and cannot be visualized in the absence of a responsive system, e.g. 
the beauty of a beautiful woman (as recognized by Socrates and Shakespeare). In other words, 
the concept of beauty relates solely to a relationship between an object or person and an 
observer, and cannot be said to exist in the absence of both partners to the relationship. Some 
have argued that no conceptual entity exists in the absence of an observer (i.e. a responding 
or measuring system), and that there is thus no essentia) difference between an amount of salt 
and an amount (or degree) of beauty. Though this view may be philosophically defensible, 
there is, in practice, a real difference between placing 'amounts of salt' and 'degrees of 
beauty' in unambiguous serial orders, which process constitutes the objective of measurement 
[6]. In the present context, though an amount of a mixture of different substances is 
measurable in the sense that the mixture depresses a balance pan by an observable amount, 
or occupies an observable volume, such observations have no wider significance and are 
otherwise uninterpretable. We can, for example, determine an 'amount of fruit' in either of 
these senses, but the relative amounts of fruit in a number of samples as measured by weight 
are unlikely to correlate with their relative amounts as measured by volume, or by other 
measuring systems. We cannot therefore determine an amount of fruit (of heterogeneous 
composition) in an unambiguous sense (i.e. without specifying the system in which the 
comparison has been made), nor is it possible to state that one amount of fruit is greater than 
another; only that the response one sample of fruit elicits in a particular system (i.e. its 
'activity' in the system) is greater than that elicited by another. Thus the 'amount' of a mixture 
of substances is an ambiguous concept, and is not determinable; only the effect or activity the 
mixture exerts in a defined assay system (e.g. a gravimetric balance) being measurable. 
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2.4.2. Standardization of analytical assays 

.Only one correct value exists for the. number of molecules of a single structure 
in a sample, and all valid analytical methods should yield this value. Indeed, if 
different assays for an analyte yield results varying more widely than can be 
accounted for by random experimental errors, it is likely that one or more of the 
assays is analytically invalid. In short, valid analytical assays are, in principle, 
standardizable by the use of appropriate calibrants. 

Conversely, attempts to determine the amounts of mixtures of substances of 
different molecular structure are generally doomed to failure, and lead to invalid 
analytical measurements, in the sense that such measurements do not represent 
amounts of a single substance, and cannot therefore be placed on a quantitative scale 
which is independent of the particular assay system used. Thus assay systems-
responding to (mixtures of) molecules of differing structure present in calibrants 
and/or test samples cannot — like comparative assays — be reliably 
standardized. 

It is nevertheless possible to visualize circumstances in which an assay system, 
though analytically invalid in the fullest sense, responds only to a particular atomic 
group common to molecules of substances differing 'in overall structùre. Such à 
group can be regarded as constituting the analyte, and measurement of the number 
or concentration of such groups in a test sample constitutes a valid, theoretically 
attainable, analytical objective. The glycoprotein hormones (such as TSH) provide 
an example of situations in which such circumstances may arise. Many such 
hormones are known to comprise mixtures of isoforms, differing (at least) in regard 
to carbohydrate content and structure; moreover, antibodies raised against these 
hormones are generally blind to differences in glycosylation, and react with closely 
similar affinities to glycosylation variants. It is therefore possible — in principle, 
at least — to develop immunoassays responding only to a common protein moiety 
characterizing all isoforms of an individual glycoprotein hormone, and which could 
be used to determine the number of molecules in test samples containing this 
component. Such assays would clearly possess an element of structural specificity, 
and constitute valid assays for the protein component, albeit they could not be 
regarded as valid methods of measurement of the hormone per se. For example, the 
determination of the number of molecules containing a peptide sequence common to 
all FSH isoforms would not constitute a valid measurement of FSH, nor would it 
be likely to correlate with FSH activity in any biological system. 'Component 
specific' assays (relying, for example, on different antibodies) could nevertheless, 
in principle, be standardized by the use of a common reference preparation 
comprising one or more of the different isoforms containing the specified 
polypeptide component. 
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2.4.3. Expression of analytical assay results 

The result of an analytical assay is the amount or concentration of the analyte 
in the test sample. The amount of a substance is generally represented either by its 
mass or — assuming its molecular weight is known — a number of molecules. 
In certain circumstances (e.g. when a substance has been identified in, but not 
isolated from, a mixture) it may be necessary to provisionally represent its amount 
by an arbitrary unit representing either mass or molecular number. Clearly such a 
unit possesses different dimensions from, and must not be confused with, the activity 
unit(s) defined by International Reference Preparations as described above. 

2.5. Are immunoassays comparative or analytical? 

Immunoassays have frequently been (incorrectly) claimed to be comparative 
on the grounds that "the specimen is compared with a reference material or 
standard" [7]. As indicated above, this claim reflects misunderstanding of the 
concepts embodied in the term comparative assay, and the key differences between 
comparative and analytical assays. However, the claim is also misleading in another 
sense. As indicated earlier, the distinction between comparative and analytical assays 
is unrelated to methodological considerations, but reflects differences in objectives, 
and in the interpretation that may legitimately be placed on assay results. It is thus 
misleading to suggest that a particular assay technique is intrinsically comparative 
or analytical, and immunoassays can, in principle at least, be legitimately employed 
for either comparative or analytical purposes. 

In practice, however, comparison of the binding of different substances, or 
mixtures of substances, to an antibody is of limited interest, and virtually all 
immunoassays are performed with the explicit analytical aim of measuring amounts 
of specified analytes in test samples. In this sense they differ in practice from, for 
example, in vivo bioassays, which — as indicated earlier — are frequently 
employed with a true comparative objective. Many immunoassays are nevertheless 
used in an attempt to measure substances which — as discussed below — cannot 
be validly measured in an analytical sense, and they therefore inevitably fail to meet 
the validity criteria applicable to analytical assays. In these circumstances immuno-
assays display certain features of comparative assays, such as the fundamental 
problems associated with their standardization. 

2.6. Why do immunoassays frequently yield variable results? 

In the case of certain analytes of small molecular size and known chemical 
structure (such as thyroxine), there is no fundamental impediment to the measure-
ment of their concentrations in biological fluids, and in principle, at least, it is 
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possible to develop immunoassays which successfully fulfil this.analytical objective. 
Of course, individual immunoassays for such analytes may, in practice, be unreliable 
for a wide variety of well known technical reasons. For example, the antibody (or 
mixture of antibodies) employed may lack total 'structural specificity' and recognize 
(or cross-react with) substances differing from the analyte present either in test 
samples or calibrant, thereby giving rise to various biasing effects. Another potential 
source of such effects is a difference in the protein and ionic composition of samples 
and standards, this either directly affecting the kinetics of the antibody/analyte 
reaction on which the assay is based, or the efficacy of separation of reaction 
products. Such effects — known as matrix effects — are generally minimized by 
making up standards in an analyte-free medium resembling as closely as possible test 
samples in general composition — for example, in analyte-free human serum in the 
case of human serum measurements. Assay bias can also arise by processing 
standards and test samples differently, e.g. by placing all standards at the beginning 
or end of an assay batch, causing possible variations in timing of key steps in the 
assay procedure. Computational errors caused, for example, by a reliance on 
inappropriate curve fitting models to analyse experimental data represent another 
well known source of error. 

Such errors are of a purely technical nature, and are common to all analytical 
procedures, albeit their manifestations are generally more serious in the case of 
immunoassays, which frequently operate close to their limits of sensitivity. They 
obviously contribute to assay variability irrespective of the nature and molecular size 
of the analyte. However, immunoassays of analytes of large molecular size — for 
example, glycoprotein hormones such as TSH, FSH and erythropoietin (EPO) — 
are known generally to yield more variable results (see, for example, Refs [8, 9]). 
In part, this phenomenon reflects the greater structural complexity of protein 
molecules, which provides a greater opportunity for artefactual structural diversity 
amongst antibody reactive molecules in standards and unknowns, and to errors 
deriving from this source.' Such diversity may arise for a number of well-known 
technical reasons, including species differences and protein degradation/modifi-
cation during the preparation of purified standard preparations. Methodological 
imperfections of this kind are also, in principle, rectifiable. However, the more 
fundamental (and insuperable) analytical problem presented in the measurement of 
such analytes is their intrinsic molecular heterogeneity. As indicated above, such 
heterogeneity implies that it is technically impossible to assay these substances in a 
valid analytical sense (i.e. to determine their concentrations in a biological fluid), 
regardless of the assay methodology used, and the results obtained in different assay 
systems will therefore inevitably vary. In short, variation in immunoassay results 
both within and between laboratories may stem partly from rectifiable errors, and 
partly from the molecular heterogeneity characterizing many substances of biological 
importance. The latter phenomenon represents a fundamental problem which cannot 
be resolved using current methodologies. 
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2.7. Immunoassay standardization 

The criteria that must be fulfilled by any assay procedure used for analytical 
purposes have been set out above, and it is evident that they apply in particular to 
immunoassays. Immunoassays fulfilling these criteria can clearly be successfully 
standardized (i.e. calibrated). But if an immunoassay is used in an attempt to measure 
a mixture of substances, or relies on a standard which differs in molecular structure 
from the analyte present in test samples, it is analytically invalid, and attempts to 
relate results to those yielded by other immunoassays are likely to fail. 

This prediction has repeatedly been confirmed in practice, and is well 
illustrated in collaborative studies designed to assign IU values to successive IRPs 
for hormones and other similar analytes, as exemplified by recent studies relating 
to FSH [8] and erythropoietin [9]. In particular, the ambiguous nature of the 
international unit has led. to illogical, inconsistent and ultimately unsuccessful 
attempts to maintain its continuity from one IRP to the next. In the case of the FSH 
study, the average relative potency of old (IRP 78/549) and replacement reference 
(FSH(IS)) preparations in a limited number of in vivo bioassays differed significantly 
from that observed in a (similarly limited) number of in vitro bioassays, whilst the 
relative potencies of the two preparations in a much larger number of different 
immunoassays scattered over a very wide range. In the event, the collaborators 
agreed to assign a unitage to the replacement preparation (80 IU/ampoule) based on 
its mean potency relative to IRP 78/549 as observed in intact animals in vivo, albeit 
the inevitable consequence of this decision was to create major discontinuities in FSH 
values yielded both by in vitro bioassays and by immunoassays. Indeed, whichever 
unit value were to be assigned to the new IRP, its use as a calibrant would succeed 
in maintaining continuity of results only in those few assays in which the relative 
potency of old and new reference preparations fortuitously coincided with that under-
lying the unitage assigned by the collaborators to the new preparation. Thus FSH 
immunoassay results (expressed in IUs) relying on the new international standard as 
calibrator generally bear little resemblance to those previously obtained, measured 
serum concentrations differing by factors of between 2 and 16 from those based on 
IRP 78/549. Use of the new IRP in this context is therefore under review, albeit a 
satisfactory resolution of this problem, which stems from the fundamental conceptual 
flaws underlying the use of international standards, is difficult to visualize. 

Observations of this kind underline the futility of assigning unit values to the 
International Reference Preparations of many heterogeneous analytes in the hope of 
creating agreement between results yielded by different assay systems, each of which 
is responsive to different molecular components present in standards and test 
samples. Indeed, frequent repetition of the false proposition that international 
standards are capable of achieving this objective (and of the even more dubious 
notion that local secondary standards can be validly calibrated against, and substi-
tuted for, primary standards) has been confusing and counterproductive because it 
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diverts attention both from the legitimate functions that international standards can 
usefully fulfil in present circumstances, and possible short and long term solutions 
to the assay standardization problem. 

Moreover, this problem is likely to become more acute with the increasing 
therapeutic use of hormones (such as erythropoietin) and other similar proteins 
manufactured by recombinant DNA techniques. One real possibility is that different 
manufacturers may choose or be forced, either for technical or commercial reasons, 
to produce preparations containing different proportions of isoforms of differing 
biological potency. In these circumstances, the specific in vivo biological activity 
and (hence the ratio of biological to immunological activities) of different manu-
facturers' preparations, and even of different batches produced by the same 
manufacturer, are likely to vary. Assuming the unitage assigned to an International 
Standard (IS) refers to its biological activity in intact animals, and therapeutic doses 
are expressed in such units (as required, for example, by certain regulatory bodies 
in the case of EPO), the results of immunoassays used to monitor therapy will there-
fore differ widely depending both on the particular immunoassay system employed, 
and which manufacturer's preparation or mixture of preparations is being used for 
treatment. 

In this author's view, unitages assigned to an IS should invariably relate solely 
to the biological effects it expresses in vivo in defined, intact, animal systems. 
Although not guaranteeing continuity of all in vivo bioassay results following the 
replacement of one IS by another, agreement on this issue would largely satisfy the 
practical need to establish the potencies of preparations of heterogeneous substances 
used for therapeutic purposes (e.g. growth hormone, penicillin, erythropoietin). 
Underlying this proposition is the presumption that the relative potencies of different 
preparations observed in certain animal species are likely to reflect their potencies 
as therapeutic agents in human subjects, albeit as suggested earlier this cannot be 
guaranteed. An important corollary is that studies designed to compare potencies of 
old and new international standards, and to assign unit values to the latter, should 
rely exclusively on in vivo bioassays, any supplementary in vitro bioassay and 
immunoassay data — if collected — being disregarded. 

However, unitages assigned to an IS by this or any other means cannot ensure, 
continuity or comparability of immunoassay and in vitro bioassay results. Only a 
different and widely understood empirical approach is likely — in the immediate 
future — to (partially) attain this objective. For example, IRPs might be distributed 
to which no unit value per se was assigned, but with international agreement that the 
'normal' analyte concentration range in human serum would extend between 
arbitrarily specified numerical limits. Individual laboratories would subsequently 
assign a 'local' unitage to the IRP, the (dimensionless) units so defined reflecting the 
relative potency of standard and analyte (in 'normal' samples) in the particular assay 
system used. Any publication of assay results would include a statement of the local 
unitage assigned to the IRP. Such a convention, albeit somewhat unsatisfactory, 
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would ensure that numerical results yielded by sámples from normal subjects using 
(for example) different commercial assay kits would broadly agree. Meanwhile the 
distinction between different assay systems — and the differences in results that 
might be yielded by abnormal samples — would be indicated, whilst some loose 
linkage to a common standard would be preserved. By these means, the false impres-
sion conveyed by present conventions that results obtained using different assay 
systems — being expressed in IUs — genuinely represent 'amounts' or 'concent-
rations' of a homogeneous analyte (and should therefore agree) might be avoided. 

Though explicitly recognizing that international standards to which a unitage 
has been assigned dó not, and in principle (in the case of many heterogeneous 
analytes) cannot, succeed in their objective of ensuring agreement between different 
immunoassays, the approach suggested above may not, in practice, differ markedly 
from that covertly adopted by immunoassay kit manufacturers at the present time, 
since there are grounds for suspecting that manufacturers sometimes assign unit 
values to the standards included in their kits to ensure that results in normal sera 
conform to the consensus values obtained in external quality assurance schemes. If 
this is indeed the case, it would be preferable that the practice were both made 
explicit and formalized rather than kept concealed. 

In the longer term, empirical standardization of this kind is clearly unsatis-
factory. For example, it would not fully resolve the difficulty of monitoring EPO 
therapy (by immunoassay) discussed earlier. However, as indicated above, it is, in 
principle, only possible to measure the amount or concentration of a substance in 
such a way that the result obtained is independent of the measuring system if the 
substance is molecularly homogeneous. Thus substances such as FSH, TSH and 
transferrin, which are known to comprise mixtures of isoforms, can only be satis-
factorily measured in a valid analytical sense if the amount of each isoform is 
independently estimated. The development of 'multianalyte' immunoassay systems 
(as described below) offers a prospect of the ultimate achievement of this goal. 

2.8. Summary: implications for developing countries 

The fundamental conclusion to which the above, considerations lead is that 
attempts to standardize assay methodologies in general, and immunoassay proce-
dures in particular, by the distribution of International Reference Preparations are 
destined to fail in the case of many substances of biological interest, because such 
substances — originally identified and named on the basis of an observed biolo-
gical activity — have subsequently been shown to be intrinsically heterogeneous in 
molecular structure. This implies that the amount or concentration of such a 
substance in a body fluid (in the sense implying the existence of a quantity inde-
pendent of the measuring system used) is not a meaningful concept and cannot be 
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determined. In practice, the resulting problem may be somewhat less conspicuous 
than this conclusion implies, since if, for example, individual components of the 
heterogeneous molecular mixture share common epitopes that are recognized by 
different immunoassay systems (structurally dissimilar regions of analyte molecules 
remaining undetected), results yielded by the different systems may broadly agree. 
Nevertheless, although immunoassays performing in this manner might yield similar 
results, this would not imply that such results would represent valid measurements 
of concentrations of a substance (e.g. hormone), or that they would agree with results 
yielded by other forms of assay (such as bioassays) responsive to structurally diverse 
regions of analyte molecules. Moreover the likelihood that different antibodies or 
combinations of antibodies used in different assay systems (particularly two-site or 
sandwich assays) would fortuitously fail to distinguish structural variations charac-
terizing, for example, the isoforms of a hormone such as FSH is small, implying that 
variation in results yielded by different immunoassays (as generally seen in practice) 
is virtually inevitable. Thus every individual immunoassay system must be viewed 
as yielding only empirical numerical data whose correlations with clinical obser-
vations and diagnostic significance are likely to differ for each system. 

In these circumstances, the conventional approach to assay standardization 
(i.e. reliance on the use of common standards) is fundamentally inappropriate. The 
only satisfactory present alternative is the standardization (i.e. replication) of entire 
assay systems as indicated in Section 2.1 above. The widespread use of immunoassay 
kits (or of common reagents according to common protocols) largely, albeit 
unintentionally, achieves this objective, though the results yielded by different 
manufacturers' kits are clearly likely to differ (unless covert adjustments to bring 
normal results into agreement are made as indicated above). The proliferation of 
different kits and reagent sets, though often useful in the context of clinical research, 
may thus be undesirable in a routine diagnostic setting, since the clinical significance 
of results yielded by every different assay system should, in principle, be indivi-
dually established de novo. In short, major advantages stem from the sharing of 
common reagents and protocols by groups of laboratories, thereby maximizing the 
pool of clinical information on which the diagnostic significance of results yielded 
by the assay system can be reliably assessed. These conclusions suggest that 
individual developing countries containing relatively few expert laboratories should 
not generally be encouraged to develop local immunoassay systems for hetero-
geneous analytes, notwithstanding possible (apparent) financial savings, but should 
share with others common reagents and protocols, such as those presently distributed 
by the WHO in connection with the Human Reproduction Programme. 

The solution to this fundamental problem will only be provided by the ultimate 
development of methods of much greater specificity than current immunoassay 
techniques, and which are capable of distinguishing between, and individually 
determining, the differing isoforms of hormones and other substances of biological 
interest. 
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3. ASSAY DESIGN: THE MEANING OF ASSAY SENSITIVITY AND 
PRECISION 

3.1. Introduction 

The preceding section attempted to clarify the fundamental concepts and 
address the problems and misunderstandings relating to the measurement of many 
substances of biological importance, particularly those substances originally defined 
in terms of an observed or putative biological function (e.g. TSH), but which subse-
quently proved to comprise a heterogeneous mixture of substances differing in 
molecular structure. This section will consider the separate and more immediate 
practical problem of the measurement of substances whose concentrations in biolo-
gical fluids are relatively low. The ability of radioimmunoassays (RIAs) to achieve 
this objective, i.e. their 'sensitivity', represented one of their most important 
attributes, and a principal reason for their ubiquitous use throughput medicine. 
Nevertheless the sensitivities attainable by these methods are still insufficient to 
measure many analytes (such as viral antigens) which are of great importance to 
developing countries, and the quest for yet higher assay sensitivities continues. 
Unfortunately considerable misunderstanding likewise exists in this area, which has 
often impeded progress towards the attainment of this critically important objective. 

3.2. Conflicting concepts of assay sensitivity and precision 

The need to establish conditions yielding maximum immunoassay sensitivity 
underlay the independent construction óf mathematical theories of immunoassay 
design by Yalow and Berson, and Ekins et al. in the course of the original develop-
ment of these methods in the early 1960s [10, 11]. Regrettably, these theoretical 
studies led to a prolonged controversy, arising largely from the conflicting concepts 
of sensitivity adopted by the two groups (see Fig. 1). Briefly, Yalow and Berson, 
in their many publications relating to immunoassay design (e.g. Refs [10, 12]), 
defined sensitivity as the slope of the response curve relating the fraction or 
percentage of labelled antigen bound (b) to analyte concentration ([H]). In contrast, 
Ekins et al. (e.g. Refs [11, 13]) defined sensitivity as the (im)precision of measure-
ment of zero dose (this quantity being indicative of, and essentially , equivalent to, 
the lower limit of detection of the assay). 

These fundamental differences in definition inevitably led to differing views on 
the design and construction of sensitive immunoassay systems. These in turn have 
complicated discussion regarding such issues as the relative merits of labelled 
antigen and labelled antibody assays, the usefulness of non-isotopic labels, etc. They 
have likewise obscured the possibility of development of entirely new forms of 
immunoassay, such as the miniaturized multianalyte immunoassays described below. 
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System A more precise System В more precise 

FIG. I. The differing concepts of sensitivity (above) and precision (below) underlying radio-
immunoassay design theories developed by (left) Yalow and Berson (e.g. Refs [10, 12] and 
(right) Ekins et al. (Refs [11, 13]). Yalow and Berson define assay A as the more sensitive 
because it yields a response curve of greater slope. Ekins et al. define assay В as more sensi-
tive because the imprecision of measurement of zero dose (ДDJ is less. Yalow and Berson 
likewise define an assay system as more precise if it yields a steeper response curve when data 
are plotted on a log dose scale. Ekins et al. define the measurement of a dose D as more 
precise if the error (AD) is less. Assay В is therefore more precise for the measurement of a 
particular dose D, but may be less precise than assay A at other dose levels. 

The key difference between the two definitions of sensitivity indicated above 
lies in the dependence of the assay detection limit on the error (i.e. imprecision) in 
the measurement of the assay response variable at zero analyte concentration (i.e. 
at zero dose). By neglecting this crucial factor, the response curve slope definition 
leads to many obvious absurdities. For example, plotting conventional RIA data in 
terms of the response variable B/F (i.e. the bound to free ratio) suggests that assay 
sensitivity is increased by increasing the antibody concentration in the system; 
however, the converse conclusion is reached if identical data are plotted in terms of 
free/bound fraction (see Fig. 2). Observation of the shape and slopes of response 
curves without detailed error analysis thus constitutes a totally misleading guide to 
optimal immunoassay design. Nevertheless this erroneous approach has character-
ized many of the studies conducted in the immunoassay field during the past thirty 
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FIG. 2. Schematic representation óf RIA dose response curves observed using high and low 
antibody concentrations plotted in terms of: (left): the free/bound fraction (F/B); (centre): the 
bound/free fraction (B/F). Note that the low antibody concentration yields a response curve 
of greater slope when the assay response is plotted in terms of F/B, but of lower slope when 
plotted in terms of B/F. The precision of measurement of zero dose (i.e. the lower limit of 
detection of the system) is independent of the co-ordinate frame employed to plot assay data 
(right). 

years, and indeed underlies many widely accepted precepts relating to immunoassay 
design. For example, consideration of the mass action laws reveals that, when 
response curves corresponding to different antibody concentrations are plotted in 
terms of (b) versus [H] (where [H] represents the analyte concentration), maximum 
slope at zero dose is obtained using a concentration of 0.5/K (where К is the affinity 
constant), in which circumstance the zero dose response (b0) is 33%. This conclu-
sion led to the widely held, though disputed, belief that — to maximize RIA 
sensitivity — an amount of antibody binding 33 % of labelled antigen in the absence 
of unlabelled antigen must be employed in the system [10, 12]. Indeed so strongly 
is this concept entrenched that kit manufacturers find it impossible to market kits that 
depart significantly from it. 

Berson and Yalow argued that "if the experimental error (in the response 
measurement) is unchanged, increasing the sharpness of the dose response curve 
results in a reduction in minimal detectable quantity" [12], illustrating this assertion 
by an example based on the assumption that the statistical error (i.e. the coefficient 
of variation (CV)) in the measurement of the response remained unchanged at 10%. 
Elsewhere [14] these authors defended the latter assumption by indicating it was their 
common practice to count all radioactive samples for an equal number of counts, thus 
ensuring constancy of CV in regard to the counting component of the global error 
in the response measurement. In short, i t . is evident that, when referring to 
experimental error in this context, Berson and Yalow specifically envisaged the 
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percentage or relative error (CV) in the measurement of the response variable b. But 
the only circumstance in which the slope at zero dose ({db/d[H]}o) is a valid indi-
cator of the detection limit arises when the standard deviation of the response 
variable b (not the CV) remains constant, irrespective of the value of b. Thus even 
if the CV of b were fortuitously to remain constant for all values of b, irrespective 
of the antibody concentration ([Ab]) in the system, this would not imply that the 
detection limit would be minimized (i.e. that assay sensitivity would be maximized) 
using an antibody concentration of 0.5/K. Indeed it is readily demonstrable that, if 
the CV of b remains constant, the value of [Ab] yielding maximum sensitivity is 0. 

Somewhat similar disagreements have also centred on the concept of assay 
precision, albeit they have attracted less attention than those relating to sensitivity. 
Berson and Yalow defined precision as db/{d[H]/[H]} (i.e. db/dlog[H]), and identi-
fied the conditions under which this quantity (i.e. the slope of the b versus log dose 
response curve) is maximal, which they claimed to yield maximum precision [12, 
15].' However, this definition disregards errors in the measurement of the assay 
response, and therefore does not conform to the statistical concept of precision now 
accepted throughout all fields of analysis [16]. This relates to the reproducibility of 
replicate measurements, either within an assay batch, or between batches, labora-
tories, or methods, the scatter of such determinations being usually represented by 
their standard deviation (SD) or CV. 

Although it is still quite common to encounter publications in the field which 
(either explicitly or implicitly) rely solely on the response curve slope as a measure 
of assay sensitivity, the detection limit is now widely accepted as the only valid 
indicator of this parameter. More generally, the concept and experimental determi-
nation of the precision profile is increasingly well understood [17] and the use of the 
profile as an indicator of assay sensitivity, working range and overall assay perfor-
mance is increasingly prevalent. It is therefore unnecessary to dwell further on this 
issue here. Nevertheless it is relevant to an understanding of developments in the 
immunoassay field to emphasize that untenable concepts of both sensitivity and 
precision underlie many widely accepted precepts relating to assay design, and that 
many of the concepts and practices in this area lack any valid scientific basis. 

3.3. Basic immunoassay designs: competitive and non-competitive assays 

. It is likewise of importance in the present context to understand the basis of 
the various immunoassay designs currently in use, and the constraints on the sensi-
tivities of which they are potentially capable. The radioimmunoassay and analogous 
protein binding assay techniques originally developed for the measurement of serum 
insulin by Yalow and Berson [18], and serum thyroxine and vitamin В12 by Ekins 
and Barakat [19, 20], relied on the use of a labelled analyte marker to reveal the 
products of the binding reactions between analyte and binder. This approach has 
subsequently been often portrayed as relying on 'competition' between labelled and 
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unlabelled analyte molecules for a limited number of protein binding sites, such 
assays being frequently referred to as 'competitive'. 

Subsequently Wide et al. in Sweden [21], followed shortly after by Miles and 
Hales in the United Kingdom [22], developed labelled antibody methods, these 
methods representing an extension of the labelled reagent methods (utilizing radio-
labelled organic compounds such as 131I-p-iodo-sulphonyl chloride, 3H-acetic anhy-
dride, and similar reagents) developed, during the early 1950s, by Keston et al. [23], 
Avivi et al. [24] ànd others for the measurement of amino acids, steroid and thyroid 
hormones, etc. Though radiolabeled antibody (immunoradiometric, or IRMA) 
methods were originally claimed [25] to be more sensitive than methods based on 
radiolabeled analytes (partly on general philosophical grounds, partly on more 
specific grounds, e.g. that certain analytes are difficult to radiolabel at high specific 
activity), these claims were neither supported by rigorous theoretical analysis, nor 
persuasive experimental evidence, and for some time remained controversial. 
Particular doubt on their validity was cast by the publication by Rodbard and Weiss 
in 1973 [26] of rigorous theoretical studies purporting to demonstrate that both 
labelled analyte and labelled antibody methods possess essentially equal sensitivities. 
(Note: these authors suggested that IRMA methods might be more sensitive for 
assaying small polypeptides in which radioiodine incorporation into the molecule 
was restricted; conversely they would be less sensitive for the measurement of high 
molecular weight antigens.) Nevertheless, despite the appearance of this publication 
and the absence of other relevant theoretical or experimental evidence, the belief that 
labelled antibody (or immunometric) methods per se are intrinsically more sensitive 
than equivalent labelled analyte methods gained wide popularity and has become 
firmly embedded in the folklore of the immunoassay field. 

In reality, this belief is untrue. The fundamental reason for misundérstanding 
on this issue is that the greater potential sensitivity of certain assay formats is not 

a specific consequence of the labelling of antibody per se; indeed the usual subdivi-
sion of immunoassays into labelled analyte (e.g. radioimmunoassay) and labelled 
antibody (e.g. immunoradiometric assay) methods obscures the true reasons under-
lying the superiority of certain assay methods in regard to sensitivity. This point may 
be clarified by briefly examining a more fundamental divergence which exists in the 
design of binding assays. Theoretical analysis (see, for example, Refs [13] and [27]) 
reveals that, assuming 'perfect' separation óf the products of the binding reaction 
(i.e. no misclassification of bound and free moieties), the optimal antibody concen-
tration (yielding maximal sensitivity) in a labelled analyte method invariably tends 
to zero, irrespective of whether the free or bound labelled analyte fraction is 
measured. However, in the case of labelled antibody methods, the optimal antibody 
concentration is dependent on which labelled antibody fraction is finally measured. 
If the free (unreacted) antibody fraction is determined, the optimal concentration 
likewise tends to zero; conversely, if the analyte-bound fraction is measured, the 
concentration tends to infinity. In short, of the four basic signal measurement 
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FIG. 3. The four basic strategies available for the measurement of the assay response in a 
conventional binding assay system. Only one permits, in principle, the use of relatively large i 
amounts of binding agent (e.g. antibody) for the attainment of highest sensitivity (assuming 
perfect separation of free and bound labelled reagent fractions). 
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FIG. 4. Kinetics of analyte binding to antibody. Incubation time is shown as multiples of 
l/kd, where kd = the antibody /analyte dissociation rate constant. Binding of analyte to anti-
body is represented as the fraction (F) of the total number of antibody binding sites present 
in the system occupied by analyte. Curves corresponding to different analyte concentrations 
(expressed in units of UK) have been normalized by division of values of F at time t by F„, 
the equilibrium value. 
(a) Curves corresponding to an antibody concentration of 0.001 IK. 
(b) Curves corresponding to an antibody concentration of 10/K. Note that equilibrium is 

(approximately) reached in a time some tenfold shorter in the latter case. 
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strategies available to the analyst (Fig. 3), three require the use of antibody concent-
rations tending to zero (and may — for want of better terminology — be termed 
competitive). Conversely, one approach permits, in principle (and often in practice), 
the use of relatively high antibody concentrations, and may be described as non-
competitive: In short, the key feature which distinguishes the two basic classes of 
binding assay, and which underlies the differences in performance characteristics 
which they display, is not a reliance on labelled antibodies or labelled analytes per 
se, but their adherence to competitive or non-competitive designs. 

The conclusion that a non-competitive approach permits the use of relatively 
large amounts of antibody (tending, in principle, to infinity) provides a simple, 

i1 

readily understood and superficially persuasive explanation for the greater sensitivity 
and speed of non-competitive immunoassay methods. It is, of course, both intuitively 
obvious and experimentally demonstrable that, in general, an immunoassay system 
increases in sensitivity as incubation time is increased and thermodynamic 
equilibrium between the reactants is more closely approached (assuming the 
reactants do not degrade during this process). (Clearly at zero time, no reaction 
between reactants will have occurred, arid the system is totally insensitive.) 
Moreover it is evident from a consideration of the mass action laws that equilibrium 
is reached more rapidly the greater the antibody concentration in the system. This 
point is illustrated in Fig. 4(a) and (b), which shows antibody-bound analyte concen-
trations (as a fraction of the final equilibrium value) as a function of reaction time 
(the latter expressed in units of 1/kj where kd = the dissociation rate constant of the 
antibody /analyte complex). Figure 4(a) relates to an antibody concentration of Ii 
0.001/K. Figure 4(b) relates to a concentration of 10/K. (Note: the expression of 
antibody and analyte concentrations in units of 1/K, where К = the equilibrium 
constant, generalizes these figures and renders them generally applicable to any 
antibody/antigen reaction.) The rate at which equilibrium is attained is invariably jj 
dependent on the analyte concentration; however for all analyte concentrations, 
equilibrium is essentially reached in a reaction time of about 0 .5 /k j or less in the 
presence of an antibody concentration of 10/K, whereas reaction times in the order 
of 4 /k j are necessary using an antibody concentration of 0.001/K. 

i 
Such considerations underlie the nov^ widely held and generally legitimate 

belief that immunoassay designs which permit the use of large amounts of antibody 
are more sensitive and require shorter incubation times, and can thus be performed 
more rapidly. However, the categorization of immunoassays (and other binding 
assays) as competitive or non-competitive on the basis of optimal antibody concent-
rations used in the system obscures the moré fundamental reasons for the existence 
of this broad distinction in immunoassay designs, and may thus be occasionally 
misleading. These reasons may be more readily understood if the basic principles of 
such assays are portrayed in a manner which differs from the manner in which they 
are customarily presented, 



2 6 EKINS 

3.4. The antibody occupancy principle of immunoassay 

When a 'sensor' antibody is introduced into an analyte-containing medium, 
antibody binding sites are occupied by analyte molecules to a fractional extent which 
reflects both the equilibrium constant governing the binding reaction, and the final 
free analyte concentration present in the mixture. This proposition stems immedi-
ately from the Mass Action Law, which can be written as: 

[AbAg]/[fAb] = K[fAg] (1) 

or fractional occupancy of antibody binding sites, given by 

[AbAg]/[Ab] = K[fAg]/(l + K[fAg]) (2) 

where [AbAg], [Ab], [fAb] and [fAg] represent the concentrations (at equilibrium) 
of bound and total antibody, and free antibody and antigen (i.e. analyte) respectively, 
and К = equilibrium constant. The final free analyte concentration is generally 
dependent on both total analyte and antibody concentrations; however when total 
antibody [Ab] approximates 0.05/K or less, free ([fAg]) and total antigen ([Ag]) 
concentrations do not differ significantly2, and fractional occupancy of antibody is 
then given by: 

[AbAg]/[Ab] = K[Ag]/(l + K[Ag]) (3) 

Assays exploiting this concept have been termed "ambient analyte immunoassays" 
[28], fractional occupancy of the antibody being independent of both sample volume 
and antibody concentration (see below). 

All immunoassays essentially depend upon measurement of the fractional 
occupancy of the sensor antibody following its reaction with analyte (see Fig. 5). 
Techniques relying on the measurement of unoccupied antibody binding sites (from 
which antibody occupancy is implicitly deduced by subtraction) necessitate — for 
the attainment of maximum sensitivity — the use of sensor-antibody concent-
rations tending to zero, and may therefore be categorized as competitive. 
Conversely, techniques in which occupied sites are directly measured permit the use 
of relatively high sensor-antibody concentrations and may be described as non-
competitive. The latter approach is generally more sensitive. These differences in 

2 This is readily demonstrable as follows: If [Ab] = 0.05/K, then from Eq. (2) 
[AbAg] = ([Ag] - [fAg]) = 0.05 [fAg]/( 1 + К [fAg]) or ([Ag] - [fAg])/[fAg] = 
0.05/(1 + К [fAg]), i.e. [Ag]/[fAg] = (1 + 0.05/(1 + К [fAg])). Thus, [Ag]/[fAg] < 1.05, 
for all finite values of [fAg], and approaches 1 as [fAg] approaches oo, i.e. [fAg] » [Ag] for 
all values of [fAg]. The approximation is closer for values of [Ab] < 0.05/K. 
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Measure occupied sites Measure unoccupied sites 

FIG. 5. The 'antibody binding site occupancy principle' of immunoassay. All immunoassays 
implicitly rely on the measurement of (fractional) binding site occupancy by analyte. 

assay design and performance arise solely, in consequence of the occurrence of 
unavoidable random errors in signal measurements and simply reflect the well 
known proposition, that it is generally undesirable to measure a small quantity by 
estimating the difference between two large quantities. 

These concepts are illustrated in Fig. »6, which portrays basic immunoassay 
formats currently in common use. Conventional RIA and other similar labelled 
analyte techniques rely on measurement of unoccupied binding sites; this is generally 
effected by back titration (either simultaneous or sequential) using labelled analyte, 
but anti-idiotypic antibody (reactive only with unoccupied sites on the sensor anti-
body) may be used for the same purpose. In the case of single-site labelled antibody 
assays, the labelled antibody itself constitutes the sensor antibody which, following 
reaction with analyte, is separated into occupied and unoccupied fractions using, for 
example, an immunosorbant (comprising antigen, antigen analogue or anti-idiotypic 
antibody linked to a solid support). If, following separation, the signal emitted by 
labelled antibody bound to analyte (i.e. the occupied fraction) is measured directly, 
the assay can be classed as non-competitive. Conversely, if labelled antibody 
unbound to analyte (i.e. that attached to the immunosorbant) is measured, then the 
assay is competitive. Two-site sandwich assays are more complex since they rely on 
two antibodies directed against different sites and can be considered from two points 
of view. However, for present purposes, the solid-phase antibody can be regarded 
as the sensor antibody, the labelled antibody enabling occupied sensor-antibody 
binding sites to be distinguished. Seen from this viewpoint, two-site assays (as 
conventionally performed) may clearly be classed as non-competitive. 
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FIG. 6. Basic competitive and non-competitive immunoassay designs. The distinction 
between 'non-competitive ' and 'competitive ' immunoassays reflects the way in which antibody 
binding site occupancy is observed. Labelled antibody methods are non-competitive if 
occupied sites of the (labelled) antibody are directly measured (right), but are competitive 
when unoccupied sites are measured (left). Labelled antigen or labelled anti-idiotypic antibody 
methods rely on measurement of sites unoccupied by analyte, and are therefore invariably of 
competitive design. . 

3.5. Sensitivities of competitive and non-competitive assay methods 

Competitive and non-competitive immunoassays can be shown to differ signifi-
cantly in many of their performance characteristics, including their sensitivities. In 
both types of assay, both the affinity constant (K) of the antibody and the specific 
activity of the label are of importance in determining sensitivity; however, in 
practice, the sensitivity of competitive assays is primarily limited by the affinity 
constant of the antibody, whereas the specific activity of the label is of greater impor-
tance in'the cásé of non-competitive systems. In both cases, the experimental or 
manipulation error in. the measurement of the zero-dose response (Ro) (i.e. the 
relative error (aR()/R0) arising from pipetting and other operations, but not including 
the statistical signal measurement error per se) is a key factor in determining 
potential assay sensitivity (i.e. the theoretical sensitivity calculated on the assumption 
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FIG. 7. Theoretically predicted sensitivities of (a) competitive and (b) non-competitive 
immunoassay methods (represented by the SD of zero analyte measurements, expressed as 
molecules/mL) plotted as a function of antibody affinity (K). Calculations are based on the 
assumption that the experimental error (CV) incurred in the measurement of the assay 
response (e. g. fraction of labelled antigen bound to antibodyjis 1 %. The 'potential sensitivity ' 
curve assumes the use of a label of infinite specific 'activity, implying that the error in the meas-
urement of the label per se is zero. The '125Habel' curve indicates the loss in sensitivity aris-
ing from the (additional) statistical error incurred^ in counting 1251 disintegrations for a finite 
counting time (1 min). Note that, using antibodies with an affinity <1012 LIM (the maximum 
achieved in practice), little increase in sensitivity, can be achieved by using labels of higher 
specific activity than l23I. The potential sensitivity curves shown relate to values of non-
specific binding of labelled antibody of 1% (upper curves) and 0.01% (lower curves), and 
emphasize the improvement in sensitivity potentially attainable by minimizing non-specific 
binding (NSB). The corresponding '1251 label' curves demonstrate the much greater loss in 
sensitivity (as compared with that potentially attainable) resulting from the use of a radioisoto-
pic marker, and the special advantages of non-isotopic labels of higher specific activity in non-
competitive assay designs (particularly if NSB of labelled antibody is reduced to 0.01 % or 
less). Arrows indicate assay sensitivities reported'for non-competive immunoassays based on 
1251 (IRMA), and enzymes relying on fluorogenic (HS ELISA) and radioactive (USERIA) sub-
strates. The conclusions deriving from this figure'underlay the original development [29, 30] 
of time resolved fluoroimmunoassay (DELFlA), the first non-isotopic 'ultra-sensitive' 
immunoassay methodology. • 
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that the specific activity of the label is infinite3, implying zero statistical error in 
signal measurement). Thus the potential sensitivity of a competitive assay can be 
shown to be CTR()/KRO, whilst that of a non-competitive assay is given by [RJOCR /̂ 
[Ab]KRo, where, in the latter case, Rq is assumed to represent the labelled antibody 
misclassified as bound ([bAb]0), i.e. the non-specifically bound antibody. Replacing 
Ro/[Ab] (i.e. [bAb]0/[Ab]) by f, the non-specifically bound labelled antibody 
fraction, it is evident that Roa^/JAbjKRo = fa^ /KRo- Furthermore, asssuming the 
relative error (u^ /Ro) in the measurement of the zero dose response is approxi-
mately identical in the case of both competitive and non-competitive assays, it is 
evident that the potential sensitivity of non-competitive methods is greater than that 
of competitive methods by the factor f, i.e. by the fraction of labelled antibody that 
is non-specifically bound. For example, if the non-specifically bound fraction is 
0 .01%, a non-competitive strategy is potentially capable of a sensitivity 10 000-fold 
greater than that of a competitive approach, other factors being equal. 

These theoretical conclusions are summarized in Fig. 7. Figure 7(a) shows 
relationships between sensitivity (expressed in terms of molecules/mL) and antibody 
affinity in an optimized competitive (labelled analyte) assay assuming (a) use of a 
label of infinite specific activity, and (b) use of l25I as a label, samples being 
counted for one minute. Computations of the theoretically optimal reagent concent-
rations (on which calculations represented in this figure rely) were based on the 
further assumptions (c) that the antibody-bound labelled analyte fraction was 
counted, and (d) that the (relative) experimental error component in the measurement 
of the bound fraction (<rb/b) was 1%. Given these assumptions, the potential 
sensitivity attainable in such an assay is given by сть/Kb, where К is the affinity 
constant of the antibody, as indicated in Fig. 7(a). (For example, if the affinity 
constant is 1012 L/mol, and сть/Ь is 0.01 (i.e. 1%), maximal assay sensitivity is 
10" 1 4 mol/L, or about 6 X 106 molecules/mL.) The additional signal measurement 
error arising in consequence of counting radioactive samples for a finite time implies 
a loss of assay sensitivity, as shown by the upper curve in the figure. However it 
is also apparent that the resulting sensitivity loss is relatively small for antibodies 
possessing binding affinities less than about 1012 L/mol, and is negligible for 
antibodies with affinities less than about 1 0 " L/mol. In other words, provided the 
assayist is prepared to accept individual sample counting times of the order of a few 
minutes, little is gained in regard to sensitivity improvement by using non-isotopic 

3 The term 'specific activity' as employed in this context refers to the number of 
detectable events per unit mass of label per unit time. In the case of radioisotopes, the quantity 
is well known to refer to disintegrations per unit mass per unit time, but the concept can be 
extrapolated to other labels. For example the specific activity of a fluorescent label is given 
by the number of photons emitted per unit mass per unit time, albeit this quantity will clearly 
depend on the intensity of the exciting light source. In practice the efficiency of detecting 
equipment (such as counter or fluorometer) must also be taken into account. 
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labels displaying higher specific activities than 125I. However, similar considera-
tions suggest that radioisotopic labels (such'as 3H) of much lower specific activity 
than 125I may significantly limit the sensitivities of assays (such as steroid assays) 
in which they are employed, notwithstanding the use of comparatively long sample 
counting times. 

The other main conclusions stemming; from such analysis are the importance 
of (a) minimizing 'manipulation' errors, and (b) using antibodies of high binding 
affinity. For example, an increase in a b / b tö 3% implies an approximate threefold 
loss in sensitivity, notwithstanding the fact that an assay re-optimized in response to 
the deterioration in operator skill that these figures imply would utilize less antibody 

|r 

and labelled analyte, thereby partially offsetting the consequences of poor pipetting. 
But the most important conclusion emerging from the analysis is the near impossi-
bility, in practice, of achieving immunoassay sensitivities (detection limits) lower 
than about 107 molecules/mL using a competitive approach, irrespective of the 
nature of the label used, assuming an upper limit to antibody binding affinities in the 
order of 1012 L/mol. 

The results of a similar analysis of the sensitivity limitations applying to non-
competitive (two-site) assays [27] are illustrated in Fig. 7(b). Two sets of curves are 
portrayed here, corresponding to the assumptions of 1% and 0.01% non-specific 
binding (NSB) of labelled antibody to the capture-antibody substrate. Such analysis 
likewise yields important general conclusions relevant to assay design; for example, 
the crucial importance of reducing NSB of labelled antibody to an absolute mini-
mum. Futhermore, assuming NSB is reducéd to about 0.01%, it is evident that as 
high sensitivity is achievable using an antibody of affinity 108 L/mol in an 
optimized non-competitive assay design as iusing an antibody of 1012 L/mol in a 
competitive method. One of the most important conclusions is that the sensitivities 
potentially attainable with high affinity antibodies (K about 1010 L/mol) are beyond 
the reach of radioisotopically based methods, which — because of the relatively 
low specific activities of isotopes such as l25I — are limited in practice to sensi-
tivities of the order,of 10 6 -10 7 molecules/mL and above. In short, although — 
under certain circumstances — non-competitive IRMA methods are likely to prove 
somewhat more sensitive than corresponding RIA techniques (assuming the use in 
each methodology of the same antibody), the potential advantages (vis-à-vis sensi-
tivity) of the non-competitive approach can only be realized using non-isotopic labels 
of much higher specific activity than l25I. The superiority of such labels is most 
apparent when they are combined with high affinity antibodies, although Fig. 7 
demonstrates that, even using antibodies with affinities of about 108-109L/mol, 
non-isotopic labels may yield a significant sensitivity improvement. 

These theoretical conclusions (together with the publication by Köhler and 
Milstein of methods of in vitro monoclonal antibody production [1]) constituted the 
basis of the collaborative development off the present author's own laboratory 
(initiated around 1976) with the instrument manufacturer LKB/Wallac of the time-

! 
S 
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resolved fluorometric immunoassay methodoogy now known as DELFIA [29, 30], 
the first 'ultrasensitive' non-isotopic methodology to be developed. The same basic 
approach has subsequently been adopted by many other manufacturers, using a 
variety of high specific activity labels, as indicated in Table I. 

TABLE I. SPECIFIC ACTIVITIES OF COMMON REAGENT LABELS 

Specific activity of I: 1 detectable event per s per 7.5 x 106 labelled 
molecules 

Specific activity of enzyme label: Dependent on enzyme 'amplification factor' 
and detectability of reaction product 

Specific activity of chemi- 1 detectable event per labelled molecule 
luminescent label: 

Specific activity of fluorescent label: Many detectable events per labelled molecule 

3.6, Summary: implications for developing countries 

The chief conclusions stemming from the above considerations is that radioiso-
topic immunoassay methods are limited in their application to analytes whose 
concentrations lie well above 107 molecules/mL, and that the use of non-isotopic 
methods based on labels of higher specific activity than the commonly used radioiso-
topes (such as 125I and 3H) is essentially obligatory for the measurement of analytes 
circulating at lower levels. Clearly this conclusion is of major importance in regard 
to the detection in body fluids of particular analytes, such as viral antigens, of crucial 
importance in many developing countries, and suggests that future major investment 
in the facilities and equipment necessary for radioisotopic techniques should only be 
made when there is no immediate prospect of assays for such analytes being 
required. 

Against this background, we may now turn briefly to some of the other reasons 
for the development of non-radioisotopic immunoassay methodologies, including in 
particular the development of highly sensitive, miniaturized microspot immuno-
assays, and of multianalyte assay systems. 
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4. FUTURE METHODOLOGICAL DEVELOPMENTS: NON-ISOTOPIC 
IMMUNOASSAY SYSTEMS 

4.1. Introduction 

Increasing interest has focused, in the! past few years, on the development of 
non-isotopic equivalents of RIA and IRMA. One of the key reasons has been the 
realization, discussed in detail above, that greater assay sensitivity and speed of assay 
performance are attained using labels of higher specific activity than radioisotopes 
in non-competitive assay designs; however, a number of other reasons underlie this 
trend. They embrace, for example, a variety? of environmental, legal, economic and 
practical considerations, such as the limited shelf life of radioisotopically labelled 
reagents, the problems of radioactive waste ¡disposal, the cost and sophistication of 
radioisotope measuring equipment, the demand for simple diagnostic kits for home 
use, etc., most of which are primarily of social or logistic significance. Many of 
these factors are particularly, relevant to. developing countries, which may face 
problems or delays in, for example, the importation of immunoassay kits, the 
purchase and routine, maintenance of radioisotopic counters, the availability of stable 
electrical supplies, etc. Other more technical reasons include the development of 
transducer based immunosensors for,the direct measurement of analyte concentra-
tions in biological and other fluids', and of the miiltianalyte immunoassay systems 
described belöw, which depend, on.the use of non-isotopic labels. 

4.2. Simple techniques for decentralized and home use , \ 
It is not proposed to discuss at length the various developments in the field of 

non-isotopic immunoassay in this paper. In regard to the emergence of simple 
methods capable of providing 'yes/no' answers to diagnostic questions relating to 
infectious diseases, pregnancy, etc., the elegant Clearblue One-Step tests manu-
factured by Unipath Ltd.[31, 32] illustrate the type of device which could be of major 
importance in developing countries were the tunit price brought within more general 
reach. The Clearblue system relies on labelled antibodies (labelled with dye-packed 
latex microspheres) which migrate chromatographically (together with bound 
antigen, e.g. hCG) from the sampling probe (an absorbant wick which is saturated 
with the sample, e.g. urine) along a porous membrane strip on which a second 
capture antibody (also directed against the antigen) is immobilized at a specific point. 
If antigen is present, .a proportion of the dye-labelled antibody is arrested at this 
point, and is readily, observed as a sharp coloured line.across the strip. The 
appearance of an adjacent control line (formecl by the binding of excess labelled anti-
body to an anti-IgG antibody immobilized.at this point) indicates that the test has 
been correctly carried out, and that the sample/labelled antibody mixture has 
migrated along the strip. Such a simple visual test requires no equipment, takes 
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approximately ten minutes to perform, and illustrates the speed and sensitivity 
deriving from the use of a non-competitive assay design combined with a high 
specific activity, readily detectable, label. 

Though simple, effective, and extremely valuable for qualitative measurements 
such as are required to establish pregnancy, time of ovulation, etc., such devices are 
obviously unsuitable in circumstances where exact determinations of analyte 
concentrations are required. Nevertheless, relatively minor modifications permit 
semi-quantitative assays (e.g. for luteinizing hormone) to be performed. Combined 
with simple 'doctor's office' measuring equipment, simple non-isotopic immuno-
assay methods of this kind are thus potentially applicable to many diagnostic 
problems encountered in developing countries. 

4.3. Immunosensors 

The development of simple methods for decentralized tésting also constitutes 
the immediate aim of present efforts to construct simple immunosensors,. although 
the technical problems involved are formidable. A genuine immunosensor essentially 
comprises an antibody-bearing sensing probe which, when immersed in a medium 
containing analyte, relies on direct measurement of antibody occupancy by a trans-
duction system; and thus requires no addition of chemical reagents. (The ultimate 
objective of immunosensor development is the ability to monitor fluctuating analyte 
concentrations on-line, but even greater technical problems stand in the way of the 
attainment of this objective.) Regrettably, many so-called immunosensors are no 
more than conventional immunoassays in which either antigen or antibody is labelled 
in a conventional manner (e.g. by enzyme), albeit the distribution of the label 
following the binding'reaction is revealed using a transduction device. In other 
words, such assays are entirely conventional in format, differing only in the means 
employed to detect the label used, and offer no significant operational advantages as 
compared with other label-based immunoassays. 

Attempts to construct true immunosensors have relied on a variety of trans-
duction techniques to measure antibody occupancy, of which the two receiving 
greatest attention currently rely on surface plasmon resonance (SPR) (see e.g. 
Refs [33, 34]) and surface acoustic wave (SAW) detection [35]. Each of these 
techniques essentially depends on the detection of changes in mass on the sensing 
surface when antigen binds to the antibody immobilized thereon. In the case of the 
former, mass changes are detected by observation of changes in the angle at which 
light incident on the surface is absorbed in consequence of the excitation of surface 
plasmon resonance within the thin metal (e.g. gold or silver) coating deposited on 
the (glass) surface of the probe. In the case of the latter, mass changes are detected 
by observation of frequency changes in the acoustic waves propagated on the surface 
of the device. However, a common problem encountered with all such techniques 
is that they respond to any constituent of the sample which non-specifically adsorbs 
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to the surface. More fundamentally, they necessarily rely on single epitope recog-
nition of analyte molecules (i.e. the use ofjsandwich methods is precluded), thus 
further reducing their specificity. Moreover; since the mass change caused by anti-
body binding of analyte molecules of small molecular size and weight is corres-
pondingly small, such methods are potentially only applicable to analytes of high 
molecular weight such as proteins and antibodies. The combination of these factors 
implies that, in their present state of development, such devices lack sensitivity, and 
major technical breakthroughs will be required if they are ever to offer an 
inexpensive and ^viable alternative- to conventional methodologies, including, in 
particular, the simple home-use methods described in the preceding section. 

4.4. Multianalyte immunoassays 

- .4 - ' 
A recent development commanding increasing attention is that of multianalyte 

and random access immunoassay methodologies. This stems from the diagnostic, 
requirement encountered in many fields to determine several different analytes in the 
same sampje. For example, the diagnosis of thyroid disorders generally requires the 
determination of at least.t\vo analytes, e.g. an ultrasensitive measurement of .TSH 
combined with a measurement of free T4, although other supplementary measure-
ments are often required. Likewise the monitoring of transfusion blood entails testing 
for an increasing number of possible pathogens, including human immunodeficiency 
virus (HIV) and hepatitis related viruses. Another fundamental reason making the 
ultimate emergence of multiple analyte measùrement techniques virtually inevitable 
is the recognition that many substances of biological interest comprise a hetero-
geneous mixture of isoforms of differing biological activity or potency as discussed 
in Section 2, and that the only valid approach , to the resolution of the resulting 
problems is the individual assay of each of the main components of the mixture. 

In consequence of these emerging needs, many manufacturers have developed, 
or are currently developing, automated computer controlled immunoassay equipment 
which processes samples either in batches, or in a genuine random access mode (i.e. 
individual samples are so identified that a particular assay,.or set of assays, selected 
from a menu of assays is automatically performed on the sample). Although often 
displaying great mechanical ingenuity, such instruments generally.rely on conven-
tional (non-competitive, non:radioisotopic) immunoassay methodologies, and do 
little more than compress the activities of an immunoassay laboratory into a machine. 
Nevertheless, because they largely eliminate the need for skilled personnel, and 
because the internal operations involved (such as reagent and sample pipetting) can 
be performed with great precision and accurately timed, such instruments frequently 
yield highly reproducible results, despite their use of relatively short incubation 
periods, thereby reducing the overall costs of patient diagnosis. For example, one 
recently launched instrument relying on chemiluminescent acridinium ester labels 
performs the majority of analyte immunoassays in some 5-10 minutes, the longest 
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time required being that for ultrasensitive TSH measurements, which require 
approximately 15 minutes. Such instruments are nevertheless complicated and 
expensive, and are generally suitable only for laboratories with a high sample 
throughput. Moreover, they may represent a transitional stage in immunoassay 
development, prior to the emergence of totally new methods which demand 
mechanically simpler and cheaper equipment. 

A multianalyte methodology now being developed in the author's own 
laboratory offers such a possibility [36]. It relies on spatial isolation of a number of 
immunoassays on a small solid probe, and reflects the perception that highly 
sensitive immunoassays can be conducted using far smaller amounts of antibody than 
are conventional, implying that an individual assay can be carried out using numbers 
of antibody molecules so small as to be confined within a microspot no more than 
a few /¿m2 in area. This permits the construction of antibody microspot arrays, each 
microspot being directed against a different analyte, thereby permitting, in principle, 
the simultaneous measurement of thousands of different substances in samples of 
about 1 mL. Though antibody arrays of this capacity are unlikely ever to be required, 
the ability to measure many substances simultaneously in the same sample may have 
revolutionary consequences in medicine and other similar areas. In particular, it may 
ultimately permit the individual analysis of the isoforms of heterogeneous analytes 
such as the glycoprotein hormones, thereby finally resolving the problem of 
immunoassay standardization discussed in Section 2. 

4.5. Antibody microspot immunoassay: basic concepts and theory 

4.5.1. Ambient analyte immunoassay 

The recognition that all immunoassays essentially rely on measurement of 
antibody occupancy leads to a potentially important type of assay, termed 'ambient 
analyte immunoassay' [28]. This term is intended to describe assay systems which, 
unlike conventional methods, measure the analyte concentration in the medium to 
which an antibody is exposed, being independent both of sample volume and of the 
amount of antibody present. The possibility of developing such assays follows from 
the Mass Action Laws (see Eqs 1 and 2)' which lead to the following equation, 
representing the fractional occupancy (F) of antibody binding sites by analyte (at 
equilibrium): 

F 2 - F(l /[Ab] + [An]/[Ab] + 1) + [An]/[Ab] = 0 (4) 

or 

[Ab]F2 - F(1 + [An] + [Ab]) + [An] = 0 (5) 
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Fractional occupancy (F) 

Antibody concentration 

FIG. 8. Fractional (sensor) antibody binding-siteloccupancy (F) plotted as a function of anti-
body binding-site concentration for different values of analyte (antigen) concentration [An]. 
All concentrations are expressed in units of 1/K. For antibody concentrations of less than 
about 0.01/K-0.05/K, percentage binding of analyte is <1% irrespective of analyte concen-
tration, and fractional binding-site occupancy is essentially independent both of antibody con-
centration and sample volume, being governed solely by [An] (ambient analyte immunoassay 
(AA!)). Note that radioimmunoassays and other ^competitive immunoassays are commonly 
designed using sensor-antibody concentrations approximating 0.5/K-l/K or above in accor-
dance with the principles of assay optimization advanced by Yalow and Berson (e.g. Refs [10, 
12]). Non-competitive assays are generally designed on the use of even higher amounts of 
antibody. > 

where [An] = analyte concentration, [Ab] = antibody concentration (both in units 
of 1/K)4 . ' 

F rom this equation it may readily be seen that, as antibody concentrations 
— 0, F « [An] / (1 + [An]) as previously indicated in footnote 2 . This conclusion 
is illustrated in Fig. 8, in which the fractional occupancy of (monospecific or 
monoclonal) antibody binding sites in the presence of varying analyte concentrations, 

J 

plotted against antibody concentration, is shown. This figure shows that, when an 
antibody concentration of less than about 0 . 0 1 / K - 0 . 0 5 / K (the antibody preferably , 
but not essentially, being coupled to a solid support) is exposed to a medium 
containing analyte, the resulting (fractional) occupancy of antibody binding sites 

4 Expression of reagent concentrations iri terms of 1/K units has the effect of 
generalizing the graphical representation of binding assay data. 



38 EKINS 

( a ) 

Step 3 

NON-COMPETITIVE 
•ASSAY 

Incubate with anti-analyte 
Ab* (conc. 1/K*) 

Fractional occupancy of Ab 
pH I + P) 

Step 3 

COMPETITIVE 
ASSAY 

Incubate with anti-idiotypic Ab" 
(conc. 1/K*) 

( b > 
Ab* binds.to 50% of 

occupied sites 
Ab* binds to 50% of 

unoccupied sites 

FIG. 9. Microspot immunoassay, (a) First incubation. The fractional occupancy of sensor 
antibody binding sites is determined by the analyte concentration in the medium to which the 
microspot has been exposed, (b) Second incubation. The microspot is exposed to a second 
'developing' antibody reactive with either occupied sites (non-competitive assay), or unoc-
cupied sites (competitive assay). Note that in the second incubation, a concentration of devel-
oping antibody has been selected such that only 50% of occupied or unoccupied sensor 
antibody binding sites are identified. • 
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FIG. 10. Basic principle of dual label, ambient analyte, immunoassay relying on fluorescent 
labelled antibodies as applied in a 'non-competitive' assay. The ratio of a and ß fluorescent 
photons emitted reflects the value of F (see Fig. 8) and is solely dependent on the analyte con-
centration to which the probe has been exposed. It is unaffected by the amount or distribution 
of sensor-antibody coated (as a monomolecular layer) on the probe surface. 

solely reflects the ambient analyte concentration and is independent of the total 
amount of antibody in the system. Analyte J binding by antibody obviously causes 
depletion of (unbound) analyte in the medium, but because the amount bound is 
small, the resulting reduction in the ambient analyte concentration is insignificant. 
For example, if the sensor-antibody binding site concentration is less than 0.01/K, 
analyte depletion in the medium is invariably less than 1%, and the system is 
therefore effectively sample volume independent. , 

These conclusions lead to two further concepts. First, the antibody may be 
confined to a microspot on a solid support, the total number of antibody binding sites 
within the microspot being less than v/K X Ю - 5 X N (where v = the sample 
volume to which the microspot is exposed (mL) and N = Avogadro's number 
(6 x 1023)). (For example, if v = 1 and К = 1012 L/M, then the maximum number 
of binding sites that will cause negligible, disturbance (.< 1%) to,the ambient analyte 
concentration is 6 X 106, this number being greater for lower affinity antibodies.) 
Secondly, the.perception that the ratio of occupied (or,unoccupied) to total binding 
sites is solely, dependent on the ambient analyte concentration leads to the concept 
of dual label, ratiometric, microspot immunoassay. 
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FIG. 11. Proposed microanalytical 'compact disk', showing the basic concepts underlying a 
multianalyte immunoassay system relying on laser scanning of an array of sensor antibody 
microspots, each spot being directed against a different analyte. The scanning instrument por-
trayed in this figure represents the confocal microscope used in the author's preliminary 
studies, though it is both inappropriately designed and unnecessarily complicated for the 
present purpose. The multianalyte 'compact disk' shown in the figure can be of any shape, 
and is here represented as a disk merely to emphasize the similarities in concept and technol-
ogy of a multianalyte immunoassay system, and cheap domestic equipment currently used for 
sound reproduction. 

4.5.2. Dual label microspot immunoassay 

Following exposure of an antibody microspot (located on a suitable probe) to 
a fluid containing analyte (Fig. 9(a)), the probe may be removed and exposed to a 
solution containing a high concentration of a developing antibody directed against 
either a second epitope on the analyte molecule if this is large (i.e. the occupied site), 
or against unoccupied antibody binding sites in the case of small analyte molecules 
(Fig. 9(b)). An estimate of sensor-antibody fractional occupancy may thus be 
derived by measurement of the ratio of sensor and developing antibodies forming the 
dual antibody couplets. 

This can be readily achieved by labelling the sensor and developing antibodies 
with different labels; for example, a pair of radioactive, enzyme or chemilumi-
nescent markers (or even labels of entirely different nature). Fluorescent labels 
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(Fig. 10) are particularly useful in this context because, by the use of optical 
scanning techniques, they permit arrays offantibody microspots distributed over a 
surface (each microspot directed against a different analyte) to be scanned, thereby 
permitting multiple analyte assays to be simultaneously performed on the same 
sample (Fig. 11). Several advantages stem from adopting a dual fluorescence 
measurement approach of this kind. For example, neither the amount nor the distri-
bution of the sensor-antibody within the detector's field of view are of importance, 
since the ratio of the emitted fluorescent signals is unaffected. Likewise fluctuations 
in the intensity of the incident (exciting)! light beam are likely to be of little 
significance. 

4.5.3. Microspot immunoassay sensitivity 

The notion that microspot assays may be at least as sensitive and rapid as 
conventional systems relying on far larger amounts of antibody often arouses 
scepticism, particularly in the light of accepted concepts regarding the basis and 
merits of non-competitive assay systems, and it is therefore relevant to consider this 
issue in some detail. The theoretical basis' of these propositions may readily be 
demonstrated by. consideration of a modelj system. Let us postulate that sensor-
antibody molecules are attached to the surface of a solid support in such a manner 
that their binding sites remain exposed to the analyte, and that their affinity vis-à-vis 
the analyte is thereby unchanged. (The antibody concentration in the system — 
given by the number of binding sites on the support divided by the incubation 
volume — is unaffected by such attachment, and antibody occupancy by analyte at 
equilibrium will be identical to that occurring were the antibody distributed 
uniformly throughout the incubation mixture.) Let us also suppose that the antibody 
molecules exist as a uniform monolayer of maximum surface density on the support, 
and (to simplify present discussion) are unlabelled. Thus a change in the sensor 

t 
antibody concentration implies a corresponding change in the surface area over 
which antibody is distributed. (If, for example, the antibody affinity constant is 
10 " L/mol, the total incubation volume is 1 mL, and the antibody surface density 
is 6000 binding sites/^tm2, then a surface area of 105 /xm2 (i.e( 0.1 mm2) accommo-
dates antibody binding sites corresponding to a concentration of 0.1 /К; an area of 
0.01 mm2 corresponds to a concentration of 0.01/K, etc.) Let us further postulate 
that, following sensor-antibody exposure |to a medium containing analyte at a 
concentration of 0.01/K (i.e. 6 x 107 moíecules/mL), we measure non-competi-
tively the resulting antibody occupancy (eíg. by exposure to a second, labelled, 
developing antibody directed against the analyte, forming a typical antibody sand-
wich). Finally, let us suppose that all occupied sites react with the labelled antibody, 
the latter also binding non-specifically to thé solid support itself at a surface density 
of 1 molecule//im2. 
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FIG. 12. 'Sensor' antibody (SAb) is assumed to be immobilized on the circular (shaded) 
areas; the field of view of the signal measuring instrument is represented by square (shaded) 
areas, (a) Reduction of both the area of deposition of SAb and the field of view of the detector 
results in an increase in the signal/noise (S/B) ratio yielded by occupied sites following 
exposure of the antibody to a medium containing analyte, the ratio reaching a plateau value 
as the total amount of antibody on the circular area falls below O.OI/K. (b) Reduction of the 
area of deposition of SAb without corresponding reduction in the field of view of the detector 
implies a fall in the S/B ratio, (c) Reduction in the density of antibody coating likewise implies 
a fall in the S/B ratio. Assay sensitivity is determined by the S/B ratio, provided that the 
specific activity of the labelled antibody used to identify occupied sites is sufficiently high. 

We may now consider the effects of a progressive reduction of the antibody-
coated surface area from, for example, 1 mm2 (effective antibody concentration 
1/K) through 0.1 mm2 (0.1/K) to 0.01 mm2 (0.01/K) and below. From Eq. (5), the 
value of F for the 1 mm2 area is 4.98 X 10~3. Thus at equilibrium the number 
of analyte and labelled antibody molecules specifically bound to the area = 
2.99 x 107 (i.e. about 50% of the total analyte molecules present in the mixture), 
whilst the number of labelled antibody molecules non-specifically bound = 106. 
Thus, assuming the field of view of the detecting instrument is restricted to the area 
of the spot on which the sensor-antibody is deposited (see Fig. 12(a)), and 
(provisionally) assuming the background (or noise) of the instrument itself to be zero 
(i.e. the only source of background is the non-specifically bound labelled antibody 
within the instrument's field of view), the signal/noise ratio observed for the 1 mm2 

area approximates 30. Similarly, the value of F for a 0.1 mm2 area is 9.02 X 10 ~3, 
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the number of labelled antibody molecules specifically bound to the area = 5.41 x 
106, the number non-specifically bound = 105, and the signal/noise ratio approxi-
mates 54. Likewise the signal/noise ratio for a 0.01 mm2 area can be shown to 
approximate 59. In short, the signal/noise ratio increases (together with fractional 
occupancy of antibody binding sites) asj; the antibody-coated surface area is 
decreased, approaching a maximal (plateau) value of 60 as the area of sensor-
antibody falls below 0.01 mm2 and tends to zero. 

If, however, reduction in the antibody-coated area were not accompanied by i 
a corresponding reduction in the detecting instrument's field of view, the resulting 
reduction in signal would not lead to a 'corresponding fall in the background 
generated by non-specifically bound developing antibody (Fig. 12(b)). So although 
reduction in the coated area would increase!; sensor-antibody fractional occupancy, 
the signal/noise ratio might either remain constant or fall. In these circumstances it 
might be advantageous to increase the coated area. Similarly if the surface density 
of sensor-antibody were decreased (the coated area being held constant), similar 
conclusions might be reached (Fig. 12(c)). j 

Likewise, if the background signal generated within the detecting instrument 
itself — e.g. from the photocathode of a photomultiplier tube used to detect 
photons emitted from the antibody-coated area — were not zero, and remained 
constant regardless of the instrument's field of view, then a maximum signal/noise 
ratio would likewise be attained at some optimal value of the antibody-coated area, 
below which the ratio would fall. Since, however, it is generally possible to reduce 
the size of the detector (and hence the detector-generated background) pari passu 
with that of the signal-emitting area, there is no reason — in principle — for the 
signal/noise ratio to diminish as the antibody-coated area is progressively reduced 
towards zero. Thus if — albeit somewjhat simplistically —. we accept the 
signal/noise ratio as indicative of the precision of the antibody occupancy measure-
ment (and hence of assay sensitivity), thesejconsiderations suggest that it is advan-
tageous to reduce the antibody-coated surface area (and, concomitantly , the sensor-
antibody concentration) towards zero, albeit it is evident that little advantage is likely 
to accrue from reducing the area below 0.01 mm2 (and thus the antibody 
concentration below 0.01/K). 

Were the microspot area indeed reduced to zero, both signal and noise would 
likewise also fall to zero (the ratio between them nevertheless remaining essentially 
constant), implying that no signal of any kind would, in the limit, be recorded. In 
practice, other statistical factors come into play when the number of individual 
events (e.g. photons) observed by a detecting instrument are very low, thus prohi-
biting reduction of the sensor-antibody concentration to zero in this manner. The 
point at which reduction in the antibody-coâted area causes such loss of detectable 
signal that the precision of the antibody1 occupancy measurement significantly 
deteriorates clearly depends on the specific activity of the labelled antibody used to 
measure occupied binding sites; the higher the specific activity, the smaller thé 
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FIG. 13. Theoretically predicted non-competitive microspot immunoassay sensitivity (mini-
mum detectable number of analyte molecules/mL) plotted as a function of the minimum devel-
oping antibody density detectable within the microspot area. Values of sensor-antibody surface 
density of 10s molecules/цт2, and of developing antibody concentration of 1/K* have been 
assumed. Note that currently available instruments permit detection of between 10 and 1 
molecules of fluorescein labelled antibody/цт2. Even lower surface densities of developing 
antibody can be determined using fluorescent microspheres as labels. 

permissible area. Thus it is evident that, given very high specific activity labels, 
circumstances can be envisaged in which, even in a non-competitive system, the 
optimal sensor-antibody concentration may be exceedingly low. 

A more detailed theoretical consideration of (non-competitive) microspot 
immunoassay sensitivity [36] suggests that: 

where D — sensor-antibody surface density (binding sites/pirn2) К = sensor anti-
body affinity (L/M), [Ab*] = labelled antibody concentration in developing 
solution (expressed in units of 1/K*, where K* = labelled antibody affinity), 
= minimum detectable labelled antibody surface density (molecules//¿m2), and Cmin 

= assay detection limit (molecules/mL). For example, if [Ab*] = 1, D = 105 

molecules/^m2, К = 1011 L/M and = 20 molecules//xm2, then Cmin = 
2.4 x 106 molecules/mL = 4 x 10"1 5 M/L, the fractional occupancy of sensor 
antibody binding sites by the minimum detectable analyte concentration being 
0.04%. Figure 13 shows theoretical assay sensitivities attainable using sensor anti-
bodies of varying affinities, plotted as a function of 

cmin = Dmin X [(6 x 1020) (1 + [Ab*])]/DK[Ab*] (6) 
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FIG. 14. Kinetics of analyte binding to antibody (see Fig. 4). In contrast to Fig. 4, the curves 
shown here have not been normalized, and show the fractional occupancy of sensor-antibody 
binding sites to be greater for the lower antibody concentration at all incubation times. Assum-
ing sensor antibody is immobilized at a uniform density on antibody coated areas, this implies 
the highest S/B ratio is invariably obtained with the smaller area containing the smaller 
amount of antibody. 

In summary, the above considerations ¡indicate inter alia that the attainment of 
high microspot assay sensitivity requires close packing of sensor-antibody molecules 
within the microspot area, combined withj the use of an instrument capable of 
accurately measuring very low surface densities of developing antibodies. They also 
suggest (a) that microspot assay sensitivitiesj considerably higher than those obtain-
able by conventional isotopically based immunoassays are achievable, and (b) that 
assuming the availability of very high specific activity labels, sensitivities yielded by 
microspot assays are unlikely to be inferior j and (depending on the characteristics 
of the measuring instruments used) could be considerably superior to the sensitivities 
achievable in macroscopic assays of conventional design. 

Although the theoretical calculations indicated above assume that measure-
ments are carried out at equilibrium, it is equally readily demonstrable that microspot 
assays are also potentially more rapid thian conventional macroscopic assays. 
Figure 14 illustrates the fractional occupancy as a function of time of two antibody 
microspots of widely differing area and hence of antibody content, , the first yielding 
an effective antibody concentration in the system of 0.001/K, the second of 10/K, 
i.e. a spot 10 000-fold greater in area and hence yielding a 10 000-fold lower 
antibody concentration. It must be recalled ~ as implied above — that under the 
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circumstances envisaged the fractional occupancy of antibody binding sites within 
the detecting instrument's field of view essentially correlates with the signal/noise 
ratio. Thus the plot of fractional occupancy as a function of time corresponds to a 
plot of the signal/noise ratio as a function of time. Figure 14 thus demonstrates that 
the signal /noise ratio is at all times greater for the spot of smaller size than for the 
large size spot, despite the fact that equilibrium is reached in a somewhat (approxi-
mately 10-fold) shorter time in the case of the large spot. Indeed the increased speed 
suggested by this analysis underestimates the advantages to be derived from the use 
of small spots since the calculations represented in Fig. 14 assume the antibody to 
be distributed uniformly thoughout the incubation medium and not located on a solid 
support. It thus neglects the diffusion constraints limiting migration of analyte 
molecules to the solid surface, which increase with increase in microspot area. 
(Note: in the limiting case of a microspot containing only one antibody molecule, 
the kinetics of antibody occupancy by analyte are identical to those observed 
assuming the antibody to be moving freely in solution.) 

4.5.4. Microspot immunoassay: experimental results 

It would serve no useful purpose in the present context to describe in detail the 
experiments carried out in the author's laboratory to verify the general concepts 
described above, since they have been intended only to demonstrate the feasibility 
of the microspot approach. Briefly, our preliminary studies have relied on the use 
of conventional fluorophors (essentially fluorescein and Texas Red) and a laser 
scannings confocal microscope. In laser scanning confocal fluorescence microscopes, 
a small area of the specimen is illuminated by a focused laser beam, fluorescence 
photons emitted from this area being focused in turn onto a detector, typically a low 
dark-current photomultiplier [37, 38]. At the confocal point, the projection of the 
illumination pinhole and the back-projection of the detector pinhole coincide. 
Fluorescence photons emitted at other points thus have a low probability of reaching 
the detector. Such systems contrast with conventional epifluorescence microscopes, 
in which the specimen is exposed tó an essentially uniform flux of illumination, and,' 
inter alia, yield much sharper images of fluorescent emitters situated in a defined 
plane of a tissue sample. The particular instrument used in our studies, though 
excellent for the purposes for which it was specifically designed, nevertheless 
possesses a number of disadvantages in the present context, including, in particular 
a high fluorescent and scattered light background deriving in large part from the 
components of the optical system traversed by the incident laser beam. Likewise, the 
antibody microspotting techniques we have used have been relatively primitive, 
generally relying simply on brief exposure of various solid supports to tiny droplets 
of solutions containing antibody, followed by conventional washing and protein 
blocking procedures. 
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FIG. 15. (a) Response curve yielded in a two ste¡} TSH dual-labelled microspot 'ratiometric ' 
assay using Terns Red labelled solid phased sensor antibody and a fluorescent microsphere i 
labelled developing antibody, (b) Section of the response curve shown in Fig. 15(a) falling 
below 0.01 ulU/mL. I 1 

However, notwithstanding the limitations of the instrumentation used (which, 
inter alia, does not permit the use of time-rèsolving techniques to distinguish two 
individual fluorescence signals either from each other or from background fluores-
cence), and the crudeness of our present methods for coupling antibodies onto small 
areas, we have verified the theoretical concepts outlined above by comparing the 
performance of several assays when constructed in microspot format and when 
conventionally designed. As an example,.!the results of a thyroid stimulating 
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hormone (TSH) assay system using Texas Red labelled sensing antibody and 
developing antibody coated onto fluorescent microspheres are shown in Fig. 15(a), 
(b). These results confirm that assay sensitivities superior to that obtainable using 
conventional methodologies are obtainable using the microspot approach. 

As indicated earlier, the finding that highly sensitive immunoassays can be 
performed using far smaller amounts of antibody than are presently conventional 
clearly suggests the construction of antibody microspot arrays permitting, in 
principle, the simultaneous measurement of thousands of different substances in 
samples of about 1 mL (see Fig. 11). Our own preliminary studies have, for obvious 
practical reasons, been limited to the simultaneous measurement of 3 -4 different 
analytes, and certain difficulties would be likely to become more conspicuous with 
an increase in the number of analytes measured. For example, the levels of non-
specific binding of labelled antibodies present in the developing antibody mixture 
could be expected to become increasingly troublesome, as indeed would the effects 
of antibody cross-reactions. Nevertheless, by careful selection of solid supports and 
antibodies (possibly produced by recombinant DNA techniques [39]), and other such 
technical improvements, the permissible size of antibody arrays is likely to increase 
progressively. Meanwhile, technologies have recently been used for the parallel 
synthesis of large numbers of different polypeptides using photolithographic 
techniques which permit 10 000-microspot arrays to be constructed on silica chips 
of a total area approximating 1 cm2 [40]. Although antibody arrays of this capacity 
are unlikely ever to be required for conventional diagnostic purposes, the ability to 
measure simultaneously many substances in the same sample can be anticipated to 
have revolutionary consequences in medicine and other similar fields. Moreover, 
although these concepts have been illustrated in an immunoassay context, they are 
clearly applicable to all binding assays, including those relying on the use of DNA 
probes, hormone receptors, etc. 

4.6. Summary: implications for developing countries 

In addition to constituting the essential basis of ultrasensitive immunoassays, 
non-isotopic labels make possible the development of a number of other user-friendly 
methodologies of potentially great importance in developing countries, including in 
particular, simple devices designed for extra-laboratory use and intended to provide 
yes/no answers to basic diagnostic questions such as the presence or absence of an 
infectious disease, the commencement of pregnancy, etc. Immunosensors are 
intended to fulfil the same objectives (albeit yielding more quantitatively exact infor-
mation), but despite years of intensive research by many major companies and 
academic institutions throughout the world, the prospect of cheap and adequately 
sensitive instruments of this type remains remote at the present time. Finally, non-
isotopic labels permit the development of a new generation of miniaturized multi-
analyte assays permitting in principle the simultaneous measurement of entire analyte 
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menus in very small samples of body fluids. Such technologies will, in some 
respects, resemble those employed in compact disk recorders and other similar data 
storage devices, differing only in that light emitted from discrete zones on a solid 
surface (forming an antibody array) will be fluorescent (or possibly chemilumi-
nescent) rather than reflected, and will yield chemical rather than physical infor-
mation. The emergence of such sample-volume independent technologies will, inter 
alia, facilitate the large scale screening of entire populations for various infectious 
diseases, endocrine dysfunctions, genetic abnormalities, etc., using, for example, 
finger-tip blood samples, throat and endócervical swabs, etc., and hopefully 
contribute to the large-scale diagnosis, and ultimate reduction, of disease in .the 
developing countries. Regrettably all newer technologies, albeit designed for use by 
unskilled personnel, are likely to depend on advanced manufacturing techniques well 
beyond the reach of even highly competent laboratories. 

i 
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Abstract 

A NOVEL ULTRASENSITIVE RE-EQUILIBRATION IMMUNOMETRIC ASSAY: 
ITS APPLICATION TO THE MEASUREMENT OF THYROID STIMULATING 
HORMONE. . . . ' , , 

There is a growing commercial and professional interest in ultransensitive immuno-
assay. for the measurement of low levels of serum thyroid stimulating hormone (TSH) in 
thyroid disorders. The currently available supersensitive methodology is based mainly on an 
immunometric solid phase system using high avidity monoclonal antibodies with or without 
signal amplification of the label. An alternative method to improve the sensitivity is to shift 
the equilibration in favour of antigen and antibody )reaction. In the paper such a novel ultrasen-
sitive assay for TSH based on re-equilibration ¡^proposed. 

1. INTRODUCTION 

There is a growing commercial and» professional interest in ultrasensitive 
immunoassay for the measurement of low levels of serum thyroid stimulating hor-
mone (TSH) in thyroid disorders [1-3]. The currently available methodology is 
based mainly on an immunometric solid phase system using high avidity monoclonal 
antibodies (Ab) with or without signal amplification of the label [4, 5]. Recently it 
has been shown that in an immunometric assay (IMA) system, the antigen (Ag) dis-
sociated from the immobilized Ab at high as well as at low dosage and could give 
rise to a decrease in the per cent binding of the labelled Ab in the assay [6]. This 
is not due to lack of immobilized Ab or dissociation of Ag non-specifically bound 
to immobilized Ab, but is most probably duè to the kinetics of the Ag-Ab reaction 
[7]. Theoretically it is possible to decrease the dissociation of bound Ag from the 
immobilized Ab by increasing the Ag (analyte) concentration to favour the reaction 
to the right: [immobilized Ab] + [Ag] -— [immobilized Ab-Ag]. 

5 3 
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It is extremely difficult to increase the concentration of the analyte in the serum 
without simultaneously concentrating the serum. This could.increase the protein con-
centration and interfere with the binding capacity of the immobilized Ab [8]. In this 
paper a novel method of increasing the AB-Ag labelled Ab binding by re-
equilibration of the immobilized Ab with fresh analyte and labelled Ab is proposed 
and this can increase the sensitivity of the assay at least threefold. 

2. MATERIALS AND METHODS 

2.1. Effects of re-equilibration on antigen-antibody reaction 

2.1.1. Re-equilibration of labelled antigen with immobilized antibody 

The effect of repeating re-equilibration of fresh labelled antigen in the first part 
of the sandwich reaction was studied as.follows. Two hundred /xL of 125I labelled 
TSH (0.9 itCi/mL1, purchased from Amersham International, Amersham, United 
Kingdom) along with 50 piL of N saline was pipetted into five wells within a 12 well 
strip coated with mouse monoclonal antibody (against beta subunit of TSH, pur-
chased from Amersham). The strip of wells was placed in a strip holder and 
incubated overnight at room temperature. The unbound labelled TSH was aspirated 
ánd the wells were washed four times with distilled water. Each individual well was 
broken off from each strip and dropped into numbered polystyrene tubes (diameter 
13 mm) and its radioactivity was counted in an Abbott Autologic gamma counter 
(Abbott Laboratories, North Chicago, IL, USA). The well was recovered and assem-
bled into the strip holder and the whole procedure was repeated three more times. 

2.1.2. Simultaneous re-equilibration of antigen and labelled antibody with 
immobilized antibody 

• The equilibration of a well, coated with mouse monoclonal anti-beta subunit 
of TSH. with fresh labeljed TSH and anti-TSH using either, procedure A or В (as 
described below), was repeated three times after the initial first equilibration. In 
procedure A, 100 /xL of fresh l25I labelled TSH and 50 /¿L of fresh 125I labelled 
mouse monoclonal anti-TSH (against whole TSH, purchased from Amersham) were 
used for each equilibration, whereas in procedure B, 100 ¿iL of fresh l25I labelled 
TSH and 100 ßL of fresh mouse monoclonal anti-TSH (against alpha subunit) con-
jugated with horse radish peroxidase (0.05 /xg/mL, purchased from Abbott Laborato-
ries) were used. In the latter, four sets of wells (n = 5) were prepared. In the first 
set, the radioactivity of the well was counted before 300 /xL of o-phenylene-diamine 

' 1 Ci = 37 GBq. 



IAEA-SM-324/25 55 

2 HCL (2.96 mg/mL of citrate-phosphate (buffer containing 0.02% of hydrogen 
peroxide, purchased from Abbott) was added. The wells were incubated at room 
temperature for 30 minutes and transferred to the polystyrene tube before 1 mL of 
N sulphuric acid was added to the tube containing the well. The supernatant was aspi-
rated and its absorbance was read at a wavelength of 492 nm against the substrate 
blank (300 /il of o-phenylenediamine and 1 mL of N sulphuric acid) in a Beckman 
Du spectrophotometer (Beckman Instruments Inc., Anaheim, CA, USA). The 
second, third, and fourth sets of wells were processed similarly after the second, 
third and fourth equilibration respectively 

3. EFFECTS OF RE-EQUILIBRATION REACTION ON THE DOSE-
RESPONSE CURVE 

The results indicated that the % binding of the labelled TSH increased progres-
sively with each re-equilibration and was more marked and persistent in the presence 
of anti-TSH (see above). In view of this, the ré-equilibration reaction was studied 
further, using rabbit anti-TSH coated 1/4 inch polystyrene beads and 125I labelled 
purified goat anti-TSH (HTSH RIA kit, purchased from Abbott). To test this pro-
posed re-equilibration reaction, a polyclonal antibody immunoradio-
metric system was selected rather than monoclonal assay, which has the undesirable 
advantage of high purity and avidity in the present experiment. 

The initial assay was carried out according to the manufacturer's instructions. 
One hundred /xL of serum and l25I labelled anti-TSH (1.8 цС i/mL) were allowed to 
react with an anti-TSH coated polystyrene bead with shaking for two hours at room 
temperature. The bead was washed four times with de-ionized water before its radio-
activity was counted in an Abbott Autologic gamma counter. The used bead was fur-
ther equilibrated with 100 /¿L of fresh serum from the same specimen and 100 /xL 
of fresh 125I labelled anti-TSH. This first re-equilibration (or second equilibration) 
reaction was allowed to proceed for 18 hours. The bead was similarly washed and 
counted as outlined above. This re-equilibration was repeated twice. To study the 
effect of prolonged incubation on the dose-response curve of the first equilibration 
reaction, two sets of assays with 18 and 56 hours incubation respectively were also 
carried out. Included in the above assays were human TSH standards supplied in the 
kits (in porcine serum, serially diluted to 0.18 mlU/L with the zero standard), human 
serum from an commercial external quality assurance scheme, with known method 
mean values (serial dilution with TSH-free human serum) and pooled patients' sera 
referred to our laboratory for routine thyroid function tests. The assays were run 
consecutively in batches to collect 308 duplicate data points for each equilibration 
for the generation of an imprecision profile using an immunoassay programme 
(provided by P.R. Edwards, Department ¡of Molecular Endocrinology, Central 
Middlesex Hospital, London), run on an Apple compatible microcomputer. 
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A third set of assays was set up to study the effect of re-equilibration of the 
reacted beads with fresh labelled anti-TSH only, as follows. After the initial reaction 
between serum, labelled anti-TSH, and anti-TSH coated bead at room temperature 
for two hours, the reacted bead was washed, and the radioactivity was counted. The 
bead was again equilibrated with 100 piL of fresh labelled anti-TSH and normal 
saline (replacing the serum) as described above. This re-equilibration reaction with 
labelled anti-TSH was repeated two more times. The assays were carried out con-
secutively in batches to include kit standards (undiluted and diluted), human sera 
from a commercial external quality assurance scheme and pooled patients' sera to 
obtain 184 duplicate data points at each re-equilibration for data processing, using 
the method outlined above. 

4. APPLICATION OF RE-EQUILIBRATION IMMUNORADIOMETRIC 
ASSAY (RIRMA) TO THE STUDY OF EU-, HYPER- AND HYPO-
THYROID SUBJECTS 

Analysis of the results showed that the optimal method of re-equilibration is 
two re-equilibration reactions with fresh serum and labelled anti-TSH simultaneously 
following an initial two hour reaction. This method is used to study clinically and 
biochemically confirmed eu (n = 40), hyper (n = 29), and hypothyroid (n = 6) sub-
jects. Serum thyroxine, triiodothyronine uptake test (with calculated free thyroxine 
index (FTI)), triiodothyronine (T3, using radioimmunoassay kits purchased from 
Abbott) and supersensitive TSH assays (using MAIA kits, purchased from Serono 
Diagnostics SA, Coinsins, Switzerland) were carried out on all specimens studied. 
The data from five assay runs (of 50 duplicates per assay) using the MAIA kit were 
also used to generate the kit imprecision profile, taking the above mentioned 
immunoassay programme for comparison. 

5. RESULTS 

The study showed that re-equilibration of immobilized anti-TSH with fresh 
labelled TSH resulted in increased binding of the labelled Ag after each equilibration 
(Fig. 1). The per cent binding doubled after four equilibrations. When immobilized 
anti-TSH was re-equilibrated with fresh labelled TSH in the presence of fresh anti-
TSH labelled with either 125I or horse radish peroxidase, a marked increase in per 
cent binding after each re-equilibration was observed when compared with equilibra-
tion of immobilized anti-TSH with labelled TSH only. 

In re-equilibration IMA (RIMA) of TSH, re-equilibration of immobilized anti-
TSH with fresh serum, labelled anti-TSH causes an increase in the slope at the low 
end of the dose-response curve accompanied by a concomitant increase at the high 
end of the assay curve (Figs 2 and 3). This is associated with an improvement in the 
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FIG. 1. Effect on the per cent binding of repeated equilibration of immobilized anti-TSH with 
(1) m l labelled TSH (О О), (2) l25I lábelled TSH and anti-TSH (A Д ), 

.y <r ¡I 
(3) '"I labelled TSH ( A • ) in the presence of horse radish peroxidase labelled anti-
TSH, ( < 

imprecision profile (Fig. 4) with at least a threefold decrease in the minimum detec-
tion limits when compared with single or overnight single incubation. The minimal 
detection limit at a coefficient of variation of 22 % (read from the imprecision profile 
curve [9]) after 2 h single incubation, overnight single incubation, third equilibration 
and fourth equilibration was 0.61, 0.3, 0.10, 0.16 mlU/L, respectively. The 
improvement is best observed after the third equilibration (or second re-
equilibration). Prolonged overnight single incubation only improved the minimal 
detection limit twofold as compared with 2 h|single incubation. Prolonging the incu-
bation time to 56 hours failed to improve thejassay performance further. The impre-
cision profile and minimum detection limit of the RIMA are superior to single 
equilibration IMA using a monoclonal MAIA kit. Re-equilibration with labelled anti-
TSH only increased the non-specific binding (NSB) at zero dose but failed to increase 
the slope of the dose-response curve or imprecision profile at low dose (Figs 2-4). 
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T S H (mlU/L) 

FIG. 2. Effect of repeated equilibration on per cent binding of 1251 labelled anti-TSH at the 
low end of the dose-response curve of TSH RIMA based on the reaction of (a) simultaneous 
equilibration of immobilized anti-TSH, serum and 1251 labelled anti-TSH after (I) overnight 
equilibration ( • • ), (2) 1st (2 h) equilibration ( • • ), 2nd (overnight) 
equilibration ( • • ), 3rd (overnight) equilibration ( V V ), 4th (overnight) 
equilibration ( A A ); (b) equilibration of the immobilized anti-TSH and 1251 labelled 
anti-TSH only following the first simultaneous (2 h) equilibration reaction after (1) 2nd (over-
night) equilibration ( A — л ), (2) 3rd • (overnight) equilibration ( Ш • ), 
(3) 4th (overnight) equilibration ( О О ). The dose-response curve of the MAIA kit 
( О <> ) is also shown. 

T h i s inc rease in N S B w a s mos t l ikely d u e to the use of no rma l sa l ine instead of s e r u m 

in the reac tant at the r e - equ i l i b ra t ion . s t age (unpub l i shed obse rva t ion ) . 

Tab l e I s h o w s a g radua l loss of l inear i ty wi th h igh d o s e of T S H a f t e r each re -

equ i l ib ra t ion reac t ion . T h e resul ts a f t e r the second equi l ib ra t ion s h o w e d a pos i t ive 

b ias wh ich pers i s ted t h r o u g h o u t the th i rd a n d f o u r t h equ i l ib ra t ion . T h e s e c h a n g e s 

w e r e mos t m a r k e d in R I M A based on equ i l ib ra t ion of label led a n t i - T S H only . 
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FIG. 3. Effect of repeated equilibration at the 'high end of the TSH RIMA dose-response 
curve based on the reaction of (a) simultaneous equilibration of immobilized anti-TSH, serum 
and 1251 labelled anti-TSH after (1) overnight equilibration (A A), (2) 1st (2 h) 
equilibration (A A), 2nd (overnight) equilibration ( • • ), 3rd (overnight) 
equilibration ( О О j, 4th (overnight) equilibration ( v V ); (b) equilibration of 
the immobilized anti-TSH and ,25I labelled anti-TSH only following the first simultaneous 
(2 h) equilibration reaction after (I) 2nd (overnight) equilibration ( O - • ), (2) 3rd 
(overnight) equilibration ( О О ), (3) 4th (overnight) equilibration ( V V ). 

The dose-response curve of the MAIA kit ( О -;— 0 ) is also shown. 
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FIG. 4. Imprecision profile of TSH RIMA based on (a) the simultaneous equilibration of 
immobilized TSH, serum and )2il labelled anti-TSH after (1) overnight equilibration 
( • • ), (2) 1st (2 h) equilibration ( • • ), 2nd (overnight) equilibration 
( • • ), 3rd (overnight) equilibration ( V V J, and 4th (overnight) equilibration 
( 4 • ); (b) equilibration of the immobilized anti-TSH with 1251 labelled anti-TSH only 

following the first simultaneous (2 h) equilibration reaction (only the curve after the 4th over-
night equilibration ( О О ) is shown here). The imprecision profile of the MAIA kit 
( О О ) is also shown. 

The application of RIM A. to the study of clinical and biochemical confirmed 
cases of eu-, hyper- and hypothyroid patients showed a clear separation of these three 
groups of patients. There is minimal overlap between the groups as compared with 
the IMA assay using the MAIA kits. The latter misclassifled seven of the euthyroid 
subjects in the hyperthyroid group. The RIMA results also indicated a scatter of TSH 
values within the hyperthyroid group. However, no significant correlation between 
RIMA TSH values and FTI or T3 values (r = 0.11, and 0.16 respectively) was noted 
in these 29 hyperthyroid patients. 
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FIG. 5. TSH value of eu-, hyper- and hypothyroid subjects (RIMA results in open symbols, 
MAIA kit results in closed symbols). 

6. DISCUSSION 

The study showed that it is possible; to improve the dose-response curve, 
imprecision profile and minimum detection limit of IMA by simultaneously re-
equilibrating immobilized'Ab with fresh Ag'and labelled Ab. The most likely expla-
nation for the improved performance of RIMA was the maintenance of the Ag and 
labelled Ab concentration at each re-equilibràtion by using fresh Ag and labelled Ab, 
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TABLE I. EFFECT OF SERIAL DILUTION ON THE MEAN TSH VALUES IN 
RIMA a 

Dilution 

Method group 
meanb 

(n = 246 
laboratories) 

After 1st 
reaction 
(n = 6) 

After 2nd 
reaction 
(n = 3) 

After 3rd 
reaction 
(n = 3) 

After 4th 
reaction 
(n = 3) 

Neat 

1:4 

1:8 

1.13 

0.28 

0.14 

0.85 ± 0.15 

0.32 ± 0.04 

No data 

2.05 ± 0.10 
(2.74 ± 0.03) 

0.66 ± 0.05 
(1.27 ± 0.11) 

0.33 ± 0.15 
(0.93 ± 0.17) 

2.09 ± 0.03 
(4.61 ± 0.19) 

0.61 ± 0.01 
(2.41 ± 0.19) 

0.41 ± 0.05 
(1.83 ± 0.18) 

1.95 ± 0.09 
(5.64 ± 0.03) 

0.69 ± 0.03 
(3.17 ± 0.06) 

0.46 ± 0.01 
(2.56 ±0 .11) 

a Results from RIMA using the method of simultaneous re-equilibration of immobilized 
anti-TSH with fresh serum and labelled anti-TSH (figures in parentheses were results from 
RIMA with re-equilibration of labelled anti-TSH only). 

b Value1 obtained from method group mean of a commercial external quality assurance 
programme. 

thus circumventing the problems of relative Ag and labelled Ab exhaustion and 
serum concentration. This probably caused a shift of the equilibration of the Ag-Ab 
reaction to the right in favour of binding of Ag and labelled Ab to the immobilized 
Ab. The improved assay performance was unlikely to be due to prolonged incubation 
time, since prolonging the incubation time to 18 and 56 hours failed to improve the 
imprecision profile and minimum detection limits of the assay. This study also 
showed that the performance of RIMA system was superior to the commercial 
monoclonal IMA kits. This indicated that the avidity of the antibody was probably 
not the major contributory factor to the improved precision and minimum detection 
limits of the RIMA system. 

Increased binding of Ag to the immobilized Ab after each equilibration was 
most marked when fresh labelled Ab was also present in the reaction mixture 
(Fig. 1). This could be attributed to increased co-operativity of the larger molecular 
size of the Ag-Ab complex as compared with the smaller Ag molecule [10]. 
Repeated re-equilibration of the immobilized Ab (after initial simultaneous equilibra-
tion with Ag and labelled Ab) with labelled Ab only improved the per cent binding 
at the high end of the dose-response curve (Fig. 3). This was probably due to the 
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availability of high concentration of Ag, bound to the immobilized Ab, but not sand-
wiched by the labelled Ab. Repeated re-equilibration of the bound Ag with labelled 
Ab probably contributes to the formation of an additional sandwich of Ab-Ag 
labelled Ab complex and thus an increase in the per cent binding. 

The loss of linearity and the positive bias of the value of the external quality 
assurance sera could be due to (a) the difference in the assay system used by the par-
ticipants of the external quality assurance scheme and that used by the author in the 
present study, (b) inadequacy of the existing curve fitting programme used in this 
study to describe the dose-response of RIMA at low dose [11] and (c) differences 
in the protein matrix between the standards used in the RIMA assay and the patents' 
sera. 

In spite of the positive bias, RIMA classified the euthyroid and hyperthyroid 
patients more clearly than conventional IMA. The lack of correlation between T4 
and TSH in the hyperthyroid range could be due to single collection of the specimen 
at one point in time rather than a sequential collection. Further work is required to 
determine the mechanism of RIMA at low dosage and its effect on the biases of the 
potency estimate of the analyte measured. This proposed ultra-sensitive method 
could be useful in the study of changes at ultra-low concentration of analytes such 
as hormones, antibody, and infectious agents in physiological and pathological 
states. 
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Abstract-Résumé 

PROSPECTS FOR THE DEVELOPMENT OF A RADIOIMMUNOASSAY TECHNIQUE: 
COMPARATIVE STUDY OF TWO AGENTS FOR COUPLING THYROID HORMONES 
TO BOVINE SERUM ALBUMIN. 

The imraunogens of thyroid hormones (T3,|T4) were prepared by coupling with bovine 
serum albumin (BSA), using glutaraldehyde and parabenzoquinone as conjugating agents. 
Optimal parameters for the experimental conditions were defined (incubation time, coupling 
agent concentrations, etc.). UV-visible spectrophotometry indicates that the thyroid hormones 
were fixed covalently on the BSA. The coupling ratios evaluated for T3/BSA and T4/BSA 
were respectively 103 and 54 with parabenzoquinone, and 23 and 8 with glutaraldehyde. The 
electrophoretic motility in a single band demonstrates the homogeneity of the conjugates. This 
study has helped select the best conjugate for the ¡development of thyroid hormone immuno-
gens in order to produce antibodies of good quality. 

PERSPECTIVE DE MISE AU POINT D'UN DOSAGE RADIO-IMMUNOLOGIQUE: 
ETUDE COMPARATIVE DE DEUX AGENTS DE CONJUGAISON DES HORMONES 
THYROÏDIENNES A LA SERUM ALBUMINE BOVINE. 

Les immunogènes des hormones thyroïdiennes (T3 et T4) sont développés par couplage 
à la sérumalbumine bovine (BSA) en utilisant le glûtaraldéhyde et la parabenzoquinone comme 
agents de conjugaison. On a défini les conditions optimales d'expérimentation: temps d'incu-
bation; concentration'de l'agent de couplage, etc. L'étude par spectrophotométrie UV-visible 
indique que les hormones thyroïdiennes sont fixées d'une manière covalente à la BSA. Les 
rapports de conjugaison obtenus T3/BSA, T4/BSÀ respectivement sont de 103 et 54 lors du 
couplage à la parabenzoquinone et de 23 et 8 lors du couplage au glûtaraldéhyde. La migration 
électrophorétique en une seule bande témoigne de l'homogénéité structurale et moléculaire des 
conjugués obtenus. Cette étude a permis de sélectionner le meilleur agent de conjugaison pour 
le développement des immunogènes des hormones (thyroïdiennes en vue de la production d'an-
ticorps de bonne qualité. . 

6 5 
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1. INTRODUCTION 

Les hormones thyroïdiennes (T3 et T4) sont des molécules douées d'une acti-
vité biologique indispensable au fonctionnement normal du métabolisme de base de 
l'organisme [1]. Aussi leur évaluation est-elle capitale pour le diagnostic précis de 
nombreuses pathologies métaboliques liées au dysfonctionnement de la glande 
thyroïde [2]. Elles sont présentes en faibles concentrations et leur quantification 
nécessite l'utilisation de techniques très sensibles et très spécifiques tels que les 
immunodosages [3]. 

Les hormones thyroïdiennes sont des haptènes et ne peuvent donc induire une 
réponse immunitaire lorsqu'elles sont injectées à un animal [4]. Pour les rendre 
immunogènes, on les greffe en général sur l'albumine à l'aide des carbodiimides 
solubles dans l'eau [5]. Néanmoins, les conjugués obtenus sont instables et les 
anticorps développés sont de mauvaise qualité [6]. 

Le présent travail est consacré à l'étude de deux agents de conjugaison des hor-
mones thyroïdiennes à la sérumalbumine bovine. 

2. MATERIELS ET METHODS 

2.1. Préparation des immunogènes 

La pureté des hormones thyroïdiennes, utilisées est analysée par Chro-
matographie liquide de haute performance [7] . Ces hormones présentent chacune un 
pic caractéristique avec des temps de rétention de 19,4 et 33,4 minutes pour T3 et 
T4, respectivement. 

Les immunogènes sont développés par conjugaison des hormones thyroï-
diennes à la sérumalbumine bovine (BSA) à l'aide du glutaraldéhyde ou de la 
parabenzoquinone, selon la technique en deux temps décrite par Ternynck et al. 
[8 ,9 ] . 

2.1.1. Couplage au glutàraldéhyde 

On dissout 10 mg de BSA (Sigma) dans 200 fxL de tampon phosphate 0,1M 
à pH6,8 contenant 0,1% de glutaraldéhyde (Merck). 

Après incubation pendant 18 heures à + 4°C et à l'abri de la lumière, la prépa-
ration est filtrée sur une colonne de séphadex fine G25 (5 x 1,5 cm) préalablement 
équilibrée avec du NaCl 0,15M. La BSA activée (fraction colorée) est recueillie dans 
un volume de 1 mL. A cette fraction sont ajoutés 1 mL, soit de T3 (1 mg), soit de 
T4 (1 mg) fraîchement préparés dans du NaCl 0,15M. 

Après addition de 200 /лL de tampon carbonate (bicarbonate 0,5M à pH9,5) 
la préparation est maintenue sous légère agitation pendant 24 heures à +4°C. La 
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réaction est ensuite arrêtée par addition de 100 pL d'une solution de lysine 1M à pH7 
(Merck). Après 2 heures d'incubation à + 4 ° C , les préparations sont dialysées 
contre le tampon PBS à pH7 à + 4 ° C pendánt une nuit. 

2.1.2. Couplage à la parabenzoquinone 

t 
La BSA (5 mg) dissoute dans 400 pL de tampon phosphaté 0,1 M à pH6,8 est 

activée par incubation avec 100 pL de párabenzoquinone ((Fluka); 30 mg/mL 
d'éthanol absolu) pendant une heure à température ambiante et à l'abri de la lumière. 
La BSA activée est filtrée sur une colonne de séphadex G25 (Pharmacia Fine Chemi-
cals) du NaCl 0,15M étant utilisé comme éluent. 

A 1 mL de la fraction de BSA activée est ajouté 1 mL, soit de T3 (1 mg), soit 
de T4 (1 mg) fraîchement préparés. Le pH dufmilieu réactionnel est ajusté par l'addi-
tion de 200 ¡xL du tampon carbonate/bicarbonate 0,5M à pH9.5. 

La réaction est arrêtée, après 48 heures d'incubation à + 4 ° C , par l'addition 
de 200 pL d'une solution de lysine 1M à pH7. Après 2 heures d'incubation, les 
préparations sont dialysées comme précédemment. Les conjugués obtenus sont con-
servés sous forme congelée ( - 2 0 ° C ) jusqu'à utilisation. 

Les conditions expérimentales décrites çi-dessus correspondent aux conditions 
optimales. 

2.2. Dosage des protéines 

La concentration des protëinès dans les fractions finales est déterminée par la 
méthode du microbiuret [10], la BSA servant d'étalon. 

2.3. Caractérisation spectrophotométrique 

La BSA native est activée au glutaraldehyde ou à la parabenzoquinone et les 
conjugués développés sont étudiés par spectrophotométrie UV-visible (balayage 
spectral de 200 à 600 nm) (U vidac spectrophotometer 430 В; Japon). 

. , t ' 

2.4. Caractérisation électrophorétique 

L'homogénéité des différents conjugues développés est analysée par élec-
trophorèse sur gel d'agarose au moyen du kit mis au point par Beckman pour l'étude 
des protéines sériques [11]. 

En bref, la BSA native et les complexes BSA-T3 et BSA-T4 obtenus en 
utilisant le glutaraldéhyde ou la parabenzoquinone comme agents de conjugaison, 
sous un volume de 10 pL (5-10 pg de protéines) sont soumis à une migration élec-
trophorétique pendant 25 minutes sous un champ électriqué de 100 volts d'intensité. 

i 
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FIG. 1. A, В, С, D: Spectres d'absorption UV-visible (balayage spectral allant de 200 à 
600 mm de longueur d'onde) des composés suivants: 

) sérumalbumine bovine (A, В, C, D). 
) sérumalbumine bovine activée à la parabenzoquinone (A, B). 

) sérumalbumine bovine activée au glutaraldéhyde (C, D). 
) complexe BSA-T3: couplage à la parabenzoquinone (A). 

—) complexe BSA-T4: couplage à la parabenzoquinone (B). 
— ) complexe BSA-T3: couplage au glutaraldéhyde (C). 
—) complexe BSA-T4: couplage au glutaraldéhyde (D). 

La concentration protéique des différentes fractions est ajustée à 0,5 mg/mL dans du NaCl 
0,15M. La lecture est réalisée contre une solution de NaÇl 0,15M. 
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Les gels sont d'abord fixés puis séchés et íes bandes protéiques sont révélées par 
coloration au bleu de Coomassie. 

3. RESULTATS ET DISCUSSION 

Le présent travail rapporte les résultats d'une étude comparative de deux 
agents (le glutaraldéhyde et la parabenzoquinone) de conjugaison des hormones ' i 
thyroïdiennes à la sérumalbumine bovine (BSA). La technique adoptée [8, 9] con-
siste, dans un premier temps, à activer la BSA avec l'agent de couplage utilisé et, 
dans un deuxième temps, à ajouter des hormones thyroïdiennes (T3 ou T4). 

Nous avons d'abord étudié l'effet du temps de contact du pH du milieu réac-
tionnel et de la concentration de l'agent de conjugaison sur le déroulement du 
processus réactionnel et sur le rendement dejjcouplage (résultats non présentés). Les 
protocoles expérimentaux décrits correspondent aux conditions optimales définies. 
Ces données sont à rapprocher de celles décrites par Ternynck et al. [8, 9] lors de 
l'étude de la conjugaison des enzymes aux anticorps. 

Par ailleurs, nous avons étudié par spectrophotométrie UV-visible les spectres 
d'absorption de la BSA native, de la BSA activée et des conjugués obtenus. Les 
résultats obtenus sont présentés à la figure Í. L'étude comparative de ces spectres 
apporte un argument solide en faveur.de la réussite du processus de conjugaison. Les 
conjugués développés sont stables et liés d'une manière covalente. Gharib et al. [4] 
ont rapporté une approche et des constatations comparables en couplant la T3 aux 
albumines bovine et humaine à l'aide des carbodiimides. 

L'homogénéité des conjugués est souvent étudiée à l'aide des techniques analy-
tiques (filtration sur. gel, ultracentrifugation, etc.) qui mettent en jeu le pouvoir 
séparatif des molécules en fonction de la charge et/ou de la masse [12]. Nous avons 
utilisé l'éleçtrophorèse sur gel d'agarose. Lès profils électrophorétiques de la BSA 
native et des conjugués obtenus avec le glutàraldéhyde et la parabenzoquinone sont 
présentés à la figure 2..Ces résultats apportent un. argument supplémentaire en faveur 
de la réussite du processus de couplage et démontrent l'homogénéité structurale et 
moléculaire des conjugués développés. La migration électrophorétique plus impor-
tante des conjugués par rapport à la BSA native pourrait s'expliquer par l'apport des 
charges négatives des hormones thyroïdiennes fixées. 

Les rapports de conjugaison de T3/BSA et T4/BSA sont respectivement de 103 
et 54 lors du couplage à la parabenzoquinone et de 23 et 8 lors du couplage au 
glutaraldéhyde. Des rapports comparables ou moins importants sont rapportés par 
d'autres auteurs ayant utilisés des procédés!différents [4, 6]. 

On notera cependant que la plupart des auteurs ayant travaillé sur le couplage 
des hormones thyroïdiennes: se contentaient'd'analyser les propriétés des anticorps 
développés. 
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FIG. 2. Profils électrophorétiques: A — BSA native, В — complexe BSA-T3 (couplage au 
glûtaraldéhyde); С — complexé BSA-T4 (couplage au glûtaraldéhyde); D — BSA-T3 
(couplage à la parabenzoquinone); E — BSA-T4 (couplage à la parabenzoquinone). 
Des fractions protéiques de 5 à 10 pg sous un volume de 10 цЬ sont soumises à une élec-
trophorèse sur gel d'agaröse pendant 25 minutes sous un champ électrique de 100'volts 
d'intensité: 

Les conjugués développés sont stabíes, homogènes, et répondent aux critères 
dé Landstàiner [13], qui préconisait un rapport haptèné/vecteur de 10 pour que l ' im-
munogène puisse susciter une réponse immunitaire humorale et cellulaire. 

Bien que la qualité des conjugués et les rapports 'de conjugaison soient 
satifaisants aussi bien avec le glûtaraldéhyde qu'avec la parabenzoquinone, seule la 
caractérisation des anticorps nous permettra de choisir le meilleur agent. ' 
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Abstract 

BEHAVIOUR OF IODINE-125 LABELLED MONOCLONAL ANTI-TSH AND 
CELLULOSE LINKED (SOLID PHASE) ANTIBODIES IN A SUPERSENSITIVE TSH 
IRMA. 

The quality of reagents used in supersensitive immunoradiómetric assay (IRMA) 
thyroid stimulating hormone (TSH) is of great significance to determine low concentrations 
of TSH in human serum samples. A sandwich IRMA TSH in-house assay procedure was 
developed at the Institute of Nuclear Medicine and Oncology Lahore. Two specific antibodies 
were' involved in this assay system; one antibody was (MAb) 125I radiolabeled, while the 
second antibody was covalently coupled to cellulose. Results presented in the paper describe 
the behaviour of these two reagents in this assay [system and their importance in monitoring 
low detection levels of TSH. Data presented show that when the age of radiolabeled MAb 
TSH is > 5 weeks the low detection limit rises from 0.02 to 0.3 mlU/L TSH. This effect is 

» 

also reflected in zero dose % binding (B/T) which increases from 0.09% (during the first week 
after radiolabelling) to 0.3% after 40-50 days. The effect of cellulose coupled MAb TSH on 
non-specific binding was also age dependent and , was related to the washing of the coupled 
cellulose before use but not to the age after coupling of cellulose with the antibody. The data 
presented shows that the original low detection limit, 0.05 mlU/L TSH, rose to 0.3 mlU/L 
when > 3 months old cellulose washed Ab was used in the assay system. Similar to radi-
olabeled MAb, the performance of > 3 months old washed Ab was such that it was unable 
to detect extremely low concentrations of TSH in patients' sera samples and the mean value 
of the low concentration QC pool was raised from 0.7 mlU/L TSH to 1.7 mlU/L TSH. This 
can be reversed by using a freshly washed solid ¡phase linked Ab. It was concluded that in ji 

order to detect hyperthyroids within 4-5 weeks/ an old preparation of radiolabeled MAb 
should be used along with.a freshly washed ( < 3 months old) solid phase linked anti-TSH. 

73 
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1. INTRODUCTION 

Application of the new generation of immunometric assay procedures for TSH 
is rapidly transforming concepts in the diagnosis of thyroid disease. Even though the 
assay procedure came into use during the mid-1980s and the data is limited, the claim 
that immunometric assays have improved sensitivity compared with RIA has been 
well proven [1]. This technique is being used for the detection of hyperthyroids and 
for distinguishing them from the euthyroid population [2]. The test is becoming a 
front line screening test and has proven to be a valid strategy for the diagnosis of 
thyroid disease [3]. 

However, the validity of these claims depends upon careful evaluation of clini-
cal, history, results and quality of laboratory results. Thyroid disease, non-thyroidal 
illness, age of population, the effect of drugs, etc. all affect test results and must be 
taken into account. Equally important is the quality of laboratory results, which 
depend upon the quality of the reagents. 

Antibodies are macromolecular gamma globulins. Their denaturation can 
affect their biological and immunological properties. An immunometric (sandwich 
type) assay involves two antibodies. It is essential that their binding properties, and 
structure remain intact during any chemical coupling procedures and thereafter in the 
assay procedure. Isotopic in vitro techniques are inherently dependent upon the age 
of the tracer. Iodine-125 is the most commonly used isotope for the labelling of anti-
gen'and antibodies. It has a half-life of 60 days. During its decay process, it emits 
energy which can affect the native structure of antigens and antibodies, thus trans-
forming the conformation of the binding sites to an inactive or inaccessible state. 

The second antibody is often linked covaleritly to a solid phase, e.g. a cellulose 
[4-6]. Its application in IRMA has enhanced the potential sensitivity, precision and 
specificity of measurement [7]. However, properties of a solid phase linked antibody 
in an assay system also depend on the environmental effects of the. medium in which 
it is stored. 

Reagents for sensitive in-house IRMA TSH were prepared at the Institute for 
Nuclear Medicine and Oncology Lahore (INMOL) [8]. It was observed that with an 
increase in the age of radiolabeled antibody and in the washed age of the solid phase 
linked antibody, extremely low concentrations of TSH were not detectable. The 
effect of storage on behaviour and properties of radiolabeled MAb TSH (mouse) and 
cellulose linked TSH Ab (sheep) used in this assay procedure is described in this 
paper. 

2. MATERIAL AND METHODS 

MAb TSH (mouse) and anti-TSH (sheep) were purchased through the North 
East Thames Region Immunoassay Unit (NETRIA) (UK). Sigma cell type 
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20 cellulose was used for linking with anti-TSH. Carbodiimidazole code No. C7625 
for activating cellulose was purchased from Sigma Chemical Co., St. Louis, MO, 
USA. - : ; . -

Iodine-125 solution (IMS 30) was purchased from.Amersham International, 
Amersham, United Kingdom. Standards were prepared in horse serum using IRP2 
human TSH 80/558 and were matched against NETRIA standards for in house 
supersensitive IRMA TSH. The solid phase linking of anti-TSH to cellulose was 
according to the method of Ratcliffe et al., [9] and subsequent washing to remove 
uncoupled and adsorbed proteins follows Wide [6]. The solid phase linked antibody 
was stored in 0.05M P 0 4 Buffer pH7.4 containing 0.1% azide at 4°C. The TSH 
IRMA validation was made as described in Ref. [7] and assay procedure was based 
upon overnight incubation and solid phase separation. Each assay batch tube was 
washed three times with phosphate buffer containing 0.1% tween 20 and 0.1% azide 
involving centrifugation at each step. All assays were performed in duplicate. The 
counting time for each tube was five minutes on an LKB-Wallac (Turku, Finland) 
gamma counter model 1272 (four detector system). IAEA software [10] (modified 
by Piyasena) for the IBM PC [11] was used for immunoassay data reduction analysis 
and quality control for each assay batch. Sensitivity was calculated at 2.5 SD from 
zero dose and the low detection limit (LDL) was calculated from the intercept on the 
precision profile and the slope of the line cálculated from: slope = n/t, where n is 
the number of replicates used in analysing unknown specimens and the value of t is 
the confidence level [12]. * 1 

3. RESULTS -

The properties of in-house supersensitive IRMA TSH (INMOL) using freshly 
labelled (I-125-MAb TSH) and cellulose linked MAb TSH are described in Table I. 
These results are reproducible and were recorded during the last two years of assay 
performance, with six batches of l25I labelled antibody and three batches of solid 
phase linked antibody. 

3.1. Effect of storage on 125I labelled MAb TSH properties 

The effect on low detection limit due to storage of 125I labelled MAb TSH is 
described in Table II. For this period it was stored at 4°C when freeze dried or at 
- 1 8 ° C in the storage medium. The antibody was reconstituted or thawed once on 
the day of assay. It was diluted in assay buffer to obtain desirable counts (60 000 
to 70 000 counts/min). The results described in the Table clearly indicate that the 
LDL increases as the storage time increases..Results plotted in Fig. 1 show how the 
change in % binding took place as the storage time increased.. The effect is more 
pronounced at zero dose as opposed to 0.3¡;and0.6 mIU/L TSH standard. 
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TABLE I. CHARACTERISTICS OF IN-HOUSE IRMA TSH (INMOL). 
THE RADIOLABELLED AND SOLID PHASE LINKED ANTIBODY USED 
WERE BOTH FRESHLY PREPARED BATCHES 

Sensitivity from zero dose at 2.5 SD 0.04 mlU/L 
(n = 12) 

Low detection limit 0.3 mlU/L 
(LDL) (n = 12) 

Working range from IP at 10% CV 0.05-55 mlU/L 
(n = 12) 

Binding B/T 

Zero dose • 0.03-0.05% 
60 mlU/L TSH 30-40% 

Mean conc. mlU/L TSH A 0.7±0.3 
QC pools В 2.9±0.9 

С 8.2±1.9 

n = number of assay batches or replicates. 

TABLE II. EFFECT OF AGE O F 1-125 LABELLED MAb TSH ON THE 
DETECTION LIMIT OF TSH USING IMMUNORADIOMETRIC IN-HOUSE 
ASSAY 

Age after labelling Lowest detectable 
of MAb TSH with 1-125 Cone: mlU/L TSH 

Zero days 0.01 -0 .02 

One week 0.02-0.03 

Two weeks 0.02-0.03 

Three weeks 0.02-0.03 

Four weeks 0.02-0.03 

Five weeks 0.04-0.06 

Six weeks 0.06-0.08 

Seven weeks 0.06-0.08 

Eight weeks >0.1 

Behaviour of the freeze dried radio-labelled MAb TSH stored at 4°C and frozen material 
stored at -18°C was identical. Washed solid phase linked Ab < 3 months old was used. 
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FIG. 1. Effect upon % binding of 1251 labelled MAb (mouse) with storage time on the first 
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three points of the calibration curve of supersensitive IRMA TSH. (< 3 months old washed cel-
lulose couples anti-TSH was used). Each data \point represents assays performed on six 
batches of radiolabelled MAb TSH. ' 

(After washing ôf solid phase) 
|[ 

FIG. 2. Effect of washing the cellulose coupled anti-TSH on LDL. 
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FIG. 3. Effect on estimation of low QC pool concentration by increasing the period of storage 
of coupled anti-TSH and effect of using new preparation of the solid phase linked Ab on the 
same low concentration {0.7 mil}!L TSH) of ,QC pool. The scatter around each data point 
represents several estimations (> 6) of the QC pool. 

3.2. Effect of storage on properties of cellulose linked anti-TSH 

The effect upon the LDL due to storage at (4°C) of solid phase linked anti-TSH 
is shown in Fig. 2. The results show that LDL increases due to storage conditions. 
Figure 2 also shows that washing of solid phase restores the lower detection limit 
to the initial detection level. 

The storage effect on properties of solid phase linked anti-TSH was also 
studied in a low concentration QC pool. Figure 3 shows how much the low QC pool 
mean value was affected by the washed age of solid phase linked antibody QC con-
centrations (0.7 mlU/L TSH). It was stable for an initial period of 12 weeks. After 
20 weeks it had increased to 1.7 mlU/L TSH. The original concentration of the QC 
pool mean value was restored when a new lot of solid phase linked Ab (freshly 
washed) was used. 

3.3. Effect upon patients and QC results . . . 

The data given in Table III show the effect of storage. The results indicate that 
with prolonged storage ( > 6 months old washed solid phase linked Ab) indentifica-
tion of hyperthyroids is incorrect. 
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TABLE III. EFFECT OF AGE (WASHED PERIOD) ON BEHAVIOUR OF 
CELLULOSE LINKED ANTI-TSH 

Description 

TSH conc. mlU/L 

Patient sample 
results 

Low conc. 
QC pool results 

(1) Solid phase Ab < 3 
months old after 
washing, used with 
radiolabeled MAb 
< 4 weeks old. 

(2) Solid phase Ab > 6 
months old after 
washing, used with 
radiolabelled MAb 
< 4 weeks old 

0-0.4 
(n = 53) 

0.7-1.5 
(n =; i2) 

x 0.7 ± 0.3 
as expected 

(n = 12) 

x 1.4 ± 0.25 
(n = 12) 

The solid phase coupled antibody was stored in phosphate buffer at 4°C and radiolabelled 
MAb was stored at -18°C or at 4°C when freeze dried. Patients studied were clinically 
hyperthyroids and their expected TSH concentrations were between 0 - 0 . 3 mlU/L TSH. 

4. DISCUSSION 

Sensitive immunometric assays are useful tests for the detection of extremely 
low concentrations of TSH [3]. The results cited in this paper are aimed to determine 
the best performance conditions of in-house supersensitive IRMA TSH reagents pre-
pared at INMOL. Table I gives general information about the performance of the 
assay system. The results in Table I show that the'assay system can detect extremely 
low concentration of TSH when fresh preparations of radiolabelled MAb and solid 
phase linked anti TSH are used. However, with increasing age of these two specific 
reagents, a negative effect upon the low detection limit was demonstrated. The 
results of these observations are given in Table II and III and Figs 1-3 . 

4.1. Iodine-125 MAb TSH 
r 

The effect of age upon radiolabelled MAb TSH was presented in Section 3.1. 
Results cited in Table II show that LDL increases when the radiolabelled Ab age is 
> 5 weeks. ' 
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Similar evidence is provided in Fig. 1. Comparison of the three concentration 
plots versus binding indicates that the effect of storage is more upwardly pronounced 
in the case of zero dose after 40-50 days. This will affect the LDL more seriously. 
This effect is not so sharp in the case of the other two standard curve points, i.e. 
0.3 and 0.6 mlU/L TSH for the same period of storage. In the case of zero dose the 
change for the same period is from 0.09% during the first week to 0.3% after six 
weeks. In the case of the 0.3 mIU/L standard curve point the change for the same 
period is from 0.3% to 0.5% and for 0.6 mlU/L standard curve point the change 
is from 0.5 to 0.65%. Thus the binding properties of the products change under the 
storage conditions described. This increase in binding can be attributed to the 
increase in non-specific binding effects. 

4.2. Solid Phase Ab 

Data plotted in Fig. 2 provide information about the importance of the washing 
step for cellulose linked anti-TSH. It shows that an increase in LDL takes place after 
about 12 weeks from the day of wash. It increases from detection of 0.05 mlU/L 
at this stage to 0.3 mlU/L after 24 weeks, and can be reduced to the original LDL 
when another wash is given. Similar information is available from Fig. 3, which 
shows the effect of QC pool mean value (0.7 ±0 .15 mlU/L TSH) upon low concen-
tration, as was obtained when a batch of solid phase < 3 months old was used. The 
QC pool value increases to 1.75 mlU/L when 20 weeks have passed since washing 
the solid phase. When a freshly washed new batch of solid phase was used the QC 
pool value is reduced to the original mean value of 0.7 mlU/L. Thus it is clear from 
these data that washing of solid phase linked anti-TSH is important to maintain the 
sensitive properties of the assay system. The washing step removes uncoupled and 
adsorbed proteins which otherwise increase the non-specific binding effects. 

Data given in Table III show the results produced from patient sera samples 
and QC pools when washed cellulose linked anti-TSH < 3 months and > 6 months 
old were used. In both cases the radiolabeled MAb was < 4 weeks old. Low concen-
tration QC pool and patient samples with low concentration TSH show a pronounced 
increase in their estimations. For the detection of low concentrations of TSH, washed 
cellulose ( < 3 - 4 months) is essential, otherwise misclassification errors will occur. 
The clinical significance of this error is that hyperthyroids will be falsely taken as 
euthyroids. 

It is concluded that the data presented here provide important information on 
the usage of supersensitive IRMA TSH in the diagnosis of hyperthyroidism. To 
avoid misclassification errors for hyperthyroids as euthyroid the reagents employed 
should be of good quality and it is important to use freshly washed cellulose linked 
Ab ( < 3 months old) and a freshly prepared radiolabeled anti-TSH (4-5 weeks old). 
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Abstract 

DEVELOPMENT OF A RADIOIMMUNOASSAY SYSTEM FOR OSTEOCALCIN AND 
APPLICATIONS IN CLINICS. ' ! 

The authors have developed an in-house, heterologous radioimmunoássay (RIA) system 
for human osteocalcin (Oc) using bovine Oc as antigen, reference préparation and tracer and 
separation with polyethylene glycol (PEG).' This RIA system is básed on a satisfactory cross1 

reaction of antibovine serum with human Oc. The standard curve doses ranged between 1.5 
and 6-.0 ng/mL. The intra- and.interassay coefficients of variation (%CV), from 20 batches, 
were 5-7% and 10-15%, respectively. This Oc-RIA system was applied to estimate the nor-
mality range in human subjects of both sexes, aged 1 to 70 years. In children and adolescents 
high Oc values and rather large variations between individuals were found. The Oc serum 
levels decrease in young and adult subjects but increase significantly through decades seven 
and eight (p < 0.001) possibly due to the osteoporotic processes in the aged. Children and 
adolescents of both sexes with longitudinal growth deficiency (n = 318) were submitted to 
the insulin stimulation test (IST). According to the human growth hormone (hGH) increase 
in their sera they were grouped as responders or iion-responders. The Oc measured in basal 
conditions showed non-significant differences between these two groups except at the age of 
10 years (p < 0.01): the hGH responder group presented the peak increase earlier than the 
hGH non-responder group, with the peak values àt the age of 13 years. Further, the serum 
Oc variations were followed in the sera of three;'patients diagnosed as having parathyroid 
adenoma. The results showed that high pre-operato'ry Oc levels increased a short time after 
surgery (patient No. 1) and decreased slowly thereafter (patient No. 2) or. increased (patient 
No. 3). The serum Oc is a sensitive marker of bone growth in normal children and in children 
with growth deficiency. It may be used as an indicator of osteoporosis in aged subjects and 
may occasionally replace parathormone measurement. However, in interpreting an Oc-RIA 
result, various aspects should be considered, i.e. physiological (growth and development), 
professional, pathologic and therapeutic influences. 

* Work supported by IAEA* Research Contract 6038/RB. 

8 3 
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1. INTRODUCTION 

Osteocalcin (Ос), or bone gamma-carboxy-glutamic acid-containing protein 
(bone Gla-protein or BGP) is the major non-collagenous protein of bone. Oc is 
specific to bone, having been found only in bone [1], tooth dentin [2], experimental 
calcifications [3] and some calcified atherosclerotic plaques [4].. 

Synthesized by osteoblasts, this low molecular weight protein (5800 daltons) 
was found in blood [1]. Its serum concentration seems to arise from the Oc newly 
synthesized by these cells. One fraction of the Oc resulting from osteoblast activity 
is released directly into the blood stream in proportion to the rate of bone 
formation [5]. 

As it has been demonstrated that Oc can be measured by radioimmunoassay 
(RIA) in biological fluids [1], attention has been focused on the circulating Oc as a 
possible marker of physiological and pathological alterations of bone as well as a 
criterion for following up the therapeutic response [6-11]. 

Since, bone trouble is rather frequent and the RIA-Oc measurement is a non-
invasive method of diagnosis, we developed our own Oc-RIA system. From the 
beginning of our clinical applications we observed that there are a lot of influences 
on the circulating levels of Oc; we therefore tried also to establish the normality 
range of this molecule so as to be.able to interpret adequately the pathologic values. 

2. MATERIALS AND METHODS 

2.1. Osteocalcin preparation „, . 

Bovine femural diaphysis was used to obtain osteocalcin according to the flow 
sheet presented in Fig. 1 [12]. The Oc-RIA measurement showed'that it eluted with 
the second protein peak (Fig. 2). Three eluates of this peak were pooled and lyophi-
lized. This preparation was used as an antigen, as a reference preparation and for 
radioiodination. -

2.2. Prepartion of anti-osteocalcin serum 

The immunogen was prepared by mixing purified and solubilized bovine Oc 
with a solution of polyvinyl pyrrolidone (PVP) and complete Freund's adjuvant until 
a stable emulsion was obtained [12]. Male rabbits were injected in multiple sites 
intracutaneously. Blood samples were drawn at 2 week intervals. Three months 
later, the animals were injected and blood samples were collected as before. 
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FIG. I. The flow sheet of steps for obtaining the bone proteic extract in EDTA. 

2.3. Labelling of osteocalcin with 12rl 

T h e s a m e ma te r i a l used as an t igen w a s a l so used f o r r ad io iod ina t ion by the 

c h l o r a m i n e - T m e t h o d . T h e final p r o d u c t , ' ? 5 I -os teoca lc in , w a s ob t a ined -by d o u b l e 

pu r i f i ca t ion wi th S e p h a d e x G - 5 0 c o l u m n s . T h e pu r i t y of the 1 2 5 I -Oc w a s checked 

wi th 10% t r i ch lo roace t i c a c i d . ( T C A ) prec ip i ta t ion and by immunoreac t i v i t y wi th 

an t ibody exces s . 
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FIG. 2. The elution diagram of bovine osteocalcin purified by molecular• exclusion chro-
matography on Sephadex G-100. The Oc measured by RIA eluted with the second peak. 

2.4. The Oc-RIA system 

The reagents were assembled in a RIA system with a final volume of 500 /¿L, 
incubation time 48 h at +4°C , followed by PEG separation. The standard curve 
doses ranged between 1.5 and 60.0 ng/mL. Quality control (QC) serum samples 
were prepared from pools of sera containing low, medium and high Oc concentra-
tions. The results obtained with these three dose Oc levels were plotted on a QC card 
with ±15% warning limits from the target values [13]. 

2.5. Human serum samples 

The blood samples were collected in basal conditions, except for some samples 
collected immediately after surgery for parathyroid adenoma. 
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2.5.1. Normal subjects i . . . 

The blood was collected in the morning from 210 children and adolescents of 
both sexes aged 1 to 20 years and 514 adults and aged subjects referred to our insti-
tute for functional troubles not related to bone, parathyroid, thyroid, gonadal or 
adrenal pathology. 

2.5.2.- Children and adolescents with growth deficiency . . . 

Hospitalized children and adolescents (n = 318) of both sexes having longitu-
dinal growth deficiency of different degrees and ethiology were submitted to the 
insulin stimulation test (IST) by injecting iiv. crystalline insulin 0.1-0.15 IU/kg 
body weight. The blood was collected before insulin injection and 30 and 60 minutes 
after injection. The glucose concentration and the hGH-RIA were measured in all 
samples and the Oc-RIA was measured only in the basal sample. 

2.5.3. Patients with parathyroid adenoma 

Three patients (two women and one man) with parathyroid adenoma were fol-
lowed up before and after surgery. The blood samples in the first patient, an adoles-
cent girl, were collected 5 days before surgery and 20 minutes after surgery; we 
could obtain samples only 4 and 9 days after surgery. The second patient (a man) 
was bled 9 days before opération, three times after. The third patient (a woman) was 
followed four times before surgery, on three occasions three months before surgery, 
when she was treated with cytostatic drugs after misdiagnosis in another hospital of 
bone sarcoma and the fourth sample 2 days before surgery was performed 2 months 
after withdrawal of the anti-cancer drugs. The Oc was assayed until 28 weeks after 
surgery. 

3. RESULTS . . 

3.1. The Oc-RIA system 

A rather robust and stable Oc-RIA system was developed using bovine 
osteocalcin labelled.with l25I as tracer, bovine osteocalcin purified by gel filtration 
on Sephadex G-100 as reference preparation and rabbit anti-bovine Oc with a RIA 
initial titre 1:3000 (final 1:15 000). The intra-:and interassay coefficients of variation 
as calculated by the aid of the control sera were 5-7% and 10-15%, respectively. 
The rather long stability of the tracer (about.3-4 months) may be noted. 
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TABLE I. OSTEOCALCIN LEVELS IN SERA OF 210 NORMAL SUBJECTS 
(90 GIRLS AND 120 BOYS) AGED 1-20 YEARS 

Age ' • 
(years) 

Sex 
ratio 
F/M 

Osteocalcin 
(ng/mL) 
X ± SD 
(range) 

•%CV 

1 - 6 

7 - 8 

9 

10 

11 

12 

13 

14 

15-17 

18-20 

13/10 

7/17 

3/11 

6/13 

12/18 

8/17 

7/10 

•8/7 ' 

5/13 

21/4 

24.67 ± 11.08 
(2.31-45.08) 

23.44 ± 11.03 
(8.04-45^57) 

29.44 ± 14.65 
(13.54-61.73) 

37.47 ± 13.46 
(20.27-71.13) 

36.87 ± 13.81 
(6.06-70.51) 

27.01 ± 10.71 
. (9.94-57.79) 

30.22 ± 14.34 
(3.69-57.71) 

29.77 ± 8.62 
(19.38-40.15) 

34.08 ± 24.16 
(14.52-91.89) 

5.79 + 3.57 
(1.05-15.65) 

44.9 

' 47.1 

49.7 

35.9 

37.5 

39.7 

47.5 

28.9 

70.9 

61.7 

3.2. Oc levels in normal children and adolescents 

The results are presented in Table I. Possibly owing to the rather low number 
of girl subjects in some groups (groups of 9 and 10 years), we did not observe sex 
differences. The highest values were observed in the age group of 10 years, but 
generally rather large variations were observed between individuals. Therefore, we 
must be cautious when using Oc-RIA instead of parathormone RIA in children or 
adolescents suspected of hyperparathyroidism because a high Oc value is not signifi-
cant alone and it must corroborate other biochemical parameters, for example alka-
line phosphatase and/or bone phosphatase. • 
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TABLE II. OSTEOCALCIN LEVELS IN SERA OF 514 NORMAL SUBJECTS 
(471 FEMALES AND 43 MEN) AGED j 21-70 YEARS GROUPED BY AGE 
DECADES i 

Age 
decade 

Sex 
ratio 
F/M 

Osteocalcin 
(ng/mL) , 

x ±; SD ; 
(range 

%CV P 

21-30 74/6 4 .24 ± 2.76 65.2 NS 
(0.78-Ф.62) 

31-40 166/11 4.14 ± ¡2 .77 67.0 NS 
(0 .74- Í 1.34) 

41-50 106/11 4.38 ± ¡ 2 . 7 8 65.4 
(0.66-12.86) 

; < 0 . 0 0 1 
51-60 92/11 • 6.49 ± 4.35- 67.0 

(0.68-25.18) 

{ < 0 . 0 2 
61-70 33/4 8.85 ±1.7.37 83.2 

(0 .88-Í5 .86) 

NS = not significant. 

i 
3.3. The Oc levels in adult and aged subjects 

! Í 
In Table II the Oc serum levels seem to be stable through decades three to five; 

however, the high %CV suggests rather high inter-individual variations, possibly 
due to some silent osteoporosis in hypoestrogenic women or to some subclinical 
hyperthyroidism in both sexes. Through decades six and seven the frequency of high 
Oc values increases. In all decades some subjects were observed with Oc levels 
under 1.0ng/mL. These values were observed in our laboratory consistently in 
patients with severe hypothyroidism [11, 14]. 

3.4. The Oc in sera of children and adolescents with growth deficiency 

Patients aged 1-17 years were classified as hGH responders when the glucose 
concentration in at least one of the two samples post-insulin injection was at least 
20 mg lower than the basal value and the hGH-RIA was increased with at least 
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T A B L E III. C O M P A R I S O N O F T H E S E R U M O S T E O C A L C I N L E V E L S IN 185 C H I L D R E N A N D A D O L E S C E N T S : 
H G H R E S P O N D E R S A N D 133 N O N - R E S P O N D E R S T O T H E I N S U L I N S T I M U L A T I O N T E S T 

Age 
(years) 

Sex 
ratio 
F/M 

No. 

Responder 
(ng/mL) 
X ± SD 
(range) 

%CV No. 

Non-responder 
(ng/mL) 
X ± SD 
(range) 

%CV P 

1-6 13/10 23 ' 24.67 ± 11.08 
(2.31-45.08) 

44.9 13 20.10 ± 10.77 
(7.49-43.49) 

53.6 NS 

7 - 8 . • 7/17 ' .24 23.44 ± 11.03 
(8.04-45.57) 

47.1 ' 17 18.41 ± 10.71 
(1.53-42.35) 

58.2 NS . 

9 3/11 14 29.44 ± 14.65 
(13.54-61.73) 

49.7 13 26.32 ± 12.26 
(4.37-48.33) 

46.6 NS 

10 6/13 .19 37.47 ± 13.46 
(20.27-71.13) 

35.9 15 24.73 ± 9.71 
(7.77-43.49) 

39.9 < 0 . 0 1 

11 12/18 30 36.87 ± 13.81 
(6.06-70.51) 

37.5 12 29.70 ± 12.18 
(7.46-41.64) 

41.0 NS 

12 8/17 .25 27.01 ± 10.71 
(9.94-57.79) 

39.7 21 28.19 ± 11.53 
(5.34-45.38) 

40.9 NS 



Age 
(years) 

Sex 
ratio 
F/M 

No. 

Responder 
(ng/raL) 
X ± SD 
(range) 

%CV No. 

Non-responder 
(ng/mL) 
X ± SD 
(range) 

%CV Р 

13 7/10 17 30.22 ± 14.34 
(3.69-57.71) 

47.5 21 37.11 ± 20.28 
(4.32-59.05) 

54.6 NS 

14 " * 8/7 15 29.77 ± 8.62 
(19.38-40.15) 

28.9 11 27.95 = 11.93 
(11.66-49.46) 

42.7 NS 

1.5-17 5/13 18 34.08 ± 24.16 
(14.52-91.89) 

70.9 10 34.27 ± 24.38 
(1.22-68.91) 

71.1 NS 

NS = not significant. 
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TABLE IV. OSTEOCALCIN VARIATIONS IN SERA OF PATIENTS AFTER 
PARATHYROIDECTOMY FOR PARATHYROID ADENOMA 

Patient 
No. 

Sex 
Age 

(years) 
Osteocalcin 

(ng/mL) 
Time before or 

after surgery 

1 F 19 86.73 5 days pre-op. 

138.09 20 min. post-op. 

123.30 4 days post-op. 

130.39 9 days post-op. 

2 M . 38 126.21 9 days pre-op. 

104.97 6 days post-op. 

91.70 40 days post-op. 

3 F 33 33.56 101 days pre-op. 

33.40 100 days pre-op. 

32.15 99 days pre-op. 

97.27 2 days pre-op. 

. 59.25 14 weeks post-op. 

75.36 22 weeks post-op. 

78.32 28 weeks post-op. 

20 ¿JU in at least one of the two samples. In Table III it may be observed that the 
peak Oc values appeared at the age of 10 years in the responder group, while in the 
non-responder group the peak Oc values appeared later, at the age of 13 years. 

3.5. The Oc values in patients with parathyroid adenoma 

Table IV shows the follow-up of the Oc variations in three patients operated 
for parathyroid adenoma, two women and one man. The high Oc value observed in 
the adolescent girl aged 19 years was rather difficult to interpret, taking into account 
here age; however, this being the highest Oc value we observed for this age, we 
alerted the clinician. The Oc levels were even more increased immediately post-
surgery and some days after. Only the man showed Oc values decreasing similarly 
to those of parathormone [15]. In the women aged 33 years, the serum Oc was meas-
ured more than 3 months before surgery on 3 days consecutively and the values were 
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• i 
high for this age, but not as high as might be ëxpected taking into account the number 
of fractures and the typical radiographic pattern of bone lesions. However, 3 months 
after withdrawal of the cytostatic drugs, 2 days before surgery for parathyroid ade-
noma in our institute, her Oc values were three times higher. Over a period of obser-
vation of more than 7 months these pre-operatory Oc values decreased very slowly. 

it t 
4. COMMENTS 

The rather scarce availability of non-iñvasive specific methods to investigate 
bone physiology and pathology on the one hand and the increasing frequency of bone 
trouble especially in aged women led us to try to develop an in-house RIA kit for 
human osteocalcin. \ 

We adapted to our conditions the techniques already published [1, 5], and 
succeeded in obtaining the RIA reagents starting from bovine femural bone. 
Ethylenediaminetetraacetate (EDTA) extráction-demineralization followed by 
molecular exclusion chromatography on Sephadex G-100 were the main steps we fol-
lowed for osteocalcin preparation. , 

In another study [12], we also tried ion exchange (affinity) chromatography. 
However, we consider this step not absolutely necessary for practical purposes. 

The laboratory surveying showed rather good stability, as evidenced by the 
quality control cards [14], and-adequate sensitivity of about 1.0 ng/mL. II 

However, when we tried to establish the normality range we had some trouble 
because of our low accessibility to sera collected from normal children and adoles-
cents and even from adult subjects. Therefore we tried to use sera collected from 
high performance sport groups and we were surprised to find that some groups are 
difficult to compare to normal non-sport groups, there being rather high osteocalcin 
levels in sports (athletic) gymnastics practiced by prepubertal girls and boys [16-18]. 

Further, we selected sera collected from functional and more or less transitory 
troubles apparently not related to bone, thyroid, parathyroid, adrenal or gonadal dis-
orders. However, comparing our osteocalcin RIA results to those published by other 
authors [8, 19] in normal subjects, we observed higher inter-individual variations in 
our 'normal' groups. It is possible that among ¡them there was some subclinical 
hyper- or hypothyroidism ór silent osteoporosis. 

More clear was the comparison of the osteocalcin RIA results in the groups 
of the hGH responders and non-responders to the insulin stimulation tests. In these 
children and adolescents with longitudinal .growth deficiency from moderate to 
severe the hGH non-responder group had the osteocalcin peak 2 -3 years later than 
the hGH responder group, this osteocalcin peak being considered as corresponding 
to the pubertal growth spurt [8]. j 

. Nevertheless, we could use our osteocalcin RIA system to detect or confirm 
the diagnosis of parathyroid adenoma in the absence of the RIA kits for the specific 
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hormone (parathormone). The osteocalcin levels under cytostatic treatment (deter-
mined by an incorrect diagnosis in a peripheral hospital) may be rioted, these being 
three times lower than those observed three months after withdrawal of the drug 
(case No. 3). 

Some discrepancies were observed in our laboratory between the rather normal 
osteocalcin levels and the clinical and radiological pattern of some (not all) patients 
with severe Paget's disease or neoplastic osteoporosis. These discrepancies are 
attributed to some structural differences between human and bovine osteocalcin [20]. 
Work is in progress in our laboratory to develop a homologous RIA system for 
human osteocalcin. 

The osteocalcin RIA results, obtained with either heterologous or homologous 
systems, should be interpreted cautiously, considering factors such as sex, age, phys-
ical efforts, parathyroid, thyroid, gonadal and adrenal function, drug administration. 

5. CONCLUSIONS 

(1) A stable and sensitive RIA system for human osteocalcin was developed using 
(1) a reference preparation and (2) bovine osteocalcin purified by molecular 
exclusion chromatography as antigen; and for radioiodination. 

(2) This heterologous osteocalcin assay system was applied to estimate the normal-
ity range in children, adolescents, young, adult and aged subjects. 

(3) Differences were observed between the hGH responders and non-responders 
to the insulin stimulation test, the peak osteocalcin levels appearing later in the 
second group. However, the osteocalcin measurement cannot be used as an 
indicator of longitudinal growth deficiency. 

(4) Especially in young and adult patients with hyperparathyroidism, the measure-
ment of the osteocalcin levels may be a useful marker for the diagnosis and 
post-surgical follow-up of patients with parathyroid adenoma. 

(5) As osteocalcin is a specific protein for bone, its measurement is useful for the 
repetitive non-invasive investigation of the subjects at risk for bone troubles 
(osteoporosis, neoplasic metastases). For an accurate interpretation of the 
osteocalcin RIA results, factors such as sex, age, physical efforts, parathyroid, 
thyroid, adrenal and gonadal function and drug administration should be kept 
in mind. 
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COMPARACION DE DOS METODOS 
DE FASE SOLIDA PARA LA SEPARACION 
DE FRACCIONES RADIACTIVAS 
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Abstract-Resumen 

COMPARISON OF TWO SOLID PHASE METHODS FOR SEPARATING RADIO-
ACTIVE FRACTIONS. 

A modified technique for co-polymerizing immunoglobulins with bovine serum 
albumin is described and their behaviour when used as separation agents in radioimmunoassay 
techniques is compared with immunoglobulins linked to cellulose particles. The immuno-
globulins used to prepare both separation agents were obtained from an antiserum against 
rabbit globulins which was donated by the WHO reference laboratories. The immunosorbent 
obtained by co-polymerization had a higher relative titre and its capacity to bond the radio-
immunocomplexes was similarly high; however, non-specific binding of free radioactive 
tracer was lower than with the antibodies linked to cellulose particles. It was concluded that 
this immunosorbent is an effective alternative which is easy to prepare and could be useful 
as a separation agent in RIA techniques. 

COMPARACION DE DOS METODOS DE FASE SOLIDA PARA LA SEPARACION DE 
FRACCIONES RADIACTIVAS. 

Se describe la modificación de una técnica para copolimerizar inmunoglobulinas con 
seroalbúmina bovina, y se compara su comportamiento con el de las inmunoglobulinas fijadas 
a partículas de celulosa, como agentes de separación en técnicas de radioinmunoanálisis. Las 
inmunoglobulinas empleadas en la preparación de ambos agentes de separación se obtenían 
de un antisuero dirigido contra las globulinas de cpnejo, donado por los laboratorios de 
referencia de la OMS. El inmunosorbente obtenido mediante copolimerización poseía un título 
relativo más elevado y su capacidad de enlazamiento de los radioinmunocomplejos era similar, 
pero el enlazamiento inespecífico del radiotrazador libre es inferior cuando se compara con 
los anticuerpos inmovilizados sobre las partículas de celulosa. Se concluye que el inmuno-
sorbente constituye una alternativa eficiente y fácil de preparar, útil como agente de separación 
en las técnicas de RIA. 

97 
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1. INTRODUCCION 

La separación de las fracciones radiactivas resultantes de las técnicas de radio-
inmunoanálisis (RIA) constituye uno de los pasos críticos en el diseño de las mismas, 
por su influencia en la sensibilidad, precisión y exactitud de los resultados [1]. 

Uno de los métodos más utilizados, que aún mantiene su vigencia, se basa en 
la precipitación del radioinmunocomplejo, que se forma en la reacción competitiva, 
mediante un segundo anticuerpo, insolubilizado o fijado a una fase sólida [1, 2]. 

Como fase sólida para la fijación del segundo anticuerpo se utiliza con frecuen-
cia la celulosa microcristalina, por sus propiedades mecánicas y bajo enlazamiento 
inespecífico del radiotrazador libre. Para la fijación de las inmunoglobulinas a la 
celulosa se pueden utilizar diversos agentes químicos, entre los cuales el carboriil-
diimidazol (CDI) permite alcanzar buena eficiencia sin afectar las propiedades 
inmunoquímicas del anticuerpo, mediante una técnica relativamente simple [3, 4]. 

Existen reportes previos sobre la copolimerización de anticuerpos con 
seroalbúmina bovina (SAB), utilizando diferentes agentes para lograr el entre-
cruzamiento de ambos tipos de moléculas, en una técnica sencilla que, sin embargo, 
no ha sido ampliamente utilizada para la separación de fracciones en las técnicas de 
RIA [5]. 

En el presente trabajó se presentan los resultados obtenidos al comparar dos 
métodos de separación de inmunocomplejos radiactivos basados en un segundo 
anticuerpo insolubilizádo por dos técnicas diferentes. 

2. MATERIALES Y METODOS 

El segundo anticuerpo utilizado en la preparación de ambos agentes de 
separación corresponde a un antisuero obtenido en burro y dirigido contra las 
inmunoglobulinas de conejo (E21/390), suministrado por el WHO Collaborating 
Centre for Immunoassay (Hammersmith Hospital, London, UK). 

La fijación del segundo anticuerpo a la celulosa microcristalina 
(SIGMACELL tipo 20, SIGMA Chemical Co.) se realizó tal como fue descrito por 
Chapman et al. [3]. 

El inmunosorbente copolimerizado se preparó mediante una ligera modifica-
ción de la técnica descrita por Ternynck y Àvrameas [5]: se dializaron 2 mL del 
antisuero contra solución 0Д5М de NaCl durante 24 horas a 4°C y, después, se les 
adicionaron 400 mg de seroalbúmina bovina (Fracción V, BDH Biochemicals) 
disueltos en 40 mL de tampón 0,2M acetato pH5,0. A la mezcla se adicionaron, por 
goteo, 0,6 mL de etilcloroformato (BDH Chemicals) mientras se mantenía en agita-
ción con una barra magnética durante 20 min adicionales. Después de dejar reposar 
la mezcla durante una hora, se realizó la homogenización y lavado del gel de la 
misma manera que se recomienda en la técnica original [5]. 



IAEA-SM-324/28 9 9 

El sistema de radioinmunoanálisis empleado para comparar ambos agentes de 
separación fue uno desarrollado en nuestro laboratorio con anterioridad [6] para la 
determinación de antígeno carcinoembriónicó. 

Se realizaron estudios comparativos sobre el título relativo de los inmuno-
sorbentes y la cinética de formación de los inmunocomplejos. Todos los experi-
mentos se realizaron por cuadruplicado en tubos de polipropileno (1 X 2,5 cm). 
Se dejaron en incubación alícuotas de 100 pL de antisuero dirigido contra el antígeno 
y producido en conejos, trazador radioyodado y tampón de reacción (0,05M borato 
pH8,4/0,l% SAB). Para determinar el enlazamiento inespecífico (b) se prepararon 
otros tubos de ensayo en los cuales se sustituyó el antisuero por igual volumen de 
tampón de reacción. Después dé concluida'¡la reacción primaria, se adicionaron 
100 (iL del inmunosorbente convenientemente diluido, y se dejó reaccionar con la 
mezcla de los tubos de ensayo. 

La separación de las fracciones radiactivas se realizó, con ambos inmuno-
sorbentes, por centrifugación a 2000 g durante 15 min, seguida de decantación del 
sobrenadante. Al precipitado se le realizó un lavado con 500 )jlL del tampón de reac-
ción y, después de agitar y .centrifugar por segunda vez, se descartó el nuevo 
sobrenadante y, en un contador automático de radiaciones gamma, se midió la radi-
actividad enlazada al inmunosorbente. ; 

Para determinar la influencia de la temperatura y el tiempo de incubación 
sobre la curva dosis-respuesta se utilizaron patrones de baja (17 ng/mL) y alta 
(132 ng/mL) concentración de antígeno carcinoembriónico. 

? ¡i - -

3. RESULTADOS Y DISCUSION 

En dependencia del método empleado ¡para la insolubilización del segundo 
anticuerpo, el antisuero queda diluido en una proporción 1:8,5 cuando se fija a la 
celulosa, o 1:5 cuando se copolimeriza a la SAB. En la Fig. 1 se muestran las curvas 
de enlazamiento de los radioinmunocomplejos obtenidas al incrementar la dilución 
de los inmunosorbentes, y dejándolos en incubación a la temperatura ambiente, 
durante dos horas, con el radiocomplejo obtenido en la reacción primaria. 

Como se puede observar, la radiactividad fijada a la celulosa revestida se 
reduce significativamente con la dilución del inmunosorbente, no así cuando se 
emplea el anticuerpo copolimerizado. Sin embargo, el enlazamiento inespecífico (b) 
no sufre modificaciones significativas ante la»dilución en el rango estudiado, mas, 
por debajo de éste, la celulosa producía enlazamientos del radiotrazador libre mucho 
mayores que el 10 %. ; 

Para lograr el enlazamiento máximo de los radioinmunocomplejos se requería 
una dilución 1:5 para el inmunosorbente copolimerizado (equivalente a 1:25 del 
antisuero original), y 1:2 para la celulosa revestida (dilución 1:17 del antisuero 
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FIG. 1. Titulación de los inmunosorbentes• basados en anticuerpos dirigidos contra 
inrnunoglobulinas de conejo fijados a la celulosa microcristalina o insolubilizados junto a la 
seroalbúmina bovina (SAB). En el eje de las ordenadas se representa el porcentaje del 
radiotrazador adicionado (T) que es enlazado por los inmunosorbentes en presencia (Bo-b/T) 
o ausencia (b/T) del primer anticuerpo [Во — radiotrazador enlazado en ausencia de antígeno 
no radiactivo; b = enlazamiento inespecífico del trazador]. En el eje de las abscisas se 
muestra la dilución resultante del segundo anticuerpo, tomando en cuenta el factor de dilución 
introducido en la preparación de ambos inmunosorbentes. Los anticuerpos insolubilizados 
junto a la SAB mediante el etilcloroformato muestran un título relativo más elevado para la 
fijación de los radioinmunocomplejos y un enlazamiento inespecífico del radiotrazador 
inferior al correspondiente al inmunosorbente basado en la celulosa. 

empleado). Así se realizó un estudio.de la cinética del enlazamiento a los inmuno-
sorbentes, cuyos resultados, se muestran en la,Fig. 2. 

En la misma se observa un ligero incremento del enlazamiento inespecífico a 
partir de la segunda hora de incubación de la celulosa revestida con el anticuerpo, 
mucho mayor que la observada con el anticuerpo copolimerizado. Sin embargo, el 
enlazamiento del radioinmunocomplejo no mostró variaciones significativas durante 
las tres horas de incubación. 

La influencia de la temperatura durante la incubación del inmunosorbente con 
el radiocomplejo se refleja en las curvas dosis-respuesta. Como se muestra en la 
Fig. 3, la mayor diferencia entre las respuestas debidas a bajas y altas concentra-
ciones del antígeno "frío" se observó después de dejar reaccionar el inmunosorbente 
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FIG. 2. Cinética del enlazamiento de los radioinmunocomplejos y del radiotrazador libre a 
los inmunosorbentes. A partir de la primera hora de incubación de los inmunosorbentes se 
observa un ligero incremento del porcentaje de la radiactividad inmunoacomplejada que es 
enlazada por ambos inmunosorbentes, la cual se mantiene posteriormente en valores 
similares. Sin embargo, el enlazamiento inespecífico del radiotrazador libre también se 
incrementa a partir de la segunda hora de incubación, aunque siempre es mayor con los 
anticuerpos fijados a la celulosa. f • 

durante 90 min a 37°C, o 120 min a la temperatura ambiente, aunque estas condi-
ciones dependen de la avidez del segundo anticuerpo empleado. Los resultados no 
sufrieron variaciones cuando se sometieron los tubos a agitación mecánica a inter-
valos de 15 min. ! 

A diferencia con las partículas de celulosa revestida, que tienden a sedimentar 
durante el tiempo que dura la incubación con la mezcla de reacción, el inmunosor-
bente obtenido por copolimerización se mantiene en suspensión y, al someterlo a 
centrifugación, produce un sedimento compácto que no se altera por la decantación. 

i; 

4. CONCLUSIONES ¡ 

' i ' ' ' 
Estos resultados sugieren la posibilidad de aplicar al RIA un agente de separa-

ción de fácil preparación, que presenta excélentes propiedades mecánicas y ofrece 
buena eficiencia en el proceso final de esas técnicas. ! 



102 

100 

8 0 

•4° О4 60 
о 

со 
ш ¿ 0 

20 

О 

FONG et al. 

20 ДО 60 80 

n g / m L 
100 120 UO 

-о— Temp. amb. 3 0 min 
-*— Temp. amb. 9 0 min 
-4— 37°C. 3 0 . m i n . 
-0— 37°C. 9 0 min 

- • - T e m p . amb. 6 0 min 
—^-Temp. amb. 120 min 

— o - 3 7 ° C , 6 0 min 
— • - 3 7 ° C , 120 min 

FIG. 3. Influencia de la temperatura de incubación- sobre la cinética del enlazamiento de 
los radioinmunocomplejos. a los anticuerpos insolubilizados con la seroalbúmina bovina 
(SAB). El desplazamiento del radiotrazador debido a dos concentraciones diferentes 
(20 y 132 ng/mL) del antígeno muestra una diferencia mayor cuando la incubación de los 
inmunocomplejos con el sorbente se realiza a 37°C durante 90 min (línea gruesa) en compara-
ción con el logrado a otros tiempos o a la temperatura ambiente del laboratorio (26°C). 

R E F E R E N C I A S 

[1] EKINS, R.P., "General principles of hormone assays", Hormone Assays and their 
Clinical Application, 4th edn (LORAINE, J.A., BELL, E.T., Eds), Churchill 
Livingstone, Edinburgh (1976) 1-72. 

[2] GROSLING, J.P., A decade of development in immunoassay methodology, Clin. 
Chem. 36 (1990) 1408-1427. 

[3] CHAPMAN, R.S., et al., ''Application of 1,1 '-carbonyldiimidazole as a rapid, practi-
cal method for the production of solid-phase immunoassay reagents", Immunoassay for 
Clinical Chemistry, 2nd edn (HUNTER, W.M., CORRIE, J.E.T., Eds), Churchill 
Livingstone, Edinburgh (1983)-178-190. 



IAEA-SM-324/28 103 

[4] AL-ABDULLA, I .H. , et al. , Comparison of three different activation methods for 
coupling antibodies to magnétisable cellulose particles, J. Immunol. Meth. 122 (1989) 
253-258. : 

[5] TERNYNCK, T . , AVRAMEAS, S., Polymerization and immobilization of proteins 
using ethylchloroformate and glutaraldehyde, Scand. J. Immunol. Supp. 3 (1976) 
29-35. 

[6] FONG, S. , et al . , The radioimmunoassay of a carcinoembryonic antigen fraction, 
Neoplasma 29 (1982) 9 -18 . 





IAEA-SM-324/S7 

PREPARATION AND CHARACTERIZATION OF 
REAGENTS FOR DIRECT RADIOIMMUNOASSAY 
OF CORTISOL 

P, RAPOSINHQ, ,C. OLI VEIR A,. A., RODRIGUES, 
I. SANTOS, L. PATRÍCIO 
Department of Radioisotopes,. . 

,, National Laboratory of. Engineering 
: and Industrial Technology, 

Sacavèm, Portugal 

Abstract 

PREPARATION AND CHARACTERIZATION ' OF REAGENTS FOR DIRECT 
RADIOIMMUNOASSAY OF CORTISOL. ' 

Preparation and characterization of reagents suitable for direct radioimmunoassay 
(RIA) of Cortisol in serum are described. Cortisol-3-(carboxymethyl) oxime- l 2 5iodo-
histamine (CCMO-Hist- l 2 5I) was purified by high pressure liquid chromatography (HPLC) 
and its specific activity determined. Coupling of antibodies to microcrystalline cellulose was 
performed and association/dissociation rates for the complex antigen antibody were evaluated. 
A suitable antibody was used to design a direct and accurate RIA for Cortisol in serum. 

1. INTRODUCTION 

The use of iodinated conjugates for radioimmunoassay (RIA) of steroid hor-
mones led to a significant improvement over the use of 14C and 3H labelled hor-
mones. High pressure liquid chromatography (HPLC) purification of the iodinated 

. . . . • il .. 
steroids has also shown its practical usefulness [1]. In the present work this method-
ology was used; for the purification of CCMO-Hist- l25I and for evaluation of its 
specific activity. The purity and stability of the labelled antigen obtained were suita-
ble for a direct RIA of Cortisol. Two solid phase antibodies were also prepared and 
evaluated. Association/dissociation rates of:the complexes antigen-antibody were 
analysed to gain an insight into the reactions 'involved; with one of the antibodies an 
accurate method for Cortisol evaluation in serum could be developed. 

105 
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2. MATERIALS AND METHODS 

2.1. Materials 

The antibodies (S-22 and S-373) raised in rabbit against cortisoI-3-(carbox-
ymethyl)oxime-keyhole limpet haemocianin (anti-CCMO-KLH) were obtained from 
the Alergie Rast Unit, Benenden Chest Hospital, England. 

Hydrocortisone, cortisol-3-(carboxymethyl)oxime (CCMO), other steroids, 
isobutylchloroformate, tributylamine, microcrystalline cellulose, l , l ' -carbonyl-
diimidazole and 8-anilino-l-naphthalenesulphonic acid sodium salt (ANSA) were 
from Sigma Chemical Co., St. Louis, USA. Amberlite XAD2 and thiomersal were 
from BDH Ltd, Poole, UK. Carrier-free Na1 2 5I was from Radiochemical Centre, 
Amersham, England. All common reagents and solvents were of 'Analar' grade 
from Merck except methanol, which was of high pressure liquid chromatography 
(HPLC) grade. 

2.2. Methods 

2.2.1. Cortisol standard solutions 

Working standards covering the concentration range 0 to 55.5 fxg/dL 
(1515 nmol /L) were prepared by appropriate dilution of an ethanolic stock solution 
of Cortisol (100 mg/L) in Cortisol free serum. 

2.2.2. Cortisol free serum 

This was prepared by adding 5 g of resin (Amberlite XAD2) to 100 mL of 
serum. After stirring for 4 to 5 hours at 37°C the suspension was filtered through 
Whatman A and F glass microfibre paper. This procedure was repeated three times. 

2.2.3. 1251 labelled histamine Cortisol derivative (CCMO-Hist-'2Sl) 

The synthesis of CCMO-Hist- , 2 5I was performed by a slight modification of 
Hunter's method [2]. This involved the chloramine-T iodination of histamine and its 
conjugation to the carboxyderivative of Cortisol, using a mixed anhydride reaction. 

Two iodinated conjugates (CCMO-Hist- l 2 5I) were synthesized using the fol-
lowing molar ratios CCMO:histamine:iodine-100:20:1 (using a carrier free Na l 2 5 I 
solution for histamine iodination) and 100:20:5 (obtained by adding the convenient 
amount of Na127I to the carrier free Na1 2 5I solution). 
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The crude reaction mixtures were i purified by HPLC (Hewlett-Packard 
HP-1090) at room temperature using a C, 8 column and methanol:water (60:40) as 
mobile phase. The flow rate was 1 mL/min. 

Ultraviolet (X = 254 nm) and radioactive profiles were registered. 

2.2.4. Unlabelled histamine Cortisol derivative (CCMO-Hist) 

Using unlabelled histamine we prepared and purified CCMO-Hist using a 
procedure similar to the one described for CCMO-Hist- , 2 5I . 

2.2.5. Working tracer solution 

A tracer solution suitable for RIA (50 000 counts/min per 200 ßL) was pre-
pared by dilution of the stock solution of CCMO-Hist-1 2 5I (125 MBq///g) in phos-
phate/citrate buffer, pH = 4.0, containing 50 mg/L of thiomersal and 0.5 g/L of 
ANSA. ! 

2.2.6. Solid phase antibody 

The antibodies S-22 and S-373 were cbvalëntly bound to microcrystalline cel-
lulose activated with l , l ' -carbonyldiimidazol, following Chapman's method [3]. 

2.2.7. Cortisol radioimmunoassay procedure 

Into the tubes containing 50 цЬ of patient's serum, standard or control, were 
added 200 /xL of CCMO-H.ist-125I (50 000 counts/min and 200 /xL of solid phase 
antibody. After incubation at 37°C for 2h, 2 mL'of phosphate/citrate buffer, pH 4.0, 
were added and the tubes centrifiiged for 20 min at 4°C. The supernatant fluid was 
decanted and the radioactivity in the precipitate counted using a gamma counter. 

3. RESULTS AND DISCUSSION 

3.1. Synthesis and specific activity of CCMO-Hist-12SI 

Two iodinated conjugates CCMO-Hist- 125I, prepared using the molar ratios 
100:20:1 and 100:20:5, and the unlabelled [histamine Cortisol derivative (CCMO-
Hist) were analysed by HPLC. The radioactive profiles obtained, are shown in 
Fig. 1(a) and (b). The peak assigned at time retention (tR) 16 min was attributed to 
CCMO-Hist-1 2 5I since the Na1 2 5I and Hist- '2 5I are eluted just after the solvent, as 
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Retent ion time (min) 

FIG. 1. Ultraviolet at\ = 254 nm ( ) and radioactive (—) HPLC profiles obtained for 
three conjugates: (a) CCMO-Hist-'25I (carrier added), molar ratio 100:20:5; (b) CCMO-
Hist-l25I, molar ratio 100:20:1; (с) CCMO-Hist, molar ratio 100:20. Experimental condi-
tions: C,s column; methanol:water (60:40) as mobile phase, flow rate 1 mL/min, room 
temperature. 

previously verified. As observed, CCMO-Hist- l25I is well separated from these rea-
gents as well as from other unknown radioactive contaminants also assigned in the 
radioactive profile. 

The UV patterns obtained for the three conjugates are also presented in Fig. 1. 
The tR for CCMO and chloramine-T, as previously determined, were two and three 
minutes respectively and a tR less than 16 min is expected for the CCMO-Hist 
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FIG. 2. Ultraviolet HPLC profile of CCMO-Hist conjugate (—) and histogram 
immunoreactivity of individual 1 mL fractions collected from HPLC. 
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FIG. 4. Dose-response curves and precision profilés for S-22 (A) and S-373 (B) at different 
antibody dilutions. ! 
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owing to its less lipophilic character compared with the CCMO-Hist-I. The UV pat-
tern for the uniodinated conjugate (Fig. 1(c)) did not reveal any peak at tR = 
16 min, while using increasing amounts of iodine (Fig. 1(a), (b)) the UV profiles 
showed a peak at tR = 16 min (which area is related to the amount of iodine used) 
coincident with the radioactive peak assigned as CCMO-Hist-125I. 

These findings led us to assume that the peaks observed in the UV profiles at 
tR = 16 min are only due to CCMO-Hist-I and so the HPLC purification allows us 
to obtain a high specific activity antigen. In order to confirm this we also did some 
immuno studies. When the uniodinated conjugate was purified by HPLC, thirty frac-
tions of 1 mL were collected and its immunoreactivity evaluated. As observed in 
Fig. 2, no immunoreaction was found for the fractions at retention times between 
10-20 min. This result confirms that the CCMO-Hist and CCMO-Hist-I are eluted 
at different retention times, as we have previously concluded on the evidence of the 
UV profiles. 

Unspecific binding to the antibody was found for other fractions which were 
considered to be CCMO, CCMO-Hist and by-products arising from the mixed anhy-
dride decomposition. 

From the radioactivity measured and UV data the specific activity of the 
CCMO-Hist-125I was calculated to be 125 MBq/^g. 

Radiochemical purity and stability of the labelled antigen were evaluated by 
HLPC. The tracer presented a high radiochemical purity ( > 9 9 % ) and was stable for 
at least two months when stored at 4°C. 

3.2. Displacement of Cortisol from binding protein 

Phosphate/citrate buffer pH in the range 2.2-8.0 was studied. For both solid 
phase antibodies (S-22 and S-373), maximum binding was obtained for pH between 
4.0 and 6.0. In this pH range the effect of pH associated with the inhibitor ANSA 
was also studied. As expected, the percentage of binding depends on ANSA concen-
tration, and for further studies we selected pH = 4.0, 0.5 g/L ANSA (Fig. 3). 

3.3. Evaluation of solid phase antibodies 

Using the buffer referred to above, we evaluated the affinity constant [4], 
cross-reactivity and titre for the two solid phase antibodies (Table I). On the basis 
of the dilution curves several dilutions of the antibody were evaluated using Ekins's 
concept [5]. 

For S-373 good precision profiles were obtained for all the dilutions studied 
but for S-22 no acceptable precision was obtained (Fig. 4). 

To gain an insight of the reactions involved, association/dissociation rates of 
the complexes formed between the labelled antigen and the S-22 and S-373 antibod-
ies at 37°С were calculated. The association rates were estimated from the slope of 
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T A B L E I. T I T R E , A F F I N I T Y C O N S T A Ñ T A N D C R O S S - R E A C T I V I T Y F O R 

T H E S O L I D P H A S E A N T I B O D I E S S - 2 2 A N D S - 3 7 3 

ANTIBODY i S-22 S-373 

! Titre I! 1:220 1:400 

Affinity constant ( L - т о Г 1 ) 0.2 X 108 0.6 x 108 

Cortisol 100.0 100.0 

Prednisolone 22.2 . 7.5 

17a-Hydroxyprogesterone 2.1 < 0 . 0 4 

о 11-Deoxy Cortisol 0.38 < 0 . 0 4 
о Um 
V) Corticosterone 0.79 2.9 

г 
. и Cortisone < 0 . 3 < 0 . 0 4 

Progesterone « 0 . 3 « 0 . 0 4 

11-Deoxycorticosterone « 0 . 3 « 0 . 0 4 

T A B L E II. A S S A Y P R E C I S I O N 

n X (nmol/I.) . . . SD CV% 

_ . . . ; _ 
Intra-assay coefficient of 

variation j; 

10 50 3.2 6.5 

10 ' 3 0 0 1 13.5 • 4 .5 

10 1100 > ' 66.0 6.0 

Inter-assay coefficient of 

variation !: 

20 160.5 I ' 13.7 8.5 

20 503.3 ¡ 39.3 , .. 7.9 

20 1157.5 i 71.4 6.2 
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the association lines and were 3.1 s"1 for S-22 and 3.8 s"1 for S-373. The dissocia-
tion rates for the complexes referred to, in the presence öf Cortisol, were also esti-
mated from the slope of thé dissociation lines and were 1.7 s"1 for S-22 and 4.5 s"1 

for S-373. The different values found for the dissociation rates were probably 
responsible for the impossibility of using antibody S-22 to obtain a precise determi-
nation of the Cortisol in serum and for the good results obtained with the antibody 
S-373, 

3.4. Validation of the method 

The RIA Cortisol developed using the solid phase antibody S-373 was evaluated 
as follows. 

3.4.1. Precision 

The intra- and inter-assay precision were evaluated and are presented in 
Table II. j 

3.4.2. Sensitivity ! 
i 

The sensitivity of thej assay was 7 nmol/L (defined as the minimum amount of 
Cortisol detectable, 2 SD from the zero concentration standard). 

3.4.3. Analytical recovery 

j 

This was assessed by adding known amounts of unlabelled Cortisol to a serum 
of low concentration. The analytical recoveries for the concentration range evaluated 
were: 97.6% (28.7 nmol/L), 99.6% (79:5 nmol/L), 101.8% (212.3 nmol/L), 
97.9% (534.1 nmol/L) ancl 97.5% (1060.0 nmol/L). 

3.4.4. Linearity 

Using Cortisol free serum three serial dilutions of different sera were made. 
The measured Cortisol concentrations were linearly related to dilution: 

Cortisol measured = 0.97 Cortisol expected + 0.66 nmol/L (r = 0.995). 
j 

3.4.5. Correlation with a DPC kit 

79 patient samples were simultaneously assayed by our method (y) and by a 
DPC kit (Coat-A-Count Cortisol Kit) (x). Linear regression analysis of the results 
yielded the following relationship: 
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y = 0.98 x - 15.7 nmol/L 1 ¡ 

(r = 0.992, n = 79) 
" . i? •• ' • . 

• V ' 
3.4.6. Correlation with external assurance samples 

We assayed 15 samples which had been distributed as part of an External Qual-
ity Control Scheme organized by the American Association for Clinical Chemistry. 
The results obtained with our method (y) correlated well with the consensus mean 
values found by participating laboratories (x). The equation expressing the linear 
regression was: •} " 

y = 0.94 x + 0.37 nmol/L 

(r = 0.999. n = 15) r 

Two serum pools prepared and calibrated by the Bureau de Communauté de 
Référence, Brussels (BCR) were also analysed by our RIA method and the values 
obtained were: 

BCR BCR value. 
Serum (nmol/L) 

RM 192 273 ± 6 
RM 193 763 ± 14 

Value found 
(nmol/L) 

288 ± 11 
763 + 41 

4. FINAL CONSIDERATIONS ¡ 
j! 

The use of HPLC for CCMO-Hist- 125I purification allows a rapid preparation 
of the tracer and offers the great advantages of speed, reliability and reproducibility. 
The CCMO-Hist-125I synthesized presents a ¡¡high specific activity (125 MBq/jtg), 
high radiochemical purity ( > 9 9 % ) and is stable for at least two months when stored 
at 4°C. 

Using the antibody S-22 no acceptable precision was obtained for the antibody 
dilutions studied, which is probably due to the lower dissociation rate found for the 
complex antigen antibody S-22. However, a RIA kit for direct determination of Cor-
tisol in serum was developed using the solid phase antibody S-373 and has been 
found to be sensitive, precise and accurate. 
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Abstract, 

SELF-IRRADIATION A N D AGEING OF RADIOACTIVE TRACERS IN IMMUNO-
ASSAYS. 

In order to determine the importance of the self-irradiation parameter during the ageing 
of radiotracers, the antigens 3H-testosterone, l25I-thyroxine and l25I-anti-FSH monoclonal 
antibody were tested after self-irradiation had beën simulated by exposure in a l 37Cs irradia-
tor at an intensity of 0 .3 Gy/min. For 3H-testosterone the calibration curve obtained with an 
irradiated tracer with gamma radiation equivalent to one year of storage was shifted in the mid-
dle by comparison with a reference tracer. In addition, there was a 20% increase in.the non-
specific binding, probably due to radiolysis. ¡For 125I-thyroxine the comparative assay 
between calibration curves set up with an irradiated tracer with gamma radiation dose equiva-
lent to 4 months of storage and a reference tracer showed no difference, but a drop of 2.5% 
in the ratio Bo/T was noticed. For antibody anti l 2 5I-FSH there was no significant change in 
the calibration curve when the antibody had a gamma dose equivalent to 6 or 12 weeks of 
storage. But when a two month out-of-date antibody was used the slope curve (B/T) was 
greatly shifted. The non-specific binding was foiir times higher and the control serum was 
overestimated by 7 %. A self-irradiation process ! seems to be greatly involved in the ageing 
of 3H-testosterone even when the tracer is preserved with a radioprotector. Even so, this 
phenomenon is only involved for gamma dose ! irradiation equivalent to one year of self-
irradiation. Concerning l25I tracers (thyroxine and antibody anti-FSH), self-irradiation is not 
the main ageing fàctor, compared to other phenomena such as loss of specific radioactivity 
and loss of immunoreactivity for antibodies. } 

1. I N T R O D U C T I O N 

T r a c e r s in r a d i o i m m u n o a s s a y and i m m u n o r a d i o m e t r i c assay h a v e a l imited 

l i fe . T h e r e m a y b e n u m e r o u s r ea sons f o r this age ing , such as : 

'— loss of spec i f ic rad ioac t iv i ty , espec ia l ly fo r 1 2 5I , w h i c h has a 6 0 day pe r iod 

— se l f -decompos i t i on d u e to se l f - i r rad ia t ion [1] 

— loss of i m m u n o r e a c t i v i t y f o r label led an t ibod ies [2]. • 

117 
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The purpose of this study was to determine if self-irradiation during the storage 
of these tracers is the main reason for their ageing. In order to determine this, out-of-
date tracers were compared to recently manufactured ones that had been irradiated 
with doses equivalent to those delivered by the tracers themselves (3H or 125I) dur-
ing their ageing time. 

2. MATERIALS AND METHODS 

2.1. Antigens and antibody 

Two antigens, 3H-testosterone and l25I-thyroxine, and one antibody, l25I anti-
FSH,. were used. These three products were supplied by Cis-Bio-International, 
France. The natural ageing of the radioactive tracers was accomplished by storing 
them at a temperature of 6-8°С according to directions provided by the manufac-
turers up to the time limit and beyond. 

2.2. Irradiation and delivered dose calculations i 

The samples were irradiated as they were dispatched: 3H-testosterone was in 
ethanol solution, l25I-thyroxine in powder and 125I-anti-FSH in liquid solution. We 
delivered irradiation equivalent doses to those received by the samples up to their 
time limit: 6 and 12 months for 3H-testosterone, 2 and 4 months for l25I-T4, 6 and 
12 weeks for l25I-anti-FSH. ' 

The doses delivered to the tracers in order to simulate natural self-irradiation 
were calculated according to a dose constant equal to 0.915 fl-Bq"1 -s"1 for 3H [2]. 
For 125I, the gamma irradiation dose corresponded to the dose given to the sur-
roundings by Auger and conversion electrons, that is to say 1.9 fJ - Bq ~1 • s ~1 and 
6.62 fJ-Bq"1 -s"1 for X and gamma emissions [3]. 

We used an irradiator with 137Cs sources that delivers a 10 Gy/min dose..The 
samples to be irradiated were placed within a 3.5 cm thick Pb container. Under these 
conditions, we were able to deliver a 0.3 Gy/min dose. This dose was determined 
by exposure of FLi 700 detectors during 30, 60 and 90 seconds. 

To calculate the total Jdose given to the samples, we also consider the dose deli-
vered during the descent and the ascent of the irradiator lift, 

i 
2.3. Standard curves I 

" • • • ! ' ' 

The standard curves were realized according to the procedure indicated by the 
manufacturers. The testosterone and thyroxine assays were based on a competitive 
method, and an immunoradiometric method was used for FSH. The methodology 
proposed for the separation of testosterone bound and free fractions is based on the 
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use of dextran charcoal. After incubation and centrifugation, the bound fraction is 
in the supernate. For thyroxine (T4), the separation is based on the use of an 
immunoprecipitating reagent (polyethylene glycol plus a second antibody). The com-
plex form between first and second antibodies remains in the precipitate after 
centrifugation. t 

For FSH, a monoclonal second antibody is coated.on a solid phase, which is 
placed, in the bottom of the tube. Following .¡the formation of the coated antibody-
antigen-antibody, the unbound antigen is eásily removed by a washing step. 

Iodine-125 sample activity measurements ;were carried out with a.MDA 312 
Kontron (France) multiwell crystal gamma counter equipped with 12 Nal detectors, 
The. counting time was one minute.. . j . 

3H-testosterone samples were mixed in 4 mL of ultima-gold scintillant liquid 
provided by Packard and the activity was, determined in a liquid scintillant 
4000 Intertechnique counter with a 3 % statistical precision. 

The standard curve smoothing was achieved with a Hewlett-Packard 86 
microprocessor using either a spline or hyperbolic function. 

All the results obtained are a six valuès average. 

TABLE I. VALUES OBTAINED TO PLOT THE STANDARD CURVE WITH 
3H-TESTOSTERONE : REFERENCE AND IRRADIATED 

Testosterone Reference tracer 
Irradiated gamma tracer 

6 months equivalent 
dose 

Irradiated gamma tracer 
12 months equivalent 

dose 

ng/mL B/Bo x 100 Тст B/Bo x 100 Т а B/Bo x 100 T<7 

0.125 77 4 .9 
i 

75 i 4 .2 71 4 .3 

0.250 62 4 60 2.2 53 3 

0.500 44 3.6 46 3 35 3.9 

1 29 3.4 28 ; 2 21 3.6 

2 17 2.3 
' - 1 7 ' " 1-3 12 1.7 

4 10 2.1 • 12!: ' 1.9 6.5 4 

B/Bo: Ratio corresponding to the bound with the,presence of antigen standard (B) and in the 
absence of antigen standard (Bo). The Ta is calculated with a probability of 95%. 
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3. RESULTS I • 

3.1. 3H-testosterone j 

When the tracer had ja gamma dose equivalent to 6 months of self-irradiation, 
the percentage'of radioactive binding in the absence of unlabelled ligand (B/T) 
presentèd no significant difference: 46.7% for the reference tracer and 45.9% for 
the gamma irradiated tracer. The non-specific binding is nearly the samé: 4.75% 
(reference) and 4.9% (irradiated tracer). The calibration curve remains in the stan-
dard range as shown in Table I. 

When the tracer received a gamma dose equivalent to one year of self-
irradiation, the B/T was not modified (47%) but there was a 20% increase in the non-
specific binding (5.7%) arid a drop in every B/Bo ratio that was part of the standard 
curve (Table I). In this case thé standard curve is out of the standard range (Fig. 1). 

3.2. 12SI-thyroxine 

For a gamma irradiation dose equivalent to 2 months and 4 months of self-
irradiation the results obtained for the standard curve (B/Bo) remain in the standard 
range (Table II, Fig. 2). We note that there is a 3.5% binding capacity (B/T) drop 

• Reference tracer 
• Irradiated tracer 

' " " " ' I ' ' ' " " " I " " " " ' I ' I 111111111111111 11111 1. 
В. О . 5 ¡1.0 1.5 2 .0 2 .5 3 .0 3.5 4.0 

Testosterone (ng/mL) 

FIG. 1. Tracer is 3H-testosterone." Comparison between standard curve reference and 
irradiated tracer curve, fitted by hyperbola. The Confidence bands around the curves can be 
approximated by the end of the error bars [4]. ' 
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TABLE II. VALUES OBTAINED TO PLOT THE STANDARD CURVE WITH 
l25I-T4: REFERENCE AND IRRADIATED AND OUT-OF-DATE l25I-T4. Ta IS 
CALCULATED WITH A PROBABILITY OF 95% 

Thyroxine Référencé tracer 
Irradiated gamma tracer 

4 months equivalent 
dose 

2 months 
out-of-date tracer 

ng/mL В/Во x 100 Ta B/Bo x 100 T a B / B o x 100 T a 

15 78 3.5 
i 

74 3 79 2 

30 64 3 60 3 65 3 

60 43 3 44; 3 45 3 

120 27 3 26 2 30 2 

240 16 1 15 1 18 2 

FIG. 2. Tracer is nsl anti-FSH antibody. Comparison between curves obtained with 1251-
anti-FSH antibody of reference, 0.3 Gy irradiated tracer and out-of-date tracer. 



TABLE III. VALUES OBTAINED TO PLOT THE STANDARD CURVE WITH THE ANTIBODY l25I-ANTI-FSH: REFER-
ENCE, IRRADIATED, EXPIRY TRACERS. THE VALUES ARE EXPRESSED IN % OF THE TOTAL BOUND RADIO-
ACTIVITY. Ta IS CALCULATED WITH A PROBABILITY OF 95% 

— Reference 
tracer 

Irradiated 
(3 months) 

tracer 

Limited 
validity 
tracer 

2 months - , 
FSH 

— Reference 
tracer 

Irradiated 
(3 months) 

tracer 

Limited 
validity 
tracer 

out-of-date 
tracer 

- , 

mlU/mL B/T x 100 Ta B/T X 100 Ta B/T x 100 Ta B/T x 100 Ta 

0 0.03 0.013 0.036 0.01 0.088 0.01 0.17 0.01 
(NSB) 

2.5 0.82 0.03 0.86 0.03 0.63 0.03 0.6 0.03 

15 4.6 0.6 4.7 0.5 4.2 0.5 3.8 0.5 

. 75 22.6 2.6 22 2.1 20 2.1 17.9 2 

150 40.1 3.5 39.6 3 36 3 31.4 2.8 • 

NSB = non-specific binding. 
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in the case of the 4 months gamma irradiated tracer. We were not able to evaluate 
the non-specific binding as no sample was provided to realize such a measurement. 

When we used an out-of-date tracer (2 months after its expiry date), although 
the specific radioactivity dropped significantly, the standard curve plots (В/Во) 
remained in the standard range and the total binding capacity (B/T) was diminished 
only by 2.5%. 

3.3. Monoclonal 125I anti-FSH 

When using a fresh antibody that received a gamma irradiation dose equivalent 
to 3 months of self-irradiation, we found no change in the standard curve (Table III). 
The control serum kept the same value (7.5 mlU/mL). 

When using a naturally old tracer that had reached its expiry date, we noticed 
that compared to the reference, its specific binding was multiplied by 2.5 and the 
B/T was less (Table III). Nevertheless, the control serum was still at 7.5 mlU/mL. 

If natural ageing was extended up to 2 months after the expiry date, the non-
specific binding was multiplied by 4 and there was an important drop of all the B/T 
ratio (Table III). 

However, at that time the residual radioactivity was only 33% of its initial 
value due to 125I decrease. The control serum was at 8 mlU/mL, 6.5% over its ini-I . 
tial value. ; 

I 

4. DISCUSSION 

T h e resul ts ob ta ined wi th i r rad ia ted 3 H - t e s t o s t e r o n e show tha t even wi th the к , 
presence of ethanol, which is a radioprotector, H-testosterone undergoes partial 
self-destruction because of self-irradiation. The result of this damage is a higher non-i: 
specific binding and a standard curve shift, since the binding capacity of these 
degraded products towards the antitestosterone has been modified. 

Self-irradiation does have a part in the ageing of 3H-tracer, even if this can 
only be verified for a cumulated self-irradiation dose equivalent to one year of 
storage, that is to say a lifetime twice that indicated by the manufacturers. 

In the case of 125I-F4, the 3.5% capacity binding loss, observed for an irradi-
ation equivalent to 4 months of storage, is most likely due to l25I-T4 self transfor-
mation into 125I-T3 and reverse 125I-T3 [5]. However the irradiation doses given in 
that case are certainly overestimated for it is unlikely that all 125I X and gamma 
emissions are totally absorbed by the tracer. 

Self-irradiation is not the main ageing factor. The 75% specific radioactivity 
loss does not lead to any standard curve modification (B/Bo). This may be due to 
a T4 test particularity: a hormonal assay that does not need a high sensitivity. 
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' T h e resul t s ob ta ined 

that se l f - i r rad ia t ion is not 

spec i f i c radioact iv i ty d o e s 

wi th the m o n o c l o n a l an t ibody 1 2 5I a n t i - F S H s h o w c lear ly 

the m a i n age ing f ac to r . O n the o the r h a n d , the loss of 

not exp la in totally t he sh i f t of the s t andard c u r v e , a s all 

the va lues a r e exp re s sed in B / T . W e suppose that f o r s o m e r ea sons no t yet de te r -

m i n e d the t r ace r loses pa r t of its i m m u n o r e a c t i v i t y du r ing age ing . 
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Abstract 

PRELIMINARY EVALUATION OF À RADIOIMMUNOASSAY FOR PLATELET 
DERIVED GROWTH FACTOR. f 

Together with insulin and epidermal growth factor, platelet derived growth factor 
(PDGF) is one of the most important and powerful mitogens. The authors developed a radio-
immunoassay (RIA) with a double incubation solid phase for human PDGF, in some biologi-
cal fluids. Immunoglobulins were immobilized yia protein A. using purified recombinant 
protein A at 1 mg/L with monoclonal antibody against human recombinant PDGF (BB) at 
1000 fmol/tube, a binding capacity of » 1 7 % was obtained. Non-specific binding (NSB%) 
was < 1 0 for standard and < 1 6 , < 9 and < 8 for the culture medium, plasma and serum 
respectively. The method, which showeda sensitivity of 0 .5 , measured a range from to 0.625 
to 50 ng/mL. The recovery and reproducibility were satisfactory for the RIA of PDGF in 
serum, plasma and tissue culture medium. Thelj PDGF levels in 18 plasma samples from 
healthy subjects ranged f rom < 0 . 5 to 38 ng/mL, whereas the PDGF levels were > 5 0 ng/mL 
in 9 of 10 serum samples tested. 

1. INTRODUCTION i 
II-

Platelet derived growth factor (PDGF)fis a cationic glycoprotein of molecular 
weight 30 000 composed of two disulphide bonded polypeptide chains, A and В 
[1, 2]. It is well known that the transforming protein of the simian sarcoma virus 
p 28-sis is almost identical to the В chain [3]. Indeed, PDGF was originally identified 
as a product of platelets [4]. Subsequently PDGF was shown to be produced by other 
cell types such as monocytes; macrophages, èndothelial cells, vascular smooth cells, 
embryonic cells and megakaryocytes [5]. ; 

Since its discovery, PDGF has been quantified by virtue of its capacity to 
stimulate the growth of connective tissue cells in vitro [6]. It is chemotactic for the 
same cells for which it is mitogenic [7]. The biological effects of PDGF are mediated 
by specific cell surface receptors of 170-185 KD, which show an immunoglobin-like 
extracellular domain and have an internal protein tyrosine kinase activity [8, 9]. 

125 
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counts/min (хЮОО) 

N. FRACTIONS (1 mL) 

— PLASMA ^ I P D G F -»-EX.PLASMA»125IPDGF 

FIG. 1. Gel filtration of n5I-PDGF following incubation with normal plasma and with 
extracted plasma. The column was Sephacryl S-200 (0.9 cm x 60 cm) eluted with PBS pH7.4 
at 1 mL/3 min at 22 °C. 

Human PDGF was measured by radioreceptor assay with cultured fibroblasts 
[10]. This assay obtained values of 15 ng/mL PDGF in normal serum and about 
1 ng/mL PDGF in serum derived from platelet-poor plasma. 

A radioimmunoassay (RIA) with polyclonal antibody against purified human 
PDGF was developed with a sensitivity of about 2 ng/mL. During the course of 
experiments, a plasma protein was discovered which bound 125I-PDGF. This pro-
tein interfered with the radioimmunoassay which had been developed to measure 
PDGF in plasma and serum. Serum levels of about 50 ng/mL were estimated by cor-
recting measured serum PDGF levels for 125I-PDGF bound by the plasma binding 
protein [11]: 

A mouse monoclonal antibody toward a 73-97 fragment of the human PDGF 
В chain was used to develop a RIA for serum human PDGF [12]. Using this method 
the mean (+SD) serum concentration in healthy subjects was 31.9 ± 20.4 ng/mL 
with the plasma level below the detection limit of 10 ng/mL. 

Previously, we had developed a RIA for PDGF using a high specific activity 
125I-PDGF (c-sis, recombinant) tracer, together with a goat antihuman PDGF poly-
clonal antibody. Bound from free fraction was achieved with a rabbit antigoat second 
antibody. One M acetic acid extraction method from tissue culture medium before 
PDGF assay was used, and a recovery of 85.0 ± 6.30% (mean + SE) in the dose 
range from 600 to 5000 pg/mL was obtained [13]. 
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Subsequently, as other authors have also.reported [11], we saw that 1M acetic 
acid extraction could not be used reliably for the complete removal of PDGF binding jl 
proteins (Fig. 1). Therefore we attempted to improve the method by an immunoex-
traction procedure, using a two step competitive solid phase assay [14]. On the basis 
of previous work we decided to use protein Aj'to achieve uniform, reproducible, sta-
ble and sterically accessible immobilization'bf immunoglobulins [15, 16]. 

2. MATERIALS AND. METHODS 

2.1. Immobilization of protein A 

Purified recombinant protein A was dissolved in a carbonate buffer 50 mmol, 
ph9.6 in different concentrations. One mL aliqiiots of these solutions were incubated 
overnight at room temperature in 12 X 75 mm polystyrene test tubes. After washing 
the tubes five times with de-ionized water and letting them air dry, we stored them 
at 4°C until used. Under these conditions, protein A binding to test tubes was stable 
for at least one month. 

2.2. Binding of immunoglobulins 

Immunoglobulins were purified Ig2Gg of a monoclonal antibody against 
human recombinant PDGF (BB) (Promega Corporation, Madison, WI, USA). This 
antibody recognizes the human PDGF (BB) hömodimer and the human PDGF (AB) 
heterodimer. Moreover, it cross-reacts' with human PDGF (AA) homodimer and 
with non-human PDGF (AB) heterodimer. 

The diluted antibody, 2.4 mg/mL in phosphate buffered saline solution (PBS), 
pH7.4, containing 10 ¡ig bovine serum albumin (BSA) was further diluted in lO^tM 
PBS, pH7.4. One mL aliquots of this solution were incubated overnight at room tem-
pérature in protein A coated tubes. The tubes were washed five times with de-ionized 
water.. !' 

2.3. Immunoassay 

Test coated tubes were used for the immunoassay procedure. We added 
100 ¡xL of unknown samples or standard recombinant PDGF c-sis, B-chain 
homodimer (Amersham International, Amersham, United Kingdom), diluted in PBS 
with 0.5% BSA. The incubation was carried out in a total volume of 1 mL of PBS 
with 0.1% BSA, left overnight at room temperature. 

Unbound PDGF and other plasma substances were removed by washing the 
tubes five times wtih de-ionized water. Following this, 1 mL of labelled 125I-PDGF 
c-sis (Amersham), diluted in PBS with 0.5% BSA ( « 5 0 0 0 counts/min) was added. 
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Protein À MoAb Solid p h a s e - l i n k e d MoAb 

R e m o v e r e s i d u a l l a b e l l e d A g ( ф ) b y w a s h i n g 

FIG. 2. Double incubation solid phase via protein A. 

After overnight incubation at room temperature, the tubes were washed three times 
with deionized water and Tween 20 (0.3%) (Fig. 2). 

NSB was included in all standard and sample series. 

2.4. Samples 

Normal plasma samples were prepared according to procedures as previously 
described by Levine and Krentz [17]. Normal serum samples were obtained accord-
ing to standard clinical laboratory procedures. All these samples were stored at 
-20°С until assay. 

We also used tissue culture medium (Dulbecco's Eagle modified medium, 
DEMM), as a control for the recovery test. 

3. RESULTS 

3.1. Solid phase 

We treated the tubes with 5 ,2 .5 , 1.25 and 0.625 mg/L of protein A in a pH9.6 
carbonate buffer. The tubes were subsequently incubated with 500, 1000 and 2000 
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FIG. 3. Ratio of bound to total radiolabe lied PDGF c-sis (B/T%) as a function of two differ-
ent concentrations of immobilized protein A and different concentrations of monoclonal anti-
body PDGF (BB). 

B/T % cv% 

FIG. 4. A typical standard curve (я—ш) for human PDGF; imprecision profile (+ —+). 
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ADDED (ng/mL) 

FIG. 5. Recovery of added PDGF c-sis in plasma. 

ADDED (ng/mL) 

FIG. 6. Recovery of added PDGF c-sis in tissue culture medium. 
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FIG. 7. Dilution test in serum sample. 
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FIG. 8. PDGF levels in platelet-poor plasma (PPP) and in serum samples. 
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fmol/tube of PDGF antibody (BB) and then with 125I-PDGF c-sis 
( « 5 0 0 0 counts/min). Immobilization of protein A produced a different profile for 
bound antibody (Fig. 3). Binding of IgG at 500 fmol/tube was generally lower than 
at 1000 and 2000 fmol/tube. Higher concentrations of protein A diminished IgG 
binding. To obtain a lower detection limit in the assay system, we chose to treat the 
tubes with 1 mg/L of protein A and subsequently with 1000 fmol/tube of antibody. 

3.2. Evaluation of the assay system 

A RIA was developed with a sensitivity of « 0.5 ng/mL, assessed as the lowest 
concentration which could be significantly distinguished from zero with 95 % confi-
dence. The precision profile indicated that the dose range over which acceptable pre-
cision (CV% < 10) is attained is from 2 to 26 ng/mL (Fig. 4). Recovery of added 
PDGF c-sis in plasma (Fig. 5) and in DEMM (Fig. 6) resulted in a linear regression; 
the values were respectively (y = - 1 . 1 3 7 4- 1.229x, p < 0.002) and 
(y = 0.828 + 0.958x, p < 0.001). Aliquots of blood serum sample correlated 
linearly with the amount of PDGF assayed, with a slope of 0.876 and an intercept 
of 1.227 (p < 0.003) (Fig. 7). NSB % (mean ± SD) was 8.81 ± 0.757 for stan-
dard, 14.7 + 0.861 for DEMM, 6.95 ± 0.766 for plasma and 5.837 ± 0.701 for 
sera. All the samples were significantly different from each other (p < 0.001). It 
must be remembered that our result was obtained by subtracting NSB for the correc-
tion of standard and sample counts respectively. 

3.3. Comparison of PDGF levels in the sera and platelet — poor plasma 
from healthy subjects 

The PDGF levels in plasma samples of the 18 healthy subjects were 
17.8 ± 11.3 (mean ± SD) ng/mL (range < 0.5-38). These values were correlated 
with platelet factor 4 plasma levels (r = 0.771, p < 0.008). 

The PDGF levels in 9 of 10 samples were > 5 0 ng/mL, whilst one sample 
showed a concentration of 38 ng/mL (Fig. 8). 

4. DISCUSSION 

The problem noticed in a previous study was the incomplete recovery of PDGF 
from human plasma due to the presence of a plasma binding protein [11]. Here we 
attempted to develop a RIA for PDGF in some biological fluids using an immunoex-
traction procedure With a double incubation solid phase. To overcome some of the 
limitations of solid phase assays, modification of the matrix with specific binding 
proteins for the more controlled binding of immunoglobulins appears to be of great 
advantage. 
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We chose immobilization via protein A [15]. Protein A is a cell wall compo-
nent produced by several strains of Staphylococcus aureus. It contains five distinct 
regions, four of which are highly homologous in aminoacid structure and capable of 
interacting with the Fc region of several spècies (18). 

Purified recombinant protein A has a molecular mass of approximately 32 000 
and is a genetically engineered form of protein A. We obtained an optimum binding 
( = 17%) of IgG at a concentration of 1 mg/L of protein A and Í000 fmol/tube of 
monoclonal antibody against recombinant PDGF (BB), As other authors have stated 
[15], greater protein A concentration did not result in higher immunoglobulin con-
centration on the.surface. 

The results indicate that a sensitive, precise and accurate RIA for the measure-
ment of PDGF levels in some biological fluids was achieved in a double incubation 
solid phase using a. monoclonal antibody against human recombinant PDGF (BB), 
together with recombinant 125I-PDGF c-sisias tracer and recombinant PDGF c-sis 
as a standard. 

The PDGF levels obtained in serum and plasma samples càn be compared with 
those given in Ref. [11]. . ' ' 
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Abstract 

RADIOIMMUNOASSAY OF DRUGS: PHENYTOIN, CLONIDINE AND, THEOPHYL-
LINE, ' • - : . . 

The development of radioimmunoassay procedures,using l25I labelled tracers, for .the 
drugs phenytoin, Clonidine and theophylline is described. These drugs are conjugated to tyro-
sine methyl ester (TME) and bovine serum albumin (BSA) after suitable chemical modifica-
tion, for preparation of radioiodinated drugs añd antisera respectively. Phenytoin was 
modified to phenytoin valeric acid (P-VA) and phenytoin acetic acid (P-A A). In the case of 
Clonidine, 4 carboxy Clonidine (4-CLD) was used'as the starting material, while for theophyl-
line, 7-propionic acid (7-PAT) and 8-butyric acid !(8-BAT) derivativés were made. 'Phenytoin 
and Clonidine derivatives were coupled to BSA by the carbodiimide method. Theophylline 
derivatives were coupled to BSA by the mixed anhydride method. The drug-BSA conjugates 
were purified by dialysis and emulsified in • complete Freund's .adjuvant .for immunization in 
rabbits. The different drug derivatives were coupled to TME using carbodiimide. The-con-
jugates were purified by thin layer chromatography (TLC). Iodine-125 labelled tracers were 
prepared from the d rug -TME derivatives using the chloramine-T method and purified by TLC 
or gel filtration. In phenytoin and theophylline good separation was obtained with TLC , while 
in Clonidine, gel filtration was found to be better. Dextran coated charcoal was used as the 
separation system for Clonidine, while polyethylene glycol was used for phenytoin and 
theophylline. Various factors such as time, temperature, concentration of reagents, serum 
interference and separation system were optimized to arrive at a suitable assay system for each 
of the drugs. The optimized assay systems were validated by precision profiles, inter-
assay and intra-assy variations and specificity studies. These optimized systems have adequate 
sensitivity and can be used for the measurement of the drugs in serum without prior extraction 
of the samples. ! 
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1. INTRODUCTION 

Radioimmunoassays (RIAs) of drugs are gaining importance owing to increas-
ing concern for the safety and toxicity of their use. Phenytoin, Clonidine and 
theophylline are three such drugs having narrow therapeutic ranges, for which RIAs 
were developed. 

Phenytoin is one of the most effective anticonvulsant drugs (therapeutic levels 
are 20-20 /xg/mL). It has been shown by Eadie [1] that there are relatively poor 
correlations between doses of the commonly used anticonvulsants and the drug 
plasma levels produced in the treated population. The clinician finds the anticonvul-
sant level in plasma a better guide to antiepileptic effect than the drug dose itself. 

Clonidine is a potent antihypertensive agent. An effective dose of Clonidine, 
0.1^0.3 nig/day, gives therapeutic blood levels of 0 .2-2 .2 ng/mL [2]. The dosage 
must be adjusted on the basis of individual clinical response since severe side effects 
such as dizziness, drowsiness j dry mouth, burning eyes, etc. are known to occur with 
Clonidine therapy [3]. The very low dóse and significance of therapeutic levels 
demand a sensitive and specific assay to aid monitoring of the drug. 

Theophylline acts as an antiasthmatic at a concentration of 10-20 pig/mL in 
semm. ¡At lower ranges of. 5 -20 ftg/mL it acts as a bronchodilator [4, 5]. Above 
20 /xg/mL, adverse effects such, as nausea, headache, diarrhoea, irritability and 
insomnia could result. At very high levels, hyperglycaemia, hypokalaemia, hypoten-
sion, cardiac arrhythmias, hyperthermia, seizures, brain damage and even death may 
occur [6]. Hence serum theophylline measurements alone provide reliable warning 
to the physician of impending life-threatening toxicity. 

Highly sensitive and specific RIAs have been developed for the measurement 
of thèse drugs in unextracted serum [7-9]. The antisera and radioiodinated tracers 
were carefully made to obtain the required specificity and sensitivity. RIA for Pheny-
toin [10, 11], Clonidine [12] and theophylline using tritium as the label has been 
reported upon earlier [11-15]. 

2. MATERIALS , 

Phenytoin, 5-hydroxyphenytoin, phenobarbitone, bovine serum albumin 
(BSA), Tyrosine methyl ester hydrochloride (TME), l-ethyl-3-(dimethylamino-
propyl)carbodiimide hydrochloride (EDC), chloramine-T, 8-anilino-l-naphthalene 
sulphonic acid and isobutylchloroformate were obtained from Sigma Chemical Co., 
St. Louis, MO, USA. 

P-carboxy Clonidine, metabolites of Clonidine and metabolites of theophylline 
were obtained from Boehringer Ingelheim, Germany. 

Clonidine and anhydrous theophylline were purchased from local drug 
suppliers. 
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Methyl-5-bromovalerate, tri-n-butylamine (TBA), ethylchloracetate and 
4,5-diámino-l,3-dimethyl-pyrimidine-2,6-dione were obtained from Aldrich Chemi-
cals Co., Milwaukee, WI, USA. ¡; 

Sodium iodide( l25I) was purchased from Atomic Energy of Canada, Ltd. • 
Fluorescent silica gel was purchased from-E. Merck, Darmstadt, Germany. 
All the other organic solvents and buffer salts of analytical grade were 

purchased from Sarabhai M.Chemicals, India. 

3. METHODS 

3.1. Preparation of drug-TME conjugates 

3.1.1. Phenytoin-TME conjugate 

Two phenytoin derivatives were made. Phenytoin acetic acid (P-AA) was 
prepared as described by Paxton et al. [16]. 5.52 g sodium phenytoin dissolved in 
75 mL of dimethylformamide (DMF) was refluxed with 4.9 g ethylchloroacetate for 
2 h. The solvent was distilled off under vacuum and phenytoin acetate was recrystal-
lized from ethylacetate. 1.5 g of phenytoin acetate was hydrolized by re fluxing in 
40 mL of 3N HCl-dioxane (1:1 vol./vol.) ;mixture for 1.5 h. The solution was 
cooled, ice cold water was added and stirred vigorously. The resulting P-AA precipi-
tate was washed with ice cold water and reçrystallized from ethylacetate. 

0.25 mM each of P-AA, EDC, TME and 43 pL of TBA were mixed in 4 mL 
dioxane containing 10% vol./vol. distilled water. The mixture was stirred for 24 h 
at ambient temperature. P-AA-TME conjugate was purified by TLC using an ethyl-
acetate: methanol (4:1 vol./vol.) solvent system. The band at Rf 0.72 was eluted in 
methanol, desiccated and stored at 4°C. 

Phenytoin valeric acid (P-VA) was prepared by the method described by Cook 
et al. [17]. 5.52 g sodium phenytoin was reacted with 3.9 g of methyl-5-bromo-
valerate in 200 mL DMF at 48-52°C. After 2-25 h, the reaction mixture "was cooled 
and 200 mL of ice cold water was added and stirred vigorously . The white precipitate 
of the ester was separated and reçrystallized in méthanol. 2 g of the above ester was 
hydrolized as in the case of acetic acid derivative to obtain P-VA. 

0.25 mM each of P-VA, EDC, TME and 43 fiL of TBA were reacted for 24 h 
in 1.5 mL tetrahydrofuran containing 10% distilled water. This was subjected to 
TLC using a chloroform:ethylacetate (3:1 vol./vol.) solvent system. The band of Rf 
0.3 was eluted in methanol, desiccated and stored at 4°C. 

3.1.2. Clonidine-TME conjugates 

This was prepared as described by Arndts et al. [12]. To 5 mg of p-carboxy 
Clonidine dissolved in 1.5 mL DMF, 2.4 mg 1-hydroxy-lH-benzotriazol in DMF, 
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2 mg TME and 2.8 mg EDC were added. The mixture was kept at 0°C for 1 h and 
then stirred for 20 h in darkness at ambient temperature. The solvent was distilled 
off under vacuum. The conjugate was purified by TLC using toluene:isopropanol: 
ammonia (50:42:10) as a solvent system. The band at Rf 0.76 was eluted in 
methanol, desiccated and stored at 4°C. 

3.1.3. Theophylline-TME conjugates 

Two acid derivatives were made. 7-propionic acid (7-PAT) derivative was pre-
pared as described by Takashi et al. [15]. 5 g of theophylline in 120 mL of N NaOH 
was allowed to react with 3-bromopropionic acid at 60° for 60 h. The pH was 
adjusted to 6.5 with 6 N HCl and extracted repeatedly with ethylacetate. The extracts 
were combined and evaporated to dryness. The residue of 7-PAT was recrystallized 
from the water-methanol mixture. 

A mixture of 34 mg of 7-PAT and 30.8 mg of TME in DMF was kept at 0°C 
for 20 min. 23 mg EDC was added to it, kept for Г h at 0°C and then stirred for 
24 h in the dark at ambient temperature. The 7-PAT-TME conjugate was purified 
by TLC using an ethylacetate:chloroform:acetic acid (50:10:1) solvent system. The 
band at Rf 0.62 was eluted in methanol, desiccated and stored at 4°C. 

Theophylline-butyric acid (8-BAT) was prepared as described by Cook et al. 
[13]. 1.3 g of glutaric anhydride and 1.0 g of 4,5 diamino-l,3-dimethyl-
pyrimidine-2,6 dione in 10 mL of N,N dimethyl aniline were refluxed for 2.5 h 
under a Dean-Stark trap. 5 mL of solvent was added to it and filtered yielding a solid 
of 8-BAT. This was recrystallized thrice from water. 

The 8-BAT-TME derivative was prepared in a similar manner to 7-PAT-TME. 
All the acid derivatives were characterized by their melting points, elemental 

analysis and infrared spectra. 

3.2. Preparation of radioiodinated drugs 

All three drug-TME conjugates were labelled with , 25I by the chloramiriè-T 
method [18]. The reagents were added as shown in Table I. The purification of the 
tracers was attempted both by chromatography of reaction mixtures on Sephadex 
G-25 columns and TLC after extraction in 0.4 mL chloroform. 

In the case of gel chromatography, one mL fractions were collected after 
elution with an appropriate buffer. 0.04M phosphate buffer, pH7.5 was used for 
Phenytoin and theophylline. 0 .1M citrate buffer, рНб.О was used for Clonidine. 

The solvent systems used for TLC were as follows: 

Phenytoin: chloroform:ethylacetate 3:1 vol./vol. 
Clonidine: methanol:ethylacetate 1:1 vol . /vol . 
theophylline: ethylacetate:chloroform:acetic acid . 5:1:0.1 vol./vol./vol. 
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TABLE I. IODINATION PROTOCOL FOR PHENYTOIN, CLONIDINE AND 
THEOPHYLLINE „ . . . 

Drug-TME ' P-AA-TME/P-VA-TME CLD-TME 7-PAT-TME/8-BAT-TME 

Amount .. . ~ 1 Mg ~ 1 № 
Buffer 0.5M PO.3 0.1 M P04

3 0.5M PO¡: 

Amount 30 nL 100 ¡J.L 20 mL 

Nal25I . 9.25 MBq. 74 MBq , 22.2 MBq 

Chloramine-T 10 20 Mg 20 Mg 

Reaction time 60 s 120 s 90 s 

Na2S205 100 Mg 60 Mg 100 Mg 

The various radioactive peaks were tested for their immunoreactivity with the 
respective antiserum and the immunoreactive peaks were evaluated for radio-
chemical purity and specific activity. 

i 

3.3. Preparation of antisera to phenytoin, Clonidine and theophylline 

3.3.1, Preparation, of drug-BSA conjugates , 

The P7VA -BSA conjugate and 4-carbpxy-clonidine-BSA conjugate were pre-
pared by the carbodiimide method. 8-BAT-BSA and 7-PAT-BSA conjugates were 
prepared by the mixed anhydride method. The ratio of number of moles of drug per 
mole of BSA was determined by ultraviolet ¡spectroscopy. In case of phenytoin, the 
amount of uncoupled phenytoin dialysed out was measured .by HPLC. 

3.3.2. Immunization , 

The drug-BSA conjugates were emulsified in Freund's adjuvant and injected 
into rabbits. In the case of phenytoin, .an initial dose of 2 mg followed by 500 /xg 
monthly boosters were given intramuscularly. One mg initial dose with boosters of 
250 fig one in 6 - 8 weeks were given for Clonidine and 1 mg initial dose with 
500 /u'g monthly boosters were given for theophylline, by intradermal route. Two or 
three rabbits were used per conjugate. Blood was collected after every booster and 
sera stored at - 2 0 ° C . . . . . . . ! . . 
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T A B L E II . T L C P A T T E R N O F T H E D R U G - T M E C O N J U G A T E S 

Compound Rf Solvent system 

Phenytoin 

P-AA 0.1 Ethylacetate: Methanol 

TME 0.47 4:1 

P -AA-TME 0.72 

P-VA 0.1 Chloroform : Ethylacetate 

TME 0 3:1 

P -VA-TME 0.3 

Clonidine 

4-carboxy-CLD 0.18 Toluene :Isopropanol : Ammonia 

TME 0.68 50:42:10 

4-carboxy-CLD-TME 0.76 

Theophylline 

7-PAT 
1 

0.35 Ethylacetate:Chlorofórm:Acetic acid 

'TME 0 50:10:1 

8-BAT 0.37 

7-PATVTME . 0.62 

8-BAT-TME 0.47 

T A B L E III. C H A R A C T E R I Z A T I O N O F T H E R A D I O A C T I V E P E A K S 

Drug-TME Radioactive peaks %NSB % Binding Purification 

Phenytoin Rf-0 2 1 TLC 

Rf-0.35 3 83 

Rf-1 11 3 

Theophylline Rf-0.05 9 15 TLC 

Rf-0.35' 5 75 

Clonidine Fr 17--20 very high ~ 0 Column 

Fr 23--29 5 1 chromatography 

Fr 45--48 1 80 
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3.3.3. Characterization 

The titre values of all the antisera crops were estimated by incubating various 
dilutions of the sera with a small aliquot of the respective radiolabeled drug. The 
antisera with titres greater than 1:1000 were further characterized for specificity. 

Phenytoin antiserum was checked for its cross-reactivity with 5-hydroxy 
Phenytoin and phenobarbitone. Theophylline antiserum was checked for its cross-
reactivity with all its metabolites and caffeine. Clonidine antiserum was also checked 
for its cross-reactivity with its four metabolites. 

TABLE IV. CROSS-REACTION OF THE DRUG ANTISERA WITH RELEVANT 
MOLECULES 

Immunogen Cross-reactant % Cross-reaction 

P-VA-BSA Phenytoin 100 

5-hydroxy phenytoin 3 

Phenobarbitone < 0 . 5 

CLD-4-BSA Clonidine 100 

Hydroxy Clonidine 94.7 

2 .6 dichlorophenylguanidine 2 .3 

1(2,4 dichloro-4-hydroxyphenyl)guanidine 1.3 

2(2 ,6 dichlorophenyl)imino-imidazoline-4-one 3.1 

7-PAT-BSA Theophylline 100 

Caffeine 100 

3-methyl xanthine 2.3 

1,3 dimethyl uric acid 3.3 

1 methyl uric acid 1.0 

8-BAT-BSA Theophylline 100 

Caffeine 8 

3-methyl xanthine < 0 . 8 

1,3 dimethyl uric acid < 0 . 4 

1 methyl uric acid 0.4 
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0.03 0.1 0.6 1.0 
SODIUM PHENYTOIN , / j j ' /mL ' 

FIG. 1. Standard curves for phenytoin — bridge effect. 

3.4. Assay optimization and evaluation 

The concentrations of the reagents, time and temperature of assay were 
optimized and the system was designed to eliminate interference due to serum 
matrix, in all three cases. Both dextran coated charcoal (DCC) and polyethylene 
glycol (PEG) were studied for suitability as separation agents. The effect of using 
a dissimilar bridge for preparation of tracer and immunogen was studied in the case 
of phenytoin. The optimized assay system was validated by intra-assay variations, 
inter-assay variations and precision profiles. 
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4. RESULTS AND DISCUSSIONS 

The acid derivatives of these drugs were prepared to facilitate coupling to TME 
and BSA, as the drugs had small molecules. The Rfs of the TME conjugates are 
given in Table II. The presence of the conjugate was confirmed by the pink colour 
shown on spraying the TLC plate with 1-nitroso-B-naphthol and 3N nitric acid. The 
drug-TME conjugates were well separated from the unreacted components and could 
be easily extracted into methanol: 

The % radioiodination yield in the case of phenytoin and Clonidine was > 80%, 
whereas in theophylline it was around 55 %. The immunoreactivity of the radioactive 
peaks obtained on chromatographic separation of the tracers is shown in Table III. 
The TLC of Clonidine in methanol:ethylacetate 1:1 vol./vol. gave only one peak at 
the solvent front. This peak gave a non-specific binding of 50% and a binding of 20% 
with anticlonidine serum, showing that the purification was poor. The gel chromato-
graphy gave three distinct peaks, of which only one was immunoreactive. The first 
peak was due to unreacted iodide and the second due to non-immunoreactive species. 
On the other hand, TLC separation gave good quality tracers for phenytoin and 
theophylline. 

DOSE 

FIG. 2. Standard curves for Clonidine and theophylline. 
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DOSE 

FIG. 3. Intra-assay precision profiles. 

The specific activities of carrier free, monoiodinated l25I-phenytoin and 125I-
theophylline are 8.9 MBq//¿g and 12.2 MBq//xg respectively. But, when estimated 
by the self-displacement method, the specific activities obtained were much lower, 
though the unlabelled drug conjugates were removed on TLC separation. This could 
be due to the overestimation of tracer amount in the assay due to the common bridge 
in the tracer and immunogen. The specific activity of l25I-clonidine was found to be 
148 MBq/^g by the self-displacement method. Such high specific activity was essen-
tial to obtain high sensitivity. The radiochemical purity was > 9 0 % in all cases and 
the tracers had more than 7 weeks shelf-life. 

In the BSA conjugates, the molar ratio of hapten to BSA was 25 in the case 
of phenytoin, 5 for C l o n i d i n e and 14 for theophylline. Most animals responded to the 
immunization, and the titre values increased after the third booster. The cross-
reactivity of the antisera is given in Table IV. The phenytoin antiserum showed 3% 
cross-reactivity with 5-hydroxy phenytoin, the major metabolite of phenytoin, and 
nearly none with phenobarbitone, another antiepileptic drug which is sometimes 
given along with phenytoin. Clonidine antiserum showed 95% cross-reactivity with 
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4-hydroxy-clonidine, one of its metabolites. Since only 30% Clonidine is converted 
into its four metabolites, of which hydroxy Clonidine is one, interference due to this 
will be < 1 0 % in the assay. In the case of theophylline, the antiserum raised against 
7-PAT-BSA showed 100% cross-reactivity with caffeine. Caffeine, being present in 
significant amounts in patients taking normal tea and coffee, grossly exaggerated the 
theophylline levels. The assay using antisera against 7-PAT-BSA could still be used 
for assaying theophylline levels in patients who were on a completely caffeine free 
diet. The antiserum raised against 8-BAT-BSA showed only 8% cross-reactivity 
with caffeine, which is insignificant. This antiserum could be used for routine assays 
of patients having normal caffeine. All other known metabolites of Clonidine and the-
ophylline did not cross-react to any significant extent. 

PEG was the choice as separation agent for phenytoin and theophylline since 
the DCC system gave high non-specific binding. But in the case of Clonidine both 
DCC and PEG could be used. ¡' 

In brief, the optimized assays were of 2 h incubation at 25° С using anti-
P-VA-BSA antiserum with a range of 0 .05-0 .5 /xg/mL for phenytoin; 18 h incuba-
tion at 4°C with a range of 0 .02-1 .0 ng/mL for Clonidine; and 1 h incubation at 25°C 
using 8-BAT-BSA with a range of 0 .1-10 .0 ytg/mL for theophylline. In all assays, 
serum interference was significant in undiluted samples and this decreased on dilu-
tion. In the case of phenytoin, where the samples are diluted > 5 0 fold, there was 
no serum interference. The effect of adding ANS to prevent serum interference was 
studied for Clonidine and theophylline systems and it was found that 150 ng of ANS 
was adequate to overcome the interference due to 0.1 mL of serum. The sensitivity 
at 95% confidence limits of the optimized assays is 0.0025 /xg/mL for phenytoin, 
0.02 ng/mL for Clonidine and 0.08 /xg/mL for theophylline. 

The effect of using a different bridge for tracer and immunogen for phenytoin i, 
is shown in Fig. 1. Figure 2 gives the standard curves for Clonidine and theophylline 
and the intra-assay precision profiles for all three drugs are shown in Fig. 3. The 
inter-assay variations in all three cases were'marginally higher than the intra-assay 
variations. ' 

The optimized assays had adequate specificity for serum measurement of all 
three drugs, phenytoin, Clonidine and theophylline, without prior extraction. The 
assays also had high sensitivities, which could facilitate measurement of these drugs 
even at subtherapeutic levels in sertim. 
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Abstract 

DETERMINATION OF CHLORPROMAZINE BY RADIORECEPTOR ASSAY 
COMPARED WITH RADIOIMMUNOASSAY. 

Radioreceptor assay (RRA) as described here is based on the competition for dopamine 
receptor binding. [3H]-spiroperidol was used as a radioligand, membranes of the corpus stria-
tum as dopamine receptors and centrifugation as a binding and free [3H]-spiroperidol separat-
ing techniqe. It was found that RRA can be used to measure plasma concentrations of 
antischizophrenics in psychosis patients, with the quality control parameters as follows: 
98.62% of the mean recovery of chlorpromazine, 21.67 Mg/L of the lower limit of sensitivity, 
5.33% of intra-assay CV, 21.93% of inter-assay CV, a random error less than 6.52% and 
an experimental error less than 1.24%. Using the RRA, the concentration of chlorpromazine 
in serum was 0 in 19 healthy individuals and 331.83 ± 334.21 ng chlorpromazine E/mL in 
50 patients, respectively. The chlorpromazine level in patients' serum was also determined 
by radioimmunoassay and a mean value of 842.63 ± 513.23 ng/mL was obtained. The ratio 
of the values obtained by RIA to that by RRA was 2.54, and results obtained by the two 
methods correlated highly with the dose administered and with each other. The technique 
reported here can provide a sensitive, reliable, stable and specific method for measuring the 
levels of antischizophrenic drugs in the serum. 

1. INTRODUCTION 

Radioreceptor assay (RRA) for measuring thé concentration of chlorpromazine 
is based on the principle that antischizophrenics compete for the binding of [3H]-
spiroperidol to dopamine receptors f rom which we can measure the parent drugs and 
their active metabolites in the patient's serum. Therefore, RRA may be of great value 
not only in that it may be adapted to monitoring of antischizophrenic drugs treatment 
but also in that it can be applied to study the pharmaceutical dynamics of drugs. 
Unlike RRA, however, radioimmunoassay which depends on the antigen-antibody 
reaction can only be applied to determine the immunoactive substances, which limits 
its clinical application, although it has a high specificity. In this assay, RRA was 
established to measure the level of chlorpromazine, using [3H]-spiroperidol as a 
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radioligand and membranes of the corpus, striatum of Wister rat as dopamine recep-
tors. By this method, the serum concentration, of antischizophrenics in psychosis 
patients was determined, and the levels were also measured by radioimmunoassay 
as a parallel study. 

2. MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Radioligand 

[3H]-spiroperidol (607 GBq/mmol) was obtained from Amersham Interna-
tional, Amersham, United Kingdom. 

2.1.2. Buffer 

Tris bùffer was used at a concentration of 50 mmol/L freshly prepared, con-
taining i mmol/L Na2EDTA, 120 mmol/L NaCl, 5 mmol'/L KCl, 1 mmol/L 
MgCl2, 2 mmol/L CaCl2, 1.1 mmol/L Vit С, pH7.7. 

2.1.3. Membrane protein 

Striata were removed from male Wister rats (180-250 g). The preparation of 
a membrane fraction was carried out using a previously described technique [1]. 

2.1.4. Chlorpromazine standards 

Chlorpromazine was diluted in solutions of seven different concentrations 
(3.54-226.5 ng/mL) in pooled normal serum for the standard curve. 

2.1.5. Serum samples 

Serum samples were obtained from 18 healthy volunteers not undergoing 
antipsychotic drug treatment and 50 psychosis patients receiving antischizophrenics 
fór a minimum of 1 year among whom 17 patients were only receiving chlorproma-
zine while the rest were receiving other antischizophrenics as.well. The average dose 
of chlorpromazine was 319.95 ± 128.92 (SD) mg/24 h. The mean age of 12 men 
and 38 women was 32.76 ± 10.65 (SD) years (17-54 years). 
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2.2. RRA 

2.2.1. Preparation of receptor suspension 

Freshly prepared striatum membrane protein of Wister rat was diluted to a 
solution at a concentration of 1 mg protein/mL in fresh buffer. 

2.2.2. Preparation of [3H]-spiroperidol 

[3H]-spiroperidol was diluted to a solution at a concentration of 1.25 nmol/L 
in fresh buffer. 

2.2.3. Equilibrating reaction 

Plastic centrifuge tubes received, in order, 100 /¿L chlorpromazine for a stan-
dard curve or unknown serum, 400 pL [3H]-spiroperidol, and 500 ¿¿L receptor sus-
pension to 1 mL total volume. The final concentration of [3H]-spiroperidol was 
0.5 nmol/L. The tubes were incubated at 37°C for 15 min. 

2.2.4. Binding and free [3H]-spiroperidol separation 

Immediately after incubation for 15 min, the reactive contents were cen-
trifuged twice for 15 min at 34 000g, 0-4°C with rehomogenization of the ihter-
mediate pellet in fresh cold buffer. The supernátants were discarded, the pellets were 
washed twice with the ice-cold tris buffer and 1 mL of scintillating solution was 
added. Thereafter, the tubes were counted for'tritium at 40% average efficiency. 

2.2.5. Data processes ' 

A logit-log plot was used to convert by computer the displacement curve to a 
straight line so that the percentage inhibition of [3H]-spiroperidol binding could be 
easily converted to ng drug per 1 mL serum. 

2.3. RIA 

[3H]-chlorpromazine RIA kits (from Shanghai Medical College, China) were 
also used to measure the chlorpromazine levels in the serum and the method of the 
data processing was the same as that in RRA. 
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FIG. 1. Standard curve of RRA (n = 5). 

3. RESULTS 

3.1. Standard curve of RRA 

A standard curve of chlorpromazine RRA was constructed based on five 
independent experiments (Fig. 1). Antischizophrenics present in a serum sample 
reduce [3H]-spiroperidol binding and the degree of inhibition of specific [3H]-
spiroperidol binding is proportional to the amount of antischizophrenics present. 
Thus, the inhibition of specific [3H]-spiroperidol binding by the patient serum is then 
calculated as a percentage and compared to a standard displacement curve for deter-
mining actual antischizophrenics content. 

3.2. Verification of RRA 

3.2.1. Accuracy 

To examine accuracy, chlorpromazine at three known concentrations, i.e. 
7.08, 56.64, and 226.56 ng/mL, was preincubated with pooled serum, representing 
the lower, middle and higher quality control samples respectively, and were all 
recovered in the RRA with respective values of 88.15%, 112.62% and 95.10%. The 
mean value of recovery was 98.62%. 

3.2.2. Sensitivity 

The estimated limit of sensitivity of the RRA for chlorpromazine was 21.67%. 
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3.2.3. Precision • 

Intra-assay variability (variability in simultaneous determinations) was 5.33%. 
Inter-assay variability (variability in multiple independent determinations of chlor-
promazine content for the same sample), was 21.93%. 

3.2.4. Stability . . . • • , 

To assess the,stability of intra-assay, three quality controlled samples with the 
same amounts of chlorpromazine added were placed in the front, mid and back posi-
tions of the test stand respectively during the RRA operation procedure and the result 
showed that intra-assay was non-drifting. The reproducibility of the assay for chlor-
promazine standard curves was quite consistent with independent experiments. 

3.2.5. Error i 

Random error was <6.25% and expérimental error was <1.24%. 

3.3. Standard curve of RIA (Fig. 2) 

This is shown in Fig. 2. 

FIG. 2. Standard curve of RRA (n = 3). 
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3.4. Results of clinical samples 

3.4.1. Results by RRA and RIA 

By RRA, serum from 19 healthy subjects without any history of 
antischizophrenics administration demonstrated that there were no differences in the 
chlorpromazine level from that of 0 chlorpromazine standard. The mean serum 
levels in 50 psychosis patients who received antischizophrenic drugs were 842.63 ± 
513.23(SD) ng/mL for RIA and 331.83 ± 334.21 (SD) ng chlorpromazine-E/mL 
for RRA with a ratio of 2.54 between the two. The means of RIA and RRA were 
significantly different (p < 0.0005). 

3.4.2. ~ Correlation analysis of RRA and RIA values 

The results obtained by the two methods are in good agreement (Fig. 3). 

3.4.3. Correlation analysis of chlorpromazine doses and RRA values 

Correlation between doses of chlorpromazine and the results obtained by the 
RRA assay in 50 psychosis patients was y = 0.67 (p < 0.001), у = 1.43x - 80.67. 

RRÀ ( n g C P Z - E / m L ) 

FIG. 3. Correlation analysis of serum chlorpromazine levels measured by RRA and RIA in 
50 lunatic patients receiving antipsychotic drugs. • 
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3.4.4. . Correlation analysis of chlorpromazine doses and RIA values , , 

Correlation between .chlorpromazine dose and the results of the RIA assay in 
50-psychosis patients was 7. = 0.53 (p. < 0.001), y. = 1.76x + 332.62. 

4. DISCUSSION 

Measuring the serum level of antipsychotic drugs has a great significance in 
clinical practice. The available assays, including gas chromatography, fluorimetry 
and radioimmunoassay [2], have not attained routine clinical use because of technical 
complexities or restrictions of specificity to the single drug or poor correlation 
between determinations and doses or clinical responses [3]. RRA is a new method 
for measuring serum levels of antipsychotic drugs, to which more and moré attention 
is being drawn. As we know, antipsychotic drugs in clinical use are thought to exert 
their therapeutic antischizophrenic actions by blocking brain dopamine receptors. 
[3H]-spiroperidol binds selectively and with high affinity to dopamine receptor sites 
in the mammalian brain; this specific binding is reduced by antipsychotic drugs in 
close parallel with their clinical potencies and the degree of inhibition of specific 
[3H]-spiroperidol binding is proportional .to; the amount of antipsychotic drugs or 
their active metabolites. Therefore, RRA which is based upon the above principle 
will detect the parent drugs or their metabolites which compete for dopamine recep-
tor binding and thus may be therapeutically active [2]. 

The chlorpromazine RRA developed recently by the present authors could 
meet clinical demands not only because of its good accuracy, precision, 
experimented error, etc., but also because of its simplicity, stability and minimal 
detectable dose. Serum antipsychotic drug activity was measured by RRA in 50 psy-
chosis patients receiving chlorpromazine, whose serum chlorpromazine levels were 
also determined by RIA. The results show that the RRA values parallel but are con-
siderably lower than that obtained by RIA with the ratio of 2.54 between the mean 
RIA and RRA values. These provide support for the conclusion that the RIA values 
may be affected by inactive metabolites of chlorpromazine which results in higher 
RIA values, and that, on the other hand, the RRA values reflect the serum parent 
drugs or their active metabolites directly because RRA is not affected by inactive 
ones [4-6], so that it is an attractive approach in addressing clinical questions, 
particularly those involving the correlation between serum levels of active drugs and 
clinical response. 

Monitoring the correlation between serum concentrations of antipsychotic 
drugs and their doses would be very important and desirable during the treatment 
of schizophrenosics in order to determine the lowest dose required for therapeutic 
efficacy and therefore to prevent severe side effects. Li et al. [3] have reported no 
correlation between the RIA values of chlorpromazine and the dose (p > 0.05), 
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while we have found a good correlation between the RRA values and the dose, which 
agrees with other reports [2]. 

To sum up, this RRA seems to have some advantagès with which other tech-
niques cannot compete. However, at present RRA is not suitable as a routine clinical 
method, because it is not easy to perform and it is difficult to develop kits. 
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Abstract > 

PRODUCTION OF PRIMARY REAGENTS FOR RADIOIMMUNOASSAY IN DEVEL-
OPING COUNTRIES: PROBLEMS AND SOLUTIONS. 

The production of radioimmunoassay (RIA) and irrimunoradiometric assay (IRMA) rea-
gents in dèveloping countries is analysed in the light of the experience acquired in IAEA 
organized programmes such as ARCAL VIII for the production of thyroid related hormone 
assay reagents, and the Co-ordinated Research Project (CRP) which has just started on anti-
bodies immobilized on magnetic particles. Many problems are creating serious obstacles to 
the production of these reagents, either in kit of in bulk form, "in our countries. These, in our 
opinion, are primarly: (1) lack of a local technological substrate; (2) great difficulties and costs 
of importation of the reagents and equipment lacking; (3) research and production concen-
trated in groups mainly dedicated to basic research; (4) the strong preference of clinical assay 
laboratories for' kits rather than bulk reagent- Utilization; (5) very limited financial support 
given to social health programmes by the local governments; (6) non-existence of a local 
industry interested in RIA and IRMA kit production. The Brazilian experience in this field 
of activities is also, analysed, especially as regards the preparation of tracers, standards and 
solid phase coupled antibodies for triiodothyronine (T3), thyroxine (T4) and thyroid stimulat-
ing hormone (TSH) assays. It is interesting to observe that some of the reagents produced by 
the Brazilian reference laboratory in the ARCAL VIII programme, namely human TSH refer-
ence preparation and the magnetic solid phase separation system for human TSH-IRMA, have 
met with more interest in other countries of the region than in Brazil itself. Some possible solu-
tions are also considered. The final answer is obviously the creation of a locally developed 
technological substrate-of reagents and equipment'with the consequent development of indus-
trial kit production. As an immediate solution, a regional collaborative production of in-bulk 
reagents should be implemented, strengthening the work done by public institutions such as 
universities, research institutes and hospitals, whose contribution and efforts should be moti-
vated and rewarded with better research facilities; The creation of a regional information and 
distribution centre and the speeding up of customs procedures is also considered necessary. 
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1. INTRODUCTION 

Our experience in the field of radioimmunoassay (RIA) an immunoradiometric 
assay (IRMA) reagent production and standardization in developing countries is 
especially derived from our participation as a reference laboratory in the IAEA 
organized ARCAL VIII programme (Regional Co-operative Arrangements for Pro-
motion of Nuclear Science and Technology in Latin America) and its related Co-
ordinated Research Project (CRP), mainly dedicated to the thyroid related hormones 
triiodothyronine (T3), thyroxine (T4) and thyroid stimulating hormone (TSH) for 
Latin America, and in the recently started CRP on Antibodies Immobilized on Mag-
netic Particles for RIA and IRMA of Hormones. 

One of the greatest achievements of these programmes is the possibility offered 
to every participant to be in touch with the reality of many different countries, some-
times similar and sometimes quite different. One of the main problems in developing 
countries is isolation, not only from the developed countries, but also from each 
other. Besides providing a very useful interchange of scientific experiences and even 
products, such programmes can give us an idea of our general situation and problems 
and help us try to find solutions in a less isolated or, better, in a more collaborative 
way. 

Before entering directly into the analysis of problems, it would be useful to 
define exactly what we mean when we say "reagents for RIA and IRMA". In our 
opinion these are the basic and principal constituents of a diagnostic kit, which can 
also be prepared and distributed in bulk: the tracer (radioiodinated antigen or anti-
body), the standard preparation, and the separation system, commonly an antibody 
used in liquid phase or coupled to a solid particle. This clarification is useful, because 
it indicates the two ways in which these diagnostic reagents can be prepared, dis-
tributed and used, and it will be seen that the problems and solutions can be different 
for bulk reagents or kits. From our experience in Latin America and other parts of 
the world, it appears that kit production must be performed by a specialized industry, 
leaving aside the question as to whether it has to be a private or state owned manufac-
turer. What is important, in either case, is that it has to be a group of people espe-
cially dedicated to that activity: a highly technological routine with great emphasis 
on constant quality control and reproducibility. Of course this group of people can 
dedicate part of their efforts to applied research and development. This activity 
should not be carried out by institutions whose main objectives are academic, basic 
research or even clinical work. 

The approach can be a little different for bulk reagent production. This can be 
considered a temporary solution, especially interesting when countries have urgent 
problems, e.g. in sociál health care or population screening, or when considering set-
ting up technology to be transferred to a local industry. Such a temporary or emer-
gency task can be carried out very well also by universities, research institutes or 
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hospitals, if capable and willing to collaborate. The analysis that follows keeps in 
mind this important distinction in trying to find possible solutions. . 

2. IDENTIFICATION AND DEFINITION OF PROBLEMS 

Besides the known financial limitations and those deriving from suboptimal use 
of the limited resources sometimes available, there are some other, more specific 
problems that affect, maybe to a different extent, all Latin American and developing 
countries. . 

First of all there is the lack of a technological substrate or infrastructure. This 
affects the local preparation of all sophisticated reagents and equipment. The prepa-
ration and utilization of the above mentioned RIA and IRMA reagents require mainly 
basic products, equipment and accessories that cannot be found inside the country. 
The importation of this substrate therefore becomes necessary, and all private and 
public institutions have to face great difficulties such as exorbitant costs, unbelieva-
bly long bureaucratic processes, and enormous delays in shipment and customs clear-
ance. These problems probably have historical, cultural and political origins whose 
analysis and solution are beyond the scope of this paper. These are, however, most 
important and they are causing a number of problems. 

Most of the groups in our countries are doing admirable work in RIA reagent 
preparation and are composed of research people and clinicians belonging to public 
and governmental institutions such as universities, research centres or hospitals. 
Their tasks, vocations and structures are not really oriented to the routine production 
of reagents and even less to their related marketing and distribution. At the same time 
these institutions do not usually have (and this is true all over the world!) the adminis-
trative and financial flexibility that can partly neutralize some of the primary 
problems mentioned above, e.g. the enormous difficulties in obtaining or importing 
reagents and equipment. Many of our countries live, with constantly high inflation 
rates and the utilization of limited funds available is normally slowed down by heavy 
bureaucratic processes, most of the time with no possibilities of maintaining the pur-
chasing power of the allocated money or of changing its destination. Good laborato-
ries have suffered great delays in a project because they had no money for technical 
assistance, even with an excess funding for the acquisition of reagents. They had no 
way to change the 'label' of the money! 

When these courageous groups obtain a final good quality product, they have, 
with neither a marketing organization nor a vocation, to compete with practically all 
the first world companies acting in the field that are present locally with their some-
times very sophisticated modern kits. In the specific case of Brazil it is really difficult 
to find a laboratory that is willing to introduce the utilizatiçn of in-bulk reagents: 
even the laboratories of good technical level that could use them normally want the 
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most sophisticated and expensive kits available that are already in use in the larger 
private clinical assay laboratories of the country: This is probably also the situation 
in Argentina and other large countries. 

In-bulk reagents could be very usefully prepared for utilization in particularly 
large screening programmes such as those for neonatal hypothyroidism, 
phenylketonuria, reproduction hormones, etc., and in some cases they are already 
being used with great effect and economic advantage. This is one of the achievements 
of the ARCAL VIII programme in some Latin American countries, but this happens 
rarely and insufficiently. Here another of the main problems may be identified: the 
very limited financial support given by the national authorities to dealing with grave 
social health problems. Where the local government has given priority and funds to 
some social health programme we also have better established kit or in-bulk reagent 
production. In other countries,-where a state law may even establish that every new-
born has to be submitted to screening tests, but the government does very little to 
support the application of this law, only imported kits are used. 

There is then a final problem to consider, related to most of the problems 
already described: the non-existence of any local private industry that is producing 
or that is even interested in the. production of RIA and IRMA kits. In all Latin 
America we know of only one case: a Brazilian manufacturer who, with many 
difficulties, is operating in this way. Again, the reasons are the lack of technological 
infrastructure, the importation costs and difficulties, the intense marketing carried 
out by large first world companies and the non-existence of state financed pro-
grammes. All these factors together create very high costs, aggravated by the still, 
limited local demands, which obviously makes this type of private enterprise not 
very attractive. This reality is an obstacle for the whole country and also for those 
groups producing, or trying to produce, in-bulk reagents. An interested local private 
industry would stimulate their work, accept the transfer of their technology and could 
help prepare or obtain some of the basic technologies that are necessary for the 
development of the final products. It is interesting to observe that this last problem, 
experienced by all those working in RIA reagent preparation when approaching pri-
vate managers, and which is a consequence of all the other problems, itself holds 
the key to the best solution of the general problem. Only a local industry producing 
good quality kits will provide the final answer. The reason is very simple: this is the 
way the problem was resolved in the countries whose technological and economic 
model is now applied throughout the world. 

In conclusion, six main obstacles to the production of RIA and IRMA reagents 
and kits in the developing countries may be identified. These are: 

(1) Lack of technological substrate, e.g. the local production of basic reagents, 
equipment and accessories. 

(2) Great difficulties, cost, bureaucracy and delay in the importation of the above 
•mentioned necessary substrate. 
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(3) Concentration of research, development, production and sometimes also appli-
cation of RIA reagents in the hands of groups mainly dedicated to basic or clin-
ical research. v 

(4) Strong aversion of most of the laboratories to the adoption of in-bulk.reagents. 
(5) Very limited financial support given by the local governments to social health 

programmes. • 
(6) Non-existence of a local private industry interested in the production of RIA 

and IRMA kits. 

3. PRACTICAL EXPERIENCE IN BRAZIL 

Our laboratory, like any other reference laboratory within the ARCAL VIII 
project, dedicated most of its activities to the preparation of RIA reagents for T3 and 
T4 and IRMA reagents for human thyroid stimulating hormone (hTSH). Because of 
our limited experience in antibody production we did not join in this effort. A col-
laborating laboratory from Butantâ Institute (Säo Paulo) is now working in this direc-
tion; thanks to a Technical Co-operation Project approved by the IAEA. At the same 
time, being one of the few laboratories in the region with experience in pituitary hor-
mone extraction and purification, we dedicated more efforts to the preparation of an 
ampouled hTSH standard that we distributed to 20 laboratories in the 14 
ARCAL VIII participating countries. Without entering here into technical details 
(some of the results obtained are presented in other papers in this symposium, i.e. 
IAEA-SM-324/61, 62, 65, 67) we can say that we carried out the preparation of T3 
and T4 tracers and standards, radioiodinated monoclonal anti-hTSH antibody, stan-
dard hTSH and polyclonal anti-hTSH antibody coupled to magnetizable cellulose. 
Together with an international collaborative study carried out on the ampouled hTSH 
reference preparation we also did a national inter-laboratory study on the assay per-
formance of the three thyroid related hormone radioassays. We had some technical 
problems, now practically resolved, in the preparation and reproducibility of T3 and 
T4 standards and we still have some unsatisfactory non-specific bindings related to 
the utilization of our magnetic solid phase in hTSH-IRMA. As imported materials 
we are using NETRIA (North East Thames Region Immunoassay Unit, London, 
United Kingdom), anti-hTSH monoclonal antibody for radioiodination and M-104 
magnetizable cellulose particles (Scipac, Sittingbourne, United Kingdom) for 
coupling.' all other materials, including the magnetic separators, are prepared in 
Brazil. • , 

In conclusion, considering mainly the practical utilization of our in-bulk rea-
gents, we have found a great interest in the region (Latin America) especially for 
the ampouled hTSH reference preparation and for the anti-hTSH magnetic solid 
phase. Interestingly enough, this was mainly demonstrated outside Brazil. Of the six 
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collaborating Brazilian laboratories only one demonstrated an interest in the utiliza-
tion of in-bulk reagent. Most of them have shown, during the 3-4 years the 
programme has been running, increasing interest in the utilization of kits, mainly 
non-radioisotopic, with antibody coated microtitre plates. A neonatal screening 
programme for hypothyroidism is utilizing immunofluorometric assay in microtitre 
plates. It started practically simultaneously with ARCAL VIII and is probably, after 
the Cuban programme, analysing the most newborn in Latin America. One may note 
the strong tendency towards the utilization of imported kits or reagents in larger 
countries such as Brazil and Argentina; only one country in Latin America (Cuba) 
has its own production of kits and is applying them on any scale. There is some 
interest in bulk reagent production and utilization in smaller countries, especially 
where there is interest in starting a screening programme using radioisotopic 
systems. 

4. POSSIBLE SOLUTIONS 

One problem not mentioned is the 'scientific gap'. Whilst there is a lack of 
technological substrate, mainly the lack of materials, there is no major backwardness 
in basic science affecting the technology of reagent production. Even where some 
gap exists, it is not a significant factor in this field. Nor are more courses, theoretical 
and academic training needed in this area. Such activities are useful for implementing 
basic research, and, of course, practical training courses are also very useful, espe-
cially for technicians willing and able to use in-bulk reagents. However, such courses 
will not counter the increasing interest in highly sophisticated imported kits. In many 
developing countries the scientific and technological capacity for the production of 
these reagents exists and when this is not sufficient the best thing to do is to send 
the right person from the right laboratory for an appropriate period of training, not 
forgetting that, most of the time, adequate training could be offered within the coun-
try, or at least within the region. What is really more important is to provide easy 
and cheap access to the basic reagents and equipment that are necessary for the final 
RIA or IRMA reagent production, be they imported or locally produced. Each 
professional, according to his type of work, must have easy access to the basic sub-
strate and structures that are necessary for his task. It is, for example, extremely 
expensive, dispersive and inefficient to have a good clinician wasting his potential 
and experience on RIA reagent production: he should have easy access to good kits. 
At the same time a protein chemist working in RIA reagent production should not 
necessarily synthesize magnetic iron particles: he should be able to buy them or to 
have, within the region, a chemical structure providing them. Our laboratory, in 
order to produce radioiodinated pituitary hormones, years ago started to process 
human glands. We acquired technology and we are also, in a sense, satisfied with 
it, but was it really the best way to resolve the problem of RIA reagent production? 
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These abnormal situations are not only frequent in developing countries, but they are 
often even encouraged by the local governments or financial entities. But, how can 
this situation be changed? How does one create a developed technological substrate 
in situations where the technological gap with the first world is even increasing? The 
answer cannot ignore educational, social and economic considerations but, whatever 
it is, it is not a short term task, and in this analysis we are more interested in immedi-
ate, working alternatives and solutions. These will not be definitive answers, but in 
practical terms they can resolve some problems. 

One of the answers comes from the previously described experience with 
ARCAL VIII and with the starting CRP on immobilized antibodies on magnetic par-
ticles: use as much as possible the knowledge, the substrate, the materials that are 
available within the region. There are quite different realities in the different coun-
tries and sometimes there are extremely critical situations, with relation, for exam-
ple, to iodine deficient areas or to the necessity of a screening programme, that have 
stimulated some national or international bodies to finance the starting of a project 
that, with limited funding, can only be carried out through the use of in-bulk rea-
gents. At the same time there may be a country that, for some reasons, has developed 
a certain product or a certain technology that others do not have yet: this has been, 
for example, the case with some tracers or antibodies, with different types of mag-
netic particles that can be used for coupling or some hormones produced by classical 
gland extraction or by DNA-recombinant techniques. Some of these collaborative 
exchanges and productions are starting to work within the ARCAL VIII programme. 
If we consider the whole region instead of a single country we can have a useful 
exchange of reagents and technology at a much better price than if we utilize big first 
world companies. The laboratory that has a product to offer finds a market, even 
if limited; the laboratory that needs the product finds maybe the only possibility at 
the level of its resources. What can be a long distance goal for a single country may 
become a practically immediate solution and application if we can utilize the collabo-
ration among different laboratories having separately developed different reagents or 
the technologies that can lead to these reagents. This is a very ancient law, but it can 
be applicable also to the problem of RIA reagent production. The IAEA-organized 
programmes which stimulated and started such activities should now encourage their 
implementation at a production level, starting a collaborative industry, which 
benefits the products in the following ways: 

(1) Possibility of easy exchange of materials among the countries of the region. 
(2) Creation of a centralized information and distribution unit. 
(3) Possibility, for the producing laboratory, to make a 'profit' that can be directly 

invested in its own research and development. 

Unfortunately, the first point still depends on the previously mentioned 
problems and delays in customs clearance, a chronic problem that has many times 
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been unanimously indicated as 'obstacle number one' during ARC AL VIII co-
ordination meetings. Perhaps a solution can more easily be found with the help of 
the IAEA, the United Nations Development Programme (UNDP) and each national 
government. . . . 

Also, the creation of a regionally centralized distribution laboratory has been 
frequently mentioned at various stages of development of the programme and should 
be feasible. . . 

Last but not least, experience has taught us that only a modern, flexible and 
open minded way of converting into better research facilities even limited financial 
resources derived from their work can motivate good quality research people to this 
difficult and highly technological routine of reagent production. 

Only through the application of these conditions 'sine qua non', an effort that 
should involve international and national authorities,' can we see some possibility of 
success of this Collaborative Reagent Production: a new CRP. 
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Abstract 
DEVELOPMENT OF NATIONAL IMMUNOASSAY REAGENT PROGRAMMES. 

Despite the existence of networks of fully equipped laboratories with well-trained staff, 
the availability of immunodiagnostic services in developing countries is often limited by the 
high cost of imported kits. There are a number of ways of tackling this problem, ranging from 
bulk purchase of kits or reagents to local development and production o f assay systems. 
Argentina/Chile, China, Cuba/Mexico, and Thailand are amongst the countries which have 
established local immunoassay reagent programmes to manufacture low. cost, high quality 
immunoassay reagents. Kits from these projects are now. beginning to become available, and 
it is hoped that they will promote national diagnostic services and research, as well as stimulat-
ing the development of reagent programmes for other analytes. 
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1. INTRODUCTION 

Since their inception in the late 1950s, immunoassays have revolutionized 
medical and veterinary diagnostics and have become well established research and 
clinical tools in many countries of the world. International organizations such as the 
International Atomic Energy Agency (IAEA) , and the World Health Organization 
(WHO) recognized the importance of immunoassay techniques at an early stage and 
encouraged the development of these analytical technologies as well as promoting 
their use by centres in developing countries. • 

Over the decades the IAEA has organized large numbers of national, regional, 
and international training courses, supported many individual research fellows, and 
helped to equip many radioimmunoassay (RIA) laboratories in developing countries. 
WHO has been similarly active, although on a more project orientated basis. The 
Special Programme for Research in Human Reproduction is probably one of the units 
of WHO that has been most involved in using immunoassays for research. Since 
1975 it has organized over 30 training courses and trained over 800 scientists in 
immunoassay techniques, as well as providing RIA reagents and/or equipment to 
over 90 laboratories in 40 countries. These types of activities, in conjunction with 
those of national agencies, have resulted in the establishment of networks of fully 
equipped immunoassay laboratories with trained staff in most developing countries. 
The availability of laboratory facilities has built up clinical expertise and awareness, 
and created a demand for facilities for routine patient care. Unfortunately this 
demand cannot be met in many countries because of financial constraints, and few 
laboratories are able to operate at anything approaching full capacity. 

Both WHO and the IAEA have tried to address this problem by supporting 
national or regional reagent production activities: the IAEA in order to improve the 
availability of RIA diagnostic services; the WHO Special Programme in order to 
strengthen national facilities for reproductive health research. A number of reagent 
programmes have now been established by national governments or charitable foun-
dations, and kits produced by them are beginning to be distributed. 

2. REQUIREMENTS FOR A NATIONAL PROGRAMME 

The following conditions should be met before a national programme should 
be considered. 

— There should be a local need for assay reagents. Thus there should be a 
reasonable number (e.g. more than ten) of geographically accessible laborato-
ries that have a regular workload or high potential demand which are interested 
in participating in a local scheme. If insufficient users are available in one 
country, the establishment of a regional scheme involving accessible neigh-
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bouring countries can be considered. A core of interested and active laborato-
ries is, however, crucial to the success of a reagent programme. 

— There should be support for the scheme not only from potential users of 
reagents, but from the authorities financially supporting the institution that will 
be responsible for manufacturing or distributing immunoassay reagents. While 
help from international agencies can sometimes be obtained if the local 
programme contributes to one of their strategic objectives, external support is 
usually limited and of fixed duration. Long term local financial support is an 
essential "prerequisite for any reagent programme, and in the present economic 
climate all details of funding need to be carefully considered. The cost of pro-
ducing reagents may sometimes be covered by central funds [1] , but in many 
cases programmes will need to be, or to become, self-financing [2]. In addition 
to the calculation of costs of production and distribution required for any 
manufacturing activity, external price review mechanisms need to be incorpo-
rated if a programme is likely to involve more than one country in production 
or development. 

— Organizers of reagent programmes should have access to a strong scientific 
infrastructure. They should have not only enough trained staff, equipment, and 
resources initially to develop assay systèms, but to provide long term, commit-
ted support to their users. Ensuring continuity and commitment can present 
problems, since staff involved in service activities such as reagent programmes 
have less time available to do research. 

— A logistic infrastructure is also required by a reagent programme. There need 
to be reliable sources of raw materials, vials, packaging and labels, as well as 
adequate maintenance and repair facilities for scientific and production equip-
ment.. Distribution needs to be considered in depth to ensure reagents do not 
deteriorate in transit within, or between, countries. 

í 

3. ASSAYS FOR USE IN DEVELOPING COUNTRIES 

In addition to considerations of availability, specificity, sensitivity/precision, 
robustness and diagnostic effectiveness that need to be assessed when evaluating an 
assay for an application, there are a number of functions that are particularly impor-
tant if the assay is to be used in a developing country. These will be considered in 
turn. 

3.1. Cost , 

Cost is, in most cases, the primary reason for considering the establishment 
of a reagent programme. Financial constraints throughout the world have made 
laboratories ever more conscious of the cost of immunoassays. The problem is more 
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severe in developing countries, where the amount of money available for the 
purchase of imported goods may be limited, even where there are no formal 
exchange controls on currency. National assays (including any essential ancillary 
reagents and consumables) intended for use in developing countries should be as low 
cost as possible if they are to increase the availability of diagnostics tests. 

The cost of WHO matched RIA reagents (including air freight of tracers) is 
between 7 and 30 US cents per tube, the cost of the WHO enzymeimmunoassay 
(EIA) systems currently under development is expected to be around 35 US cents 
per tube. The cost of most commercial kits is currently between 75 US cents and 
US $1.10 per tube when purchased in bulk. 

3.2. Protocols and instrumentation 

Assays should be technically as simple as possible, and incubations should fit 
local working hours and patterns. Workloads vary widely between centres in devel-
oping countries, so assay design should be flexible enough to cope with a range of 
batch sizes. Minimal instrumentation should be required; any equipment used should 
be flexible, cheap, locally available (and repairable). Associated laboratory ware 
should be reusable as far as possible. 

3.3. Technical input 

Skilled, experienced and motivated technical staff are difficult to recruit in 
most countries; this is especially true in developing countries, where salaries in 
hospitals and universities tend to be unattractive. Assay designs that require a mini-
mum of technical input are to be preferred by national programmes. 

In many ways, the highly automated 'closed system' approaches being used by 
the majority of commercial manufacturers are superficially attractive in developing 
as well as in developed countries as they result in highly standardized, technically 
simple assay procedures that are relatively resistant to operator differences. Unfor-
tunately they are not designed for use in extreme climatic conditions and their 
instrumentation may be difficult to maintain locally. Except for assays relying on 
colorimetric endpoints, equipment is dedicated to the products of one manufacturer, 
thus tying the user to that supplier. As the systems are expensive to develop, the cost 
of consumables is generally high although capital equipment can often be leased or 
'borrowed' by regular users. 

While instrumentation for colorimetric endpoint assays is available from many 
suppliers, and tends to be relatively low cost, 'system' based assays are usually reli-
ant on solid phase coated tube or microtitre plate technologies. While easier to use, 
they do require greater control during all stages of manufacture than assays based 
on, for example, antibodies attached to magnetic solid phases or to cellulose. 
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3.4. Robust methodology 

Any assay system adopted should produce results that are not radically affected 
by changes in storage or incubation conditions, including temperature and humidity. 
Laboratory ware has to be reused in many laboratories. Assays should be relatively 
insensitive to the presence of detergent residues or other contaminants, particularly 
as both tap and distilled water are difficult'to obtain in many centres. -

3.5. Shelf-life/stability 

Stability is a prime consideration for methods intended for use in developing 
countries. Ambient temperatures in individual laboratories can range between 
- 10°C and +45°С and controlled temperature storage facilities aré often unreliable 
because of power shortages, or in short supply. Furthermore, reagents can be held 
for periods of 2-12 weeks, at ambient temperature, while awaiting customs 
clearance. 

The performance of any assay system being considered should be evaluated 
after prolonged storage under the extremes of temperature and humidity likely to be 
encountered in the region. ! " 

4. TYPES OF NATIONAL REAGENT: PROGRAMMES . 

There are a number of approaches that can be taken to reduce the cost of 
immunoassay reagents and towards the organization of national and regional reagent 
schemes. The simplest method is for a group of laboratories to join together, and 
place combined orders for kits or bulk reagents from a single manufacturer. Cost 
savings depend on the number of kits purchased and on individual manufacturers' 
international pricing and distribution policies, but are unlikely to exceed 10-15% 
even for standing orders if part deliveries and invoices are sent to different addresses. 
Additional discounts are often available for; orders through a single centre, particu-
larly if the number of kits involved is large. 

Additional flexibility and cost savings can usually be introduced if some 
processing is done locally. A centre may buy kit components in bulk, and then pack 
and distribute them nationally. This not only allows the kits or reagents to be 
'customized' for that country (e.g. by the addition of instructions in national lan-
guages) but often lowers production costs.. 

Substitution of some imported materials with locally produced reagents can 
sometimes further reduce the cost. Some centres now import finished kit components 
but iodinate radiolabels themselves. This reduces air freight costs, eliminates cus-
toms delays, and allows production schedules to be tailored to local needs. 
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The next model involves local processing of all components and requires a 
significantly greater investment in equipment, manpower, and training than the two 
outlined earlier. Reagents may be imported in bulk or. produced locally but all 
production processes (dispensing, lyophilization, packing, distribution, and quality 
assurance) are performed nationally. 

The extreme model involves laboratories preparing every component of every 
assay system in order to ensure that the programme is totally self-reliant in terms 
of reagents and facilities. While this approach ensures total autonomy, and allows 
for continuity of supply in the event of foreign exchange shortages, it is intrinsically 
slower than other methods as it requires duplication of work already performed in 
other countries. 

The feasibility of local production of reagents should always be considered 
when assay availability is limited by cost, or if tests appropriate for national condi-
tions or national needs are not available. A reagent programme should only be started 
if scientific, technical and financial support is likely to be available on a continuing 
basis from national sources, as external donors are unlikely to provide long term 
support. 

The WHO Centre for Immunoassay in London has collaborated with national 
or bi-national reagent programmes in Argentina/Chile, China, Cuba/Mexico, India, 
Thailand and the USSR either bilaterally or through the auspices of WHO. The 
approaches adopted by each of these programmes have differed considerably in the 
light of local conditions and facilities. Nevertheless reagents and expertise have been 
shared as far as possible in order to conserve scientific resources. A central reagent 
collection (of immunogens, standards, cross-reactants, antibodies and cell lines) has 
been set up and has facilitated interprogramme standardization and exchange of 
material. A summary of the activities of some of these programmes is given later 
in this section. 

4.1; Thailand 

Amongst the objectives of the National Institute of Health in Nonthaburi is the 
improvement of diagnostic facilities, particularly in rural areas. As part of this remit 
the decision was taken in 1986 to try and produce low cost RIA kits for distribution 
to provincial medical health centres. 

The Institute is well resourced, with unusually strong regional and national 
financial support and staff commitment. Table I shows the chronology of its 
immunoassay method development activities. 

All assays developed have been in response to national policies and require-
ments. Digoxin, triiodothyronine (T3) and thyroxine (T4) were produced to assist 
diagnosis and treatment. Thyroid stimulating hormone (TSH) assays are used as part 
of a major national survey on iodine deficiency. 
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TABLE I. THAILAND NATIONAL INSTITUTE HEALTH 
PROGRAMME 

1986 RIA Section Department Medical Sciences established 

1987 Digoxin kit developed and evaluated 
T3 and T4 kits developed and distributed 

1988 T3 and T4 kits distributed to 3 centres 
EQA Scheme for users started 

1989 T3, T4 and Digoxin kits supplied to 6 centres 

1990 TSH assay field tested, PKU screening established 

1991 Current production: 1000 TSH kits/month 
100 T3 and T4 kits/month 

Under development: 1 AFP assays 
Hepatitis В surface antigen 
Amphetamine 

.T3, T4 and Digoxin kits are currently being distributed to some six centres. 
Neonatal screening is currently being carried out centrally, but will be developed to 
nine new centres being set up for the purpose late in 1991. ; 

The programme has been strongly supported locally and financial support from 
IAEA and WHO has mainly taken the form of consultant visits and training fellow-
ships. These have generated scientific links which have allowed for bilateral supply 
of immunogens for T3, T4, alphafetaprotein (AFP), TSH, hepatitis В surface anti-
gens and hybridoma cell lines producing monoclonal antibodies to TSH and AFP. 
Collaborative work on the development of enzyme labels and magnetic separations 
for use in future assays have also been undertaken on a bilateral basis. 

4.2. Cuba/Mexico 

A binational programme for the production and distribution of reproductive 
hormone assay kits was initiated in 1986 by the Instituto Nacional de Nutrición, 
Mexico, and the Institute of Endocrinology, Havana, with the support of WHO and 
the Cuban and Mexican Governments. The project was based on the WHO Matched 
Reagent Programme, but with assays being produced in kit form. In order to utilize 
existing expertise and spread production workloads, the project was split between the 
two countries. Peptide hormone kits (luteinizing hormone (LH), follicle stimulating 
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hormone (FSH) and prolactin) are produced by Cuba, and the steroids (oestradiol, 
Cortisol, progesterone and testosterone) by Mexico, with interchange of finished 
products between the two countries. While all kits produced were standardized 
against WHO matched reagents in order to ensure comparability, many key reagents 
(LH, FSH, prolactin, oestradiol and testosterone antibodies, LH, FSH and prolactin 
standards) were produced locally or as a result of collaborative research sponsored 
by WHO. Other reagents and some immunogens were supplied through the central 
reagents collection. 

It is proposed to distribute the kits, on a self-financing basis, to other countries 
in Northern Latin America. 

4.3. Argentina/Chile 

A reagent programme was started in December 1989 by Centro de Educación 
Médica e Investigaciones Clínicas (CEMIC), Buenos Aires, with WHO and local 
financial support. Staff have received training fellowships for reagent production and 
quality control techniques. In-house development of non-extraction assays for 
steroids has started, using materials supplied from the central reagent collection and 
other centres collaborating with WHO. 

Chile will join this programme in the near future, with the intention of prepar-
ing purified pituitary hormones and developing peptide hormone assays. 

4.4. India 

A national reagent programme for reproductive hormones was established by 
the Indian Council for Medical Research (ICMR).. 

Enzymeimmunoassay reagents for steroids have been prepared [3] and assays 
for peptide hormones are reported to be close to completion. While this project is 
funded directly by the Indian Government, ICMR has tried to ensure comparability 
with the WHO Matched Reagent Programme, and laboratories involved in this 
activity have been supplied with WHO reagents and training to help method develop-
ment and dissemination. 

4.5. China 

A national programme and external quality assessment scheme (EQAS) involv-
ing 5 institutions was set up by the-Ministry of Public Health with WHO support. 

Kits for oestradiol, progesterone, testosterone, Cortisol, LH, FSH and prolac-
tin are being manufactured and distributed by the Shanghai Institute of Biological 
Products. All reagents for the assay of steroid hormones (including tritiated steroids) 
were prepared locally, although the antibodies were raised against immunogens 
supplied by WHO. 
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As pituitaries are difficult to collect in China, purified pituitary hormones and 
antibodies raised against them were prepared by Chinese WHO Research Fellows, 
visiting laboratories in Europe. . 

4.6. USSR 

Although not a developing country, the USSR currently has severe problems 
obtaining foreign currencies. A self-funding national reagent programme was 
planned by the Institute of Endocrinology, Moscow, in July 1990. As there would 
have been difficulties arranging manufacturing facilities in the USSR at the time, the 
project was carried out collaboratively with a group based in London. The intention 
was that initial development and manufacture would be carried out in the United 
Kingdom, but would be transferred within 18-24 months to the USSR. 

Assays for LH, FSH, prolactin, growth hormone and TSH comparable to 
WHO reagents or commercial products have been developed using key materials 
produced in the USSR. The kits completed regulatory formalities earlier this year 
and if is hoped that it will prove possible to start distribution later this year. 

5. CONCLUSIONS 
. I; 

Matched reagents have for over a decade been, used as an effective method of 
providing low cost, high quality, standardized reagents both by WHO and by centres 
in the United Kingdom [1, 2, 4]. In recent years the approach has been adopted by 
centres, mainly in developing countries, as a method of improving diagnostic facili-
ties for research and patient care. National programmes have been set up in a number 
of countries to fulfil national needs. Although based loosely on existing reagent pro-
grammes, each national project differs in order to take maximum advantage of facili-
ties and resources available in its country and to provide assays appropriate for local 
users. The establishment of most of these programmes has been facilitated by the 
donation, or interchange on a non-commercial basis, of reagents, techniques or cell 
lines. Active sharing of resources by national programmes is being encouraged as 
a method of minimizing duplication and improving interprogramme comparability. 

Some national programmes have already started to distribute immunoassay 
systems; others are still in the process of development or evaluation. However, it 
seems certain that the long term availability of cheap and rugged immunoassay 
reagents will strengthen the research and health care capabilities of participating 
countries. 
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Abstract 

PREPARATION OF MAGNETIZABLE SOLID PHASE ANTIBODIES AND USE IN 
BULK MATCHED REAGENT ASSAYS: COMPARISON OF RESULTS WITH ESTAB-
LISHED METHODS. 

A number of magnetizable solid phase antibodies were prepared for use in a bulk rea-
gent programme. The preparation was simple and straightforward. The introduction of these 
preparations into routine assays was found to introduce a bias into all the assays with one 
exception. In all cases, the use of magnetizable!particles led to poorer precision. In many 
cases, the bias was small and the precision only slightly worse. In general, the introduction 
of magnetizable solid phase into matched bulk reagents for radiolabeled imuunoassays gave 
assays with adequate performance for clinical application. 

1. INTRODUCTION 

Magnetizable solid phase antibodies were prepared for use with a bulk matched 
reagent programme [1] for thyroxine (T4) and triiodothyronine (T3) in radioim-
munoassays (RIA), thyroid stimulating hormone (TSH), luteinizing hormone (LH), 
follicle stimulating hormone (FSH), prolactin (PRL) and growth hormone (GH) in 
immunoradiometric assays (IRMAs). A suitable magnetic solid phase was selected 
after a preliminary investigation into, a number of different types. These magnetic 
solid phase antibodies were easily.separated from the reaction, using relatively inex-
pensive standard magnetic separators. The magnetic separation was introduced as a 
useful alternative to centrifugal separation used in the conventional assays. After, 
optimization, results from magnetic assays were compared to those from the conven-
tional non-magnetic assays, in terms of precision and bias. • . 

177 
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2. MATERIALS AND METHODS 

Magnetizable solid phase antibodies were prepared by coupling neat antisera 
with activated low density cellulose/iron oxide (Fe3Q4) particles, containing 25% 
iron oxide and with a particle size of approximately 20 micrometres (available from 
Scipac, Code No. M174), in a minimum volume of borate buffer, 0.05M, pH8.0. 
Before coupling particles were activated by 1'1-carbonyldiimidazole (CDI), washed 
and stored dry [2]. 

Details of the activation are given below: 

(a) Add 40 mL acetone to 10 g magnetic cellulose (M174 from Scipac, Sitting-
bourne, United Kingdom) in 100 mL flask and mix or stir vigorously. 

(b) Add 1.22 g carbonyl diimadozole (Sigma Chemical Co., St. Louis, MO, USA) 
dissolved in 10 mL acetone, and continue to mix for 1 hour. 

(c) Collect the activated cellulose on a GF/A filter (Whatman in a Büchner 
funnel). 

(d) Wash the cellulose with at least 150 mL acetone, filtering slowly. 
(e) Dry the activated cellulose in air and store in a tightly sealed container at 

- 2 0 ° C . 

CONCENTRATION nmoles/L 

FIG. 1. Precision profiles ofT4 assays'comparing magnetic and-non-magnetic (centrifugal 
precipitation of second antibody/4 % polyethylene glycol) separations. Precision profiles for 
both types of assay are based on the mean of several assays. 
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TABLE I. SENSITIVITY IN MAGNETIC AND NON-MAGNETIC ASSAYS 

Assay ' Units 
Magnetic 

Sensitivity3 

Non-magnetic 

TSH ml U 0.8 0.05 

T4 nmoles/L 4.4 - 3.3 

T3 nmoles/L 0.70 0.18 

GH ml U 0.63 0.15 

FSH ml U 0.81 0.41 

LH mlU 0.46 0.22 

PRL mlU 38 20 

a Defined as 2.5 SD from zero concentration ' 
(mean of several assays). -

Identical antisera to those used in non-magnetic assays were coupled to CDI 
activated magnetic cellulose using the following protocol: 

(a) Add neat antiserum (for volume, see below) to 20 mL 0.05M borate buffer 
pH8. 

(b) Add 5 g of CDI activated magnetic cellulose with mixing, and rotate gently 
over 72 hours at ambient temperature. 

(c) Decant the supernatant after centrifugation, 100 g for 20 min, and wash the 
magnetic cellulose-linked antibody in 10 mL of the following buffers, cen-
trifuge and discard the supernatant after each wash. 

(i) 0.5M ethanolamine adjusted to pH9.5 with HCl. 
(ii) 2 x 0.5M sodium bicarbonate, adjusted to pH8 with HCl. 
(iii) 2 x 0.1M sodium acetate, adjusted to pH4 with HCl. 
(iv) 0.05M sodium phosphate buffer pH7.4 containing 0.1% sodium azide. 
(v) As above with 1% bovine serum albumin (BSA). 

(vi) As (d) with 0.34 g/L chloramphenicol and 0.1 g/L neomycin sulphate 
(NB. dissolve chloramphenicol in ethanol before adding). 

Coupling ratios were 1 mL of antisera:2.5 g CDI activated magnetic cellulose 
particles for anti-TSH, anti-FSH, anti-LH and anti-prolactin; 0.5 mL:2.5 g for 
anti-T3; 1.25 mL:2.5 g for anti-T4 and 2 mL:2.5 g for anti-GH. 
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T4 RIA Values (nmoles/L) 

NON-MAGNETIC 

FIG. 2. Plot of T4 results from patient samples comparing values in magnetic and non-
magnetic (second antibody/4% PEG; centrifugation) assays. Regression equation: magnetic 
values = 0.19 + 1.10 non-magnetic values; correlation coefficient = 0.978. The dotted line 
represents equity and the solid line is the least squares fit. 

TSH IRMA Values (mlU/L), 

NON-MAGNETIC 

FIG. 3. Plot of TSH IRMA results from patient samples comparing values in magnetic and 
non-magnetic (cellulose particles; centrifugation) assays. Regression equation: magnetic 
values = 0.29 + 0.90 non-magnetic values; correlation coefficient = 0.997. Thé dotted line 
represents equity and the solid line is the least squares fit. 
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T3 RIA Values (nmoles/L) 

NON-MAGNET 1С 

FIG. 4. Plot of T3 results from patient samples comparing values in magnetic and non-
magnetic (second antibody/4% PEG; centrifugation) assays. Regression equation: magnetic 
values = 0.16 + 0.89 non-magnetic values; correlation coefficient = 0.951. The dotted line 
represents equity and the solid line is the least squares fit. 

PRL IRMA Values (mlU/L) 

• ' NON-MAGNETIC 

FIG. 5. Plot of PRL IRMA results from patient samples comparing values in magnetic and 
non-mgnetic (Cellulose particles; centrifugation) assays. Regression equation: magnetic values 
= 14.2 + 0.94 non-magnetic values; correlation coefficient — 0.992. The dotted line 
represents equity and the solid line is the least squares fit. • 
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L H I R M A V a l u e s I m l U / L ) 

NON-MAGNETIC 

FIG. 6. Plot of LH IRMA results from patient samples comparing values in magnetic and 
non-magnetic (cellulose particles; centrifiigation) assays. Regression equation: magnetic 
values = -0.96 + 0.98 non-magnetic values; correlation coefficient = 0.994. The dotted line 
represents equity and the solid line is the least squares fit. 

FSH IRMA Values (mlU/L) 

NON-MAGNETIC 

FIG. 7. Plot of FSH IRMA results from patient samples comparing values in magnetic and 
non-magnetic (cellulose particles; centrifugation) assays; .Regression equation: magnetic 
values. = -1.04 + 0.92 non-magnetic values; correlation coefficient - 0.988. The dotted line 
represents equity and the solid line is the least squares fit. 
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GH IRMA Values (mlU/L) 

NON-MAGNETIC 

FIG. 8. Plot of GH IRMA results from patient samples comparing values in magnetic and 
non-magnetic (cellulose particles; centrifugation) assays. Regression equation: magnetic 
values = 1.45 + 0.76 non-magnetic values; correlation coefficient = 0.996. The dotted line 
represents equity and the solid line is the least squares fit. 

TABLE II. COMPARISON OF SAMPLE RESULTS IN MAGNETIC AND 
NON-MAGNETIC ASSAYS ' 

Assay 
No. of 
samples 

Correlation 
' coefficient 

Regression analysis 

Intercept ( ± S D ) Slope (± SD) 

Significance 
of bias 

TSH. 48 0.997 0.29 (±0.10) . 0.90 (±0.01) p = <0 :001 

T4 44 0.978 0.19 (±3.62) 1.10 (±0.04) p = 0.01 

T3 43 0.951 0.16 (±0.12) 0.89 (±0.06) p = 0.02 

GH 49 0.996 1.45 (±0.39) 0.76 (±0.01) p = <0.001 

FSH 47 0.988 -1 .04 (±0.34) 0.92 (±0.02) p = <0.001 

LH 48 0.994 ' -0 .96 (±0.25) 0.98 (±0.02) p = 0:2 

PRL 50 0.992 ' 14.2 (±8-99) 0.94 (±0.02) p = 0.01 
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The solid phase antibodies were titred and stored àt appropriate concentrations 
in phosphate buffer 0.05M, pH7.4 containing albumin and Triton X100 or 
Tween 20. Magnetic assays for T4, prolactin and GH were carried out using 0.5 mg 
of solid phase per tube and 0.25 mg per tube for TSH, LH and FSH. As only 
0.03 mg of anti-T3 was used per tube, 0.2 mg of 'carrier' (non-activated) cellu-
lose/iron oxide particles was added. 

Magnetic and non-magnetic assays were carried out using routine NETRIA 
protocols. All solid phase antibodies, both magnetic and non-magnetic, were kept in 
suspension during the reactions using a simple rotator [1]. Both types of assay used 
identical standards and radioiodinated tracers. The assay buffer for the magnetic 
assays used Triton X-100 to lower the non-specific binding. Magnetic assays were 
separated on a standard separator (Amerlex M, 4001)., The non-magnetic assays 
were separated by centrifiigation of second antibody/4% polyethylene glycol for T4 
and T3 or cellulose solid phase antibodies in IRMAs for TSH, LH, FSH, PRL and 
growth hormone (GH). 

A selected range of patient samples was used to measure bias and precision 
profiles were constructed using data processing software (Pharmacia RIA-Calc). 

3. RESULTS 

Magnetic assay characteristics were similar to those of the established non-
magnetic methods. In most cases, precision profiles indicated that magnetic assays 
were less precise and not so sensitive as the conventional centrifugal method, 
although they were still within acceptable limits for clinical application. This is illus-
trated in Fig. L which compares precision profiles of magnetic and conventional T4 
assays. A comparison of the sensitivity in magnetic and non-magnetic assays is given 
in Table I. The poorer sensitivities of the magnetic assays reflect the'differences in 
precision between the two types of assay. 

Results on patient samples using both types of assay were compared for each 
assay. Plots of the comparison of sample results for T4;, T3, TSH, LH, FSH, PRL 
and GH are shown in Figs 2 to 8 and the details of the correlation coefficient and 
regression analyses are summarized in Table II. The correlation coefficient is highly 
significant in all cases. The bias of magnetic assay to non-magnetic varied from 
- 2 4 % for GH to +10% for T4. The LH IRMA showed no significant bias. 

4. ; DISCUSSION 

The use of magnetic particles for efficient and fast, separation in radiolabeled 
immunoassays has been extensively reviewed [3]. In general, the potential advan-
tages of magnetic separation have been clearly stated. However, the present study 
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has indicated a possible limitation. Most of the magnetic assays showed a bias com-
pared to established routine (non-magnetic) assays, and all magnetic assays studied 
were less precise than controls. The reason for this discrepancy was not clear, but 
it is likely that magnetic solid phases are more susceptible to matrix effects and seem 
to exhibit increased non-specific binding when compared with analogous non-
magnetic materials. Further work is clearly required fully to resolve these potential 
difficulties. However, notwithstanding, all magnetic assays, with the possible excep-
tion of the magnetic GH IRMA, give results within acceptable limits and are suitable 
for clinical application. 
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Abstract . i ' ; , 

ORGANIZATION OF DISTRIBUTION, USE AND PREPARATION OF RÉAGENÍS FOR 
RIA/IRMA OF THYROID RELATED HORMONES IN PAKISTAN. 

Radioimmunoassay and immunoradiometric assay' reagents for thyroid related hor-
mones were supplied by the IAEA to Pakistan for ihèir redistribution and use at à national 
level. The reagents were'redistributed into suitable volumes according to the requirements of 
the user laboratories. The vials were labelled, the contents were freeze dried and distributed. 
Feedback f rom user laboratories was collected in a common format. Before the supply of the 
reagents to the user laboratories scientists and technical staff f rom each user laboratory were 
given national and regional training courses, which covered procedures for further aliquoting, 
storage, use of reagents and immunoassay data reduction analysis and quality control. Yearly 
co-ordination meetings were organized for all the participating laboratories within the country 
at the Institute of Nuclear Medicine and Oncology Lahore ( INMOL). Laboratories output their 
experience in the use of reagents. Internal quality control (IQC) and external quality assess-
ment scheme (EQAS) results were discussed in the meetings. Simultaneously to the redistribu-
tion and use of bulk supplied reagents, a unit was established at I N M O L for the production 
of in-house immunoassay reagents. Facilities were developed at this unit for radioiodination 
of antigens, antibodies, preparation of standards in human and horse serum, preparation of 
thyroxine/triiodothyronine (T4/T3) hormone free serum, cellulose coupling of antibody and 
IQC/EQAS pools preparation. The major result of this activity is that the total dependency 
on imported kits has been reduced and improved services to patients have become available 
with cost reduced at least tenfold. Significant results and achievements of the scheme are 
described in the paper. 

1. INTRODUCTION 

Almost 90% of the workload in Pakistan to provide diagnostic services in hor-
mone assays is in the field of thyroid related hormones. Methodologies based upon 
isotopic in vitro techniques are mainly available through nine nuclear medicine insti-
tutes of the Pakistan Atomic Energy Commission (PAEC). Before the introduction 
of this scheme radioimmunoassay (RIA) and immunoradiometric assay (IRMA) were 
performed using imported commercial kits. This involves foreign exchange and 
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often the quality of results has to be compromised because of the limited availability 
of kit reagents. 

A project proposal was prepared at Lahore PAEC Centres to develop facilities 
for local production of in-house assay reagents. Support was made available for this 
project through the IAEA's regular technical assistance programme PAK 6/007 and 
regional project RAS 6/011. Essential feàtures of the project were to acquire 
experience in the distribution and use of in-house bulk supply reagents available from 
an external source, and simultaneously to develop expertise, facilities and resources 
within the country for transfer of technology for the production of thyroid related 
hormone reagents and for their application in in-house assay procedures. 

Experience using bulk supplied reagents purchased.from the Northeast Thames 
Region Immunoassay Unit London, United Kingdom (NETRIA), and its devolution 
with the locally produced reagents are described in this paper. Some essential proper-
ties of the reagents produced and the output of the project are also described. Princi-
ples of organization are based on those given in Refs [1] and [2]. 

TABLE I. USE OF COMMERCIAL KITS DURING 1985-1987 IN PAKISTAN 
(BEFORE THE INTRODUCTION OF IN-HOUSE ASSAY REAGENTS) 

Period Period 
y t e ' , 1985-1986 1986-1987 

T4 25 000 tubes , . 35 000 tubes 

T3 35 000 tubes .40 000 tubes 

TSH 25 000 tubes 35 000 tubes 

FT4 25 000 tubes 35 000 tubes 

TABLE II. QUANTITIES OF IN-HOUSE ASSAY REAGENTS PROVIDED BY 
THE IAEA IN 1987-1988 FOR USE AT NATIONAL LEVEL (8 LABORATO-
RIES) FOR IN-HOUSE ASSAY OF THYROID RELATED HORMONES 

Analyte No. 

T4 35 000 tubes 

T 3 25 000 tubes 

TSH 20 000 tubes 
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2. ORGANIZATION OF BULK SUPPLIED IN-HOUSE ASSAY REAGENTS 

Quantities of commercial kits (in terms of tubes) used at national level before 
the introduction of the bulk reagents redistribution scheme are shown in Table I. 
Total quantities of the reagents provided by the IAEA to the Institute of Nuclear 
Medicine and Oncology Lahore (INMOL) (national co-ordinator) for redistribution 
in the country are shown in Table II. These were redistributed into appropriate 
volumes for each reagent and were supplied after freeze drying. Supplies were made 
to the participating laboratories from INMOL in three distributions and were also 
used in national training courses organized at the start of the scheme. Another course 
was organized during the second year of the scheme as a follow-up. Teachers for 
these national training courses came from within the country, having been trained 
previously by participation in IAEA regional training courses, IAEA fellowships and 
through the expert services arranged by the IAEA at INMOL. 

The participants in national training courses were provided with a format for 
the feedback of results describing the use and performance of reagents in their 
laboratory. The feedback format required information about % binding (B/T), non-
specific binding (NSB), standard curve parameters, response/error relationship 
(RER) parameters, ED2o, ED50, ED80 along with quality control (QC) results. The 
participants were given training in immunoassay data reduction and quality control 
analysis on an IBM-PC using IAEA software [3] with modifications [4]. 

TABLE III. STOCK SOLUTIONS AND REFERENCE MATERIALS USED 
FOR PREPARATION OF T4, T3 AND TSH STANDARDS AT INMOL 

Standard Stock material Base Reference material 

T4 250 iimoVL Human serum NETRIA 
ethanol (stripped) (UK) . 

T3 50 / imol/L Human serum N E T R I A 
ethanol (stripped) (UK) 

TSH 10 I U / m L Horse serum IRP-80/558 
lyophilized 

t 
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FIG. 1. Correlation studies comparing the values of INMOL calibration curve (T3) versus 
NETRIA. At least ten assays were performed, either in duplicate or quadruplicate. 

3. PRODUCTION AND USE OF IN-HOUSE ASSAY REAGENTS 

3 .1 . Standards 

Thyroxine (T4) and triiodothyronine (T3) standards were prepared in hormone 
free human serum. The serum was stripped through a charcoal celite column [5]. The 
stock materials used for T4/T3 are described in Table III. A thyroid stimulating hor-
mone (TSH) standard was prepared in horse serum using International Reference 
Preparation (IRP) II (80/558). Correlation studies were made on INMOL standards 
(T4, T3, TSH) against NETRIA standards by comparing the standard curve 
parameters. The correlation data plot for T3 results is given in Fig. 1. 

3 .2 . Radioiodination of antigen and monoclonal antibody 

The radioiodination was carried out by the chloramine-T method. Figure 2 
describes the elution profile of radioiodinated monoclonal antibody (MAb) TSH. 
Properties of the tracers prepared at INMOL are given in Table IV. 
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FIG. 2. Elution profile of 1251 labelled MAb TSH. A sephacryl S300 18 cm column was 
used. The column was eluted with 0.05M phosphate. Buffer (pH7.4) containing 0.5% bovine 
serum albumin (BSA) overnight at 8° С at a flow rate of3 mL/h. Ten-minute fractions (0.5 mL) 
were collected. 

3.3. Solid phase coupled antibody 

Covalent coupling of anti-TSH (sheep) with cellulose (Sigma cell type 20) was 
carried out by using a carbodiimidazole coupling method [6]. Properties of the 
product were studied by matching % binding results of standard curve points 
produced in an assay system in which INMOL solid phase anti-TSH was used in 
place of NETRIA solid phase. These results were compared with the results obtained 
using NETRIA reagents only. The comparison of results is given in Table V. 
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TABLE IV. PROPERTIES OF VARIOUS BATCHES OF T4, T3 AND TSH 
TRACER PREPARED AT INMOL 

l25I T4 I 2 5 j T 3 125I MAb TSH 

Specific 0.13-5.5 0.5-1.3 8-13 
activity (mCi/fig) (mCi//¿g) (pCi/pg) 

Concentration 1.5-2.0 2.0-2.30 18-32 
0tCi/mL) 

Sensitivity 1.2-6.4 0.07-0.15 0.04-0.08 
(nmol/L) 

Range of 15-56 23-65 65-96 
% yield 

% Binding at 60-70 40-50 0.03-0.08 
zero dose 

Non-specific <1.5% <1.5% — 

binding 

1 Ci = 37 GBq. 

TABLE V. PERFORMANCE OF INMOL SOLID PHASE COMPARED WITH 
REFERENCE REAGENTS 

Standards INMOL solid phase Reference reagents 
Conc. mlU/L TSH % binding % binding 

0.0 . . . . 0.06 0.06 

0.3 0.35 0.32 

0.6 0.54 0.52 

3.0 2.90 2.83 

7.5 6.01 5.85 

15.0 10.50 10.85 

30.0 22.44 ' ' 22.38 

60.0 . 37.63 37.42 

QC A 12.05mIU/L 12.56mIU/L 

QC В 4.98mIU/L 4.91mIU/L 

QC С 1.45mIU/L 1.50mIU/L 
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FIG. 3. Histogram describing yearly increase in X rate of production in T4 (.&), ТЗ (Щ1) and 
TSH (Щ) in-house assay reagents. 

FIG. 4. Annual production rate at ¡NMOL of in-house assay reagents for thyroid related 
hormones. 

Figure 3 describes the annual increase' in the production and use of T4, T3 
(RIA) and IRMA TSH reagents in terms of tubes. Figure 4 shows the annual produc-
tion rate of in-house assay reagents for T4, T3 and TSH. These figurés show that 
there has,been at least a twofold increase since 1988 in the use of in-house assay 
reagents for thyroid related hormones. : . 
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FIG. 5. Quality control pool chart giving an assessment of stability in T4 RIA. The figure also 
explains stability in the performance of new batches of tracer. 

4. PERFORMANCE OF REAGENTS 

The performance of reagents was evaluated by distribution of internal quality 
control (IQC) and external quality assessment scheme (EQAS) pools in the scheme. 
These materials were prepared at INMOL for the desired concentration of each pool 
by using pooled human donor sera heat treated at 56°С for 30 minutes. The IQC 
results for T4 are given in Fig. 5. These results show stability in QC values obtained 
in different assay batches and with different tracer batches. 

5. ANTIBODIES 

The following antibodies have been prepared at INMOL and are in use for 
immunoassay work. 

— Donkey anti-sheep serum (DASS) 
— Sheep anti-rabbit serum (SAR) 
— Anti-albumin (rabbit). 

Primary antibodies anti-T3 and anti-T4 are available in bulk from several 
sources. In this scheme all antibodies required were purchased through NETRIA. 
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FIG. 6. • Histogram showing the use of commercial kits, No. of patients |QJ, No. of tubes 
assayed (Q) and cost in US$ (Ш) compared with in-house assay reagents. 

6. COST , . . . 

A description of cost for commercial kits purchased at national level during 
1985-1986 and 1987-1988 is given in Fig. 6. In. this figure the cost for in-house 
assay reagents during 1990-1991 is also presented. The figure also compares the 
workload in terms of number of patients and assay tubes. It is apparent from Fig. 6 
that increased services are available at reduced cost. • 

7. OUTPUT 

A significant result of the scheme is that the total dependency on imported 
reagents has been reduced and that there is a unit in the country from where in-house 
assay reagents are being supplied to the domestic user laboratories, and to some 
Asian Pacific countries. Another important contribution the scheme has made is the 
development of concepts among user laboratories for immunoassay data reduction 
analysis and quality control. The reliability of results has thus improved, giving a 
better quality of services to the patients. Trained scientists have become available in 
the country whose services can be utilized for the production of reagents for other 
hormone assays. 
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The scheme is cost effective and funds saved could be utilized for the 
implementation of research and development projects in related fields. Such activi-
ties have already been developed and an ongoing study is being made at INMOL for 
the detection of microalbuminuria among diabetics. The reagents for this study have 
been prepared at INMOL and are in regular use. 

Other projects in which work plans are being prepared are reagents for dry 
blood spot assay of TSH, magnetic partical linking of antibodies and development 
of facilities for the preparation of the monoclonal antibodies. 

REFERENCES 

[1] EDWARDS, R., PULL, P.I., "Development and operation of a regional immunoassay 
scheme", Immunoassays for Clinical Chemistry (HUNTER, W.M., CORRIE, I.E.T., 
Eds), Churchill Livingstone, Edinburgh (1983) 16-24. 

[2] SUFI, S.B., JEFFCOATE, S.L., HALL P.E., GONCHAROV, N., "Five years' 
experience with the World Health Organization Matched Assay Reagent Programme in 
Research in Human Reproduction", Radioimmunoassay and Related Procedures in 
Medicine 1982 (Proc. Symp. Vienna, 1982), IAEA, Vienna (1982) 555-571. 

[3] DUDLEY, R.A., "Radioimmunoassay (RIA) data processing on programmable calcu-
lators", Radioimmunoassay and Related Procedures in Medicine 1982 (Proc. Symp. 
Vienna, 1982), IAEA, Vienna (1982) 411-421. 

[4] PIYASENA, R.D., Radioimmunoassay Data Processing Program for IBM PC Com-
puters: A User's Manual, IAEA-TECDOC-509, IAEA, Vienna (1989). 

[5] MCLEAN, C., WERNER, D.A., AMINOFF, D. ; Quantitative determination of 
reducing sugars, oligosaccharides and glycoproteins with (3H) borohydride, Anal. 
Biochem. 551 (19.73) 72-84. 

[6] CHAMPMAN, R.S., SUTHERLAND, R.M., RATCLIFFE, J.G., "Application of 
1,1' — carbonyldiimidazole as a rapid practical method for the production of solid 
phase immunoassay reagents", Immunoassays for Clinical Chemistry (HUNTER, 
W.M., CORRIE, J.E.T., Eds), Churchill Livingstone, Edinburgh (1983) 178-191. 



IAE A-SM-324/21 

UTILIZATION OF DNA RECOMBINANT TECHNIQUES 
FOR THE PREPARATION OF RADIOIMMUNOASSAY 
REAGENTS FOR PITUITARY HORMONES* 

P. BARTOLINI, L.E. MORGANTI, Y. MURATA, M.T.C.P . RIBELA, 
I. SCHWARZ, M.H. BELLINI, C.R.J . SOARÈS 
Division of Medicine, 
Department of Application of Nuclear Techniques in Biological Sciences, 
National Nuclear Energy Commission ( IPÈN-CNEN), 
Säo Paulo, Brazil 

Abstract 

UTILIZATION OF DNA RECOMBINANT TECHNIQUES FOR THE PREPARATION OF 
RADIOIMMUNOASSAY REAGENTS FOR PITUITARY HORMONES. 

The complementary DNA (cDNA) of human growth hormone (hGH) and human 
prolactin (hPRL) have been cloned in bacteria after screening a library that was obtained start-
ing directly from human pituitary mRNA. Recombinant hGH (rec-hGH) was also expressed 
and secreted in E. coli periplasmic space and subsequently purified through three different 
chromatographic steps. After testing its purity, potency and identity with purified hGH (pit-
hGH), rec-hGH was used for the preparation of radioimmunoassay reagents. Its suitability for 
radioiodination and immunological equivalence to pit-hGH were confirmed, its relative 
immónólogical activity being 1.037 ± 0.063 in comparison with a well known reference 
preparation, NIDDK-hGH-RP-1, from the National Institute of Diabetics and Digestive and 
•Kidney Diseases, Bethesdà, MD, USA. Thé synthetic hPRL gene was also obtained from the 
same cDNA pituitary library, its identity to the published sequence coding for the human hor-
mone being demonstrated. An expression vector is now being constructed, following a 
strategy similar to that already used for rec-hGH preparation, purification and testing, pursu-
ing the same goal of radioimmunoassay reagents preparation. 

1. INTRODUCTION 

The difficulties of extracting and purifying human pituitary hormones e.g. 
growth hormone (hGH), prolactin (hPRL), thyroid stimulating hormone (hTSH), 
luteinizing hormone (hLH), follicle stimulating hormone (hFSH), are widely known 
and so are the difficulties of obtaining these glands from autopsy and the dangers 
related to their manipulation. Some of these hormones are present in the hypophysis 

* Work' supported by Research Project No. 4386035100, PADCT-FINEP-CNPq 
(Brazil) and IAEA Research Contract No. 4299. 
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in extremely limited amounts and, moreover, their similar physicochemical proper-
ties make their separation and purification very cumbersome. All these problems can 
be largely resolved by the use of deoxyribonucleic acid (DNA) recombinant tech-
niques, through which high amounts of human proteins, and more recently also 
glycoproteins, can be produced by transformed prokaryotic or eukaryotic cells. 

The present study describes the utilization of recombinant hGH, already pre-
pared and tested in our laboratory mainly for therapeutic applications [1], for the 
additional purpose of radioimmunoassay reagents preparation. To date, although 
most of these pituitary hormones have, been already obtained by DNA recombinant 
techniques, their utilization for in vitro diagnostic techniques has been mentioned 
only very seldom [2]. The cloning of human prolactin gene, for the same purpose, 
is also presented. 

2. METHODS 

2Л. Preparation of a cDNA pituitary library 

This type of library was obtained starting from pituitary material and obtaining 
total RNA by the guanidinium caesium chloride centrifugation method. Poly (A)+ 

RNA was obtained by purification on oligo (dT)-celiulose column (Sigma Chemical 
Ço., St. Louis, MO, USA) and from this a double stranded cDNA was prepared usng 
the Amersham cDNA synthesis system. and protocol (Amersham International, 
Amersham, United Kingdom). The cDNA cloning system in Xgt 10, from the same 
manufacturer, was used to prepare the cDNA library. , , 

2.2. Screening of the cDNA pituitary library 

In both cases, for hGH and hPRL genes, the screening was carried out using 
two probes: a 21-mer synthetic oligonucleotide, hybridizing with a portion of the 5 ' 
non-coding sequence of the cDNA and rat GH-cDNA or rat PRL-cDNA, which have 
a high degree of homology with the coresponding human cDNAs, kindly donated by 
Dr. Mlartial (University of Liège, Belgium). Sequencing was carried out using the 
method of Sanger et al. [3]. 

2.3. Préparation of the bacterial expression vector 

This work was done following an original construction design (patent applied 
for) which led to E. coli periplasmic secretion of the cloned protein. 
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2.4. Purification of rec-hGH 

The purification process was carried out in three chromatographic steps, using 
Octyl Sepharose CL-4B, diethylaminoethyl (DEAE), Sepharose Fast Flow and 
Sephadex G-100, as described by Lefort and Ferrara [4]. The required battery of 
identity, potency" and purity tests was carried out on the purified product. 

2.5. Radioiodination 

The l25I labelling was carried out using the technique described by Biscayart 
et al. [5], employing 0.5-0.7 mCi1 of radioisotope (Medgenix Diagnostics, 
Wevelgem, Belgium). The tracer purification was performed by gel filtration on 
Sephadex G-100. 

2.6. Radioimmunoassay ' 

Assays were carried out in a classical manner, with simultaneous addition of 
all reagents (tracer, reference preparation and first antibody) incubating for 
24 hours and using a liquid phase second antibody separation technique. Pit-hGH 
reference preparation, NIDDK-hGH-RP-1, from the National Institute of Diabetes 
and Digestive and Kidney Diseases, Bethesda, MD, USA, uséd for the standard 
curve, was kindly donated by the National Hormone and Pituitary Program 
(Baltimore, MD, USA). 

3. ' RESULTS . • • •• . ••" -

Figure 1 shows a schematic representation of the main steps involved in the 
preparation of rec-hGH and rec-hPRL. In Fig. 2 the three chromatographic purifica-
tion steps utilized for rec-hGH preparation are presented. Transformed E. coli cells 
were grown and submitted to an osmotic shock [6] in order to obtain the desired pro-
tein mainly in the periplasmic fluid- (hGH, determined by ; radioimmunoassay, 
represented approximately 15-20% of the total periplasmic protein). This was then 
purified by hydrophobic interaction chromatography on Octyl Sepharose CL-4B, 
obtaining a specific activity increaséd by about 4-5 times. The fractions containing 
hGH were pooled - and loaded directly onto a DEAE Sepharose Fast Flow ionic 
exchange chromatographic column after having determined the protein and hGH 
radioimmunoassay content; and obtaining a purity of moré than 90%. The final 
purification was carried out on Sephadex G1100, obtaining a practically pure 

1 1 Ci = 37 GBq. 
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FIG. 1: Preparation of hGH and hPRL by DNA recombinant techniques. 

product. The quality of the hormone obtained was controlled by reducing and non-
reducing sodium diodecylsulphate Polyacrylamide gel electrophoresis (SDS-PAGE), 
native PAGE, size exclusion and reverse phase high pressure liquid chromatography 
(HPLC), isoelectric focusing, tryptic mapping and biological assay in hypophysec-
tomized rats. 

. Figure 3 shows typical radioiodination of rec-hGH to a relatively low specific 
activity: 40 ßCi/pg. A comparison of the distribution coefficient (Kd) with previ-
ously pooled data [7] indicates the presence of the monomeric form, only, with practi-
cally no aggregate. The usual presence of a quite large peak of bovine serum albumin 
(BSA) carried 125I and of unreacted 125I can also be observed. 

In Fig. 4 the two standard curves obtained with a pituitary reference prepara-
tion, NIDDK-hGH-RP-1, and with rec-hGH are presented. While the reference 
preparation was. plotted in terms of the declared content (ng/mL), the unknown 
preparation was plotted in terms of microlitres of undiluted solution of rec-hGH used 
in the assay. A good parallelism between the two curves can be observed while, on 
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( a ) Octyl Sepharose CL-4B 
Absorbance 280 nm 

( b ) DEAE Sephárose Fast Flow 
Absorbance 280 nm " NaCI(M) 

( c ) Sephadex G-100 
Absorbance 280 nm 

FIG. 2. Purification of rec-hGH from E. coli periplasmic fluid, (a) Octyl Sepharose CL-4B: 
column size, 13 X 1.25 cm; flow rate, 30 mL/h; wash with 0.2M ammonium acetate 
(NHjAc); elution with 0.0IM NHjAc, 0.01M NH4Ac + 10% acetonitrile (ACN), 0.01 M 
NHjAc + 30% ACN. (b) DEAE Sepharose Fast Flow: column size, 10 x 1.25 cm; flow rate, 
30 mL/h; elution in 0.01 M NH^Ac; gradient 10-50mM NaCl: (c) Sephadex G-100: column 
size, 83 X 1.25 cm; flow rate, 12 mL/h;. elution,in-ammonium bicarbonate 0.05M. 
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Counts/min (thousands) 1 

FIG. 3. Example of purification of radioiodinated rec-hGH on Sephadex G-100. Column 
size, 40 X 2.5 cm; flow rate, 12 mL/h. 

FIG: 4. A comparison between RIA curves of pit-hGH (NIDDK-hGH-RP-1) in ng/mL and 
rec-hGH (National Nuclear Energy Commission, Brazil) in /лL. 
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( S A N G E R M E T H O D ) 

C O M P A R E D W I T H 
P U B L I S H E D S E Q U E N C E 

( T R U O Ñ G , 1984) [8] 

FIG. 5. Cloning and sequencing of full length hPRL-cDNA. 

the basis of the determined protein content? the. recombinant preparation presented 
a relative activity'of 1.037 ± 0.063 (CV — 6.1% for n = 4 independent assays) in 
terms of NIDDK-hGH-RP-1. 

The strategy of cloning, subcloning and sequencing of hPRL-cDNA is 
presented in Fig. 5. A problem had to be resolved in the subcloning process. Consid-
ering that the pituitary library had been cloned in the XgtlO Eco RI site and that 
hPRL-cDNA also includes one of these sites, the prolactin gene was, unfortunately, 
split into two fragments. Milder digestion conditions were set up, decreasing incuba-
tion time, in order to preserve the integrity of hPRL-cDNA. 
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4. DISCUSSION 

Human growth hormone, produced in bacteria by DNA recombinant tech-
niques, was successfully utilized in the preparation of radioimmunoassay reagents. 
Both radioiodinated and reference preparations were indistinguishable f rom the cor-
responding pituitary derived preparations. 

Human prolactin, a protein which is present in human pituitary in extremely 
limited amounts (50-100 /¿g/gland) and therefore extremely expensive in its purified 
form, is being prepared for the same purpose. 

The next step, in collaboration with an experienced laboratory, will be the 
preparation of recombinant hTSH, a hormone which is formed by two different 
subunits and which, because of its glycoproteic composition, has to be expressed in 
eukaryotic cells. 
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Abstract 

AFFINITY CHROMATOGRAPHY OF POLYCLONAL ANTISERA TO PREPARE 
SPECIFIC ANTIBODIES: A PRACTICAL ALTERNATIVE TO MONOCLONAL 
ANTIBODIES. 

Purified antibodies were prepared by affinity chromatography from polyclonal antisera 
and found to be practical alternatives to monoclonal antibodies. Some of the purified poly-
clonal antibodies were shown to have improved specificity and increased equilibrium constant. 
They were suitable for ràdioiodination and subsequent use as radiolabeled tracers in 
immunoradiometric assays. They could also be used to couple to a solid phase material for 
use in the two-site immunoradiometric assay. The technique was simple to use, cost effective 
and could also be introduced to conserve antisera with low titres normally discarded. 

1. INTRODUCTION 

Purified antibodies are required for the production of radioiodinated tracers in 
radiolabeled immunoassays and are often used for coupling to solid phase supports 
in appropriate immunoassays, particularly where the solid phase has a limiting 
capacity. 

Monoclonal antibodies are frequently used in such a capacity as they are 
usually specific and readily available in a purified form. However, experience of 
working with monoclonal antibodies has revealed a number of deficiencies. They are 
sometimes less stable than polyclonal antibodies, may have lower affinity, may be 
too expensive or even unavailable. Their production also requires specific expertise 
ártd equipment which is not always available locally. In this study, purified antibod-
ies were prepared from polyclonal antisera and used in radioimmunoassays (RIA) 
and immunoradiometric assays (IRMA). 

2 0 5 
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2. MATERIALS AND METHODS 

Immunosorbents were prepared by coupling antigen or haptenTalbumin con-
jugates to cyanogen bromide activated Sepharose 4B in accordance with established 
methods. Details are given below. 

Cyanogen bromide activated Sepharose 4B (Pharmacia) was swollen in ImM 
hydrochloric acid (200 mL to 1 g) and washed oin a sintered glass filter for 15 min. 
Antigen or hapten-albumin conjugate (1-2 mg per g of immunosorbent) was dis-
solved in an azide free coupling buffer consisting of lOOmM ammonium bicarbonate 
(BDH) and 500mM sodium chloride, pH8.0. This was added to the swollen gel 
mixed by gentle rotation for 2 h at room temperature. The gel was then centrifuged 
at 1000g for 15 min and the supernatant decanted. Any remaining active sites on the 
gel were inactivated by reaction with 1M ethanolamine (BDH) (pH8.0 n coupling 
buffer) for a further 2 h. The ethanolamine in solution was removed by a repeat cen-
trifugation and décantation. The prepared immunosorbent was washed with three 
cycles of alternating pH as follows: (a) 0.1M sodium acetate trihydrate (BDH) pH4.0 
containing 1M sodium chloride, no azide (5 mL per g); (b) 0.1 M di-sodium 
tetraborate (BDH) pH8.0 containing 1M sodium chloride, no azide (5 mL per g). 

The gel was finally washed in 50mM phosphate buffer and stored at 4°C prior 
to use. 

Specific antibodies were absorbed on to the immunosorbent over a period of 
1-2 days directly from antisera or from immunoglobulin G (IgG) fractions precipi-
tated from antisera. The antibody-immunosorbent was washed on a column 
(0.9 x 10 cm, Pharmacia) with phosphate buffer 0.05M, pH7.4 and then eluted with 
a descending continuous or stepwise pH gradient from pH7 to,pH3 in the presence 
of 20% acetonitrile [1] at 6-12 mL/h. One mL fractions were collected, neutralized 
by addition of an appropriate volume of 1M ammonium acetate. The elution profile 
was monitored spectrophotometrically at 280 nm and by immunoreactivity with 
appropriate l25I tracers prepared by routine methods [2]. Major peaks of 
immunoreactivity or of absorbance were pooled and the acetonitrile removed by 
chromatography (20 x 25 cm Sepharose G10), ultrafiltration or dialysis in 0.05M 
borate buffer pH8. In some cases the purified antibody preparation was lyophilized. 

3. RESULTS 

Purified antibodies were prepared from anti-human thyroid stimulating hor-
mones (hTSH), see Fig. 1, and anti-human growth hormone (hGH). Both antibodies, 
were radioiodinated using Chloramine-T and chromatographed on Seplmcryl S-300 
(Pharmacia) columns (1 x 60 cm). The chromatographic profile of radioiodinated 
anti-hGH is shown in Fig. 2. These radiolabeled antibodies were used in IRMAs 
for hTSH and hGH and gave good assay characteristics. The mean sensitivity (at 
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Fract ion number 

FIG. 1. A profile of eluted antibodies (absorbance at 280 nm) plotted against the stepwise 
pH gradient, following affinity chromatography of polyclonal sheep anti-TSH. The main peak 
of purified antibody is eluted at pH4 (20% acetonitrile). 

FIG. 2. Elution profile of products from the radioiodination of affinity purified polyclonal 
sheep anti-hGH, following• chromatography on Sephacryl S-300• column' (1 x 60 cm). 
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FIG. 3. Precision profiles (mean of several assays) of hTSH and hGH IRMA assays using 
l25I-labelled affinity purified anti-hTSH and anti-hGh as tracers in respective assays. 

Elution volume (mL) 

FIG. 4. Purification of anti-sheep second antibody by affinity chromatography; the elution 
profile indicates two populations of antibodies, one specific for sheep immunoglobulins and 
the other non-specific, as it reacts with both sheep and rabbit immunoglobulins. 
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Fraction number 

FIG. 5. Elution profiles ofanti-18-39 ACTH peptide antibodies following affinity chromatog-
raphy of polyclonal sheep . anti-18-39 • ACTH peptide. Absorbance 
(280 nm) plotted against fraction number indicates the major peaks of protein. Immunoreac-
tivity, plotted on a relative scale, is measured by the binding of mI-ACTH tracer. The two 
profiles are not proportional, indicating different affinities. The major peak of antibodies is 
eluted between pH4.0 and pH3.5. 

2.5 SD from zero standard) for the hTSH IRMA was 0.7 mlU/L; and 0.9 mlU/L 
for hGH IRMA. Precision profiles for these assays are shown in Fig. 3. These assays 
compared well with IRMAs using radiolabelled monoclonal antibodies or polyclonal 
RIA, e.g. mean sensitivity for 'monoclonal' hTSH IRMA = 0.05 mlU/L; 10 mlU/L 
for hGH polyclonal RIA. 

Purified antibodies were also prepared from polyclonal antisera to Cortisol, 
thyroxine (T4), progesterone and sheep immunoglobulin (donkey anti-sheep). Some 
purified antibodies showed evidence of increased specificity. Eluted populations of 
anti-GH showed varying cross-reactivity towards human placental lactogen (HPL). 
HPL cross-reacted <0.01% with two pools against 0.08% with the original anti-
serum. Likewise, three anti-cortisol populations showed differing specifications. 
Prednisoline cross-reacted 32% with one pool against 56% with the original anti-
serum. Purified anti-progesterone antibodies1' showed 1.1% cross-reactivity with 
corticosterone against; 4.3% with the original-antiserum. Similar enhancement of 
antibody specificity was observed for anti-thyroxine (T4) and donkey anti-sheep 
serum, as shown in Fig. 4. 

Highly purified polyclonal antibodies specific for either N or С terminal por-
tions of the peptide adrenocorticotrophic hormone (ACTH) were prepared from 
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( b ) 

FIG. 6. (a) Standard curve ófÁCTH IRMA using solid-pHase ahti-18-39 antibodies and 
labelled anti-I-24 antibodies; (b)- Precision profile for the same ACTH IRMA). 
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immunosorbents using either amino acid sequence .1-24 peptide or sequence 18-39 
peptide, respectively. The elution profile of anti-18-39 peptide is shown in Fig. 5. 
These purified antibodies, anti-18-39 peptide coupled to a solid phase and anti-1-24 
peptide used for the radioiodinated tracer, have been used to develop a sensitive and 
specific IRMA. A typical standard curve and precision profile for the ACTH IRMA 
is shown in Fig. 6 (a) and (b). 

Àn increase in affinity constant (K value) was shown for the anti-hTSH affinity 
purified antibody. The К value for the purified antibody was 3.7 X 1010 L-mole"1 

compared with 2.6 x 1010 L-mole"1 for the original antiserum. In some examples, 
e.g. donkey anti-sheep sera, anti-T4 and anti-progesterone, purified polyclonal anti-
bodies were prepared from low titre antisera which would otherwise have been 
discarded. 

4. DISCUSSION 

The affinity purified antibodies prepared in this study can clearly be used satis-
factorily in radiolabeled immunoassays, especially in the IRMA format. Affinity 
purification of antibodies is not a novel concept; however, reported yields have 
usually been very low. The consequent excessive waste of antisera has often ren-
dered the technique impractical. The yield of purified antibodies in this study was 
generally greater than 50%, making the procedure extremely practical in this 
respect. 

The general performance of IRMAs with radiolabeled affinity purified anti-
bodies as tracers was good and, in the examples given, hTSH, hGH and ACTH, they 
have adequate precision and sensitivity for clinical use. In this respect, affinity 
purified polyclonal antibodies were seen to compare well with monoclonal 
antibodies. 

These results indicate that affinity purification of polyclonal antibodies can 
lead to an enhancement of specificity and К value. This could be extremely important 
in improving the performance of existing RIAs. The technique could be considered 
in order to utilize antisera of low titre, particularly pools of second antibody, which 
might otherwise be discarded. The technique could also be considered when there 
is a need to prepare solid phase antibodies where the solid phase material has a 
limited capacity. In conclusion, these techniques were found to be easy to use, 
practical, cost effective and a suitable alternative to monoclonal antibodies. 
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Abstract 

SETTING UP A LATIN A M E R I C A N R E F E R E N C E PREPARATION O F H U M A N 
THYROTROPIN A N D ITS VALIDATION T H R O U G H AN I N T E R N A T I O N A L INTER-
LABORATORY S T U D Y . 

A human thyrotropin (hTSH) extract to be used within the IAEA-organized 
A R C A L VIII programme (Regional Co-opërativè Arrangements for Promotion of Nuclear 
Science and Technology in Latin America), whose main objective is the preparation and stan-
dardization of reagents and assays for the determination,of thyroid related hormones, has been 
prepared in the laboratory of the National Nuclear Energy Commission ( IPEN-CNEN), Sâo 
Paulo. The purified and ampouled reference preparation was first submitted to an eight-month 
preliminary intra-laboratory quality control. Its potency, determined via immunoradiometric 
assay (IRMA) (n = 6 assays) against NIDDK (National Institute of Diabetes and Digestive 
and Kidney Diseases, Bethesda, M D , USA) and NETRIA (North East Thames Region 
Immunoassay Unit, London, United Kingdom) reference preparations, was 
58.8 ± 6 .6 /xIU/ampoule, while ampoule variability showed an intra-assay inter-ampoule 
(n = 6) coefficient of variation of 4 . 1 % . After testing this preparation in an A R C A L VIII 
Regional Training Course, a certain number of ampoules were distributed to each one of the 
14 participating Latin American countries, to six rnore A R C A L VIII participating Brazilian 
laboratories and to the W H O Reference Laboratory (Hammersmith Hospital, London, United 
Kingdom). A total of 185 unknown samples were analysed by 14 different laboratories using 
the Latin American and NETRIA hTSH reference preparations. A linear regression analysis 
carried out on these data presented a correlation coefficient r = 0 .954 and a slope = 1.03, 
with a highly significant correlation (p < 0.001) between the two sets of results. The stability 
of the Latin American Reference Preparation was, also confirmed through a 20 month intra-
laboratory study. The W H O Reference Laboratory found it sufficiently pure, the standard 
curve running parallel to a well-known commercial preparation which is calibrated against 
WHO-IRP-hTSH-80/558. 1 

* Work supported by Research Project; No. 4386035100 PADCT-FINEP-CNPq 
(Brazil) and IAEA Research Contract Nos 4299 and 4872. 

2 1 3 



2 1 4 . RIBELA et al. 

1. INTRODUCTION \ 

Worldwide, human thyrotropin (hTSH) assay is the most widely used tech-
nique in neonatal hypothyroidism screening programmes, an urgent necessity for 
most Latin American countries [1]. Thanks to the experience already acquired by our 
laboratory in pituitary hormone extraction, purification and control [2] we could 
offer our collaboration for the setting up and distribution of a Latin American refer-
ence, preparation of hTSH. In this work we closely followed the NETRIA (North 
East Thames Region Immunoassay, Unit, London, United Kingdom) programme [3] 
and the recommendations and publications of the National Institute for Biological 
Standards and Controls (NIBSC) (London, United Kingdom), a World Health 
Organization (WHO) laboratory for standard preparations [4]. 

An intra-laboratory study, directed to a first quality control of the ampouled 
reference preparation, was carried out at the National Nuclear Energy Commission 
(Regional Co-operative Arrangements for Promotion of Nuclear Science and Tech-
nology in Latin America) (IPEN-CNEN), Sao Paulo, the Brazilian ARCAL VIII 
reference laboratory,,The international interlaboratory work was organized consid-
ering all the fourteen ARCAL VIII participating countries and the WHO Collaborat-
ing Centre for Immunoassay. The main purpose was the validation of this Latin 
American reference preparation of hTSH through collaborative work designed not 
only to lead to the local production of this and other-imported reagents, but also to 
a useful interchange of scientific information and technology. 

2. METHODS 

2.1. hTSH extraction 

Extraction, purification and 'in,bulk' controls of pituitary hTSH are described 
in Paper IAEA-SM-324/61. 

2.2. Preparation of the ampoules 

The hTSH preparation was adequately diluted and, after addition of 2 mg/mL 
of RIA-grade bovine serum albumin (Sigma Chemical Co., St. Louis, MO, USA) 
ànd 10 ttíg/mL lactose, was distributed in ampoules (1 mL each). After 48 hours' 
lyophilization ánd 4 days' secondary desiccation under vacuum in' the presence of 
phosphorus pentoxide, the ampoules were sealed by heat fusion, under nitrogen, and 
stored at 4°C. After reconstitution with 1 mL of distilled water, six ampoules were 
used for the determination of inter-ampoule variation, while the hTSH content (or 
potency) was determined in an immunoradiometric assay (IRMA) design (NETRIA), 
through n = 6 independent assays. Each assay determined the mean of seven serial 
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FIG..1. Stability of hTSH-lPEN' ampouled reference preparation, determined over a 
20 month period. 

Std NETRIA 

Std'IPEN 

FIG. 2. Results of an inier-laboratory comparison between hTSH-NETRIA (United Kingdom) 
and hTSH-IPEN (Brazil) reference preparations on n = ¡85 unknown samples from: 
(a)-(f) different laboratories from the ARCAL VIII Latin American countries; (l)-(6) Brazilian 
ARCAL VIII participating laboratories. • • f ' , : > ' 
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dilutions covering the whole curve range, against the same NETRIA-hTSH refer-
ence preparation and NIDDK-hTSH-RP-1 (kindly donated by the National Hor-
mone and Pituitary Program, Baltimore, MD, USA). NETRIA and NIDDK 
(National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 
USA) reference preparations had both been calibrated against the second interna-
tional reference preparation IRP-hTSH-80/558 for immunoassay (NIBSC-WHO, 
London). The stability of the preparation was checked over a 20 month period 
(Fig. 1), determining its hTSH IRMÀ content by opening a new ampoule each month 
for the first year and every two months in the following period. 

j 

2.3. Collaborative study 

The hTSH reference preparation was. tested by four separate working groups 
during the Second ARCAL VIII Regional Training Course on Production and Use 
of Bulk Reagents for Radioimmunoassay' of Thyroid Related Hormones, held in 
Säo Paulo, Brazil, from 6 to'24 November 1989. Ten ampoules were distributed to 
each representative of the 14 ARCAL VIII participating countries, while six 
ampoules were given to each one of the six additional ARCAL VIII participating 
Brazilian laboratories. They were all asked to estimate the hTSH content of local 
quality control and unknown serum samples, in different ranges of the standard 
curves, in terms of our and NETRIA reference preparations. A calculation of the 
potency of our reference preparation was also requested. Only fourteen laboratories 
in nine countries effectively took part in this study; these are listed in Fig. 2. Each 
ARCAL VIII National Reference Laboratory is represented by a letter while the 
Brazilian participating laboratories.are indicated by a number. The sequence does not 
coincide with the order of listing. 

Some ampoules of the hTSH reference preparation were also kindly analysed 
by Dr. Sufi (WHO Collaborating Centre for Immunoassay, Hammersmith Hospital, 
London) in comparison with a commèrcial reference preparation (Serono MAIA1 

clone kit) which is calibrated in terms of the second International Reference Prepara-
tion, IRP-hTSH-80/558. 

3. RESULTS AND DISCUSSION 

The Latin American reference preparation of hTSH presented an IRMA 
activity of 58.8 ± 6.6 /JU/ampoule (interassay.CV = 11.2%) determined in intra-
laboratory comparison (In Fig. 2 of Paper ÏAEA-SM-324/61 an example of this 
determination is presented). The mean of the potency estimate determined in the col-
laborative, study (n = 19 assays) was 60.5 + 10.2 /¿IU/ampoule (inter-laboratory 

1 MAIA = Monoclonal anti-IgG assay. 
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CV = 16.9%). The inter-ampoule (n = 6) intra-assay coefficient of variation was 
4.1%. The preparation also presented a satisfactory stability over the 20 month 
period analysed, as shown in Fig. 1. Its purity and equivalence to the Serono MAIA 
clone kit standard curve were also declared by the above mentioned WHO Col-
laborating Centre. 

A highly significant correlation (p < 0.001) with a correlation coefficient 
r = 0.954 and practically no bias (slope = 1.03) was found in the determination of 
185 unknown samples carried out comparing the Latin American and NETRIA refer-
ence preparations. 

In Fig. 2 the results of this international collaborative study are presented, with 
the distribution of the values around the identity curve. We can observe higher scat-
ter in the lower dose region. 

We conclude that this Latin American reference preparation can be usefully 
applied in substitution for the imported reagent. A large number of ampoules have 
been prepared in our laboratory and are under testing for more rational and useful 
distribution, giving continuity to our work. 
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Abstract - Résumé 

C H A R A C T E R I Z A T I O N O F T H Y R O I D A N T I H O R M O N E ANTIBODIES D E V E L O P E D 
IN RABBITS.,. ' ' 

Thyroid hormones (T3 et T4) were coupled to bovine serum albumin (BSA) with 
glutaraldehyde in a two stage reaction. The different molecules applied at each stage of the 
coupling procedure were studied by UV-visible spectrophotometry. The coupling ratios of 
T3/BSA and T4/BSA were respectively 23 and 8. The electrophoretic motility of the 
conjugates in one band indicated that the products developed were homogeneous. Polyclonal 
antibodies were produced by rabbit immunizations with intradermal injections of the thyroid 
hormone immunogens emulsified in complete Freund 's adjuvant. The antibodies developed 
have high titre and specificity. Thus , they could easily be used in the development of 
immunoassay procedures for the determination of the total thyroid hormones or of the free 
fractions. . 

CARACTERISATION DES ANTICORPS A N T I - H O R M O N E S THYROÏDIENNES 
DEVELOPPES C H E Z LE LAPIN. 

Les hormones thyroïdiennes (T3 et T4) sont couplées à la sérumalbumine bovine (BSA) 
à l 'aide du glutaraldéhyde dans une réaction en deux temps. Les différentes molécules mises 
en jeu à chaque étape du processus de conjugaison sont étudiées par spectrophotométrie 
UV-visible . Les rapports de conjugaison T3/BSA et T4/BSA sont respectivement de 23 et 8. 
La migration électrophorétique des immunogènes en une seule bande plaide en faveur de 
l 'homogénéité structurale et moléculaire des conjugués obtenus. Les anticorps polyclonaux 
sont développés chez le lapin par injections intradermiques des conjugués émulsionnés dans 
l 'adjuvant complet de Freund. Les caractéristiques des anticorps développés (spécificité et 
titre) permettront ainsi de les exploiter pour la mise au point d 'un procédé d ' immunodosage 
des hormones thyroïdiennes totales ou des fractions libres. 

1. I N T R O D U C T I O N ¡ 

Outre l 'hypothyroïd ie qui doit être d é c é l é e très précocement chez les nouveau-

nés [1] , les patholog ies thyroïdiennes , dans certaines rég ions de l ' A l g é r i e , présentent 

un caractère endémique . La quantif ication des h o r m o n e s thyroïdiennes T 3 et T 4 est 

2 1 9 
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par conséquent indispensable pour poser un diagnostic.précis. Compte tenu de leur 
faible concentration dans les humeurs biologiques, leur quantification nécessite des 
techniques spécifiques et très sensibles mettant en jeu des anticorps de très haute 
affinité [2-4]. Dans la perspective de mettre au point un procédé d'immunodosage, 
nous nous sommes intéressés dans le présent travail à la production et à la caractéri-
sation des anticorps anti-hormones thyroïdiennes.chez le lapin. 

2. MATERIEL ET METHODES 

2.1. Couplage des hormones thyroïdiennes à la sérumalbumine bovine 

La pureté des hormones thyroïdiennes est vérifiée par HPLC selon la méthode 
de Nachtmann [5]. La conjugaison des hormones thyroïdiennes T3 et T4 (Sigma, 
Chemical, Etats-Unis) à la sérumalbumine bovine (Sigma) est réalisée avec le 
glutaraldéhyde (Merck), selon la méthode rapportée par A v rameas et al. [6]. Cette 
méthodeconsiste, dans un premier temps, à activer la BSA avec le glutaraldéhyde, 
puis, dans un deuxième temps, à ajouter, après élimination de l'excès de l'agent de 
conjugaison, les hormones thyroïdiennes T3 et T4. 

Les conditions expérimentales détaillées ainsi que les différentes molécules 
impliquées dans le processus réactionnel et les conjugés. développés sont étudiés par 
spectrophotométrie UV-visible et électrophorèse et décrits dans un autre article [12]. 

Le dosage des protéines totales est effectué dans les fractions des deux étapes 
de couplage selon la technique de microbiuret décrite par Goa [7], la BSA étant 
utilisée comme standard. 

2.2. Développement et caractérisation des anticorps anti-hormónes 
thyroïdiennes 

Les anticorps polyclonaux dirigés contre les hormones T3 et T4 sont obtenus 
par immunisation de lapins selon la méthode de Vaïtukaitis et al. [8]. 

Les conjugués BSA-T3 et BSA-T4 sont d'abord ajustés à une concentration 
protéïque de 120 ¿¿g/mL de tampon phosphate 0,06 M à pH7,5, puis dilués au demi 
dans l'adjuvant complet de Freund (Sigma). L'immunisation est réalisée par injec-
tion intradermique de 50 ßL de l'immunogène par point, sur 30 points le long du 
dos de l'animal, chaque semaine durant 5 semaines. 

Les lapins sont sacrifiés quatre jours après la dernière injection; le sang récu-
péré est incubé pendant 30 minutes à 37°C, puis pendant une nuit à + 4 ° C . Le sérum 
est séparé des. autres éléments figurés du sang par. centrifugation à 3000 tr/min 
pendant 15 minutes. La fraction sérique est récupérée puis stockée jusqu'à 
utilisation. . . . 
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La recherche des anticorps anti-hormones thyroïdiennes dans le sérum de 
lapins immunisés est effectuée par immunoélectrophorèse sur gel d'agarose [9]. 
Cette technique consiste à réaliser dans un premier temps une électrophorèse sur gel 
d'agarose: 5 /¿L (10 /xg) de chaque échantillon (BSA, BSA-T3, BSA-T4, HS A, 
HSA-T3 et HSA-T4) sont soumis à une séparation électrophorétique pendant 
25 minutes sous un champ électriqüe de tension 100 volts. Une fois la migration 
électrophorétique achevée, des gouttières Йе 2 mm de diamètre sont découpées 
parallèlement au sens de la migration. 

Les sérums de lapins, immunisés ou non, sont déposés à raison de 50 /¿L par 
gouttière. Les arcs de précipitation sont visualisés après 48 heures de diffusion dans 
une chambre humide; les plaques de gel sont ensuite lavées dans du NaCl 0,15M 
(Fluka) pendant 24 heures, fixées dans un bain d'acide-alcool, puis séchées et 
colorées au bleu de Coomassie. 

On étudie la spécificité des anticorps en utilisant le sérum de lapin normal et 
des conjugués des hormones thyroïdiennes à la sérumàlbumine humaine (HSA, Kabi-
vitrum), et l'on détermine leur titre par immunoélectrophorèse et par double 
immunodiffusion radiale [10]. . , 

3. RESULTATS ET DISCUSSION 

Lès immunogènes des hofriionés thyroïdiennès sont produits par couplage à la 
sérumàlbumine, le glutaraldéhyde étant utilisé comme agent de conjugaison. Les 
conjugués sont stables et homogènes, avec des rapports de conjugáison T3/BSA, 
T4/BSA de 23 et 8 respectivement. Des rapports de couplage comparables sont 
rapportés par d'autrés auteurs utilisant des agents de conjugaison différents [3, 11]. 
Il est à noter que Landstainer préconisait un rapport de 10 entre l'haptène et la 
molécule vectrice afin que l'immunogène puisse engendrer une réponse immunitaire. 
Nous avons développé des anticorps anti-hormones thyroïdiennes par immunisation 
de lapins. Les anticorps produits sont analysés par immunoélectrophorèse ou par 
double immunodiffusion radiale vis-à-vis des immunogènes responsables de leur 
développement. Les immunogènes développés avec la sérumàlbumine humaine et le 
sérum de lapin non immunisé sont utilisés comme témoins de spécificité. Les résul-
tats présentés aux figures 1 et 2 montrent qué le sérum de lapin non immunisé (sln) 
ne réagit pas avec les immunogènes BSA-T3 et BSA-T4, alors que ces derniers 
réagissent spécifiquement avec les sérums dé lapins immunisés (anti-T3 et anti-T4) 
par la présence d'arcs de précipitation. 

Il est intéressant de noter que ces anticorps ne réagissent pas avec la sérum-
albumine humaine, ce qui nous a incité à utiliser les conjugués HSA-T3 et HSA-T4 
(développés dans les mêmes conditions précédentes de couplage) comme témoins de 
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1 sln f 

FIG. I. Analyse immunoélectrophorétique du sérum anti-T3 développé par immunisation de 
lapin contre l'immunogène BSA-T3 (couplage au glûtaraldéhyde). Première opération: élec-
trophorèse des BSA-T3 (1), HSA (2), BSA-T3 (3), HSA-T3 (4) et HSA-T4 (5). Deuxième opéra-
tion: dépôt dans les gouttières de sérum de lapin non immunisé (sln) et de sérum anti-T3 
(a, b, c, d, e, fi. 

« » 
OC 

ЯНН 

i r 

sin 

FIG. 2. Analyse immunoélectrophorétique du sérum anti-T4 développé par immunisation de 
lapin contre l'immunogène BSA-T4. (couplage au glûtaraldéhyde). Première opération: élec-
trophorèse des échantillons BSA-T4 (1), HSA (2), BSA-T4 (3), BSA-T4 (4), HSA-T3 (5) et 
HSA-T4 (6). Deuxième opération: dépôt dans les gouttières de sérum de lapin non immunisé 
(sln) et de sérum anti-T4 (a, b, c, d).. 
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spéci f ic i té . L e s anticorps d é v e l o p p é s réagissent a v e c les conjugés H S A - T 3 et H S A -

T 4 qui démontrent que c e s anticorps reconnaissent spéc i f iquement la portion hapté-

nique (T3 ou T4) des conjugués . Cependant , en accord avec les travaux de Chopra 

et al. [11] et de Gharib et al. [3] ils présentent de faibles réactions cro i sées . Bien 

que c e titre soit re lat ivement faible ( 1 / 3 2 dans le sys tème de précipitation en ge l ) 

(résultats non présentés) la purif icat ion de c e s anticorps par Chromatographie 

d 'af f in i té nous permettra de surmonter le prob lème des réactions cro i sées et l 'aug-

mentation de leur titre, et ils pourraient être uti l isés pour la m i s e au point d'un 

procédé d ' i m m u n o d o s a g e des h o r m o n e s thyroïdiennes totales ou des fractions libres. 

R E F E R E N C E S 

[1] I N G R A N D , J . , D U G U E , M . A . , M A M A R B A C H I , A . M . , B O U R D O U X , P. , 
D E L A N G E , F . , «Le dosage radioimmunologique de la thyréostimuline hypophysaire 
à partir d 'un échantillon de sang capillaire recueilli sur papier filtre: Intérêt dans le 
dépistage d Г hypo thyro ids néonatale», Radioimmunoassay and Related Procedures in 
Medicine 1977 (C.R. Coll. Berlin, 1977),, Vol. 2, AIE A, Vienne (1978) 349. 

[2] B R O W N , B .L . , EKINS, R .P . , ELLIS, S . M . , REITH, W.S . , Specific antibodies to 
triiodothyronine hormone, Nature (London) 226 (1970) 359. 

[3] GHARIB, H . , M A Y B E R R Y , W . E . , H O C K E R T , T. , Radioimmunoassay for 
triiodothyronine (T3): Affinity and specificity of the antibody for T3, J. Clin. 
Endocrinol. Metab. 33 (1971) 509-516. 

[4] HESCH, R . D . , H U F N E R , M . , High specific antibodies to triiodothyronine in human 
serum, Acta Biol. Med. Ger. 28 (1972) 861-864. 

[5] N A C H T M A N N , F . , Chromatographie liquide de haute performance, Manuel pour le 
praticien, Merck. 

[6] AVRAMEAS, S. , T E R N Y N C K , T . , G U E S D O N , J .L . , Coupling of enzymes to anti-
bodies and antigens, Scand. J. Immunol. 8 Suppl. 7 (1978) 7. 

[7] GOA, J . , Scand. J. Clin. Lab. Invest. 5 (1973) 218, cité dans: L E G G E T T BAILEY, J . , 
Techniques in Protein Chemistry, Elsevier, Amsterdam (1953) 294. 

[8] VAITUKAITIS, J . , ROBBINS, J .В. , NIESCHLAG, E. , ROSS, T . , A method for 
producing specific antisera with small doses of immunogen, J. Clin. Endocrinol. 33 
(1981) 988. 

[9] C A W L E Y , L .P . et al. , Basic Electrophoresis, Immunoelectrophoresis and 
Immunochemistry, American Society of Clinical Pathologists (1972). 

[10] O U C H T E R L O N Y , O. , Diffusion in Gel Methods for Immunological Analysis in 
Progress in Allergy (KALLOS, P. , W A K S M A N , B.H. , dir. publ .) , Vol. 1, Karger, 
Bâle (1962) 30-54 . 

[11] CHOPRA, I .J . , N E L S O N , J .C . , S O L O M O N , D . C . , BEALL, G . N . , Production of 
antibodies specifically binding T3 and T4, J. Clin. Endocrinol. 32 (1970) 299. 

[12] K H A L F O U N , В. , BENHIDOUR, A .E .K . , BESSAIH, Z . , IAEA-SM-324/13, présents 
comptes rendus. 





IAEA-SM-324/62 

IN-HOUSE REAGENT PREPARATION FOR THE 
SETTING UP OF A MAGNETIC 
IMMUNORADIOMETRIC ASSAY (IRMA) FOR hTSH* 

M.T.C.P. RIBELA, I. SCHWARZ, L:E. MORGANTI, E.A. ARAÚJO, 
C.R.J. SOARES, R.R. ARKATEN, P.' BARTOLINI 
Division of Medicine, 
Department of Application of Nuclear Techniques in Biological Sciences, 
National Nuclear Energy Commission ¡(IPEN-CNEN), 
Sao Paulo, Brazil 

Abstract. : 

IN-HOUSE R E A G E N T PREPARATION FOR T H E SETTING U P O F A M A G N E T I C 
I M M U N O R A D I O M E T R I C ASSAY (IRMA) FOR hTSH. ' 

A local production of reagent for the immuhoradiometric assay of human thyrotropin 
(hTSH) was set up and a comparison with good quality established preparations was carried 
out. The three basic reagents that are necessary for this-type of assay were prepared in the 
laboratory of the Instituto de Pesquisas Energéticas e Nucleares (IPEN): reference prepara^ 
tion, tracer, and solid phase coupled antibody. hTSH reference preparation was obtained via 
extraction and purification of frozen pituitaries, which were lyophilized, ampouled, sealed 
under nitrogen and distributed to 20 laboratories of the fourteen A R C A L VIII (Regional 
Co-operative Arrangements for Promotion of Science and Technology in Latin America) 
participating countries. An intra-laboratory calibration, against NETRIÁ (North Thames 
Region Immunoassay Unit, London, United Kingdom) and NIDDK (National Institute of Dia-
betes and Digestive and Kidney Diseases, Bethesda, M D , USA) reagents, provided a value 
of 58.8 ± ' 6 . 6 f t lU/ampoule for n = 6 assays. Anti-hTSH monoclonal anatibody, obtained 
from NETRIA in a purified form, was radioiodinated and compared, in an inter-laboratóry 
study, with imported tracer: the two preparations showed identical behaviour. Finally, a mag-
netic solid phase was prepared by coupling, through the metaperiodate reaction, an anti-hTSH 
polyclonal antibody to a commercial magnetizable cellulose. The product, when compared to. 
the cellulose coupled antibody (non-magnetic), used by NETRIA, presented practically 
equivalent maximum binding (20-35% of the total added radioactivity) but some higher 
non-specific binding which affects, to a certain extent, the assay sensitivity and precision. 
However , unknown sample determination (n = 18) carried out with the two different solid 
phases, presented a highly significant correlation: r = 0 .985 (p < 0.001) and practically no 
bias (slope = 0.997) . ' 

* Work supported by Research Project ISIo. 4386035100 PADCT-FINEP-CNPq 
(Brazil) and IAEA Research Contract Nos 4299 and 4872. 
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1. INTRODUCTION ' t . • • / 

Human thyrotropin, hTSH, is one of the hormones most frequently determined 
in clinical assay laboratories and is now the most widely accepted analyte being 
determined in the screening for neonatal hypothyroidism. For these reasons organi-
zations such as the North East Thames -Region Immunoassay Unit, London, United 
Kingdom (NETRIA) [1] and the IAEA organized programme ARCAL VIII 
(Regional .Co-operative Arrangements for Promotion of. Science and Technology in 
Latin America), have been dedicating great efforts to the setting up and improvement 
of this assay, whose more modern and efficient design is represented by an 
immunoradiometric assay (IRMA) [2]. 

As the Brazilian reference laboratory within the ARCAL VIII programme, 
whose main goal is the setting up in Latin America of an autochthonous production 
of reagents for the radioimmunoassay of thyroid related hormones, we also dedicated 
all our efforts to the preparation. of a good quality set of hTSH-IRMA reagents. 
Since the programme has been working basically on NETRIA reagent distribution, 
these reagents have been: our main reference preparations for evaluating the quality 
of our products. Thanks to the experience we had already acquired in pituitary hor-
mone extraction and purification; we could prepare an ampóuled 'reference prepara-
tion' (or 'secondary standard') of hTSH for distribution to the other participating 
laboratories. Considering that radioiodinated monoclonal antibody ('detecting Ab') 
is probably the most critical reagent especially as regards assay specificity, we 
decided to use the same NETRIA purified antibody for the preparation of our tracers. 
Finally, also considering.the extremely high cost represented by the solid phase cou-
pled antibody ('capturing Ab'), we decided to develop the reagent in a completely 
independent way, utilizing a methodology already set up in our laboratory for the 
preparation of magnetic phase second antibodies. 

2. METHODS : - : 

2.1, hTSH reference preparation 

This secondary standard of hTSH was prepared by extraction and purification 
of a small number of frozen human pituitaries (38 glands, weighing approximately 
18 g), following the method of McLean et al. [3]. The scheme of this purification 
process using solvent precipitation, gel filtration and ion exchange chromatography 
is presented in Fig. 1. The immunological activity of hTSH bulk preparation was 
first determined by radioimmunoassay (RIA) against NIDDK-hTSH-RP-1, kindly 
donated by the National Hormone and Pituitary Program (Baltimore, MD, USA), 
while the protein concentration was determined reading the А28о* assuming 0.1% 
^280,1 cm = 1- The presence of contaminant luteinizing hormone (hLH) and follicle 
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I 
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SEPHADEX G-100 CHROMATOGRAPHY pH9.0 
I 

DEAE-SEPHADEX CHROMATOGRAPHY pH9.0 
I ~ 

CM-SEPHADEX CHROMATOGRAPHY pH4:5 

CM-SEPHADEX CHROMATOGRAPHY рНб.О 

I hTSH PREPARATION (ampouling) 

FIG. I. Schematic presentation of the hTSH extraction and purification method. 

stimulating hormone (hFSH) was also determined by sensitive RIA, still utilizing 
NIDDK (National Institute of Diabetes and Digestive and Kidney Diseases, 
Bethesda, MD, USA) reagents. Details of the preparation of the ampoules and of the 
international collaborative study are presented in Paper IAEA-SM-324/62. ' 

2.2. Monoclonal antibody radioiodination 

50 pg of a purified monoclonal antibody (MAb) preparation, kindly donated 
by R. Edwards (NETRIA) were labelled by the classical chloramine-T reaction using 
10 ng of chloramine-T and 1 mCi1 of 125I in a reaction volume of 30 pL, reducing 
then with 10 /¿g of sodium metabisulphite. The reaction mixture was purified on a 
60 x 0 .9 cm Sephadex G-150 column. The quality of the tracer was tested by seven 
different laboratories in comparison with NETRIA 125I-MAb. Ali the assays (using 
2 ng of tracers per tube) were run using four different batches of both tracers 
(A,B,C,D) . 

1 1 Ci = 37 GBq. 
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D O S É (mlU/L or j iL) 

FIG. 2. Comparison between IRMA standard curves of hTSH-NIDDK (+), NETRIA H in 
mlU/L and hTSH-IPEN (*) in tiL. 

FIG. 3. Typical purification of radioiodinated monoclonal antibody (MAb) on Sephadex 
G-150; column size 60 x 0.9 cm; flow rate, 3 mL/h. 
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2.3. Mágnetic solid phase 

Polyclonal anti-hTSH antibody, kindly donated by G. Vieira (Fleury Labora-
tory, Sâo Paulo, Brazil) was coupled to magnetizable cellulose M-100 (50% cellu-
lose + 50% Fe 3 0 4 ) and M-104 (75% cellulose + 25% F e 3 0 4 ) type, purchased 
from SCIPAC Ltd, Sittingbourne, Kent, United Kingdom. The metaperiodate 
method was used for coupling reaction, according to the manufacturer protocol, 
introducing the following main modification: instead of 3 mL/L, 30 mL/L of 
ethanolamine,.pH9.5, were used together with 20% TSH free horse serum in the 
blocking reaction, after antibody coupling. The ideal solid phase concentration was 
determined by analysing the range 0 . 4 - 2 . 0 mg/tube while its quality was tested in 
comparison with NETRIA non-magnetizable cellulose. The per cent of radioactivity 
( l 2 5I-MAb) bound at zero (non-specific binding, B0) and at 60 mlU/L hTSH (maxi-
mum binding, B60) were used to calculate the signal to noise ratio (B^/Bq), a 
quality parameter already usefully applied, by other authors [4]. 

Incubations were carried out according to NETRIA protocol with simultaneous 
additions of all the réágents, including the solid phase. After overnight incubation 
at room temperature on a.rotary mixer, NETRIA solid phase was centrifuged for 
5 minutes at 1000g, washing once, while IPEN magnetic solid phase was sedimented 
for 10 minutes on a magnetic separator (IPEN), washing three times. 

Automatic data processing was carried out with the PC/RIA program kindly 
donated by the IAEA*. 

3. RESULTS A N D DISCUSSION 

The bulk hTSH preparation presented a specific activity of 1.76 IU/mg, deter-
mined by RIA against NIDDK-hTSH-RP-1, 1.3% of contaminant hLH and an 
undetectable level of hFSH. The ampoule content, determined by IRMA, against 
NETRIA and NIDDK standards, was 58.8 ± 6 .6 ¿¿IU/ampoule (inter-assay 
CV = 11.2%). In Fig. 2 we can see an example of one of these assays and observe 
the significant paralellism (p > 0.1) of the three different curves. 

A typical purification of radioiodinated MAb is presented in Fig. 3. Labelling 
yields in general have been of the order of 85-93% and specific radioactivities 
15-20 /xCi/^g '. У 

' In Table I the bindings of our lots o f 125I-mAB to NETRIA reagents, at 
maximum dose (B60), are presented, their values being perfectly comparable to 
those of the imported tracer. In the same Table we can observe the good correlation 
coefficient and unbiased results obtained by the seven laboratories taking part in this 
study. 

•' 1 Ci = 37 GBq. 
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T A B L E I. I N T E R - L A B O R A T O R Y D A T A O B T A I N E D W I T H B R A Z I L I A N A N D 

N E T R I A T R A C E R S I N T S H - I R M A A S S A Y S 

In-house B¿o' Testing No. of samples Slope1 of regression Correlation 
tracer ( % ) " laboratory analysed curve coefficient 

. A . 43 50 . 0 .820 0 .980 

. в • 3 8 -
1 117 0 .929 0 .993 

. . . . . 2 6 0.991 0 .999 

С . 41 3 8 1.030 0 .999 

4 ; 4 , 0 .823 0 .999 

5 16 1.031 0 .988 

6 3 1.151 0.998-

D. •" . ,43- • : 1 . 3 0 .930 0 .999 

• •. 3 ' 4 1.009 1:000 

4 1.034 1.000 

, 5 .. 8, 1.082 . ' 0 .999 

6 3 0 .874 : 0 .999 . 

7 3 0 .333 1.000 

T A B L E II . D E T E R M I N A T I O N O F T H E I D E A L A M O U N T O F I P E N 

M A G N E T I C S O L I D P H A S E T O B E U S E D P E R A S S A Y T U B E . 

Amount of solid phase. , B0 Вйо • n / D 

.... (mg/tube) , (%) (%) ' 

0 .4 0.45 21.6 48 .0 * 

. 0 .6 0 .53 . . 26.1 • . . 49 .2 

0 .8 0 .76 28.1 ' 37.0 

1.0 ' ' 0 .81 29.5 36.4 

1.5 ' 1.2 31.7 26.4 

2 .0 1.2 31.7 26.4 
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TABLE III. INTRA-ASSAY COMPARISON BETWEEN MAGNETIC SOLID 
PHASES PREPARED AT IPEN (BRAZIL) A N D NON-MAGNETIC CELLU-
LOSE SOLID PHASES FROM NETRIA (UNITED KINGDOM) 

ÍPEN solid phase N E T R I A solid phase 

Preparation" 
Final yield Ideal amount. 

(%) (mg/tube) 
B«, 

(%) 

B0 

(%) Bk/BQ 
B60 
(%) ' • 

Bo 
(%) .Вбо/Во 

1 A (M-100) 62 0 .5 27.3 1.3 21 20.9 ; 0.49 43 

В (M-100) 71 0 .5 19.3 V1-3. ; , • 1 5 

С (M-100) 64 0 .5 19.3 1.8 . 11 

2 A 60 0 .6 21 .4 0 .95 22 25 .9 0 .57 45 

В 85 1.0 29 .6 0.81 36 

С (M-100) 82 0 .6 20,1 ' Ö .-7 • ' 29 • 

3" ' 7 f '0.8 '• ' 19.1 1.2 16 ' 26.6 Ó.57 47 ' 

4 A 73 0 .8 17.1 0 .33 52 38.5 0 .18 214 

В 79 0 .8 22.1 0 .42 53 

5 43 1.9 15.1 0 .28 54 29.8 0 .17 179 

6 60 0 .6 36.2 0 .66 55 36.9 0 .40 92 

7 54 0 .9 29 .0 0 .63 46 30.0 0 .33 91 

a А, В, С represent different coupling reactions carried out simultaneously and tested the 
same day. If not otherwise indicated the coupling was done using magnetizable cellulose 
particle M-104. 

In Table II and example of magnetic solid phase, prepared in our laboratory, 
is analysed especially with regard to the ideal amount to be used per assay tube. We 
can observe that 0 .6 mg/tube was, in this casé, the amount that offered the highest 
signal to noise ratio. Usually, quantities pf^0.6-1.0 mg/tube have been used. The 
results of different coupling reactions are presented in Table III, always using mag-
netizable cellulose M-100 or M-104. Our preparations, were compared each time, in 
an intra-assay, with NETRIA non-magnetic solid phases routinely used, in .the .same 
period, considering B0 , Вбо and B^/Bq, We.can observe that, in general, our signal 
to noise ratio is clearly worse than that presented by NETRIA reagent. This is clearly 
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DOSE (mlU/L) 

FIG. 4. Comparison between two IRMA standard curves carried out with non-magnetic 
NETRIA ( : ) and IPEN magnetic (+) solid phases. The respective sensitivities are indicated. 

FIG: 5. Correlation curve comparing IPEN and NETRIA solid phases in the IRMA-hTSH 
determination öf 18 unknown serum samples. Six different IPEN solid phases were analysed 
in six assays, always against the same NÉTRIA preparation. Correlation coefficient r = 0.985 
(p < 0.001); slope = 0.997. -
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due to the higher value o f B 0 usual ly presented by our preparations. A certain fluc-

tuation in B 6 0 / B 0 , a f fect ing both sol id phases , w a s a l so due to the dif ferent age o f 

the tracers. T w o I R M A curves , comparing our so l id phase wi th N E T R I A ' s , are 

presented in Fig . 4 , together with the sensit ivity calculation [5]. Aga in w e can 

observe that out l o w e r sensit ivity must be related to the higher non-spec i f i c binding. 

A n intra-laboratory compar i son b e t w e e n the t w o di f ferent sol id phases carried out 

in the determination o f n = 18 u n k n o w n sera (Fig . 5 ) presented a quite satisfactory 

correlation coe f f i c i ent , and practically no bias. 
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Abstract 

R A D I O I M M U N O A S S A Y FOR T H E M E A S U R E M E N T OF T U M O U R MARKERS. 

At the present time, the new concept of tumour markers (TM) includes not only the 
'classical ' secretion products but also all changes (immunological, biochemical, morpho-
logical, antigenic, etc.) which the cell undergoes throughout the transformation process. With 
the use of isotopic methods we can determine some tumour markers in biological fluids which 
are useful in clinical practice (preferentially in the follow-up of cancer patients undergoing 
treatment). Nevertheless, with the new concept of T M , we can also determine other new 
substances in tumour specimens, prior to any treatment, which can help in the early characteri-
zation of the tumour (tissular markers) related to hormone dependence, aggressiveness, drug 
resistance, f ree survival interval, etc. The isotopic methods allow us to determine hormone 
receptors (e.g. oestrogen, androgen, progesterone receptors), growth factor receptors (e.g. 
epidermal, insulin-like, platelet derived), changes in oncogenes and anti-oncogenes (amplifi-
cations, imitations, deletions, overexpression, etc.), oncogene and ariti-oncogene products 
(neu, p53, Rb protein, etc.) , proteinases (cathepsins; collâgenases, etc.) , proteinase inhibitors, 
some biochemical changes of the different components of cell surface, proteins related to drug 
resistance and to cell proliferation, etc. In conclusion, the new concept of tumour marker 
includes all aspects of tumorous cells and requires an intercollaborative and co-ordinated study 
to determine early on the behaviour (characterization) of a tumour and to provide the 
oncologist with ' real ' information. 

The history o f tumour markers starts at the beginning o f the 1960s,' w h e n 

carc inoembryonic ant igen ( C E A ) and alphafetoprotein ( A F P ) w e r e described. In 

those years , the associat ion b e t w e e n the presence o f a spec i f i c substance in the b lood 

and the ex i s tence o f a tumour (colo-rectal and primary hepatic carc inoma respec-

t ively) w a s demonstrated for the first t ime. Af ter this d i s covery , the concept o f 

tumour marker w a s associated with a 'secret ion product' by the tumorous cel l . This 

concept must n o w be m o d i f i e d because advances in several basic sc iences , 

b iochemis try , i m m u n o l o g y , molecu lar and cel lular b i o l o g y , e tc . , have determined a 

n e w concept o f tumour marker ( see Table I). 

2 3 7 
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TABLE I. TUMOUR MARKERS: HISTORY 

1900-1960 1960s 1975 Recent years 

Acid phosphatase 
and metastatic 
prostatic cancer 

Chorionic gonado-
trophin and 
placental tumours 

Endocrine paraneoplastic 
syndromes 

Tissue polypeptide antigen 
(TPA) 

Carcinoembryonic 
antigen (CEA) 
Alphafetoprotein 
(AFP) 

Concept of 
tumour markers 

Secretion 
product 

Hybridoma 

MoAbs 

Immunology, 
biochemistry, 
molecular and 
cellular biology, 
other sciences 

New concept of tumour marker 

T A B L E I I . N E W C O N C E P T O F T U M O U R M A R K E R 

Classic secretion products 

i 
DIAGNOSIS? 

F O L L O W - U P : treatment 

T U M O U R M A R K E R 

early detection 
of recurrence and/ 
or metastasis 

\ 
Other tissue parameters 

1 
C H A R A C T E R I Z A T I O N 
O F T H E T U M O U R 

i 
.Hormone dependence 
Aggressiveness 
Drug resistance 
Recurrence free survival 

interval 
Surveillance 
Other aspects 



IAEA-SM-324/14 2 3 9 

This new concept includes, not only the classical secretion products, but also 
all changes (morphological, functional, antigenic, structural, etc.) which the cell 
undergoes in all phases of the transformation process. In daily practice, the new con-
cept of tumour marker needs a co-ordinated and interdisciplinary study in order to 
understand the physiopathology of the tumour, to determine with precision the early 
characterization of the cancer (invasive and aggressive capacities, metastatic power, 
drug resistance, etc.) and to have more clinical information for more effective treat-
ment. The current concept of tumour marker includes the secretion products in bio-
logical fluids and should preferably be used in the follow-up of neoplastic patients 
undergoing treatment, and the tissular parameters which may help us to identify 
some tumour properties (characterization) with clinical interest (see Table П). 

The tumour markers can be classified, according to their origin and location, 
as follows: nuclear, cytoplasmic, membrane and extracellular matrix markers. 
Moreover, we are now beginning to learn some of their functions [1]: 

(A) With signalling and transport function: 
(a) growth factor receptors (eGF-R, HER-2/neu, transferrin-R, ¿te.); 
(b) cation binding proteins (p97, S-100, Calla, etc.); 
(c) toxin binding (pi70, MBrl); 

(B) Cell-cell interacting tumour markers: 
(N-CAM, gp40, Lewis x, GM3, etc.); 

(C) Cell-matrix interacting tumour markers: 
(integrins, GD2, GD3, acetyl GD3, etc.); 

(D) Blood groups and blood-related antigens on carcinoma cells: 
(Lewis b, H type 2, Lewis x, carbohydrate antigens on different carriers, etc.). 

In relation to the 'secretion products' it is necessary to accept that there are 
not specific antigens and that their expression by malignant cells is much higher than 
in normal conditions. For this reason, we need to know their physiopathology in 
order to establish different quantitative thresholds useful in clinical practice (see 
Tables III and IV). • • 

Other authors in this Symposium will speak about the clinical value of some 
tumour markers used in clinical practice and for this reason I want to focus on the 
clinical usefulness of some tissular parameters, using breast cancer as a model. 

The most important property of thé tumorous cell is the autonomy in its growth 
and for this the study of the growth mechanisms, strongly correlated with oncogenes 
and anti-oncogenes, is necessary in order to obtain parameters which can define 
functional properties of the transformed cell (see Table V). 

The most important prognostic factors in breast tumours are the following [2]: 

(A) Morphologic: • • • • • . 
Axillary lymph node status, histologic type, tumour grade, tumour size, lym-

phatic or vascular invasion; 
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TABLE III. PHYSIOPATHOLOGY OF THE SERIC TUMOUR MARKERS: 
TISSUE FACTORS 

Synthesis 

Expression 

Regulatory factors (sodium butyrate, organic polar solvents, cyclic AMP, retinoic acid, TGF.-
beta, gamma-INF, etc.) 

Cellular distribution 

Tumour marker release 

How drained 

Molecular heterogeneity 

Spike phenomenon 

Hormonal control 

Type of polylactosamines 

Degree of glycolization 

Carbohydrate/protein ratio 

Molecular forms 

Degree of necrosis of secretory tissue 

Blood group 

Degree of differentiation 

(B) Estimates of proliferative activity: 
Deoxyribonucleic acid (DNA) content (ploidy), S-phase fraction, labelling 

index, Ki67 and other proliferation factors; 
(C) Receptors and growth factors: 

Steroid receptors (oestrogen, progesterone), oestrogen regulated proteins 
(cathepsin D, PNR-2), cellular oncogene products (EGF-R, c-erb-B2, myc, int2), 
growth factors (TGF-a) and others. 

Some of these factors, (B) and (C), are related to the growth of the tumorous 
cell. 

The isotopic methods, because of their technical characteristics and properties, 
are useful in clinical practice for the determination of tumour markers not only in 
biological fluids, but also in tissular specimens, using radioimmunoassay (RIA), 
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TABLE IV. PHYSIOPATHOLOGY OF THE SERIC TUMOUR MARKERS: 
OTHER FACTORS 

Physiological factors 

Contraceptive pill 

Other drugs 

Menstruation 

Tumour marker clearance 

Liver 

Kidney 

Biliary tract 

Other sites (spleen, lung macrophages) 

Certain proteins (CORA) 

Circulating factors 

Tumour markers such as 

immunoglobulins 
others • 

Methodological factors 

Analytic 

Immunological 

immunoradiometric assay (IRMA) and molecular and cellular biology probes. With 
those methods we can obtain information of clinical interest about the tumour 
behaviour. 

Several oncogenes (see Table VI) are correlated with the genesis and some 
properties of breast tumours [3]. One of them is c-myc oncogen. It lies in chromo-
some 8 and its amplification (6-32%) is correlated with inflammatory carcinoma, 

Sex 

Lactation 

Age 

Smoking 

Pregnancy 

Circadian rhythm 

Circannual rhythm 

Poor work 
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TABLE V. CHANGES IN TUMOROUS CELL 

/ 
T U M O R O U S C E L L 

M O R P H O L O G I C A L 
C H A N G E S 

\ 
F U N C T I O N A L 
C H A N G E S 

/ 
STUDY O F 
G R O W T H 

M E C H A N I S M S 
/ 

G R O W T H FACTORS 
R E C E P T O R S 
T R A N S D U C T I O N M E C H A N I S M S 

A U T O N O M Y IN 

G R O W T H 

O N C O G E N E S 
A N T I - O N C O G E N E S 

T U M O U R MARKERS 

TABLE VI. LOCATION OF SOME ONCOGENES IN TUMOROUS CELL 

External (growth factors): 

Transmembrane : 

Cell surface: 

Cytoplasm: 

Nucleus: 

sis, TFG-alpha 

erbB, fms , neu, ros, met 

src, fps, abl, yes, ras 

mos, raf 

myc, myb, jun , fos, e rbA 

age over 50 years, poor prognosis, very poor short term prognosis and lymph node 
metastasis (mRNA) [4-5]. The survival at 30 and 50 months in ANN (axillary nega-
tive nodes) and APN (axillary positive nodes) breast tumours is higher when the 
amplification is not present than when there is this genetic finding (ANN: 30 months: 
96 %. versus 69 % ; 50 months : 64 % versus 37 % ; APN : 30 months : 95 % versus 50 % ; 
50 months: 55% versus 33%). Another oncogen, related to c-myc and with nuclear 
location also, is the c-myb. It is a good prognostic factor, because it is correlated 
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FIG. 1. Overexpression of erbB2 in 325 ANN breast cancer and disease free survival proba-
bility [11]. 

with oestrogen receptors, bel (located on chromosome 11) amplification (19%) is of 
great clinical interest, because it is correlated with local recurrence, poor prognosis 
in women below 50 years, and lymph node metastasis. 

Nevertheless, one of the oncogenes with more clinical usefulness is the 
c-erbB2 or neu oncogen. It is a member of the I subclass receptors of Yarden and 
Ullrich [6] and has intrinsic tirosine-kinase activity as EGF-R and v-erbBl. Its over-
expression is associated with E R + , P R + , poor prognosis in APN, poor prognosis 
in T3 and T4, large tumour size and Paget's disease of the nipple. Likewise, its 
amplification (9-33%) is negatively correlated with ER and PR and it is an indicator 
of poor prognosis, in APN breast tumours (lymph node metastasis, high nuclear 
grade, advanced stage, shortened disease-free survival, grade III tumours, shortened 
time to treatment failure, inflammatory breast cancer) [7-9]. 

In APN breast tumours, there is a correlation between neu amplification and 
recurrence and shortened survival and this genetic change is a significant indepen-
dent prognostic factor for disease free and overall survival. Also, recently some 
authors have demonstrated the clinical value of neu overexpression in ANN breast 
cancers. Paik et al. [10] have observed that the neu overexpression is correlated with 
shortened survival among women with tumours of good nuclear grade and with 
approximately fivefold increase in mortality rate. Allred et al. [11] have reported that 
tumours below 3 cm, E R + and neu overexpression have an early recurrence. 
Figure 1 depicts the disease free survival probability in women with ANN breast 
tumours according to the neu overexpression. There was a statistically significant 
difference (p < 0.0001). 
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FIG. 2. Survival in 231 breast tumours with EGF-R status (left) and survival in 50 ANN 
breast tumours with EGF-R status (right). Differences between a and b = p < 0.001 [2]. 

The study of oestrogen and progesterone receptors is necessary in order to 
determine the hormone dependence of breast tumours. Patients with ER— primary 
tumours are more likely to develop visceral metastasis and have a shorter survival, 
while those with E R + tumours are more likely to develop skeletal metastasis and 
have a longer survival [12]. Although there were statistically significant differences 
in disease free survival between ER4- and E R - tumours (74% versus 66%; p < 
0.001), the oestrogen reaceptor status by itself is not a sufficiently strong factor and 
we need to determine other parameters, such as certain oncogene products and some 
growth factor receptors. We know, now, that EGF-R, TGE-alpha, IGF-1 and ras 
products are correlated with oestrogen independence, while IGF-R is in correlation 
with ER and PR. 

One growth factor receptor of great interest is the EGF-R (epidermal growth 
factor receptor). This receptor is a member of I subclass of tirosine-kinase receptors 
and it is. related to erbB and neu oncogenes. Several studies [13-14] have demon-
strated that EGF-R is an important prognostic factor in ANN breast tumours and that 
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50 

FIG. 3. Overall survival: interaction of c-erbB2 with EGF-R in 185 breast tumours 
(N1: erbB2 — ; N2: erbB2+; GR-: EGF-R-; GR+: EGF-R+) [2]. 

its presence is associated with invasive capacity and negatively with ER and PR. Its 
positivity in E R + and P R + breast tumours determines a poor response to hormonal 
treatment also. 

Figure 2 depicts the probability of survival (%) and probability of non-
recurrence (%) in breast tumours according to EGF-R, positive or negative. Nichol-
son et al. [2] have observed that the simultaneous determination of neu and EFG-R 
in breast tumours is of great interest, because it allows us to distinguish four groups 
with different survival; The best behaviour was observed in neu— and EGF-R —, and 
the poorest in neu+ and EGF-R + tumours (see Fig. 3). Other receptors with clinical 
interest are platelet derived growth factor, PDGF, with paracrine action (stromal tis-
sues) and somatostatin receptor which allows detection of a subgroup with a better 
prognosis in ER-t- tumours (longer relapse free survival). 

We can study other growth factors also, because some of them are mediators 
of the effect of endocrine therapy, while others áre involved in the progression to 
hormone independent growth and others play an important role in the genesis of 
metastasis (see Table VII). In this last group, special mention may be made of plas-
minogen activator, cathepsin D and other proteinases. 

The proteinases play a role in invasion and metastasis, but they perform other 
actions also, such as degradation of oncogene proteins, regulation of cell cycle and 
growth factors and in the antigenic presentation by the cells. The urokinase-type 
plasminogen activator (uPA) is a key enzyme in the proteolytic reactions that are 
required for the spreading and invasiveness of cells, both in cancer and in several 
physiological tissue remodelling processes. Many of the changes in the levels of uPA 
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TABLE VII. POLYPEPTIDE GROWTH FACTORS A N D 
BREAST CANCER [15] 

1. Mediators of the effect of endocrine therapy 

Negative: TGF-a, IGF-1, IGF-2, PDGF 
Positive: TGF-bl, TGF-b2 

2. Involved in the progression from hormone dependent to hormone independent growth 

Positive: TGF-a, EGF-R 
Negative: amphyreguline, MDGF-1 
Unknown: PR, pS2, IGF-2 

3. Regulators of the synthesis of proteolitic enzymes and their inhibitors (metastasis) 

Positive: PA, cathepsin D, EGF 
Negative: uPAi-1 

51K active pro-cath. D 
1 1 I 

1 2 ж . 3 
T auto activation 
I when secreted 

I 1 i l I 1 
1 2 3 

pre pro intermediate mature 

Inactive 52K pro-cathepsin D 
intra cellular 

processing 
3 • 

D 
Asp Asp 

48K cath. D. active 
I one chain (Cys-
1 Asp proteinase) 

ILK Г 6 13 
KK с 

Asp 
cath. D active two chains 

FIG. 4. Structure of the different molecular forms and processing of cathepsin D [17]. 
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TABLE VOL CLINICAL STUDIES ON THE PROGNOSTIC VALUE OF CYTO-
SOLIC CATHEPSIN D IN BREAST CANCER [19] \ 

Author Year No. of cases Information 

Maudelonde 1988 183 Independent marker 

Thorpe 1989 400 Shorter relapse free survival in pre-
• and post-menopausal women 

Spyratos 1989 120 . Shorter metastasis free survival in ANN 

Tandon 1990 199 Shorter relapse free survival in ANN 

Brouillet 1990 140 Independent of c-erbB2 and int2 
Correlation with c-myc 

Duffy 1991 128 Correlation with uPA but not with tPA 

Romain 1990 85 Shorter survival in ÁPN , 

Namer 1991 237 Shorter survival in APN 

synthesis in cell lines appear to be due to changes in the rate of transcription of the 
gene. The factors inducing uPA gene transcription are heterogeneous, including bio-
logical (oncogene products, hormones, etc.), physical and chemical agents [16]. The 
uPA is correlated with invasion and metastasis in breast cancer, while the other PA 
type, tissue plasminogen activator (tPA), is a parameter of good prognosis. 

Cathepsin D is an aspartylendóproteinase, like renin and pepsin. It is an ubiqui-
tous and major lysosomal protease whose normal function is to degrade protein in 
lysosomes at an acidic pH. Figure 4 shows the different molecular forms and 
processing of cathepsin D. At the present time there is an IRMA method for the 
determination of this enzyme in cytosols. In A N N tumours, cathepsin D is a good 
predictor for metastatic disease, an indicator of risk recurrence (7-10 0 higher with 
increased enzyme levels) and allows us to distinguish two, subgroups with different 
actuarial free years recurrence in aneuploid tumours [18]: diploid tumours 22%; 
aneuploid with low cathepsin D levels 29% ; aneuploid with high cathepsin D concen-
trations 60%. It is an independent predictor for recurrence and death and it is 
independent of ER, tumour size and lymph node status. Table VIII depicts the clini-
cal conclusions obtained by different groups in relation to the use of cathepsin D in 
cytosols of breast tumours [19]. The most important are the following: independent 
marker, shorter metastasis free survival in A N N and correlation with uPA. A càthep-
sin D value of 70 pmol/mg protein allows us to distinguish two subgroups in ANN 
(preferably) and in APN breast tumours with different survival with non-recurrence 
[20] (see Fig; 5). . . .... 
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FIG. 5. Metastasis free survival curves of 122 primary breast tumours according to N and 
cathepsin status [17]. 

FIG. 6. Treatment decisions in ANN breast cancer patients [26]. 

pS2 is a new protein characterized from the MCF-7 cell line of breast cancer 
[21]. It has a MW of 7000 and it is present in cytosols of breast cancers with ER. 
pS2 is expressed in tumours with ER, independently of initial tumour size, lymph 
nodes involvement of nuclear tumour grade. The presence of pS2 protein allows the 
determinination of a subgroup in E R + tumours, with a better prognosis [22]. 
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Other parameters o f future cl inical interest are heat shock proteins and p 5 3 . 

Heat shock proteins play an important ro le in cel l prol i feration in non-stress 

condit ions such as transport, disrupt protein c o m p l e x e s , D N A repair, etc . The heat 

shock proteins 2 7 , 7 0 and 9 0 in A N N tumours are inverse ly correlated with survival 

and free d i sease , and pos i t ive ly with cathepsin D and poor differentiat ion. The heat 

shock protein 9 0 is correlated with aneuplo idy and high nuclear grade [23 ] p 5 3 is 

an ant i -oncogene .product . Its mutant f o r m is assoc iated with h igh prol i feration, poor 

differentiat ion and prognos i s , E G F - R + and; neu + [ 2 4 - 2 5 ] . 

The va lue o f the integration o f the dif ferent tumour parameters in A N N breast 

tumours is depicted in F ig . 6. Only if w e correlate our work , can w e obtain informa-

tion to establish a m o r e e f f e c t i v e treatment. 

In conc lus ion , the n e w concept o f tumour marker is m o r e ex tens ive and 

interdisciplinary. U s i n g such markers , w e can obtain s o m e parameters which m a y 

he lp us in the early characterization o f the tumour and to establish subgroups with 

dif ferent risk. 
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Abstract 

OPTIMIZATION O F T U M O U R M A R K E R COMBINATIONS BY M U L T I V A R I A T E 
STATISTICS. 

To date, there is no specific tumour marker for early diagnosis of cancer. Nevertheless, 
there are useful tumour associated markers which are elevated in various malignancies. A 
combination of two or more of these tumour marker assays can reach a high level of sensitivity 
in the diagnosis of malignant diseases. Objectively selecting the most useful tests f rom among 
the large number of available tumour markers could contribute significantly to the economics 
of cancer patient care. In clinical practice, all but a selected two or three tumour marker assays 
could be omitted because they bring no significant additional information. This would simplify 
the evaluation and at the same time lower laboratory costs . .The task of selecting only those 
few tumour markers that jointly provide a satisfactory solution to a given diagnostic problem 

' i n clinical oncology can be performed by multivariate regression analysis or discriminant 
analysis. Presently available microcomputers (PCs) and powerful statistical software (e.g. 
B M D P , SAS, SPSS, SYSTAT) enable the clinical chemist to select the best subset of tumour 
markers that works well in a specific situation. In conclusion, more clinically relevant infor-
mation can be derived f rom multiple tumour markers when they are considered jointly than 
when they are analysed separately. The application of appropriate multivariate statistical 
methods can be useful in guiding the workup of multiple tumour marker data toward improved 
diagnosis, prognosis and monitoring of cancer patients. 

1. I N T R O D U C T I O N 

On current trends, wor ld cancer mortality rates are increasing. The cancer 

problem is b igger than s o m e forty years a g o , ¡ w h e n formidable research started con-

centrating mainly o n improv ing therapy. T h e magni f i cent e c o n o m i c and intellectual 

endeavour in the search for a cure for cancer has been a qual i f ied failure. Desp i t e 

substantial improvements in the treatment o f cancer in chi ldren and y o u n g adults and 

s o m e substantial s u c c e s s e s in the pall iation o f cancer , the overal l death rate f rom 

cancer has been increas ing [1] . 

2 5 1 
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It is estimated that : 

(a) about one third of all cancers could be avoided by changing our life style (e.g. 
elimination of tobacco use and betel nut chewing, changes in diet, vaccination 
against Epstein-Barr, hepatitis В and other oncogenic viruses, elimination of 
environmental hazards, stress reduction, etc.); 

(b) another third might be curable if detected early enough by, for example, 
tumour imaging technologies or tumour marker testing, etc. ; 

(c) the last third could at least be mitigated in their course by palliation, in provid-
ing the victims with a longer, happier and more productive life, even when the 
final outcome cannot be changed. 

The prognosis for cancer patients depends upon the extent of spread at the time 
of diagnosis and thus it is reasonable to assume that earlier diagnosis of cancer would 
lead to an improvement in the survival rate. This suggests the need for more effective 
prevention of cancer and for more efficient methods of early diagnosis. Hence our 
attention and research efforts should shift quite substantially from treatment to 
prevention, from palliative therapy to earlier diagnosis. 

. The presence of certain cancers may be indicated by measurements of 
biochemical indicators, i.e. tumour markers. However, at present there is no univer-
sal tumour marker which can be used for early detection of cancer. 

The ideal tumour marker should be: 

(a) specific for the organ involved by the tumour; 
(b) elevated at an early stage of the neoplastic disease, when therapy has the 

greatest chances of successful cure, but 
(c) not elevated in benign diseases of that organ. 

Unfortunately, none of the currently known tumour markers càn fulfil these criteria, 
and thus a single measurement of any of the current tumour markers is of very 
limited use only. 

Numerous studies attempt to define the role of tumour marker measurements 
in the diagnosis, prognosis and treatment monitoring of cancer. There is no agree-
ment, however, as to which markers, individually or in combination, are essential 
in the management of cancer patients. Survival and therapy essentially depend upon 
the early and accurate diagnosis of the clinicopathological type of cancer which could 
be achieved or at least supplemented by a carefully selected panel of complementary 
tumour markers. The importance of early recognition of carcinomas and the 
problems in differentiating between cancer categories require new and functional 
approaches in tumour marker data evaluation. It will be necessary to establish stan-
dard criteria for evaluation and characterization of testing programmes for compari-
son and selection of the most useful (i.e. essential) tumour markers for the diagnosis, 
prognosis and follow-up of malignant diseases [2-4]. 
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2. RATIONALE FOR MULTIPLE TESTING WITH TUMOUR MARKERS 

The lack of single tumour marker assays with satisfactory clinical sensitivity 
and specificity for cancer leads to investigating the combined discriminatory power 
of several tumour markers. 

Multiple testing with tumour markers is based on the quite reasonable assump-
tions that: 

(a) a whole battery of tumour markers, as compared to a single test, will detect 
cancer or recurrence much earlier; • 

(b) earlier diagnosis of cancer or recurrence will result in a more favourable dis-
ease course and outcome; and 

(c) multiple testing can provide additional information not contained in single 
tests, thus allowing the identification of several groups of patients, each with 
a different probability of response to therapy. 

. Thus, multiple tumour marker tests could contribute information of value in 
more than one clinical context, e.g. . in earlier diagnosis, monitoring therapy and. 
indicating prognosis. 

3. ANALYTICAL PERFORMANCE Op TUMOUR MARKERS 

The application of radioimmunoassays (RIA) and related techniques for the 
detection of tumour associated antigens has grown spectacularly over the past 
25 years [5]. A further stimulus to their increasing use during the past decade has 
been the availability of commercial test kits. Prior to the introduction of such assay 
kits, testing of tumour markers was limited to specialist laboratories with special 
expertise. Modern immunoassay kits and reagent-instrument packages now provide 
great convenience in use and have improved the quality of ¡performance. 

3.1. Problems and pitfalls 

Tumour marker testing, however, has its intrinsic pitfalls. Results obtained in 
different laboratories or at different times cannot readily be compared. Unfor-
tunately, the overall accuracy and reproducibility of tumour markers are still far 
from satisfactory. R. D. Bulbrook's remark in 1983 [6] is still valid today: "There 
is sometimes considerable inter-laboratory variation in measuring particular mar-
kers. The errors may be large enough to be classified as comedy rather than 
science. ' ' Widely fluctuating test results from different kits on the same specimen 
are well documented [7, 8]. Large inter-laboratory quality control programmes 
performed in 1990 in Austria and in Germany yielded for the most common tumour 
markers mean coefficients of variation between 15% and 40% . Though RIA still 
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offers the highest standard of analytical quality in immunoassays, further improve-
ment of the analytical processes is of paramount importance. 

Moreover, tumour marker serum concentrations reflect a multifactorial 
dynamic equilibrium between the marker synthesis (reflecting the tumour activity 
and growth), its release into the extracellular fluid (e.g. serum, ascites, liquor, etc.) 
and the physiological marker turnover and metabolic clearance [9]. 

Immunoassay results, therefore, continually require critical appraisal, no 
matter how sophisticated the assay system may be. Good performance requires good 
laboratory management, including strict internal quality control (IQC) and regular 
participation in external quality assessment (EQA). 

4. CLINICAL VALIDITY OF TUMOUR MARKERS 

Currently known tumour markers are of no direct value for the clinical screen-
ing or primary diagnosis o f cancer patients because of their non-specific nature. 
Generally, they cannot solve such diagnostic problems in clinical oncology as: 

(a) detection of early stages of cancer 
(b) differential diagnosis of malignant and benign disease 
(c) localization diagnosis of tumours and metastases and 
(d) determination of tumour extension. 

Regardless of their limited value in primary diagnosis, the clinical validity of 
tumour markers has been established for: 

(a) assessment of patient's prognosis 
(b) controlling the completeness of tumour removal 
(c) post-surgical follow-up and therapy control 
(d) tumour classification and staging 
(e) detection of tumour recurrence and 
(f) monitoring of tumour burden changes. 

For these applications tumour markers need not be tumour specific. 
The great advances made in medical knowledge have led to an increasing use 

of tumour marker laboratory tests. Moreover, the tendency to order multiple investi-
gations, because they are available, is increasing. Such inappropriate use of tumour 
marker tests increases laboratory costs without benefit to the patient. 

Making tumour markers understandable to non-specialists is an important 
responsibility, but making them assessable is equally important. The processing of 
'soft data' forces clinical chemists to pay stringent attention to validity and 
reliability. 

Finally, the point should be stressed again that the clinical interpretation of 
tumour markers is an area of strong opinion and weak data. Specialized knowledge 
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is needed, therefore, at all levels of tumour marker application so that the potential 
good of these parameters is not thrown away by irresponsible use of them. 

4.1. Minimizing the number of tests 

Objectively selecting the most useful test or test combination ('essential tumour 
marker tests') from among the large number of available tumour markers would have 
important clinical and economic consequences and could assist in improving health 
care. The wasteful use of inappropriate (including obsolete) tests should be 
eliminated. I; 

As clinicians better understand and define tumour marker performance, medi-
cally more useful data are being obtained from the laboratory. 

Hence, strategies for tumour marker testing should be designed by clearly 
defining the required 

(a) selection of test (panels), i.e. each tumour marker test or combination of tests 
is requested selectively, based on a thorough clinical assessment of the patient; 

(b) clinical significance, i.e. the tumour marker test result(s) will be of direct 
relevance in the clinical management of the patient; and 

(c) laboratory performance, i.e. the tumour marker test result(s) are reliable and 
available to the clinician in time to be of use in the clinical management of the 
patient. 

5. USING MULTIPLE TUMOUR MARKERS 

One of the basic tenets of clinical chemistry is that a diagnostic test result 
prompts a course of action. In reality, it is rare to use the result of only one single 
tumour marker test as the arbiter of a medical decision, since tumours often synthe-
size a broad spectrum of cancer associated antigens due to their inherent 
heterogeneity. 

To improve the rather low diagnostic sensitivities of single-marker determina-
tions, multiple combinations of tumour markers can be selected by stepwise dis-
criminant analysis in order to classify patients in clinico-pathological groups. 
However, the definitive determination of a patient's true clinical subgroup requires 
such confirmatory procedures as computer tomography scan, biopsy, surgical explo-
ration, autopsy examination, or long term follów-up of response to therapy and clini-
cal outcome. 

5.1. Basic requirements < 

First and foremost, the analytical and clinical effectiveness of individual 
tumour marker assays should have been demonstrated prior to their combination in 
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a multiple set. In realistic clinical situations, where there are many tumour marker 
assays and several possible diseases or cancer stages, the twin rules for the use of 
tumour markers should always be kept in mind: minimize them and optimize them; 
in other words: keep them economical, but make them functional. 

If more than one tumour marker is to be used, the following questions need 
to be. answered: 

(a) Which tumour markers should we use? 
(b) How many tests are required in a profile? 
(c) In what sequence (e.g. parallel or serial) should they be performed? 
(d) How should the results be interpreted? 

The selection of too few tumour markers may result in a biased and inconsis-
tent medical decision, while too many markers may yield reliable results but create 
redundant information and unnecessary high costs. Only unreasoned medical think-
ing demands the measurement of as many tumour markers as attainable with little 
thought to the contribution of each of these measurements to the final diagnosis. 
There are intrinsic pitfalls associated with the use of multiple tumour markers. The 
intuitive reasoning that "the more one measures the more one knows" is fundamen-
tally wrong. 

5.2. Conflicting results from multiple testing 

Uncritically using a multitude of tumour marker tests may result in a poor 
understanding of a patient's medical condition. If the patient is suffering from a 
malignant disease for which only one or two tumour markers are truly diagnostic, 
all other tests are only adding 'noise', diverting medical attention. When a tumour 
marker test is ordered to help confirm or rule out a particular diagnosis, the inclusion 
of other tumour markers unrelated to the diagnosis can only obscure a real signal 
by mixing it with noise. 

Applying a separate univariate reference range to each tumour marker in a 
multiple set will often, by chance alone, indicate apparent abnormalities [4]. As the 
number of tests increases, so too does the probability of at least one false positive 
result. Simply counting the number of positive tumour marker results gives equal 
weight to all tests; it does not take into account the higher sensitivities of the better 
tests. . 

However, using the multivariate reference region [10] based on too many and 
inappropriate tests can actually obscure the diagnostic signal, too! 

To avoid superfluous information from multiple assays, a selection must be 
made. The use of multivariate regression or discriminant analysis statistics allows 
the selection of those tumour markers that are most cost effective and meaningful 
in clinical practice [11, 12]. Such a carefully selected combination of tumour mar-
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kers for a specific medical question provides for the best clinical efficiency with a 
minimum of overlapping information. : ' 

5.3. Choice of tumour markers 

The choice of the optimal tumour marker test or combination of tests depends 
on the clinical problem. If an important therapeutic decision rests on the test result, 
then maximal specificity is required. On the other hand, if, for instance, all 
individuals possibly affected by a certain malignancy are to be identified so that they 
may undergo confirmatory invasive diagnosis, then the tumour marker combination 
should have maximal sensitivity. 

Generally, parallel testing (i.e. all tumour marker tests are performed simul-
taneously on all patients) results in the highest sensitivity, because some patients are 
positive by one test, but not by the othér(s), and the lowest specificity because of 
more false positive results in the reference group. On the other hand, serial testing, 
where a 'first-line' tumour marker is applied first and only patients with a positive 
test result are retested with the other test(s), yields the lowest sensitivity but the 
highest specificity [13]. The parallel approach requires the most laboratory work, 
since all tests are performed on all patients 

In practice, multivariate tumour marker profiles should include not more than 
three markers. Larger test panels could perhaps be subdivided into smaller groups 
of complementary tumour markers. 

In practice, some of the tumour markers may be useless for the clinical 
problem considered, e.g. they do not discriminate well among the different disease 
categories in question. Other tumour markers may be good discriminators, but when 
combined, they contribute repetitious informátion because they are highly correlated 
(e.g., CA 19-9 and CA 50). All but a selected two or three of such immunoassays 
could be omitted because they bring no significant additional medical information. 
This simplifies the evaluation and at the same time reduces laboratory costs. 

It is impossible to generate a definitive list of obsolete tumour marker, tests. 
What is obsolete depends in part on the availability of resources, including staff and 
their skills, the sophistication of equipment and funding. Examples of tumour 
markers useful in cancer patient management versus less useful (obsolete) assays are 
shown in Table I. 

5.4. Selection of essential tumour markers 

The task of selecting only those tumour,markers that jointly provide a satisfac-
tory solution to a given, e.g. differential diagnostic, problem in clinical oncology is 
performed by computerized multivariate regression analysis and stepwise or logistic 
discriminant analysis [11, 12]. The most important application area for regression 
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TABLE I. EXAMPLES OF USEFUL VERSUS OBSOLETE (LESS USEFUL) 
TUMOUR MARKER ASSAYS FOR CANCER PATIENT MANAGEMENT 

Cancer site 
Useful 
tumour markers 

Less useful 
tumour markers 

Breast 

Lung (small cell) 

Pancreas 

Liver metastases 

Prostate 

Ovary 

Thyroid 

CA 15-3, 
MCA 

NSE 

CA 19-9, CA 50 

Gamma-GT, CA 19-9 

Prostate specific antigen 

CA 125 

Thyroglobulin, 
calcitonin 

Phosphohexoseisomerase 
LDH-isoenzymes 

Bombesin 

Amylase-isoenzymes 

5 ' -Nucleotidase 

Prost. acid phosphatase 

Placent, alk. phosphatase 

Sialic acid 

CA .= cancer antigen; 
MCA = mucinous cancer antigen; 
LDH = lactate dehydrogenase; 
NSE = neuron specific enolase; 
Gamma-GT = 7-glutamyl transferase. 

TABLE П. PERCENTAGE OF LUNG CANCER PATIENTS CORRECTLY 
DIAGNOSED BY MULTIPLE MARKERS 

Tumour marker Small cell 
lung cancer 
(n = 34) 

Non-small cell 
(adeno + squamous) 
lung cancer 
(n = 29) 

CEA (5 ng/mL) 
NSE (25 ng/mL) 
CA 19-9 (37 IU/mL) ' 
CA 125 (65 IU/mL) 

74 
77 

86 
55 
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analysis is in monitoring, while discriminant analysis has proved its value in 
differential diagnosis. 

Discriminant analysis yields mathematical classification functions consisting of 
weighted combinations of two or more variables (tumour markers) that maximize the 
separation of different patient groups. 

In an attempt to improve the diagnostic power of tumour markers for lung 
cancer; a multiparametric evaluation by stepwise discriminant analysis was per-
formed using the BMDP 7M program [14]. The computerized statistical processing 
of tumour marker measurements (neuron specific enolase (NSE), the cancer antigens 
CA 19-9, CA 125, CA 15-3, CA 50, carciriöembryonic antigen (CEA) and tissue 
polypeptide antigen (TPA)) from 106 patients with different bronchogenic carci-
nomas (n = 63) and non-neoplastic lung diseases (n = 43) respectively, demon-
strated a significant increase of the diagnostic sensitivity of the tumour marker 
combinations over single marker testing. 

> The classification accuracy of clinically important subgroups of lung cancer 
was significantly improved by multivariate data processing, using only three of the 
seven tumour markers in the discrimination functions (Table II). 

5.5: Differential diagnosis by multiple tumour markers 

To classify patients into clinico-pathological groups, the numerical solutions 
for the classification functions are cälculated from the tumour marker values of the 
individual patient. The case in question is then assigned to the group with the largest 
numerical value of the classification function. 

As an ádditional advantage of this mathematical procedure, the inappropriate 
tests for each specific diagnosis were clearly eliminated. 

However, classifying cancer patients into clinically meaningful subgroups by 
chemometrical methods (e.g. tumour marker (testing) represents a major difficulty, 
because a standardized strategy for assigning weights to quantitative variates (labora-
tory values) is not available. The full complexity of this issue is often unappreciated 
because of inadequate attention to the nature and magnitude of uncertainty associated 
with both measurement errors and our imperfect concepts of pathobiochemical 
tumour marker expression (synthesis), release and metabolism [9]. The tumour 
marker serum levels are, at best, a reflection of tumour activity in the host patient 
and represent an overall dynamic endpoint of the synthesis, secretion and metabolism 
of the marker molecule. The rational interpretation of tumour marker values requires 
clearly defined medical goals and depends on the validity of the measurements and 
the implementation of proper statistical procedures. It is with this perspective and 
reservation that the present author dares to indicate the relative importance of care-
fully selected tumour marker panels for the differential diagnosis of clinico-
pathological subgroups in cancer patients. . • 
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6. CONCLUSIONS 

. Tumour markers are clinically useful only if they successfully answer 
questions of consequence to patient management. There is a pressing need to 
evaluate critically the proliferating tumour marker tests plunged into common use by 
private enterprise and public demand. Emphasis should be placed on which tumour 
marker assays are cost effective and which should be performed only in specific 
situations. 

Statistical approaches should be applied to the analysis of multiple tumour 
marker data in three major ways, namely in: 

(a) quality control of laboratory results 
(b) selection of the most efficacious tumour markers and 
(c) clinical interpretation of tumour marker data. 

Unless powerful statistical methods can be applied for converting multiple 
tumour marker laboratory data into clinically meaningful answers, the measurements 
may raise more interpretational problems than they solve. Large tumour marker data 
banks are an essential condition for the proper and effective application of multi-
variate statistical techniques. The results depend heavily on the accuracy and com-
pleteness of the data sets and on the reliability of the diagnoses. When multiple tests 
are being compared in a study, all tests should be performed on all subjects. 

Presently available microcomputers (PCs), and powerful statistical software 
(e.g. BMDP, SAS, SPSS, SYSTAT/SYGRAPH) enable the clinical chemist to select 
the best subset of tumour markers that works well.in a given-clinical situation. 

Objectively selecting the most useful tests from among the large number of 
available tumour markers could contribute significantly to the economics of cancer 
patient care. 

In conclusion, more clinically relevant information can be derived from mul-
tiple tumour marker tests when they are carefully selected and considered jointly than 
when they are analysed, separately. The application of appropriate multivariate 
statistical methods can be useful in guiding the workup of multiple tumour marker 
data toward improved diagnosis, prognosis or monitoring of cancer patients. 
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Abstract 

V A L U E O F S E R U M A L P H A F E T O P R O T E I N IN T H E DIAGNOSIS O F RIGHT 
H Y P O C H O N D R I U M MASSES. 

Eighty-six patients with a diagnosis of right hypochondrium masses have been studied 
for the level of alphafétoprotein (AFP) before starting any treatment. Statistical analysis was 
performed using the non-parametric method of Kruskal-Wall is and showed a significant 
statistical difference (p < 0.05) between the group with hepatocellular carcinoma and those 
with different sicknesses, e .g . metastatic hepatic disease, other pr imary tumours and benign 
diseases. Analysis of the sensitivity and specificity of the tumour marker A F P to detect 
hepatocellular carcinoma in these patients showed that at the level of 12 ng /mL, the sensitivity 
was 80.6% and the specificity was 85%. When the level of serum A F P was higher 
(100 ng/mL or 500 ng/mL), the sensitivity fell to 77 .4% at 100 ng /mL and 48 .4% at 
500 ng/mL. In these cases, the specificity rose f rom 85% at the level of 12 ng/mL to 94.5% 
at the level of 100 ng/mL, and to 96 .3% at 500 ng /mL. Serum A F P levels above 12 ng/mL 
were detected in 30.4% of the patients with hepatic metastases; in 13% of these patients levels 
greater than 100 ng /mL were found. In the groups with benign diseases and other, primary 
tumours no patients had serum A F P greater than 100 ng/mL or 500 ng /mL; 6 .2% of these 
patients had serum A F P levels above 12 ng/mL. Our results show that high levels of A F P may 
be important in the differential diagnosis of right hypochondrium masses and could help in 
detecting primary liver cancer in such patients especially if the serum A F P levels are above 
100 ng/mL. • -, - - , 

1. INTRODUCTION 

Serum alphafetoprotein ( A F P ) in the human foetus w a s first descr ibed in 

1956 [ 1 , 2 ] and its reappearance w a s co inc ident with the d e v e l o p m e n t o f primary 

l iver cancer in m i c e and humans . 

Quantitative assays o f A F P have demonstrated the use fu lnes s o f this protein 

for moni tor ing as we l l as for the d iagnos i s o f hepatocel lular carc inoma [ 3 - 5 ] . Our 

w o r k is intended to demonstrate the va lue o f A F P in the differential d iagnos i s o f right 

hypochondr ium m a s s e s and the detect ion o f hepatocel lular carc inoma. 

2 6 3 
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FIG. 1. Age and sex of pàtients with right hypochondrium masses (h = 86). 

T A B L E I. G R O U P S O F P A T I E N T S W I T H RIGHT H Y P O C H O N D R I U M 
M A S S E S (n = 86) 

Group Clinical condition 
patients 

I Hepatocellular carcinoma 31 

II Hepatic metastases 23 

III Other tumours 11 

IV Benign diseases 21 
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TABLE II. RANGE OF SERUM AFP LEVELS. IN PATIENTS WITH RIGHT 
HYPOCHONDRIUM MASSES 

Group 
Clinical-
condition 

Serum 
A F P levels 

"-• (ng/mL) 
Median 
(ng/mL) 

I Hepatic carcinoma ' 2 . 5 - 2 8 0 000' 500" 

II Hepatic metastases 2 - 4 300 9 .2 

III Other tumours 2 - 1 2 4 .4 

IV Benign diseases 0 - 2 8 10 . 

a p < 0 .05 , compared with Groups II, ID, IV. 

2. MATERIAL A N D METHODS 

All the patients who arrived at the National'Cancer Institute of Rio de Janeiro 
from 1983 to 1990 with the diagnosis of right hypochondrium masses were studied. 
Serum samples for AFP measurements were collected before starting any treatment. 
The definitive diagnosis was achieved with laparoscopic biopsy or surgery. Patients 
without a definitive diagnosis were excluded. The radioimmunoassay for AFP was 
from Serono Diagnostics, Woking, United Kingdom, a double antibody test. A stan-
dard curve was constructed for every assay and the lower limit of the sensitivity of 
the assay was 2 ng/mL. The expected values'for normal adults are less than 
12 ng/mL. The coefficient of variation between assays was 12.3% at the level of 
20.3 ng/mL and 4.7% at the level of 141 ng/mL. All the samples were run in dupli-
cate. The statistical analysis was performed using a non-parameteric method of 
Kruskal-Wallis. i 

3. RESULTS 

Eighty-six patients were studied: 50 were female and 36 male. The mean age 
was 51.8 years with median age of 55 years (Fig. 1). Thirty-one had hepatocellular 
carcinoma (Group I); 23 had hepatic metastases from other tumours (Group П); 
11 had other primary tumours (Group Ш) and 21 had benign diseases (Table I). In 
Group I the level of AFP was from 2.5 to 280 000 ng/mL, with a median level of 
500 ng/mL. In Group П, the level was from{2 to; 4300 ng/mL, with a median level 
of 9 .2 ng/mL. Group ID showed levels of AFP from 2 to 12 ng/mL, with a median 
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level of 4 .4 ng/mL, and in Group IV the levels were from zero to 28 ng/mL with 
a median level of 10 ng/mL (Table П). The statistical analysis performed showed a 
significant statistical difference (p < 0.05) between Group I (hepatocellular carci-
noma) and the others (П, III and IV). Among Groups II, III and IV, no significant 
statistical difference was detected. The sensitivity and specificity of serum AFP 
levels in detecting hepatocellular carcinoma at the level of 12 ng/mL were 80.6% 
and 85%, respectively. At the level.of 100 ng/mL the sensitivity fell to 77.4% and 
the specificity rose to 94.5%. At the level of 500 ng/mL, the sensitivity fell to 48.4% 
and the specificity rose to 96.3 %. In Group II, 30.4% of the patients had AFP levels 
above 12 ng/mL and only 13% of these patients had levels greater than 100 ng/mL. 
In the other groups (III and IV) no patients had levels greater than 100 ng/mL; 6.2% 
of these patients had serum AFP levels above 12 ng/mL. 

4. DISCUSSION 

A patient who has a mass in the right hypochondrium in the initial stages for 
diagnosis is generally submitted to a variety of examinations. These may not clarify 
the disease present and generally it is necessary to obtain pathological confirmation 
by invasive methods such as surgery or laparoscopy. Among the most important dis-
eases that can present as a right hypochondrium mass are hepatocellular carcinoma, 
and, it is very important for it to be differentiated from other tumours and benign 
lesions. The value of serum AFP in the diagnosis of hepatocellular carcinoma is well 
established, specially in advanced disease. Our findings show that high levels of AFP 
may be important in the differential diagnosis of right hypochondrium masses and 
in the detection of hepatocellular carcinoma. Serum AFP measurements can supple-
ment other methods such as computer tomography in the evaluation of these patients. 
Serum levels of, AFP above 100 ng/mL may indicate hepatocellular carcinoma. 
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Abstract-Resumen 

EVALUATION OF A CARCINOEMBRYOÑIC ANTIGEN FRACTION AS A MARKER 
FOR BREAST CANCER. 

396 determinations of CA 15-3 serum concentrations and a fraction of carcino-
embryonic antigen (CEA) were performed by radioimmunoassay in sera from 331 patients 
with breast tumours (270 with carcinomas and 61 with benign tumours). In 33 of 268 patients 
with malignant tumours (12.3%), the serum CEA determinations were above the reference 
range whereas the CA 15-3 concentrations lay within the normal concentration range. On the 
other hand, the latter marker reached pathological values in 105 patients (39.2%) who had 
normal CEA levels. The mean serum concentrations of CA 15-3 showed a better correlation 
with the clinical stage of the disease than the CEA levels in 190 patients awaiting antineoplastic 
treatment. Upon grouping the results obtained from these patients according to the histological 
type of the tumour, it was found that the serum CEA determinations were a more sensitive 
indicator than the other marker for carcinomas of the medullary canal; however, the CEA 
values remained normal in all patients with non-invasive carcinomas. Serum concentrations 
of both markers are significantly higher when there are metastases, ànd the simultaneous use 
of both markers improves'the sensitivity by 12.1% in comparison with CA 15-3 used alone. 
The specificity of the two markers proved to be the same when a group of 64 post-therapeutic 
determinations • performed on patients where there was no clinical evidence of neoplastic 
activity were eváluated; however, when patients with benign' tumours of the breast were 
looked at, CA 15-3 was clearly more specific than.CEA. The results show that the CEA frac-
tion used in the RIA technique behaves similarly to the ones used in other commercial tech-
niques, though its use does improve sensitivity in the detection of malignant lesions. 

EVALUACION DE UNA FRACCION DE ANTIGENO CARCINOEMBRIONICO COMO 
MARCADOR DEL CANCER DE MAMA. 

Mediante técnicas radisotópicas de ínmunoanálisis se realizaron 396 determinaciones 
de las concentraciones séricas del marcador tumoral CA 15-3 y de una fracción de antígeno 
carcinoembriónico (ACE) en los sueros de 331 pacientes portadoras de enfermedades 
mamarias (270 con carcinomas y 61 con enfermedades benignas). En 33 de 268 (12,3%) 
pacientes con tumores activos, las determinaciones" de ACE sérico estaban por encima del 
rango de referencia, mientras que las de CA 15-3'permanecían en concentraciones normales. 
Por otro lado, este último marcador se increméntaba a valores patológicos en 105 pacientes 
(39,2%) que presentaban cifras normales de ACE. Las concentraciones séricas promedio de 
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C A 15-3 mostraron mejor correlación qiie las de A C E con la etapa clínica de la enfermedad 
en 190 pacientes antes del tratamiento antineoplásico. Al agrupar, según el tipo histológico 
del tumor, los resultados obtenidos en esas pacientes, se encontró que las determinaciones de 
A C E sérico mostraban mejor sensibilidad que el otro marcador para los carcinomas ductales 
medulares; sin embargo, el A C E permaneció en valores normales en todas las pacientes 
con carcinomas no infiltrantes. Las concentraciones séricas de ambos marcadores son sig-
nificativamente mayores en presencia de metástasis, y el empleo simultáneo de los dos 
incrementa en 12,1% la sensibilidad con respecto al uso del C A 15-3 solo. La especificidad 
de los dos marcadores resultó igual cuando se evaluó en un grupo de 64 determinaciones 
posterapéuticas realizadas en pacientes sin evidencia clínica de actividad neoplásica, pero 
cuando se estudió en pacientes con enfermedades benignas de la mama, el C A 15-3 fue 
evidentemente más específico que el ACE. Los resultados del trabajo demuestran que la 
fracción de ACE empleada en esta técnica de RIA se comporta de manera similar a las de otras 
técnicas comerciales, aunque su empleo mejora la sensibilidad en la detección de lesiones 
malignas. 

1. INTRODUCCION 

El antígeno carcinoembriónico (ACE) es un marcador tumoral para el cual se 
ha reportado utilidad en la confirmación diagnóstica y el seguimiento de pacientes 
con cáncer de mama [1-3]. 

En estudios anteriores realizados con una técnica de radioinmunoanálisis (RIA) 
desarrollada en nuestro departamento y que emplea una fracción del ACE [4], se 
encontró que su sensibilidad y especificidad para los tumores malignos pulmonares 
y del sistema digestivo son algo diferentes a las reportadas cuando se utilizan reac-
tivos comerciales para estudios similares [5, 6]. 

En el presente trabajo se hace una evaluación clínica de nuestra técnica para 
la detección de niveles séricos de ACE en pacientes con patologías mamarias, com-
parando sus resultados con los obtenidos cuando.se utiliza otro conocido marcador 
tumoral del cáncer de mama: CA 15-3 [7]. 

2. MATERIALES Y METODOS 

Se realizaron 332 determinaciones de ACE y CA 15-3 en los sueros de 
270 pacientes portadoras de carcinomas mamarios, en diferentes momentos de su 
enfermedad, y 64 determinaciones de ambos marcadores en los de 61 pacientes con 
enfermedades benignas de la mama. 

La técnica para la determinación de ДСЕ es la misma descrita anteriormente 
[4]; la utilizada para el CA 15-3 fue una técnica comercial (ELSA-CA 15-3, CIS 
biointernational, Francia). 
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Se compararon las concentraciones séricas de los dos marcadores, agrupadas 
según: el momento en que se realizó la toma de las muestras con respecto al trata-
miento oncoespecífico; la presencia o ausencia de evidencias clínicas de actividad 
tumoral; el diagnóstico histológico de la enfermedad; la etapa clínica de la misma; 
y la presencia o ausencia de metástasis. ¡ 

Los rangos de referencia para las concentraciones séricas de ACE fueron los 
estimados en un grupo de 95 donantes supuestamente normales, considerándose 
como rango patológico aquellas concentraciones superiores a 24 ng/mL [4]. Para 
el CA 15-3, el rango de referencia fue determinado previamente, mediante el 
método de la estimación de percentiles, en 126 mujeres sin patologías mamarias. 
El 95% de las concentraciones séricas agrupadas centralmente se encontraba entre 
4,2 y 31,3 IU/mL. 

3. RESULTADOS Y DISCUSION 

En la Fig. 1 se muestran los porcentajes de las 268 determinaciones realizadas 
en pacientes con tumores malignos activos de la mama, cuando uno de los dos marca-
dores tumorales, o ambos, se encontraban en concentraciones superiores al rango de 
referencia. Las tres últimas columnas corresponden a las determinaciones realizadas 
en las pacientes antes del tratamiento, a las que mantenían actividad tumoral después 
de éste, y a aquellas que se hicieron en presencia de tumores metastásicos, 
respectivamente. 

La barra inferior de cada columna muestra el aporte que brindan las determina-
ciones de ACE sérico en la confirmación diagnóstica de la lesión tumoral, cuando 
las concentraciones de CA 15-3 se encontraban dentro del rango de referencia. En 
aproximadamente el 10% de esos estudios el ACE suplía al otro marcador para estos 
fines, en una proporción ligeramente superior (12,3%) cuando no se había realizado 
ningún tipo de tratamiento antineóplásico, en comparación con la detección de enfer-
medad residual post-terapéutica (9%), aunque, en este caso, incrementa la sen-
sibilidad de ambos marcadores. Para la detección de metástasis, en el 12,1 % de los 
estudios realizados el ACE se incrementó por encima de su rango de referencia 
cuando el CA 15-3 se mantenía dentro del suyo. 

En la Fig. 2 se manifiesta el valor complementario de las mediciones de los 
niveles circulantes de ACE, mostrando el comportamiento de los marcadores 
tumorales en los sueros de las pacientes con carcinomas de mama no sometidas a 
tratamiento antineoplásico, agrupados según el tipo histológico del tumor. 

De los sueros de 132 pacientes con carcinoma ductal infiltrante (C.D.Inf.), 19 
(14,4%) tenían elevadas las concentraciones ¿le ACE, mientras que las de CA 15-3 
se mantenían dentro del rango de referencia. Así se logró evidenciar la presencia del 
tumor en 85 de estas pacientes (64,4%), mediante el empleo combinado de los 
niveles séricos de ambos marcadores. Sin embargo, para las portadoras de carci-
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FIG. I. Sensibilidad de los marcadores tumorales (ACE y CA 15-3) en' un grupo de 268 
pacientes con carcinoma mamario activo. Se presentan también las sensibilidades alcanzadas 
antes y después del tratamiento, y cuando estaba presente la enfermedad metastásica. La 
barra inferior de cada columna representa la proporción de pacientes en que solo el antígeno 
carcinoembriónico (ACE) se eleva al rango patológico, en tanto que la sombreada con puntos 
corresponde a la misma situación para el CA 15-3. La barra rayada muestra el porcentaje 
en que ambos marcadores se elevan simultáneamente. Las cifras en la parte superior de cada 
columna corresponden al número de pacientes en cada grupo. En general, el ACE contribuye 
a la detección de las lesiones tumorales en aproximadamente el 12% de las pacientes. 

nomas lobulares infiltrantes (C.L.Inf.) la sensibilidad de las determinaciones de A C E 
solo alcanzó un valor de 10,7%, muy inferior al 53,6% del CA 15-3. 

Merece destacarse que en las pacientes con carcinoma ductal infiltrante, en su 
variedad medular (C.D.Med.) , la sensibilidad del ACE duplicó la del otro marcador, 
y aunque el número de pacientes con esta variedad histológica es escaso, en otras 
cinco con este mismo tipo de tumor, que mantenían actividad neoplásica después del 
tratamiento, solamente el A C E pudo demostrarlo en una de ellas, en tanto que el CA 
15-3 se mantenía dentro del rango de referencia en todas ellas. Por otro lado, ninguna 
de las pacientes con carcinomas no infiltrantes presentó niveles elevados de A C E 
sérico. 

Solamente 11 de las 190 pacientes no tenían diagnóstico histológico y en todas 
se encontraba elevada la concentración sérica de, por lo menos, uno de los marca-
dores tumorales. La elevada sensibilidad dentro de este grupo debe estar relacionada, 
más bien, con la extensión tumoral que no permitió la resección quirúrgica de la 
lesión para realizar el diagnóstico histológico. 
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FIG. 2. Comportamiento de los marcadores tumorales según el tipo histológico de carci-
nomas mamarios sin tratamiento. El significado de las barras es el mismo que en la Fig. 1. 
Se destaca la mayor sensibilidad del ACE, en relación al CA 15-3, para los carcinomas 
ductales medulares (C.D.Med.), contrario a lo que sucede en los carcinomas ductales y 
lobulares infiltrantes (C.D.Inf, y C.L. Inf., respectivamente) y en los carcinomas no 
infiltrantes (C. NO Inf.). 

Al tratar de relacionar la sensibilidad de las mediciones de estos marcadores 
y su concentración promedio con la extensión tumoral antes del tratamiento (Fig. 3) 
se hizo evidente que el CA 15-3 muestra mejor correlación con la etapa clínica, aun 
cuando sus concentraciones son, relativamente, más bajas que las de ÄCE en la etapa 
clínica I. Llama la atención que todo incremento de las concentraciones séricas de 
ACE entre las pacientes en estadio IV también se acompañaba por uno similar del 
CA 15-3, lo cual demuestra la mejor efectividad de éste para reflejar la extensión 
tumoral. 

El comportamiento de ambos marcadores tumorales ante la presencia o 
ausencia de metástasis se muestra en la Fig. 4, donde se observa que el aporte 
diagnóstico del ACE es muy similar en.ambos grupos, incrementando la sensibilidad 
total en algo más del 12%, proporción ligeramente inferior a la obtenida empleando 
reactivos comerciales [8], aunque en nuestro grupo se incluyeron las .metástasis 
regionales. Sin embargo, el CA 15-3 se incrementa a valores patológicos sin que lo 
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FIG. 3. Comportamiento de los marcadores tumorales según la extensión de la enfermedad, 
antes del tratamiento antineoplásico. Las barras sombreadas tienen el mismo significado que 
en las figuras anteriores. Debajo de cada columna se muestran los valores promedios de las 
concentraciones de АСЕ y de CA 15-3 para cada etapa clínica. Las concentraciones séricas 
del CA 15-3 muestran mejor correlación con la etapa clínica que las del ACE. 
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FIG. 4. Comportamiento de los dos marcadores tumorales ante la presencia o ausencia de 
lesiones metastásicas. La sensibilidad de ambos marcadores, y sus concentraciones medias 
en suero, aumentan cuando se presenta alguna lesión metastásica. Sin embargo, el valor 
promedio de las concentraciones de CA 15-3 en este caso casi triplica al obtenido en ausencia 
de metástasis. 
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FIG. 5. Especificidad de los marcadores tumorales para la enfermedad maligna y para la 
actividad tumoral en pacientes tratadas. Ambos marcadores tienen un comportamiento similar 
en el grupo de pacientes tratadas por carcinoma mamario que no mostraban signos clínicos 
de actividad tumoral, pero en las pacientes con enfermedades mamarias benignas el ACE 
mostró una proporción mayor de falsos positivos que el CA 15-3. 

haga el ACE en 45 % de las pacientes con ¡lesiones metastásicas, siendo mayor la 
sensibilidad que la reportada en un grupo de 53 pacientes con igual condición [8]. 

La presencia de metástasis incrementa significativamente los valores prome-
dios de las concentraciones séricas de ambos marcadores respecto a los registrados 
cuando no existen lesiones metastásicas, aunque es más ostensible en el CA 15-3 
(p<0,001) que en el ACE (0,01 < p < 0 , 0 5 ) cuando se aplica la prueba de Student 
para series apareadas. 

La especificidad de los dos marcadores se estudió en un grupo de 61 pacientes 
con enfermedades mamarias no malignas, 50 de las cuales tenían confirmación 
histológica del diagnóstico, y en 64 determinaciones realizadas en 53 pacientes con 
tumores malignos sometidas a tratamiento antineoplásico y sin evidencia clínica de 
actividad tumoral (Fig. 5). 

En el grupo de pacientes con tumores tratados, la especificidad fue similar para 
ambos marcadores (92,2%), pero para las enfermedades benignas là especificidad 
del ACE fue mucho menor (59,4%) que la del CA 15-3 (78,1%). 

El valor predictivo de los resultados positivos (VPP) para el ACE resultó 
ser de 67%, mientras que para el CA 15-3 fue de 87,7%, en tanto que el valor 
predictivo de los resultados negativos (VPN) del ACE fue menor (32%) que el del 
CA 15-3 (45%). 
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L o s re su l t ados ob t en idos c o r r o b o r a n la escasa ut i l idad del A C E c o m o m e d i o 

d e d i agnós t i co d e t u m o r e s m a l i g n o s d e o t ras loca l i zac iones [9]. T a m b i é n c o n f i r m a n 

lo r e p o r t a d o p o r o t ros au to re s q u e a f i r m a n q u e el G A 15-3 es supe r io r c o m o m a r -

c a d o r de l c á n c e r d e m a m a [7, 8] , y a u n q u e su m e j o r ap l icac ión es en el s egu imien to 

p o s t e r a p é u t i c o , s e . m e j o r a n las ap l i cac iones c l ín icas c u a n d o a m b o s m a r c a d o r e s se 

u s a n d e m a ñ e r a c o m b i n a d a [10] . 

4 . C O N C L U S I O N E S 

L a f r a c c i ó n d e A C E cuan t i f i cada p o r n u e s t r a técnica d e R I A p r e s e n t a ca r ac -

te r í s t icas d iagnós t i cas de l c á n c e r m a m a r i o s imi la res a las d e o t ras t écn icas c o m e r -

c ia les , p e r o su e m p l e o s imu l t áneo con las d e t e r m i n a c i o n e s d e C A 15-3 m e j o r a la 

de t ecc ión d e esos t u m o r e s m a l i g n o s . 
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' Abstract 

SERUM LEVELS O F CA 125 IN DIAGNOSING, MONITORING DISEASE STATUS 
AND EVALUATING PROGNOSIS IN OVARIAN CARCINOMAS. 

Most patients-already have tumour spread-throughout the peritoneal cavity when the 
diagnosis of ovarian cancer is made. The aim of our study was to determine the contribution 
of ÇA 125 in the diagnosis and follow-up (namely in monitoring disease status and in early 
detection of recurrence or metastasis) of ovarian carcinomas. The prognostic valtie of CA 125 
prior to therapy was also analysed. Serially we performed in 175 ovarian cárcinoma patients 
447 serum radioimmunoassay measurements of CA 125, for a mean period of 17.9 
(3-57) months. CA 125 was elevated in all the 29 patients evaluated prior to therapy. Thé 
mean value of CA 125 prior to therapy in patients with favourable clinical follow-up was 
statistically different (p < 0.01) from that of patients who showed signs óf local disease or 
metastasis. All the 95 patients who were in remission in follow-up after initial therapy had 
normal levels'of CA 125. Twelve out of 63 pátients who showed signs of disease were false 
negative for CA 125. An early increasè of CA 125 valués was observed in four patients 
1 - 6 months before clinical and/or radiological diagnosis of tumour relapse: In conclusion: 
(1) Sensitivity was 100% in the diagnosis of ovarian carcinoma and 81% for ' the detection of 
recurrent disease; (2) increased levels of CA 125 in follow-up must draw attention to the 
presence of local disease and/or metastasis; (3) normal levels of CA 125 during follow-up 
after initial therapy do not guarantee a disease free condition; (4) increased levels of CA 125 
may be the only positive finding, even before clinical and/or radiological evidence of disease; 
(5) levels of CA 125 prior to therapy have a prognostic value. 

1. . I N T R O D U C T I O N 

O v a r i a n c a n c e r s s p r e a d ea r ly . M o s t pa t ients a l ready h a v e t u m o u r sp read 

t h r o u g h o u t the pe r i tonea l cavi ty w h e n the d iagnos i s is m a d e [1]. M o n i t o r i n g the 

r e sponse to t r ea tmen t of ova r i an c a r c i n o m a s has b e e n d i f f i cu l t [2]. 

C A 125 is a m o n o c l o n a l an t ibody de f inèd an t igen , loca ted ö n the s u r f a c e of 

ova r i an c a r c i n o m a cel ls [3]. It is r e c o m m e n d e d f o r m o n i t o r i n g d i seasè s ta tus fo l low-

ing t u m o u r exc i s ion and d u r i n g c h e m o t h e r a p y [3] , 
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The aim of our study was to determine the contribution of CA 125 in the diag-
nosis and follow-up (namely in monitoring disease status and in early detection of 
recurrence or metastasis) of ovarian carcinomas. The prognostic value of CA 125 
prior to therapy was also analysed. 

2. PATIENTS AND METHODS 

One hundred and seventy-five patients with histologically proven ovarian car-
cinoma at various individual stages were monitored over 3 to 57 months (mean 
17.9 months) for their serum CA 125 levels (total: 447 measurements). The age at 
diagnosis ranged from 11 to 82 years (mean.49:8 years). 

Of the 175 patients evaluated, 29 patients had pretreatment determinations of 
CA 125 (29 measurements) and 158 patients had determinations after initial therapy 
(418 measurements). 

During the follow-up period, 7 of the 29 patients with pretreatment measure-
ments showed a favourable clinical course, whilst 10 patients presented recurrence 
of disease; no determinations of CA 125 were made after therapy in the other 
12 patients. From the 158 patients with determinations of CA 125 after initial ther-
apy, 95 patients were in clinical remission and 63 patients showed signs of local dis-
ease, or metastasis. 

Various therapeutic protocols were used. 
CA 125 serum levels were measured by the radioimmunoassay method, using 

commercial kits (ELSA CA 125, ID-CIS, Dreieich, Germany). The upper cut-off 
value of normal range for CA 125 was set at 35 IU/mL. 

For statistical analysis we used Student's t and Mann-Whitney tests. 

3, RESULTS 

CA 125 was elevated in all the 29 patients with determinations prior to therapy 
(range: 46.5-5901.0 IU/mL; mean: 1608.7 IU/mL). 

Values of CA 125 prior to initial therapy in the seven patients with favourable 
clinical follow-up (range: 46.5-823.0 lU/mL; mean: 211.3 IU/mL) were statisti-
cally different (p < 0.01) from those of the ten patients who presented recurrence 
of disease (range: 325.0-5901.0 IU/mL; mean: 2420.7 IU/mL). 

All the 95 patients who were in clinical remission after initial therapy had nor-
mal levels of CA 125 (range: 2.7-28.0 IU/mL; mean 12.2 IU/mL). 

In the 63 patients with signs of local disease or metastasis during follow-up, 
CA 125 was elevated in 81.0% of the patients (range: 6.0-12524.0 IU/mL; mean: 
795.4 IU/mL). 
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Early increased levels of CA 125 were observed in four patients, at 1, 2, 3 and' 
6 months respectively, before clinical and/or radiological evidence of local recur-
rence or metastasis. . . : 

The mean value of CA 125 in the 95 patients with a favourable clinical course 
was different (p < 0.01) from that of the 63 patients with signs of disease after ini-
tial therapy. 

4. DISCUSSION AND CONCLUSIONS 

A reliable non-invasive test for diagnosing ovarian cancers and monitoring the 
response to treatment in patients with ovarian carcinoma would be an important addi-
tion to medical practice. 

The excellent correlation of clinical status with serum levels of CA 125 suggest 
that CA 125 may be a generally useful marker for monitoring disease in patients with 
ovarian cancer [2]. 

We found CA 125 with a sensitivity of 100.0% at diagnosis of ovarian cancer. 
The mean value of CA 125 prior to therapy in patients who had a further favourable 
clinical evolution was statistically significantly different from that of patients with 
recurrence of disease, indicating a prognostic value of levels of CA 125 at diagnosis. 

All the 95 patients who were in remission in follow-up had normal levels of 
CA 125. 

Twelve of 63 patients who showed signs of disease were false negative for 
CA 125. 

The early increase of CA 125 values observed in four patients 1 to 6 months 
before clinical and/or radiological diagnosis of tumour relapse suggests this marker 
is a possible indicator of occult tumour recurrence. 

In conclusion: (1) as a tumour marker for ovarian carcinomas, CA 125 has a 
quite high sensitivity (in our study, we found a sensitivity of 100.0% at diagnosis 
and 81.0% for detection of recurrent disease; (2) increased levels of CA 125 in 
follow-up must draw attention to the presence of local disease and/or metastasis; 
(3) normal levels of CA 125 during follow-up after initial therapy do not guarantee 
a disease free condition; (4) increased levels of CA 125 may be the only positive 
indication, even before clinical and/or radiological evidence of disease; (5) Levels 
of CA 125 prior to therapy have a prognostic value. 
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Abstract 

PROGNOSTIC VALUE O F PRETREATMENT LEVEL OF PROSTATE SPECIFIC ANTI-
GEN (PSA) AND PRIMARY RATE OF PSA DECREASE AFTER THERAPY IN 
PROSTATE CANCER PATIENTS. 

In a previous study, at diagnosis, it was found that prostate specific antigen (PSA) levels 
were of prognostic value in prostate cancer patients. Mecz et al. found a good correlation 
between the 'half-lifetime' of PSA and the patient's clinical status and prognosis. The present 
paper compares the prognostic value of the pretreatment level of PSA with that of the primary 
rate of PSA decrease after therapy in prostate cancer patients. Serum radioimmunoassay mea-
surements of PSA were performed serially in 21 patients for a mean period of 14.6 
(range 6-26) months. Of the 21 patients, six had a favourable clinical course after therapy and 
15 patients had a poor prognosis. PSA was elevated in all the 21 patients before any treatment. 
The mean value of PSA prior to therapy in the six patients with good prognosis was statisti-
cally different (p < 0.05) f rom that of the 15 patients with poor prognosis. Of these 
15 patients, three patients had an increase in their PSA levels and their half-lifetime could not 
be calculated. No significant difference in the primary rate of PSA decrease after therapy was 
found between the groups of patients with good and poor prognosis. The main conclusions 
were: (1) pretreatment levels of PSA have a prognostic value in prostate cancer patients; 
(2) the primary rate of PSA decrease after therapy can be regarded as giving additional infor-
mation useful in prognosis, when evaluated in association with levels of PSA prior to therapy. 

1. I N T R O D U C T I O N 

A p rognos t i c r e la t ionsh ip b e t w e e n p r e t r e a t m e n t levels o f s e r u m p ros t a t e 

spec i f ic an t igen ( P S A ) in a d v a n c e d p ros t a t e c a n c e r pa t ien ts a n d pa t i en t s ' surv iva l 

w a s sugges ted b y K u r i y a m a et a l . [1]. 

In a p r e v i o u s s tudy [2], w e f o u n d that the m e a n v a l u e of P S A p r io r to t he rapy 

in pa t ients w h o w e r e in r e m i s s i o n d u r i n g f o l l o w - u p w a s stat is t ical ly d i f f e r e n t f r o m 

that of pa t ients w h o d e v e l o p e d me tas t a ses , indica t ing the p r o g n o s t i c va lue of P S A 

levels at d i agnos i s . 
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T A B L E I. PSA L E V E L S A N D P R I M A R Y R A T E O F P S A D E C R E A S E A F T E R T H E R A P Y (T5) IN P R O S T A T E C A N C E R 
P A T I E N T S 

Patients No. Pretreatment levels Initial post-treatment levels T; 

Good prognosis 6 8.5-241.5 (76.5) ng/niL - 0.7-17.0 (6.5) ng/mL 46.9-266.5 (95.2) days 

Poor prognosis 12a 50.0-4500.0 (1298.2) ng/mL 1.0-918.0 (140.0) ng/mL 24.9-797.2 (153.2) days 

a Excluding three patients who had an increase in their PSA levels after therapy. 
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Mecz et al. [3] found a good correlation between the 'half-lifetime' of PSA and 
the patient's clinical status and prognosis. • ; 

• In this study, we compare the prognostic value'of the pretreatment'level of PSA 
with that of the primary rate of PSA decrease. after therapy' in prostate cancer 
patients. -• ' • ' • • 

2. PATIENTS AND METHODS 

Twenty-one patients with histologically confirmed prostate cancer at various 
individual stages were monitored over 6-26 months (mean 14.6 months) for their 
serum PSA levels before and after therapy. Their ages at diagnosis:ranged, from 50 
to 80 years (mean 66.1 years). , - , 

Six patients had a favourable clinical course after therapy and 15 patients had 
a poor prognosis, showing signs of further local disease or metastasis. 

PSA levels were determined by radioimmunoassay (RIA) double antibody 
method, using commercial kits (DPC, USA). The cut-off level for PSA was set at 
4.0 ng/mL. 

The primary rate of PSA decrease after therapy (half-lifetime) was considered 
in terms of the time (days) required for a twofold decrease in the PSA level from 
measurements of serum PSA pretreatment arid initial- post-treatment level [3]. For 
statistical analysis we used the Mann-Whitnëy test. . 

3. , RESULTS ... ( • ., 

PSA was elevated in all the 21 patients, before any treatment. The mean value 
of PSA prior to therapy in the six patients with good prognosis was statistically 
different (p < 0.05) from that of the 15 patients with poor prognosis (Table I). 

After initial therapy, all the six patients who had a favourable clinical course 
showed a decrease in the level of PSA, while of the 15 patients with poor prognosis, 
three had an increase in their PSA level and so their half-lifetime could not be 
calculated. 

No significant difference in the primary rate of PSA decrease after therapy was 
found between the groups of patients with good and poor prognosis. 

A patient with a pretreatment level of PSA of 241.5 ng/mL and a half-lifetime 
of 46.9 days had a good prognosis. Another patient with a pretreatment level of PSA 
of 50.0 ng/mL and half-lifetime of 118.7 ng/mL had a poor prognosis. 

4. DISCUSSION AND CONCLUSIONS 

PSA is a specific marker of prostatic tissue, used to diagnose and monitor 
response to therapy and signal recurrence of prostate cancer [2, 3]. 
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Since in a previous study [2] we found that PSA levels at diagnosis with prog-
nostic value and half-lifetime of PSA seemed to be correlated with the patient's clini-
cal status,and'prognosis [3], we tried to compare these two parameters as prognostic 
indicators in prostate cancer patients. 

We could not find a significant difference in the half-lifetime of PSA between 
the groups of patients with good and poor prognosis, while we again found the mean 
value of PSA prior to therapy statistically different between the two groups of 
patients. 

The main conclusions are: 

(1) Pretreatment levels of PSA have a prognostic value in prostate cancer patients; 
(2) Theprimary rate of PS A decreasé after therapy can be regarded as giving addi-

tional information useful in prognosis, when evaluated in association with the 
level of PSA prior to therapy. 
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Abstract 

NEURON SPECIFIC ENOLASE (NSE) IN DIAGNOSIS AND FOLLOW-UP OF 
NEUROBLASTOMA. 

Neuron specific enolase (NSE) is a glycolytic enzyme found in,high concentration in 
the brain and peripheral nervous tissue. NSE has been detected in neuroendocrine tumours 
and is now currently used as a tumour marker in neuroblastoma and small cell carcinoma of 
the lung. In this study the usefulness of NSE in diagnosis follow-up and response to therapy 
in neuroblastoma patients is evaluated. The results in 54 patients (131 serum NSE determina-
tions) were analysed. Thirty-five patients had confirmed diagnosis of neuroblastoma. The 
results showed that median NSE values were significantly higher (p < 0.0001) in neuro-
blastoma patients (58.9 ng/mL) than the values obtained in other tumours, with a sensitivity 
of 67% and a specificity of 65%. When NSE determinations and l 3 lI-MIBG scintigraphy 
were performed simultaneously, ' there was agreement in 68% of the results. Neuro-
blâstomà patients with localized or metastatic disease had higher NSE values (p < 0.001) than 
patients without evidence of disfeàse. ÑSE válues dropped with chemotherapy in 16 patients 
initially submitted to this therapy. Serial measurements of NSE could not detect earlier relapse 
and/or progression of disease. ' ' • • • <• • 

1. I N T R O D U C T I O N 

N e u r o n spec i f i c e n o l a s e ( N S E ) is a g lyco ly t i c e n z y m e f o u n d in h igh concen t r a -

t ion in the b r a i n a n d p e r i p h e r a l n e r v o u s t i ssue . It is a l so f o u n d in n e u r o e n d o c r i n e 

cel ls of the gas t ro in tes t ina l m u c o s a , p a n c r e a s , lung , p i tu i tary g l and , thyro id and 

ad rena l s . . • 

N S E has b e e n de tec ted in n e u r o e n d o c r i n e t u m o u r s and is cu r r en t ly used as a 

t u m o u r m a r k e r in n e u r o b l a s t o m a and smal l cell c a r c i n o m a of the l ung [1]. 

In this s tudy , the u s e f u l n e s s of N S E in d i agnos i s , f o l l o w - u p a n d r e s p o n s e to 

the rapy in n e u r o b l a s t o m a pa t i en t s . i s eva lua ted [2, 3]., 
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TABLE I. NUMBER OF CASES INVESTIGATED 

Neuroblastoma 

Ganglioneuroblastoma 

Ganglioneuroma 

35 

6 

3 

Wilm's tumour 1 

Ewing's sarcoma 1 

Lymphoma 1 

Teratoma 1 

Haematoma of right adrenal 1 

Rhabdoid tumour of kidney 1 

Retinoblastoma 2 

2. PATIENTS AND METHODS 

Using the double-antibody radioimmunoassay, by Pharmacia, we performed 
131 determinations of serum NSE in 54 patients. Thirty-five patients had confirmed 
diagnosis of neuroblastoma and nineteen had other tumours (Table I). 

We did not perform NSE determinations in healthy children, so. we took 
12.5 ng/mL as cut-off value, as in the literature. 

3. RESULTS 

The median NSE values were higher in patients with neuroblastoma 
(58.9 + 118.9 ng/mL) than the values obtained in patients with other tumours 
(19.2 + 10 ng/mL). This is a statistically significant difference (p < 0.0001). 

We performed 71 131I-MIBG (meta-iodobenzyl guanidine) scintigraphies in 
46 patients with the diagnosis of neuroblastoma and ganglioneuroblastoma. In posi-
tive studies, median NSE values were 89.0 + 169.4 ng/mL; in negative studies 
these values were 14.0 + 12.4 ng/mL (p < 0.005). 

NSE determinations were performed simultaneously with 131I-MIBG scintig-
raphy in neuroblastoma patients. Of the total 87 determinations in this group, 
53 patients had simultaneous scintigraphy. We found agreement between the scinti-
graphic results and NSE values in 68% of these studies. In patients without evidence 
of disease the median NSE values were 15.7 + 11:6 ng/mL; this value was signifi-
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cantly higher (p < 0.001) in patients with localized or metastatic disease 
(44.9 + 62 ng/mL). 

In 10 patients we had access to simultaneous measurements of NSE and vanil-
mandelic acid (VMA). In seven patients the variations of NSE and VMA values were 
concordant and agreed with clinical evolution in six of these seven patients. 

In 16 patients initially submitted to chemotherapy, NSE values dropped in all 
cases. In a follow-up period of 10 months (1-30 months) NSE detected relapse in 
three patients. In spite of progression of the disease, NSE values remained normal 
in five patients. 

4. CONCLUSIONS 

The median NSE values were significantly higher in patients with neuro-
blastoma. In this group of patients NSE had a sensitivity of 67 % and a specificity 
of 65%. We found agreement between NSE values and scintigraphic results in 68% 
of the cases. NSE values returned to normal with chemotheraphy. Nevertheless, 
serial measurements of NSE could not detect earlier relapse and/or progression of 
disease. 
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Abstract 

RADIOIMMUNOASSAY FOR C-PEPTIDE IN DIÀBETIC CHILDREN. 
Direct insulin radioimmunoassay (RIA) studies in a diabetic are no longer meaningful 

once insulin therapy has been instituted. For this reason, use is made of RIA for blood 
C-peptide, a proinsulin component reflecting endogenous insulin secretion independently of 
insulin therapy. The paper reports experience with C-peptide RIA studies carried out on blood 
from 273 diabetic children of normal body weight and 11.3 years average age, as well as 
31 healthy children (control group). Diabetes duration ranged from 7 days to 14 years. Prior 
to drawing blood for C-peptide assay, stimulation was given by oral glucose, 1.75 g/kg body 
weight, in the form of 40% solution with, 60 minutes later, restimulation by intravenous 
glucagon, 0.01 mg/kg body weight C-peptide was examined at 0, 15, 30, 60, 65, 70, 80, and 
90 minutes. The results of statistical analysis show that the basic level of C-peptide in diabetic 
children is lower than that of healthy ones. Glucose stimulation produces, at 30 min, C-
peptide elevation in healthy but not in diabetic children. Glucagon stimulation produced, at 
60 min, a further rise of blood C-peptide in the healthy, with values peaking at 65 and 70 min, 
dropping thereafter without returning to normal by 90 min. Diabetics showed very modest 
response to glucagon stimulation^ C-peptide secretion in diabetic children proved to be 
inversely proportional to the duration of the diabetes. Levels of C-peptide secretion were 
highest for durations of up to one year, followed by newly diagnosed cases. For diabetes 'of 
longer standing, between 2 and 10 years, no elevation was noted. These findings in children 
with diabetes mellitus indicated their insulin secretion by beta cells of the pancreatic islets of 
Langerhans to bé substantially decreased and unresponsive to glucose and glucagon stimula-
tion. The result thus pointed to an insulin secretion that is unable to meet body needs under 
normal conditions and that cannot be stimulated. Such data have informative value in making 
decisions on the treatment of diabetic children, in particular as regards the appropriate insulin 
dosage. 

D i a b e t e s mel l i tus is o n e of the l ead ing social ly s igni f icant d i seases . Its inci-

d e n c e a m o n g the chi ld popu la t ion shows a s teadi ly r is ing t r end . 

Func t i on tes t ing f o r sec re to ry capac i ty of t he be ta cells of t he panc rea t i c islets 

of L a n g e r h a n s is a m a j o r p r o b l e m wi th impl ica t ions f o r d iagnos i s , c l in ica l ' evo lu t ion , 

me tabo l i c con t ro l and t r ea tmen t of d i abe tes . In the c o u r s e of c l in ical evo lu t ion of t he 

d i abe te s , insul in d e t e r m i n a t i o n s by r a d i o i m m u n o a s s a y (RIA) t echn iques fail to p r o -

v ide re l iab le i n f o r m a t i o n o n the state of insul in sec re t ion , s ince wi th the ins t i tu t ion 
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of insulin therapy and formation of insulin antibodies, the specifity of the reaction 
is impaired. It is possible, however, to use RIA for C-peptide, a constituent part of 
the proinsulin molecule, which is released in concentrations equimolar with insulin. 
Such determination reflects the rate of endogenous insulin secretion regardless of 
insulin therapy. 

There have been few reports of C-peptide studies during various phases in the 
clinical evolution of childhood diabetes. 

This paper presents data from C-peptide RIA investigations in 273 diabetic 
children of mean age 11.3 years, with illness durations ranging from 7 days to 
14 years. The distribution was as, follows: 

— newly diagnosed: 

Examined in'addition were 31 healthy children with no family history of endo-
crine/metabolic illness, of mean age 10.7 years. 

Use was made of the combined glucose arid glucagon tolerance test (cGGTT), 
with an oral 40% glucose load of 1.75 g/kg body weight and, 60 minutes later, maxi-
mum stimulation of insulin secretion by injecting glucagon 0.01 mg/kg body weight. 
At 0, 15, 30, 60, 65, 70, 80 and 90 minutes, measurements were made of blood 
sugar, C-peptide and insulin (in healthy children). Blood sugar was determined by 
the glucose-oxidase technique; C-peptide, by RIA using a Hoechst test kit; insulin, 
using a Bulgarian test kit. Data processing used analysis of variance and correlation 
analysis. Comparisons.were made using the Student-Fisher t criterion; 

Findings in healthy children showed a baseline C-peptide average of 
x =. 0.29 ± 0.18 nmol/L, which does not differ from values reported in the litera-
ture. No statistically significant differences by age and sex were noted. 

For cGGTT-stimulated C-peptide secretion in healthy children (Fig. 1), the 
curve of arithmetic means rose over the first 60 minutes to peak sharply at 
65 minutes; by the end of the period investigated, the C-peptide level was still well 
above, the baseline. For insulin secretion, examination of the data showed changes 
occurring with time to be similar to those for C-peptide. A significant elevation of 
the C-peptide curve over that of insulin can be accounted for by differences in 
metabolism of the two substances. The high correlation found (r = 0.978) indicated 
that determination of C-peptide levels provides a reliable measure of endogenous 
insulin secretion. No close correlation between hormonal secretion and blood sugar 
was observed at the time of cGCTT. 

— with duration 1 month-1 year 
— in initial remission phase 
— with duration 1-5 years 
— with duration 5-10 years 
— with duration over 10 years 

type I 
type MODY 

125 children 
29 children 
32 children 
20 children 
36 children 
26 children 

5 children 



IAEArSM-324/15 2 9 1 

j 3 . 5 6 - 240 3 
о . . 2 э 

£ 
ч чп J onn л 

Blood sugar (mmol/L) 

0 30 60 70 90 min 0 30 60 70 90 min 

FIG. 1. C'peptide and insulin secretion and dynamics of blood sugar during cGGTT in 
healthy children. 

In the case of diabetic children, 26% were found to be absolutely deficient in 
C-peptide (and insulin). Thé incidence of absolute deficiency amounted to no more 
than 6.9% among children with diabetes duration of less than one year, rising sharply 
with prolongation of illness to attain 80% for a duration of more than 10 years. 

Baseline and cGGTT-stimuláted C-peptide findings showed low initial levels 
compared with healthy children (p < 0.001) and insignificant reserves on maximum 
stimulation with glucagon (Table I). Blood sugar was high and continued rising. 
There was thus evidence that in the diabetics insulin secretion was substantially 
reduced and failed to respond to maximum stimulation with glucagon. 

Figure 2 presents C-peptide secretion curves for varying lengths of illness. 
Levels were highest for durations of up to one year, followed by newly diagnosed 
cases. With increasing lengths of illness, the C-peptide curves were progressively 
flattened to ultimately become horizontal. Thus, C-peptide secretion in diabetic chil-
dren proved to be inversely proportional to the duration of the diabetes. The groups 
with varying duration of illness all had glycaemia curves that rose parallel to each 
other. 

The diabetics investigated in initial remission showed baseline C-peptide levels 
close to those of healthy children (p < 0.1) and the presence of reserves on maxi-
mum stimulation (Fig. 3). The glycaemia curve, however, displayed features of 
pathological glucose tolerance, indicating that, despite a significant improvement in 
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T A B L E 1. BASAL A N D S T I M U L A T E D C - P E P T I D E S E C R E T I O N A N D 
B L O O D SUGAR D U R I N G c G G T T IN C H I L D R E N W I T H DIABETES 
M E L L I T U S 

Minutes 
Hormones 

0 15 30 60 , 65 70 80 90 

C-peptide X 0.15 0.15 0.17 0.21 0.31 0.26 0.21 0.28 
(nmol/L) Sx 0.10 0.16 0.16 0.14 0.19 0 . 1 1 0.13 0.14 

Blood sugar X 10:7 12.1 15.1 19.5 20.6 20.8 23.1 22.5 
(mmol/L) SÍ 5.1 4.2 3.8 4.7 3.6 3.9 4.1 4.5 

4.0 

Control group 
1 month - 1 year duration 

+—+ Recently diagnosed 
• - 1 - 5 years duration 
• — • 5 - 1 0 years duration 

Over 10 years 

60 90 min 

FIG. 2. Basal and stimulate C-peptide secretion in relation to the duration of diabetes. 
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FIG. 3. Basal and stimulated secretion of C-peptide and dynamics of blood sugar during 
cGGTT at the beginning of remission. 

C-peptide secretion, there was still an impairment of glucose homeostasis that neces-
sitated insulin therapy during the remission phase. 

Children with juvenile diabetes had high C-peptide secretion that, neverthe-
less, was consistently associated with pathological glucose tolerance. The reason 
might be a diminished sensitivity to insulin. 

RIA determination of C-peptide showed that many of the diabetic children had 
a depressed hormonal secretion and that further reduction occurred with prolonga-
tion of illness. Absolute insulin deficiency, thought formerly to be prevalent, was 
found in only 6.9% of the cases of recent onset. Noteworthy were the C-peptide find-
ings during initial remission; though clearly related to improve insulin output, they 
pointed to the necessity of insulin therapy because of affected glucose tolerance. 
Testing for C-peptide permitted differentiation of type 1 diabetes from juvenile 
diabetes. 

In general, from the evidence of this study it may be concluded that observa-
tions of baseline and of stimulated C-peptide secretion are helpful in solving many 
of the problems relating to diagnosis, clinical evolution, metabolic control and treat-
ment of diabetes mellitus. 
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Abstract 

AN EVALUATION O F REVERSÉ T3 AS A DIAGNOSTIC AND PROGNOSTIC PARAM-
ETER IN CEREBROVASCULAR DISEASE. 

Reverse triiodothyronine (rT3) has no biological activity in humans, but in some 
chronic non-thyroidal diseases it was found that high levels of rT3 could be of clinical impor-
tance. The paper attempts to evaluate the changes in T3 and rT3 concentrations in human sera 
of patients with acute cerebrovascular disease (ACD). TIR-IM T3 polyethylene glycol was 
used in measurements of T3, and RIA-mat-rT3 kits for the determination of rT3 concentration. 
Sixteen patients were divided into two groups according to the neurological diagnosis of ACD, 
which was either haemorrhagic or ischaemic. All 16 patients showed very good inverse corre-
lation between serum concentration of T3 and rT3. A low T3 was always followed by high 
rT3 levels. In the group'of nine patients with the clinical diagnosis of haemorrhagic stroke 
we noticed a rapid increase in rT3 levels in the first few days after the onset of the disease 
with low T3 concentration in sera, but in the following days levels of T3 and rT3 normalized 
in five patients, which proved to be a good prognostic factor. If the1 levels of rT3 remained 
elevated, as found in four patients with haemorrhagic stroke, the prognosis was unfavourable. 
In patients with the clinical diagnosis of ischaemic stroke, the pattern of hormone changes was 
different, owing to the systemic property of ischaemic disease. Levels of rT3 increased more 
slowly and remained elevated longer than in the first group, regardless of the severity of the 
disease. 

1 , I N T R O D U C T I O N 

Severa l s tud ies h a v e d e m o n s t r a t e d that , l ike 3 , 5 , 3 ' - t r i i o d o t h y r o n i n e (T3) , 

3 , 3 ' , 5 ' - t r i i o d o t h y r o n i n e ( r eve r se T 3 , r T 3 ) is f o r m e d by m e t a b o l i s m of t h y r o x i n e 

(T4) in pe r iphe ra l t i s sue , espec ia l ly of l iver , k idney and p i tu i ta ry [1]. In 1973, a 

se lec t ive de f i c i ency of T 3 concen t r a t i on in p l a s m a , wi th n o r m a l p l a s m a T 4 , w a s 

d e s c r i b e d , and s ince then a l a rge n u m b e r of sys temic i l lnesses a n d o the r cl inical c o n -

di t ions h a v e b e e n o b s e r v e d to b e assoc ia ted wi th w h a t is ca l led the l o w T 3 s y n d r o m e . 
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Later on, the low plasma T3 was found to be regularly accompanied by an elevation 
of rT3 concentration. These observations suggest that an apparent selective 
monodeiodination of T4 leads to the formation of rT3 rather than T3. The degree 
to which this conversion is affected depends on the severity and duration of the dis-
ease, and most of the studies concern chronic diseases [2, 3]. The aim of the present 
study was to evaluate the importance of the 'low T3 syndrome' in patients with an 
acute cerebrovascular disease ACD, with special attention paid to diagnostic and 
prognostic parameters. ,• 

2. PATIENTS 

Sixteen patients, aged 28 to 76 years, with ACD were studied. They were 
divided into two groups according to the clinical diagnosis established on their arrival 
in the neurological intensive care unit. The diagnosis was ischaemic disease 
(ischaemic 'stroke') for the first group (seven patients), and haemorrhagic stroke for 
the second (nine patients). None of the patients showed any signs of thyroid disease, 
and none had been taking any drugs which could have affected our hormone 
measurements. 

Blood samples were taken immediately on admission to hospital and then regu-
larly according to our protocol. All other clinical parameters were also monitored, 
especially the neurological status, and compared with thyroid hormone 
concentrations. 

For the purposes of this report the second group was subsequently divided into 
two.subgroups according to the severity of the illness,.namely, whether or not sur-
gery was necessary and whether the disease had a fatal outcome. 

3. METHODS 

Whole blood samples were collected in plain glass tubes and allowed to clot 
by standing at room temperature for 30 minutes. The serum was removed by cen-
trifugation and décantation. Aliquots were stored at —25°C. 

Serum concentrations of thyroid hormones were determined by means of com-
mercial, radioimmunoassay (RIA) kits. For rT3 analysis we chose RIA-mat rT3 kits 
supplied by Byk-Sangtec Diagnostica, Dietzenbach, Germany, which use polyethy-
lene glycol (PEG) precipitation combined with the addition of a second antibody to 
separate bound antigen from the free one. The intra-assay coefficient of. variation 
(.CV) for the means.of duplicates was 4.0%, and inter-assay CV 12.1 % in the normal 
range. Sensitivity of the assay was determined as 0.08 nmol/L. Radioimmunoassay 
for. T3 was performed by TIR-IM T3 (PEG), produced by the Immunological Insti-
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FIG. 1. Molar, ratios rT3/T3 versus time of blood sample collecting in five patients with hae-
morrhagic stroke and good issue of disease. • t 

tute, Zagreb. Intra-assay for the means of duplicates was 4.3% and inter-assay CV 
7 .9%; sensitivity was 0.5 nmol/L. . : 

4. RESULTS . , 

Results are shown in three figures. .-
Figure 1 presents patterns of rT3/T3 ratio in patients with haemorrhagic stroke 

and good issue of the disease. It is evident that in this group of patients, the normal 
ratio at the beginning of the disease, which also means normal T3 and rT3 values, 
became elevated, but after a few days to about two weeks returned to normal. Conse-
quently, normalization of rT3/T3 ratio appears to be a good prognostic factor in this 
type of stroke. -

Figure.2 gives data of patients with haemorrhagic stroke .with a 'bad' outcome, 
i.e. either fatal end or surgical treatment. The patterns o fтТЗ/ТЗ ratios as a function 
of time differ from those shown in Fig. 1: the;normal ratio at the beginning became 
elevated after a few days, and remained high; there was no normalization of rT3/T3 
ratio or T3 and rT3 values. • : • . , , . . . . >. 
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FIG. 2. Molar ratios rT3/T3 versus time of blood sample collecting in four patients with hae-
morrhagic stroke and unfavourable prognosis. 

Figure 3 represents a typical case of a patient with a so-called ischaemic stroke, 
which means that the cause of the disease is an ischaemic disease of vessels or an 
embolus from other parts of the body. In this case the patterns of thyroid hormone 
concentration (T3 and rT3) were also normal on the patient's arrival in hospital, but 
rT3 showed elevated values later than in the patients with haemorrhagic stroke and 
it remained elevated without any correlation with the severity of the disease, ks was 
the case with other groups. 

5. DISCUSSION 

The reverse T3 has no biological activity in the human body. However, the 
importance of rT3 measurement in plasma has grown with the knowledge that 
changes in the conversion of T4 were noticed in patients with non-thyroidal illnesses 
who had normal T4 concentration with low T3 and elevated rT3, i.e. the low T3 syn-
drome. This was mostly found in patients with a systemic disease. Only few studies 
have shown that the low T3 syndrome could also appear in acute conditions. The fall 
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FIG. 3. rT3 concentrations versus time of blood sample collecting in a typical case of 
ischaemic stroke. 

of T3 concentration and elevated rT3 values in plasma depend on the duration and 
severity of the disease. That is the reason why rT3 and T3 are used in diagnostic 
and prognostic procedures in some severe diseases, especially malignant ones [4]. 

Our study has shown that in all patients there was a notable inverse proportion 
between T3 and rT3. A fall in T3 concentration in plasma was followed by a rise 
in rT3 concentration. 

The patients with the clinical diagnosis of haemorrhagic stroke showed a rise 
in rT3 concentration with elevated rT3/T3 ratio. In the group of patients with minor 
neurological defects and good general status, the clinical picturenormalized follow-
ing conservative treatment. The values of the rT3/T3 ratio returned to normal, which 
may be considered as a favourable prognostic factor in this type of A CD. 

On the other hand, rT3 and T3 values failed to normalize in patients who 
suffered a haemorrhagic stroke with a fatal outcome, or in those who required surgi-
cal treatment. 

In patients with the clinical diagnosis of ischaemic stroke, the concentration of 
important thyroid hormones and rT3/T3 ratio also became elevated a few hours or 
days after the onset of the disease. These findings had no prognostic value, as the 
low T3 syndrome persisted regardless of the severity or outcome of this type of 
ACD. 
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Abstract-Resumen . 

ERYTHROPOIETIN, RESPONSE IN ERYTHROCYTOSIS PATIENTS SUBJECTED TO 
HAEMODILUTION INSTEAD O F PHLEBOTOMY. 

Phlebotomy has been the traditional treatment for secondary erythrocytosis caused by 
hypoxic pulmonary disease. However, since the 1970s haemodilution has proved to be a better 
treatment to the extent that it significantly reduces the haematocrit and increases oxygen 
extraction by the tissues, thus extending .the period between treatments. In order to evaluate 
erythropoietin response in patients with secondary polyglobulism caused by hypoxic pulmo-
nary disease, 30 patients were studied, 17 of whom were subjected to haemodilution and 13 
to phlebotomy., and the haemoglobin levels, haematocrit and erythropoietin concentration 
were evaluated by means of serum radioimmunoassay at 0, 1 , 2 and 4 weeks. 500 mL of blood 
were extracted from the patients subjected to phlebotomy. In the group subjected to haemodi-
lution, the procedure was isovolemic (1200 mL of blood and 1000 m L of dextran 40) and 
simultaneous. The mean haemoglobin levels in the group subjected to haemodilution were: 
19.4, 17.0, 17.4 and 17.6 g/dL at 0, 1 , 2 and 4 weeks respectively. In the group subjected 
to phlebotomy the values were: 17.5, 16.2, 16.8 and 16.8 g/dL for the same times. In the hae-
modilution group, haematocrit fluctuated as follows: 59.2, 48.7, 52.2 and 52.2%. In the group 
subjected to phlebotomy, the values were: 54.7, 49.2, 50.1 and 50 .2%. The mean 
erythropoietin concentrations in the group subjected to haemodilution were 74.9, 123.8, 128.7 
and 127.5 mlU/mL at 0 , 1 , 2 and 4 weeks respectively. In the group subjected to phlebotomy, 
the values were 408.9, 559.7, 749.5 and 749.8 mlU/mL respectively. The base erythropoietin 
concentrations in serum and their spread in the group subjected to phlebotomy were signifi-
cantly higher than the values in the group subjected to haemodilution since two patients from 
that group had exaggeratedly high levels (1183 and 3392 mlU/mL) . Both procedures 
increased the base erythropoietin values, and the differences were not statistically significant. 
By comparison with phlebotomy, haemodilution is more successful in bringing down the hae-
moglobin and haematocrit values. 

301 
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ERITROPOYETINA EN PACIENTES CON ERITROCITOSIS SECUNDARIA 
SOMETIDOS A HEMODILUCION CONTRA SANGRIA. 

La flebotomía era el tratamiento tradicional de la eritrocitosis secundaria a enfermedad 
pulmonar hipóxica. Pero, a partir de los años 70, la hemodilución demostró superioridad al 
descender mayormente el hematocrito e incrementar la extracción tisular de oxígeno, prolon-
gando así la necesidad de repetir el procedimiento. Para evaluar la respuesta eritropoyetínica 
del paciente con poliglobulia secundaria a enfermedad pulmonar hipóxica, se estudiaron 
30 pacientes, de los cuales 17 fueron sometidos a hemodilución y 13 a flebotomía, evaluán-
dose en ellos: hemoglobina, hematocrito y concentración de eritropoyetina por radio-
inmunoanálisis en suero, a las 0, 1, 2 y 4 semanas. A los pacientes sometidos a flebotomía, 
se les extrajeron 500 mL de sangre. En el grupo sometido a hemodilución,'el procedimiento 
fué isovolémico (1200 mL de sangre y 1000 mL de dextrano 40) y simultáneo. Las cifras 
promedio de hemoglobina en el grupo sometido a hemodilución fueron: 19,4, 17,0, 17,4 y 
17,6 g/dL a las 0, 1, 2 y 4 semanas, respectivamente. En el grupo sometido a flebotomía los 
valores fueron: 17,5, 16,2, 16,8 y 16,8 g/dL para los mismos tiempos. El hematocrito en el 
grupo de hemodilución tuvo la siguiente variación: 59,2, 48,7, 52,2 y 52,2%. En el grupo 
sometido a flebotomía los valores fueron: 54,7, 49,2, 50,1, 50 ,2%. Las concentraciones 
promedio de eritropoyetina en el grupo sometido a hemodilución, a las 0, 1, 2 y 4 semanas, 
fueron de 74,9, 123,8, 128,7, y 127,5 mlU/mL respectivamente. En el grupo sometido a fle-
botomía los valores fueron: 408,9, 559,7, 749,5 y 749,8 mlU/mL, respectivamente. Las con-
centraciones basales de eritropoyetina en suero y su dispersión en él grupo sometido a 
flebotomía fueron significativamente mayores que los valores encontrados en ¿1 grupo some-
tido a hemodilución, pues dos pacientes de este grupo presentaron valores exageradamente 
altos (1183 y 3392 mlU/mL). Ambos procedimientos incrementaron lós valores basales de 
eritropoyetina, no encontrándose diferencias estadísticamente significativas entre ellos. La 
hemodilución, comparativamente con la flebotomía, es superior en el descenso de las cifras 
de hemoglobina y hematocrito. 

1. I N T R O D U C C I O N 

L a flebotomía ha s ido el t r a t amien to t r ad ic iona l , ún i co o a soc i ado , d e la 

po l i c i t emia r u b r a v e r a , con el fin d e d i sminu i r la v i scos idad s angu ínea y las res i s ten-

c ias pe r i f é r i c a s y m e j o r a r as í la p e r f u s i ó n t i su lar [1]. Sin e m b a r g o , su e f i cac ia en 

la e r i t roc i tos i s secundar i a a e n f e r m e d a d h ipóx ica p u l m o n a r se p re s t a a con t rove r s i a , 

e s t rans i to r ia e inc luso dè l e t é r ea [2] , p o r lo q u e o t ros au to re s h a n suge r ido la 

ox igeno te r ap i a y el e m p l e o d e c i to tóx icos [1, 3] , p e r o n inguno d e és tos ha d e m o s -

t r a d o u n con t ro l a d e c u a d o d e la e r i t roc i tos i s . 

L a e r i t roc i tos i s en los pac i en te s c o n e n f e r m e d a d p u l m o n a r h ipóx ica t iene u n a 

pa togen ia s imi la r a la r e spues t a fisiológica d e la h ipox ia p r o v o c a d a p o r las a l tu ras 

[4, 5] ; es te i n c r e m e n t o p u e d e ser b e n é f i c o en u n p r inc ip io , con el fin d e m e j o r a r la 

c a p a c i d a d d e t r anspo r t e de o x í g e n o al a u m e n t a r la m a s a g lobu la r ; sin e m b a r g o , la 
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elevación del hematocrito y de la viscosidad sanguínea disminuyen el flujo sanguíneo 
tisular, incrementan las resistencias periféricas y disminuyen el gasto cardíaco 
[6, 7]. 

La flebotomía aislada no desciende el, hematocrito a los niveles deseados y sí 
en cambio esta asociada a trastornos severos [8]. Una alternativa terapéutica ha sido 
la hemodilución, con la cual se logra un descenso de hasta un 30% del hematocrito 
[9, 10],.mejora el transporte de oxígeno, disminuyen las resistencias periféricas y 
pulmonares y aumenta el gasto cardíaco [11, 12]. 

Aunque han sido demostrados los efectos benéficos de este, procedimiento en 
el tratamiento de la enfermedad pulmonar hipóxica por diferentes autores 
[11, 13, 14], su beneficio a largo plazo sobre la respuesta eritropoyética no ha sido 
establecido. . 

Por otra parte, es sabido que la respuesta globular del enfermo pulmonar 
hipóxico es dependiente de la eritropoyetina [15] e incluso útil en el diagnóstico 
diferencial del enfermo policitémico primario del secundario [16-18], mostrando 
estos últimos elevados niveles de eritropoyetina en plasma y orina [19, 20]. Además, 
después de una flebotomía simple, la eritropoyetina se eleva y produce el conse-
cuente incremento del hematocrito [21], lo que sugiere ser un procedimiento 
cuestionable. 

La detección de eritropoyetina circulante se ha llevado a cabo mediante téc-
nicas de bioensayo; sin embargo, los resultados son diferentes y varían de un 
laboratorio a otro debido a factores que se encuentran en el plasma, suero o prepara-
ción cruda de la misma eritropoyetina [22, 23]. 

Con el aislamiento de la eritropoyetina humana y las técnicas de radioin-
munoanálisis ha sido posible cuantificar niveles de hasta 0,04 mlU/mL [24-26], lo 
que permite realizar determinaciones mucho más sensibles. Por otro lado, han sido 
ya definidos los valores normales de eritropoyetina por radioinmunoanálisis en pob-
lación sana y con eritrocitosis secundaria [27-31], y se han demostrado variaciones 
circadianas [32]. 

2. OBJETIVO 

El propósito del estudio es evaluar en forma prospectiva, comparativa y al azar 
la respuesta eritropoyetínica de pacientes con eritrocitosis secundaria a enfermedad 
hipóxica pulmonar, al ser sometidos a hemodilución o flebotomía simple. 

3. MATERIAL Y METODOS 

Se estudiaron 30 pacientes, 4 femeninos y 26 masculinos, con rangos de edad 
de 30 a 65 años, con enfermedad pulmonar obstructiva crónica, diagnosticados por 
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los criterios establecidos'[33], bajo control de la Clínica de Poliglobulia del Banco 
Central de Sangre del Centró Médico "La Raza", en los cuales se descartó insufi-
ciencia hepática, cardíaca o renal, sin infección pulmonar reciente; a quienes no se 
hubiera realizado exsanguinación o flebotomía durante los 30 días previos al estudio, 
y que no hubieran recibido terapia con diuréticos eñ los últimos 5 días o con oxígeno 
durante las últimas 12 horas. 

Una vez seleccionado el paciente, se le tomaron muestras para determinaciones 
basales de hemoglobina, hematocrito y eritropoyetina. Se les realizó hemódilución 
o flebotomía simple en forma aleatoria, asignándoles como procedimiento el 1 y el 
2, respectivamente. Las determinaciones de hemoglobina, hematocrito y eritropoye-
tina se hicieron nuevamente a las 1, 2 y 4 semanas de iniciado el procedimiento. 

En el grupo de hemódilución, el procedimiento fué isovolémico (1200 mL de 
sangre y 1000 mL de dextranó 40) y simultáneo, con vigilancia médica. 

A los pacientes con flébotomía se les extrajeron 500 mL de sangre, sin reposi-
ción de volúmen. 

Los procedimientos de hemódilución : y flebotomía se realizaron entre las 
12.00 y las 16.00 horas. 

La determinación de la eritropoyetina por radioinmunoanálisis se realizó en 
suero, mediante un procedimiento de enlace competitivo en desequilibrio, que utiliza 
eritropoyetina recombinante tanto como trazador como en los estándares (INCSTAR 
EPO-Trac (TM) 125I), y separación por precipitación con un segundo anticuerpo. 

Las muestras y estándares se incuban en tubos de vidrio con el primer 
anticuerpo (gammaglobulin de cabra antieritropoyetina) durante 2 horas a tempe-
ratura ambiente (20 a 25 °C), antes de agregar el trazador (eritropoyetina-12э1). 
Después de una incubación de 16 a 24 horàs a 4°C, se agrega el segundó anticuerpo 
(suero de burro antigammáglobulina de cabra) y se incuba 30 minutos a temperatura 
ambiente (20 a 25 °C). Sé centrifugan los'tubos'y se separa la fracción unida de la 
libre por decantación o aspiración. 

El precipitado se cuenta en un detector gamma tipo pozo y los resultados se 
cuantifican mediante una curva estándar, expresados en mlU/mL. 

3.1. Parámetros de control de calidad 

La concentración mínima detectable es de 5,5 mlU/mL, definida como la con-
centración aparente a tres desviaciones estándar de las cuentas del enlace máximo 
o estándar cero. 

La reactividad cruzada es menor de 0,006% para las siguientes substancias: 
albúmina humana, GM-CSF, interleucina 3, alfa 1 antitripsina, alfa 1 glicoproteína 
ácida, gonadotrofina coriónica humana e IgG e IgM humanas (datos del fabricante). 

La variación intraensayo fué de 12,6% para una muestra de 16 mlU/mL 
(n=10) y de 4,0% para una muestra de 67,0 mlU/mL (n=10). La variación inter-
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ensayo fué de 20,0% para una muestra de 15,9 mlU/mL (n=14), y de 4,8% para 
una muestra de 73 mlU/mL (n=14). 

Los interceptos al 80, 50 y 20% de unión corresponden a las siguientes concen-
traciones: 18,66±2,73, 46 ,83±5,19 y 143,37±24,21 mlU/mL, respectivamente, 
(n=14). 

4. CONSIDERACIONES ETICAS 

Los pacientes que formaron parte de esta investigación firmaron la autoriza-
ción correspondiente para la realización del protocolo de estudio. 

5. RESULTADOS 

Se estudiaron 30 pacientes, de ambos sexos, con rango de edades de 30 a 
65 años, de los cuales 17 fueron sometidos a hemodilución y 13 a flebotomía simple. 

CUADRO I. RESULTADOS DE Hb, Htc Y Epo EN EL GRUPO SOMETIDO A 
FLEBOTOMIA 

Variables Basal I a semana 2 a semana 4 a semana 

Hb (g/dL) 

Htc (%) 

Epo (mlU/mL) 

a ' b: p < 0,05. 

17,5 ± 1,3 

54,7 ± 3,9 

408,97 ± 949,1 a 

16,24 ± 1,2 

49,23 ± 3 , 0 

559,78 ± 966b 

16,86 ± 0,8 

50,15 ± 2 ,2 

749,5 ± 1486 

16,8 ± 1,3 

50,23. ± 3 , 6 

749,8 ± 1745 

CUADRO II. RESULTADOS DE Hb,,Htc Y Epo EN EL GRUPO SOMETIDO A 
HEMODILUCION • . . 

Variables Basal 1 a semana 1 2 a semana 4 a semana 

Hb (g/dL) ' 19,4 ± 1 , 7 a , 17,0 ± 2 ,0 b 17,4 ± 2,3 17,6 ± 2,1 

Htc (%) . 59,2 ( ± 5 ,9 a 48,7 ± 1 3 , i b 52,2 ± 7,0 52,2 ± 6,0 

Epo (mlU/mL) .74,92 ± 76,9 a 123,8 ±. I l l " 128 ,7 .± 118 127,5 ± 94,3 

a b: p < 0,05. 
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FIG. 1. Resultados de valores obtenidos de hemoglobina en los grupos sometidos a 
hemodilución y a flebotomía. • 

Los resultados obtenidos de las determinaciones de hemoglobina (Hb), hematocrito 
(Htc) y eritropoyetina (Epo) se muestran en los Cuadros I y II. Estos resultados se 
analizaron estadísticamente mediante prueba de t de Student y Chi cuadrada para 
análisis de muestras independientes. 

En ambos grupos se observó disminución de las cifras de hemoglobina y 
hematocrito, siendo más significativo el descenso por el procedimiento de hemodilu-
ción (p < 0,05), como se observa en las Figs. 1 y 2. 

En ambos grupos se observó aumento significativo de la concentración de 
eritropoyetina a las 1 j 2 y 4 semanas (p < 0,05), y ninguna diferencia significativa 
en la respuesta de eritropoyetina entre ambos procedimientos (p = NS), como se 
puede ver en la Fig. 3. 
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FIG. 2. Resultados de valores obtenidos de hematocrito en los grupos sometidos a hemodilu-
ción y a flebotomía. 

6. DISCUSION 

Aun cuando la selección del procedimiento utilizado en los pacientes 
(hemodilución contra flebotomía) se hizo al azar, en el grupo de pacientes sometidos 
a flebotomía se encontraron dos pacientes con valores basales de 1183 y 
3392 mlU/mL, lo que causó un aumento importante del promedio y una gran disper-
sión. Es por ello que son diferentes los valores basales en cada uno de los grupos. 

Esta desviación en el grupo sometido a flebotomía no permite una adecuada 
valoración de la respuesta de eritropoyetina entre ambos grupos, por lo que se deci-
dió ampliar el grupo de estudio para valorar adecuadamente ambos procedimientos. 
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FIG. 3. Resultados de valores obtenidos de eritropoyetina en los grupos sometidos a 
hemodilución y a flebotomía. 
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Una de las posibles causas de estas cifras tan altas en algunos pacientes se 
piensa que puede corresponder a transgresión medicamentosa o de medidas 
higiénico-dietéticas, o bien a infeccionés intercurrentes no notificadas. 

Llaman la atención los casos de dos pacientes en los cuales se encontraron con-
centraciones séricas de eritropoyetina más altas que las reportadas en la literatura 
para este tipo de pacientes [27]: 1183, 1208, 1034 y 955 mlU/mL para los tiempos 
basal, 1, 2 y 4 semanas, respectivamente, para el princer paciente, y 3392, 3300, 
5251, 6308 mlU/mL a las 0, 1, 2 y 4 se;manas, respectivamente, para el otro. 

7. CONCLUSIONES 

La hemodilución, comparativamente con la flebotomía, es supérior en el 
descenso de las cifras de Hb/Hto analizadas. 

La respuesta de la eritropoyetina en ambos procedimientos fue similar 
(p = NS), mostrando en ambos aumento significativo con respecto a los valores 
basales (p < 0,05). 

El beneficio clínico de la hemodilución probablemente se deba más a un 
descenso mayor de los niveles de hemoglobina y hematocrito que a los niveles cir-
culantes de eritropoyetina. 

Es necesario ampliar el grupo de estudio para homogeneizar los valores basales 
y poder comparar adecuadamente ambos procedimientos. 
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Abstract 

USE OF RADIOIMMUNOASSAY IN THE ENDOCRINE SURGERY DEPARTMENT. 
The use of radioimmunoassay (RIA) in the Endocrine Surgery Department at the Lvov 

Medical Institute f rom the date of the Department 's foundation (1983) till the end of 1990 is 
analysed. During this period 8336 patients were . treated. The endocrine organs of 
6435 patients were operated upon. RIA of hormones, bioactive substances, immunoglobulins, 
and various other substances was performed alongside research work, with the following 
aims: (1) confirmation of endocrine genesis of pathological process (44-62%); (2) refinement 
of diagnosis, and verification of the necessity for operative treatment (3-5%); (3) pre-
operative diagnosis of some active masses ( < 0 . 3 % ) ; (4) evaluation of patient readiness to 
undergo surgery (2-4%); (5) control of adequacy of the operation performed (15-28%); 
(6) control and correction of post-operative substitution, and in some cases, suppressive 
therapy (21-31%); (7) early diagnosis of • recurrences after surgery (1 .1-1 .4%). It is 
concluded that improvement of the quality of patient observation and treatment is related to 
the increase in the use of RIA in the endocrine surgery clinic. Performance of 15-17 RIAs 
per patient may be considered optimal. 

At present radioimmunoassay (RIA)' is used widely not only in scientific 
research, but also in daily medical work. Advantages such as high sensitivity and 
specificity, relative simplicity and capability to determine à wide range of sub-
stances, some of which it is impossible to determine by other means, favoured the 
wide introduction of this method. lit is of a particular value for the work of endo-
crinologie clinics and departments. 

This paper analyses the practical use of RIA in the work of the Lvov Endocrine 
Surgery Department ovèr eight years — since its foundation in 1983 to the end of 
1990: During this period 8336 patients with endocrine diseases were hospitalized. 
The endocrine organs of 6435 of them were öperated'upon: 5761 — thyroid gland, 
4 1 5 ' — ovary, 158 — pancreas islet (including Langerhans islet beta cell trans-
plantation), 54- — adrenal gland, 16 — parathyroid gland", 31 — plástic 
operations aimed at sex correction! RIA of hormones, bioactive substances, 
immunoglobulins and other substances (in total 69) was performed. 1600 to 
2900 tests per year were for research work only (16-72% of all tests per year). 

313 
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In the practical work of the surgical endocrinologie clinic RIA was performed 
with the following aims: 

(1) confirmation of endocrine genesis of pathological process; 
(2) refinement of diagnosis, and verification of necessity of operative treatment; 
(3) pre-operative diagnosis of some active masses; 
(4) evaluation of patient readiness for surgery; 
(5) control of the adequacy of operations performed; 
(6) control and correction of post-operative substitution, and in some; cases, 

suppressive therapy; 
(7) early diagnosis of recurrences after surgery. 

Group 1 includes the differential diagnosis of arterial hypertension, deter-
mination of the hormone spectrum of the suprarenal gland, hypophysis, thyroid 
gland, renin, angiotensin, and other vasoactive substances in blood sérum in its 
initial staté and during the performance of various diagnostic tests (palpatorial, 
postural, with histamine and Cortisol, etc.). This allows us to establish the exact 
cause of symptomatic árterial hypertension. RIA is. used for verification of insuloma, 
glucagonoma, gastrinoma in cases of patients with hypo- and hyperglycaemia or 
resistant to conservative therapy of stomach and duodenum ulcers. The use of RIA 
helps to confirm the diagnosis of .thyroid toxic adenoma, to. determine the cause of 
hyperthyroidism, to specify the character of diencephalic syndrome, hypophysis 
tumours, feminizing and masculinizing tumours and female and male sterility. Deter-
mination of parathormone, calcitonin, Cortisol, adrenocorticotrophic hormone 
(ACTH) and somatostatin sex hormone levels is necessary to reveal the cause of 
osteoporosis, pathological fracture, and to diagnose parathyroid gland adenoma. In 
total, Group 1 accounts for 44-62% of all RIA performed per year. 

During RIA for diagnosis of the above mentioned conditions selection of the 
patients for surgical treatment is simultaneously performed. Group 2 includes deter-
mination of thyroid hormones and globulins, titre of antibodies for exclusion, and 
in some cases of surgical treatment Hashimoto's disease, Basedow's goitre and assay 
of prolactin in polycystic ovary syndrome. This group makes up 3-5% of RIA 
performed per year. 

As regards Group 3, in some cases a hormone-active tumour is of rather small 
size or is situated ectopically (insuloma, gastrinoma, pheochromocytoma), which 
makes the localization of its exact site impossible using such methods as angio-
graphy, ultrasonography, computer tomography or magnetic resonance. In such 
cases selective withdrawal of blood samples for RIA may be made by catheterization 
or percutaneous ultrasound guided puncture with a fine needle of veins of the cava 
inferior and portal vein system. A sharp increase of the hormone level in blood 
serum can reveal a tumour site quite precisely. Such cases account for less than 0.3% 
of all RIA. , 
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FIG. 1. Number of radioimmunoassays carried out by the Endocrine Surgery Department 
1983-1990. 

RIA may be necessary for estimation of a patient's readiness for the operation 
(Group 4). In particular, it may be used for determination of thyroid hormones in 
thyrotoxicosis for the purpose of prophylaxis of such life threatening complications 
as thyrotoxic crisis (2-4% of all RIA). 

By the level of hormones, tropins and releasing factors after an operation we 
can judge the adequacy of the surgery performed, as well as the necessity of perfor-
mance and extent of substitution therapy (Group 5). The hormonal spectrum allows 
us to choose a drug and select its optimal dose for substitution therapy. In some 
cases, for example, in differentiated forms of thyroid cancer, the number of which 
continues to increase, hormone therapy may be of suppressive character with the aim 
of prophylaxis of recurrences. Suppression control is achieved by RIA. In this case, 
the thyrotropin (TSH) level in blood serum is determined, medicinally, according to 
the feedback principle, and is kept at the lower standard limit. Taking into consider-
ation the fact that postoperative hormonal recovery takes a long time, we recommend 
RIA 1 , 3 , 6 and 12 months after the operation, and then every six or twelve months. 
For the purpose of timely diagnosis of graft rejection after transplantations of beta 
cells of pancreatic islets, thyroid or adrenal tissue, observations are performed more 
often, if required. Group 6 accounts for 40-55% of all RIA. 

Maintenance or repeated increase of the hormone level or specific markers in 
blood serum (Group 7) may provide evidence for the non-radicalness of surgery, the 
presence of metastases or recurrence of tumour (1% of RIA). 

It appears that improvement of the quality of patient observation and treatment 
is related to the increase of RIA in the Endocrine Surgery Department; the 
performance of 15-17 RIAs per patient may be considered optimal (Fig. 1). 
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Abstract 
ISOTOPE INVESTIGATION METHODS FOR THE ESTIMATION OF THYROID 
SYSTEM STATUS IN CHILDREN LIVING IN CONTAMINATED DISTRICTS OF 
BYELORUSSIA. 

The object of this study was to estimate the status of the pituitary and thyroid system 
of children and teenagers affected by radionuclides and living iii areas of endemic goitre. 
Thyroid system status was estimated over a period of four years following the Chernobyl acci-
dent. The following indices were determined using radioimmunoassay kits: thyroxine (T4) 
level; triiodothyronine (T3); thyroxine binding globulin (TBG); thyroglobulin (TG); T4 and 
T3 free fractions; thyroid stimulating hormone (TSH). A functional heterogeneity of thyroid 
transport systems of the blood was also studied using a gel-electrophoresis method with 
labelled T4. The population of children and teenagers from the Khoiniki district of the Gomel 
region (630) was the main object of investigation. For this population the average exposure 
doses were 263 cGy for children aged 4-6 and 90 cGy for teenagers aged 15-17. Particular 
attention was paid to the group of children who received more than 400 cGy to the thyroid. 
The control group included 420 children and teenagers from the 'clean' Braslov district of the 
Vitebsk region. The examination data of children from the Stolbtsy district of the Minsk 
region, which had insignificant radioactive contamination, were used as an additional control. 
The paper discusses the peculiarities of the thyroid status of children ánd teenagers which can 
be related to the radioidine effect to the thyroid along with high external exposure for a period 
of four years. It is concluded that persons who received more than 400 cGy to the thyroid and 
children aged 0-2 at the time of the accident form a group at risk to hypothyroidism, autoim-
mune deficiency and other thyroid pathology. 

3 1 7 



3 1 8 RODRIGUES et al. 

As . a result of the Chernobyl accident, tens of millions of curies1 of radioac-
tive substances were expelled into the environment. Among them were radioiodine 
isotopes actively absorbed by the thyroid and creating the risk of pathological 
development. 

At the time of writing, 70% of the contamination in the USSR is in Byelo-
russia. The situation is especially complicated because of endemic goitre, i.e. the 
population lives under the combined influence of radiation and strumogenic factors. 
The highest density of radiation contamination is in the Gomel and Mogilev regions. 
The latest data (1990) cause anxiety (the incidence of pathological nodes is 1.5% in 
the Khoiniki district of Gomel, compared with 0.3% in a non-contaminated area 
(e.g. the Braslov district of the Vitebsk region). Among these 1.5%, thyroid cancers 
account for 40%. 

The main object of the current study is to investigate the status of the thyroid 
system in children and teenagers living in the Khoiniki district, using radioim-
munoassay diagnostic methods. The average thyroid doses absorbed by the children 
and teenagers examined were as follows: children aged 4 -6 : 263 cGy; children aged 
7-10: 178.4 cGy; children aged 11-14: 121.6 cGy and teenagers aged 15-17: 
89.7 cGy. It is evident that children now of pre-school age and junior school age who 
were aged 0 - 2 at the time of the accident have the highest radiation burdens to the 
thyroid. A total of 630 persons were examined in the Khoiniki district. The data 
presented here were obtained in 1990, four years after the Chernobyl accident, when 
the children were still in the contaminated areas (i.e. with 5 -15 Ci/km2 from 
137Cs). ' 

The control group consisted of 420 children and teenagers from the Braslov 
district of the Vitebsk region, which was practically Unaffected by radioactive 
releases, but which has the same form of endemic goitre and the same form of social 
structure. The examination data of 203 children and teenagers from the Stolbtsy dis-
trict of the Minsk .region with insignificant contamination (1.5 Ci/km2 front 137Cs) 
but with strongly marked iodine deficiency were used for additional comparison. The 
status of the thyroid system was estimated by determining hormones and specific 
proteins such as thyroxine (T4),. thyroglobulin (TG), thyroxine binding globulin 
(TBG) (Institute of Bioorganic Chemistry, Academy of Sciences of the BSSR), free 
T4 and triiodothyronine (fT4, fT3) (Amersham International, Amersham, United 
Kingdom) and thyroid stimulating hormone (TSH) (Boehringer, Mannheim, Ger-
many) in children's blood serum. The transport of heterogeneous blood proteins with 
functional thyroid was studied with an electrophoresis method using Polyacrylamide 
gel with labelled T4 (74 PBq/mol) (Isotope Leningrad, Leningrad, USSR). Iodine 
deficiency was estimated by Potentiometrie iodine determination in urine, using 
iodine sensitive electrodes. 

' Measurements after the Chernobyl accident were made in curies. 1 Ci = 37 GBq. 
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FIG. 1. Thyroid status indices. Hormone index level for various age groups in Braslov, 
Stolbtsy and Khoiniki districts. TSH. 
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FIG. 2. Thyroid status indices. Hormone index level for various age groups in Braslov, 
Stolbtsy and Khoiniki districts. T4. 

THS level is one of the most important indices of thyroid system status. The 
child population of the Khoiniki, Braslov and Stolbtsy districts had euthyroid values 
of TSH of 1,51 ± 0.03, 1.55 ± 0.04 and 1.70 ± 0.04 mlU/L, respectively. 

• It is interesting to note that in relatively 'clean' districts, a similar pattern is 
observed for TSH by age, with the maximum at age 11-14, corresponding to the 
beginning of puberty (Fig. 1). In Khoiniki district the maximum average TSH value 
was reached at age 7-10, and in the age group 11-14 it was significantly lower than 
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FIG. 3. Thyroid status indices. Hormone index level for various age groups in Braslov, 
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FIG. 4. Thyroid status indices. Hormone index level for various age groups in Braslov, 
Stolbtsy and Khoiniki districts. fT4. 

in the control region. The authors consider that this feature of TSH dynamics is wor-
thy of attention, as it could indicate susceptibility of the central neuroregulatory sys-
tem to the effect of low level radiation. The higher average TSH level for children 
in the Stolbtsy district coincides with the more marked iodine deficiency in the area. 
Of the child population of Stolbtsy, 30% have a relatively low iodine content in.the 
urine, while in Braslov and Khoiniki districts the respective figures are 10% and 
13%. • . 
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FIG. 6. Thyroid status indices. Hormone index level for various age groups in Braslov, 
Stolbtsy and Khoiniki districts. TBG. 

The average T4 levels for the population in Khoiniki and Braslov districts 
showed no great differences (155.26 ± 1.63 and 156.67 ± 2.14 nmol/L), but they 
were lower for Stolbtsy district (145.2 ± 2.22 nmol/L; p < 0.05). The age dyna-
mics of T4 (Fig.2) in the Braslov and Khoiniki districts correspond in general to the 
TSH dynamics, i.e. the maximum hormone value in the control district was found 
in the age group 11-14 (165.63 ± 3.72 nmol/L), while in the Khoiniki population 
this age group had a minimal T4 value (150.36 ± 2.14 nmol/L; p < 0.05), signifi-
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cantly lower than in the control group. Figure 2 shows that in Stolbtsy district there 
was a decrease of T4 level in the age groups 11-14 and 15-17, although the TSH 
level in the blood serum had a tendency to increase. Evidently this may characterize 
the state of endemic goitre, when the thyroid, owing to the iodine deficiency, cannot 
cope with the greater demands imposed on it. 

The average T3 level in the population of the Khoiniki district (2.27 ± 0.02 
nmol/L) was significantly higher than in the control district (2.10 ± 0.03 nmol/L) 
but the Stolbtsy district showed an even higher level (2.72 ± 0.04 nmol/L). The ratio 
T3/T4 for the control district was 1.3; for Khoiniki it was 1.5 and for Stolbtsy 1.8. 
These data may reflect the acceleration of peripheral conversion of T4 into T3, which 
serves as a compensation mechanism for iodine deficiency. As shown in Fig. 3, 
Stolbtsy district has the highest T3 values, and significant differences from the con-
trol are found in all age groups. The increased content of T3 in Stolbtsy. children 
apparently characterizes endemic goitre in this area. 

In all three regions examined, free T4 levels were in the normal range for the 
population. But as is shown in Fig. 4, in Khoiniki district the fT4 content in the 4 - 6 
age group (27.96 ± 2 . 5 9 pmol/L) was markedly above the level in the control group 
(19.54 ± 0.72 pmol/L), and in the Stolbtsy district the fT4 level in the 4 - 6 age group 
was significantly lower (14.68 ± 1.05 pmol/L). 

As regards the fT3 content, average levels were in the normal range for all 
three districts. However, the ÍT3 level in Stolbtsy district was significantly higher 
in the second, third and fourth âge ranges, and among the population as a whole, 
than in the equivalent control groups (Fig. 5). This is in line with the higher level 
of total T3 in the Stolbtsy district. 

Study of TBG content revealed that in Braslov district the average levels for 
the population were in the normal range, though close to the upper limit. In the 
Khoiniki district the TBG content was higher than normal and significantly higher 
than in the control district. An especially high TBG value was found in Khoiniki's 
4 - 6 year old group (25.75 ± 1.08 ng/mL) (Fig. 6), this being significantly higher 
than the corresponding value for the Braslov district (20.40 ± 4 . 7 2 ng/mL). 

The average TG levels of the population in all three districts examined were 
in the normal range, the values being close to each other. However, the dynamics 
of this index in Khoiniki district differed from that of the control area significantly 
(Fig. 7). Whilst in the Bragin district there were no significant deviations of the TG 
level within the various age groups, in the Khoiniki district there were notable shifts: 
69.95 ± 9.87 ng/mL in the first age group, and-18.77 ± 1.56 ng/mL in the fourth. 
The TG level in children of pre-school age was significantly higher than in the con-
trol district and exceeded the accepted norm. The level in the fourth age group was 
significantly lower than in the control district. A similar tendency as regards TG con-
tent varying with age was found in the Stolbtsy children, but this was less marked. 
The values did not differ significantly from the control figures, nor did they exceed 
the norm in any age group. 
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Age group 

FIG. 7. Thyroid status indices. Hormone index level for various age groups in Braslov, 
Stolbtsy and Khoiniki districts. TG. 

Analysis of the status of the thyroid system indices of Khoiniki children related 
to the dose of radioidine absorbed by the individual revealed a tendency for an 
increase in the TSH level (from 1.57 ± 0.10 to 1.81 ± 0.32 mlU/L) as the dose 
increased within the range > 3 0 - < 4 0 0 cGy. A tendency towards decreasing T4 and 
fT4 levels (by 20% and 16% respectively) is found correspondingly in the group of 
children with a dose > 4 0 0 cGy. All the subjects who received > 4 0 0 cGy to the 
thyoid may be considered to belong to the hypothyroidism risk group. There is a 
significant increase in TG level (by 40%) in children who received > 4 0 0 cGy. 
Apparently all these children, and children aged 0 -2 in Khoiniki at the time of the 
accident, represent a contingent with elevated risk of thyroid and autoimmune 
deficiencies as well as cancer. 

Children in the Khoiniki district aged 4 -6 showed the highest dose to the 
thyroid. This group shows the most marked deviations in the status of the thyroid 
system. These cannot be attributed to the endemic process alone. 

Because children in the Khoiniki district had high levels of TBG as against 
increased or relatively normal fT4, additional special investigation of the thyroid 
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transport system of blood protein was undertaken. Electrophoretic separation of pro-
teins and labelled T4 carriers showed that in the Khoiniki children there was redistri-
bution of T4 with TBG in the prealbumin fraction of the blood. It is evident that 
hormones transported by prealbumin are less strongly bound and can replenish the 
fT4 fraction. Thus the low dose effect of ionizing radiation on the child's body obvi-
ously effects peripheral systems involved in the maintenance of the thyroid status. 

In conclusion, it should be emphasized that deviations in the thyroid system 
status in Khoiniki children and adolescents cannot be attributed to an intensive 
endemic process, because this area, like the Braslov district, is in a relatively 
favourable situation as regards the supply of iodine. 

Typical evidence of endemic goitre was found in the Stolbtsy district. Of note 
were the tendency to increased TSH level (within the normal range), the tendency 
towards a reduced T4 level (within the normal range) — especially at puberty — and 
the increased conversion of T4 into T3. 

In Khoiniki, thyroid system peculiarities of another type were found. The vari-
ation of TSH with age leads us to reconsider radiation effects. A sharp increase in 
TG, TBG and fT4 is to be seen in the 4 - 6 age group, which appeared to be the most 
strongly affected by radiation. After-effects include heightened hypothyroidism, 
thyroid autoimmune deficiency and the risk of cancer developing in persons who 
received > 4 0 0 cGy exposure to the thyroid, as well as in children aged 0 -2 at the 
time of the accident. 
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ESTANDARIZACION DE T4 NEONATAL POR RIA 
UTILIZANDO GOTAS DE SANGRE 
EN PAPEL FILTRO PARA DETECCION 
DE HIPOTIROIDISMO NEONATAL 

A.M. SALINAS, K. GONZALEZ, C. COLQUE, 
L.F. BARRAGAN, R. ARIAS 
Instituto Nacional de Medicina Nuclear, 
La Paz, Bolivia 

Abstract-Resumen 

STANDARDIZATION OF NEONATAL T4 BY RIA USING BLOOD DROPLETS ON 
FILTER PAPER FOR THE DETECTION OF NEONATAL HYPOTHYROIDISM. 

The aim of this work was to assist the national programme for the prevention of 
endemic goitre by devising a reliable low-cost technique for the detection of neonatal 
hypothyroidism. RIA determinations of T4 using bulk reagents were standardized by the 
second antibody method. The standards in the 3 -30 ng/dL range, samples and quality con-
trols, consisting of droplets of whole blood absorbed on S & S # 903 filter paper, were 
analysed in tests with incubation in equilibrium and sequential saturation. Dilutions of 1/1750, 
1/2000, 1/2500, 1/3000, 1/4000 and 1/5000 of the first antibody produced in the rabbit were 
tested to find the right titre for the analyses. The second antibody was tested in two dilutions: 
1/50 and 1/100. The 1/5000 concentration of the first antibody and the 1/50 concentration of 
the second antibody were selected for a sequential saturation test with initial incubation for 
2 hours and 30 minutes and a second period of incubation for 2 hours and 30 minutes at room 
temperature. An 18 hour incubation period with the second antibody at 4 ° C , precipitation 
using 6% polyethylene glycol and centrifugation were then required to separate the bound and 
free phases. The data were processed by the four-parameter logistic method with IAEA 
programs and logit-log linear regression. Bonding at zero dose was 25% on average with no 
more than 3% non-specific binding. The mean correlation coefficient was —0.9982. The 
imprecision profile revealed variation coefficients (CVS) of less than 10% in the dose range 
which is useful for the purposes of this work. Commercial T4 accuracy controls in whole 
blood, with reference values of 7.26 ± 1.82, 12.5 ± 2.43 and 23.7 ± 5.7 /¿g/dL, yielded 
the following results for four cumulative tests: 6.17 ± 0.78, 10.7 ± 0.98 and 
20.8 ± 0 .94 Mg/dL, respectively, with CVs of 12.6%, 9.15% and 4 .5%. 

ESTANDARIZACION DE T4 NEONATAL POR RIA UTILIZANDO GOTAS DE 
SANGRE EN PAPEL FILTRO PARA DETECCION DE HIPOTIROIDISMO NEONATAL. 

La finalidad de este trabajo ha sido contribuir al programa nacional de lucha contra el 
bocio endémico con una técnica que, siendo de bajo costo, sea lo suficientemente fiable para 
la detección del hipotiroidismo neonatal. Se estandarizó la dosificación RIA de T4 a partir de 
reactivos a granel por el método del segundo anticuerpo. Los estándares en un rango de 3 a 
30 ítg/dL, muestras y controles de calidad, constituidos de gotas de sangre total absorbidás 
en papel filtro S & S # 9 0 3 , fueron analizados en ensayos con incubaciones en equilibrio y 
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saturación sècueneial. Se probaron diluciones de 1/1750, 1/2000, 1/2500, 1/3000, 1/4000 y 
1/5000 del primer anticuerpo producido en conejo para encontrar el título adecuado a los 
propósitos del análisis. El segundo anticuerpo fue probado en dos diluciones: 1/50 y 1/100. 
Se adoptó el título del anticuerpo de 1/5000 y 1/50 del segundo anticuerpo para un ensayo 
en saturación secuencial, con una'primera incubación de 2 h 30 min, y una segunda incuba-
ción de 2 h 30 min a la temperatura ambiente. Una etapa de incubación con el segundo 
anticuerpo de 18 h a 4°C , precipitación con PEG al 6% y centrifugación fueron necesarias 
para separar las fases unida y libre. El proceso de datos se realizó por el método de los 
cuatro parámetros logísticos con programas del OIEA y regresión lineal logit-log. El porcen-
taje de unión a dosis cero mostró una media del 25%, con una unión inespecífica (NSB) que 
no sobrepasó el 3%. El coeficiente de correlación promedio fue de —0,9982. El perfil de 
imprecisión mostró coeficientes de variación (CV) inferiores al 10% en el rango de dosis utiles 
a los propósitos de este trabajo. Los controles comerciales de exactitud de T4 en sangre total, 
con valores de referencia de 7,26 ± 1,82, 12,5 ± 2,43 y 23.7 ± 5,7 /¿g/dL, mostraron los 
siguientes resultados para cuatro ensayos acumulados: 6,17 ± 0,78, 10,7 ± 0,98 y 
20,8 ± 0,94 /xg/dL, respectivamente, con CV de 12,6%, 9,15% y 4 ,5%. 

,1. INTRODUCCION 

El hipotiroidismo es una de las enfermedades endocrinas más frecuentes del 
recién nacido. La insuficiencia tiroidea afecta a la actividad metabólica y al creci-
miento de todos los órganos. Las lesiones más prominentes constituyen las anor-
malidades rieurológicas debidas a un defectuoso desarrollo del sistema nervioso 
central. Estás lesiones se hacen irreversibles cuando la insuficiencia tiroidea no es 
corregida por un tratamiento sustitutivo con hormonas tiroideas antes de los tres 
meses de vida extrauterina [1]. 

Siendo la sintomatología muy limitada en las primeras semanas de. vida, 
la detección sistemática del hipotiroidismo durante el periodo neonatal puede 
desempeñar un papel importantísimo en la prevención del retardo mental y físico en 
Bolivia. • • . 

Estudios epidemiológicos han provisto considerable información. Los Estados 
Unidos de América y las naciones europeas arrojan cifras de incidencia de 1/3500 
y 1/4000; en Argentina esta incidencia fluctúa entre 1/1520 (Mar del Plata) y 1/3568 
(Buenos Aires) [2]; y en Chile, evaluaciones iniciales muestran una incidencia de 
1/2500 y 1,5/1000 [3]. Existen variaciones geográficas, sociales, de raza y sexo que 
determinan una mayor o menor prevalencia de la enfermedad: 

En Bolivia, donde la endemia bociosa por deficiencia dé yodo es generalizada 
y existen además zonas de prevalencia de hipotiroidismo y cretinismo endémicos, es 
necesario tener parámetros epidemiológicos que permitan no solo cuantificar la 
incidencia de hipotiroidismo neonatal, sino también prevenir los trastornos que ésta 
implica. 
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La disponibilidad de juegos de reactivos para RIA de T4 y TSH neonatales a 
partir de reactivos a granel nos proporciona la tecnología más adecuada para el desa-
rrollo de programas, sistemáticos de detección de hipotiroidismo neonatal. 

2. MATERIAL Y METODOS 

2.1. Reactivos 

El 125I IMS 30 fue comprado a Amersham International, Reino Unido; la 
hormona T3 libre de ácido para radioiódinación a Sigma Chemical Co. ; el Sepha-
dex G-25 a Pharmacia Fine Chemicals, Uppsala, Sueçia; la T4 purísima, para la 
preparación de los estándares, y el primer anticuerpo producido en conejo (lote 
№ 83682) provenían de la empresa Henning, Berlin, Alemania; el segundo 
anticuerpo, una gamma globulina de cabra anti conejo P4, de Antibodies Incorpo-
rated, EE UU; :el papel filtro Schleicher & Schuell § 903 fue adquirido en Alemania; 
el propilén glicol, el PEG y los tubos de poliestireno de 12 x 75 mm provenían de 
Fisher Scientific; el ácido 8 anilino-naftalén sulfónico procedía de la firma Kodak; 
el ácido barbitúrico, barbital sódico, azida sódica, cloramina T, metabisulfito de Na 
y otros químicos eran de Merck, Darmstadt, Alemania; y los sacabocados y los 
controles de calidad utilizados de la empresa DPC. 

2.2. Métodos 

2.2.1. Radioiódinación de T4 

La T4 fue radioiodinada mediante una modificación del método de Greenwood 
et al. [4]. En un tubo de polipropileno se hicieron reaccionar 50/tL de Tp fosfato 
500mM, 2 txL (1 mCi*) de 125I, 25 piL (1,04 ßg) de T3 y 25 ML (10 ¿tg) de 
cloramina T eñ solución de Tp fosfato 50mM, pH7,5. Luego de 60 s de reacción 
con agitación suave, ésta fue terminada añadiendo 25 ßh (50 ßg) de metabisulfito 
de sodio en solución de Tp fosfato 50mM, pH7,5 y, finalmente, se añadieron 50 pL 
de cisterna (1 mg) al tubo de reacción. El material marcado fue purificado utilizando 
una columna de Sephadex G-25 de 30 x 0,9 cm y eluida con Tp fosfato 50mM y 
NaOH 25mM. La actividad específica fue de 800>Ci//¿g. Las fracciones correspon-
dientes a la T4 radioiodinada fueron almacenadas a 4°C en viales conteniendo 
10 ßCi/mL de trazador diluido en solución estabilizadora con propilén glicol, 
cisterna y albúmina bovina hasta su utilización. La solución de trabajo contenía 27 pg 
de T4 en 100 ßL de trazador añadido a cada tubo de ensayo. 

* 1 Ci = 37 GBq. 
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2.2.2. Preparación de estándares en gotas de sangre en papel filtro 

El método para la preparación de estándares fue una modificación del utilizado 
por Correrá y Foradori [3] del Laboratorio de RIA de la Universidad Católica de 
Chile. 

2.2.2.1. Glóbulos rojos libres de T4 

Se utilizaron 250 mL de sangre completa del grupo 0 R H + , H I V ( - ) , 
Hbs(—). Los glóbulos rojos fueron lavados 8 veces con suero fisiológico, centri-
fugando a 2500 rev/min y decantando hasta obtener un hematocrito (Hto) de 96%. 

2.2.2.2. Suero libre de T4 

Este se preparó haciendo uso de una columna de vidrio de 50 cm, utilizando 
resina de intercambio iónico Amberlita IRA 400 activada a pH5 en una proporción 
de 1 g de resina por mL de suero. El suero fue filtrado y alcalinizado a pH10,7 con 
NaOH 5N previo a su elución y neutralizado con HCl IN posterior a la elución. 
Alícuotas de este suero fueron evaluadas por RIA dé T4 para verificar la extracción 
total de la T4. 

2.2.2.3. Sangre libre de T4 

Se prepararon 50 mL de sangre libre de T4 sobre la base de Hto 55% 
utilizando glóbulos rojos lavados y el suero libre de T4. Luego de realizado este 
procedimiento, la sangre libre de T4 fue congelada a —20° С durante 48 h para 
producir hemolisis completa. La curva estándar se preparó de acuerdo al siguiente 
esquema: se pesó 1 mg de T4 purísima y se añadió 1 mL de propilén glicol, se 
mezcló y añadió gota a gota NaOH 5N hasta disolución completa. Luego se transfirió 
esta solución a un matraz aforado de 100 mL con NaOH 25mM, dé manera a obtener 
una solución stock de 10 pg/mL o 100 /¿g/dL. -A partir de esta solución se prepara-
ron los estándares en concentraciones de 30, 20, 15, 10, 6,0 y 3,0 /xg/dL, utilizando 
como diluyente la sangre libre de T4 en volúmenes de 10 mL para cada concentra-
ción del estándar. El estándar 0 sólo contenía sangre libre de T4. Se prepararon man-
chas de 50 pL de cada estándar en papel filtro S & S #903. Se secaron a la 
temperatura ambiente y se guardaron los estándares en papel de aluminio y dentro 
de bolsas de plástico con desecador a 4°C. 

2.2.3. Control de calidad • . 

Se utilizaron controles de exactitud de la firma DPC en tres concentraciones: 
nivel I con valor declarado de 7,26 ± 1,82; nivel II con valor declarado de 
12,5 ± 2,43; y nivel III con valor declarado de 23,7 ± 5,74 pgláL. 
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2.2.4. Estandarización del dosaje RIA de T4 neonatal 

La estandarización de este dosaje se realizó de acuerdo al siguiente esquema: 
Tampones de análisis: a) Tp barbital 75mM, EDTA 50mM, 0,1% BS A, 0,1% azida 
de sodio, pH8,6; y b) Tp barbital 75mM, 0,1% BS A, 0,1% azida de Na. 

2.2.4.1. Título del 1e r anticuerpo 

Se probaron diluciones del anticuerpo anti-T4 de 1/1750, 1/2000, 1/2500, 
1/3000, 1/4000 y 1/5000 en Tp de análisis a), con NRS diluido 1/200. 

2.2.4.2. Título del 2 o anticuerpo 

La gamma globulina de cabra anti conejo fue ensayada en dos diluciones 1/50 
y 1/100 en Tp de análisis b). 

2.2.4.3. Elución de las muestras 

Discos de 5 mm de diámetro conteniendo 6,38 цL de sangre y 2,9 p.L de suero 
fueron eluidos con 300 ßL de Tp b) durante 2 h o toda la noche a la temperatura 
ambiente, en rotador. 

2.2.5. Método, tiempos y temperaturas de incubación 

Se.probaron los métodos de incubación en equilibrio y saturación secuencial. 
Para el método en equilibrio se incubaron las muestras (100 pL del eluido), el 
anticuerpo (100 pL) y el trazador T4 125I (100 fxL) durante 4 h a la temperatura 
ambiente; luego de transcurrido este tiempo se añadió el 2 o anticuerpo (200 pL) con 
el cual se dejó reaccionar durante 18 h a 4°C. La mezcla de reacción se precipitó 
con PEG al 6% (500 pL), se centrifugó y decantó, y la radiactividad del complejo 
unido se contó en un contador gamma Oalcfield. 

La primera incubación del método en saturación secuencial fue de 2 h 30 min 
a la temperatura ambiente, lo mismo que la segunda incubación. Luego de trans-
currido este tiempo, el 2 o anticuerpo fue añadido y, al igual que con el método en 
equilibrio, el complejo unido fue precipitado con PEG al 6% luego de 18 h de 
incubación a 4°C. 

2.2:6. Proceso de datos 

La evaluación de las curvas dosis-respuesta fue realizada aplicando los 
programas del OIEA por el método de los cuatro parámetros logísticos y la regresión 
lineal logit-log. 
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FIG. 1. Título del 1er anticuerpo T4 neonatal RIA. 

3. RESULTADOS 

La Fig. 1 muestra el porcentaje de unión a dosis 0 de las diferentes diluciones 
de anticuerpo ensayadas, manteniendo constante la dilución del NSB 1/200 y del 
2 o anticuerpo 1/50. La NSB fue constante en todas las diluciones del 1 e r anticuerpo, 
no sobrepasando el 3% de unión. La dilución del 1 e r anticuerpo de 1/5000 mostró 
una mejor pendiente con un porcentaje del 25% de unión á dosis 0, razón por la cual 
esta dilución fue elegida para realizar las curvas dosis-respuesta. 

La Fig. 2 muestra las curvas dosis-respuesta obtenidas en cuatro ensayos 
acumulados por el método de incubación en saturación secuencial, con un promedio 
de porcentaje de unión a dosis 0 del 25,%, pendiente de - 2 , 2 1 y un coeficiente de 
correlación de - 0 , 9 9 8 2 . 

En la Fig. 3 se puede apreciar el perfil de imprecisión del dosaje de T4 neo-
natal RIA estandarizado en el laboratorio. Los coeficientes de variación (CV) con 
respecto a las dosis de la T4 neonatal RIA, en el rango de dosis útiles a nuestro 
propósito, muestran valores por debajo del 15%. 

Los resultados obtenidos de las muestras de control de calidad con valores 
declarados de nivel I: 7,26 ± 1 , 8 2 pg/dh, nivel П: 12,5 ± 2,43 pg/áL, y nivel III: 
23,7 ± 5,7 /xg/dL, fueron los siguientes para cuatro ensayos realizados; nivel I: 
6,17 ± 0,78 pg/dL, CV% = 12,6; nivel II: 10,7 ± 0,98 ¿ig/dL, CV% = 9,15; y 
nivel III: 20,8 ± 0,94 pg/dL, CV.% = 4,5, con porcentajes de recuperación de 
85%, 86% y 88%, respectivamente (Fig. 4). 
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Coef ic iente de c o r r e l a c i ó n = -0 ,9982 
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FIG. 2. Curva dosis-respuestä de T4 neonatal RIA. Método de incubación en saturación 
secuencial. 

4. CONCLUSIONES 

Se estandarizó el dosaje de T4 neonatal RIA por el método del 2 o anticuerpo 
con reactivos a granel, utilizándo el título del 1e r anticuerpo de 1/5000, NRS 
1/2000 y un título de 1/50 para el 2 o anticuerpo. 
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FIG. 3. Perfil de imprecisión de T4 neonatal RIA. Coeficiente de variación (CV) contra 
dosis. 
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Se adoptó el método de incubación en saturación secuencial porque se obtuvie-
ron mayor sensibilidad, mejor pendiente y mejor recuperación de las muestras de 
control de calidad ensayadas. Este método es muy sensible en razón a que se pueden 
cuantificar los niveles de T4 en cantidades de alrededor de 1 /xL de suero y 2,1 цL 
de sangre total. 

La estandarización del dosaje de T4 neonatal RIA con reactivos a granel, de 
acuerdo a los diversos parámetros de validación analizados, nos permiten concluir 
que el método es sensible, preciso, exacto y reproducible. 

El dosaje de T4 neonatal RIA estandarizado con reactivos a granel disminuye 
considerablemente los costos, aumenta el volumen de muestras que se puede 
analizar, además de permitir realizar un control de calidad más riguroso. 

La aplicación de esta metodología permitirá la realización de programas 
sistemáticos de detección de hipotiroidismo neonatal. 
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Abstract 

CORRELATION BETWEEN FREE THYROXINE LEVEL AND FREE THYROXINE 
INDEX IN THE DIAGNOSIS OF THYROIcj FUNCTION. 

As part of án effort to establish national radioimmunoassay reagent production, the 
National Atomic Energy Agency has 'assembled' radioimmunoassay kits for thyroid function 
testing which include total thyroxine (T4), triiodothyronine (T3) uptake and free T4 assay. The 
paper reports the result of a clinical study conducted to assess the clinical validity of the kits. 
A total of 157 subjects collected serum samples which were assayed for levels of free 
thyroxine (fT4), total T4 (tT4) and T3 uptake. These samples were also assayed, for levels of 
fT3, tT3 and sensitive thyroid stimulating hormone (S-TSH). The subjects consisted of 
43 healthy euthyroid subjects (40 females and 3 males, with an age ranging from 23 to 
45 years) and 114 patients (103 of whom were females) with an age ranging from 2 to 63 years 
and having various thyroid disorders and severe non-thyroidal illnesses. The results of free 
T4 assay and the free thyroxine index (ÍT4I) calculation were correlated and the clinical status 
of the thyroid as well as other biochemical parameters compared. Pearson's correlation 
analysis was applied! Free T4 correlated well and significantly with fT4I! The normal range 
(95% confidence limit) for fT4 was found to be 10.4 to 27.4 pmol/L; for total T4 4 .0 to 
11.8 /ig/dL, for T3 uptake 24.1 to 32.8% and for fT4I 1.16 to 3.28 ¡xg/dL. In patients with 
various thyroid disorders, congruent results in determining thyroid status were, found in 
86 (81.13%), which all agreed with the available ¡clinical status. Of the remaining.20 patients 
with discordant results, fifteen had borderline levels of fT4 and/or fT4I (levels were not more 
than 10% different from the upper and/or lower limit of the normal range) with clinical status 
either congruent with the fT4 or fT4I level; while the last five patients gave discrepant.results 
which are yet not fully explicable by the current study. In eight patients with severe 
non-thyroidal illness, six had congruent results and the remaining discordant cases were with 
borderline fT4 and fT4I levels. It can be concluded that fT4 and ÍT4I RIA kits assembled by 
the National Atomic Energy Agency of Indonesia are comparable in diagnosing thyroid 
function except in very few cases. It may be more economical to assay fT4 directly instead 
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of both tT4 and T3 uptake. Determination of normal ranges based on a larger Indonesian popu-
lation should be carried out, and should result in better correlation between the fT4 and ÍT4I 
as well as with the clinical status. 

1. I N T R O D U C T I O N 

As part of an effort to establish national radioimmunoassay reagent production, 
the National Atomic Energy Agency of Indonesia has 'assembled' radioimmuno-
assay kits for thyroid function testing which include total thyroxine (T4), 
triiodothyronine (T3) uptake and free T4 assay. This paper reports the result of a 
clinical study conducted to assess the clinical validity of the kits. 

2. MATERIAL AND METHODS 

A total of 157 subjects collected serum samples which were assayed for levels 
of free thyroxine (fT4), total T4 (tT4) and T3 uptake. These samples were also 
assayed for levels of fT3, tT3 and sensitive thyroid stimulating hormone (S-TSH). 
The subjects consisted of 43 healthy euthyroid subjects (40 females and 3 males, with 
an age ranging from 23 to 45 years) and 114 patients (103 of whom were females) 
with an age ranging from 2 to 63 years, referred to our department for thyroid 
function testing. 

Based on their clinical background, these patients can be classified as having 
thyroid disorders of various origin, which were referred either for initial diagnosis 
or follow-up of therapy (totalling 106 patients), or as having severe non-thyroidal 
illness, e.g. chronic liver disease (totalling 8 patients). Whenever possible, all 
subjects had their clinical status of thyroid function re-assessed independently by an 
experienced thyroidologist, using Wayne's index. 

All hormonal measurements were carried out using radioimmunoassay (RIA) 
kits which were assembled in Indonesia by the National Atomic Energy Agency, 
except for S-TSH, which was assayed by an immunoradiometric assay (IRMA) 
system from the Diagnostic Product Corporation (DPC), Los Angeles, CA, USA. 
In principié, free and total T4 and T3 measurements were carried out by a con-
ventional RIA procedure using magnetic particles to facilitate separation. For free 
hormone assays, the 125I tracers were chemically modified to avoid binding with 
TBG. T3 uptake (T3U) was assessed by incubating serum with 125I labelled T3, and 
the unbound tracer was precipitated with macroaggregated albumin and counted. The 
free thyroxine index (fT4I) was calculated by multiplying each total thyroxine level 
with the respective percentage of T3U. The TSH IRMA procedure was carried out 
using ligand coated tubes and 125I labelled monoclonal antibodies plus two other 
monoclonal antibodies linked to the ligand. 
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The results of fT4 assay and fT4I calculation were correlated and compared 
the clinical status of the thyroid as well as other biochemical parameters. Pearson's 
correlation analysis was applied. 

3. RESULTS 

3.1. Data of assay validity 

The validity of the assay systems used was evaluated with regard to their 
precision and sensitivity (defined as. the smallest dose differentiable from zero at 
95% confidence limit) and is presented in Table I. 

3.2. Normal euthyroid subjects 

This group of subjects gave a good correlation between fT4 and fT4I (Fig. 1) 
with a correlation coefficient of 0.51 (p < 0.01). The normal range (95% confidence 
limit) for fT4 was found to be .10.4 to 27.4 pmol/L; while for tT4 it was 4.0 to 
11.8 fig/dL, for T3U 24.1 to 32.8% and for fT4I 1.16 to 3.28 ng/dL. 

3.3. Patients with various thyroid disorders 

As with the normal subjects, correlation between fT4 and fT4I in these 
groups of patients was also strong and significant (r = 0.67527; p < 0.001) 
(Fig. 2). In classifying thyroid status based on the normal range obtained from the 

TABLE I. DATA ON ASSAY VALIDITY 

Precision 
Assay Sensitivity 

Dose % Dose % Dose % 

tT4 0 .4 fig/dL 4 .2 4.2 8.8 4.1 15.9 5.9 

tT3 0.2 nmol/L 1.23 5 .6 1.82 4 .8 3.22 4 .9 

fT4 0.4 pmol/L 10.3 9.5 23.1 8.0 32.3 7.7 

fT3 0.5 pmol/L 7.2 5-? 10.9 5.7 19.1 5.7 

T3U ' — ' ' 25.4 4:9 30.3 4.8 ' 34.2 4 .3 

S-TSH 0.04 mlU/mL 0.50 6.1 4.22 5.0 15.00 5.0 
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TABLE II. DESCRIPTION OF PATIENTS WITH GROSSLY DISCORDANT fT4 
AND tT4I RESULTS 

•No. fT4 fT4I ' tT4 T3U 1T3 tT3 S-TSH Clinical status 

1 84.0a 2.00 7.7- 27.0 11.9a 0.9 < 0 . 0 3 b Hyperthyroid 

2 17.5 3.77a 13.5 27.9 6.2 2.3 1.4 Euthyroid 

3 6.0 4 .73 a 21.0 22.5b 6.0' 3.2 < 0 . 0 3 b NA 

4 23.7 4.74a . 15.8 30.0 9 .6 3.7 < 0 . 0 8 b N A .. 

5 7.8b 19.04 a 52.9 36:0 a 2.9b' 8.0 < 0 . 0 3 b NA 

Note: fT4 and.fT3 in pmol/L; fT4I and tT4 in /¿g/dL, tT3 in nmol/L, S-TSH (sensitive, TSH) 
in mlU/mL. 

a above normal range. , 
b below normal range. 
NA not availáble. 
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FIG. 3. JT4 versus ß~4I: non-thyroid-illness. 
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euthyroid study population, both give congruent results in 86 (81.13%) patients, 
which all agreed with the available clinical status. Of the remaining 20 patients 
with discordant results, 15 had borderline levels of ÍT4 and/or FT4I (levels were not 
more than 10% different from the upper and/or lower limit of the normal range) with 
clinical status either congruent with the fT4 or with fT4I level. A description of the 
remaining five patients with discrepant results is givèn in Table II. 

3.4. Severe non-thyroidal illness 

Similar to the previous two groups, the correlation in this group is also strong 
and significant (r = 0.51; p < 0.01; Fig. 3). Of the eight patients with severe non-
thyroid illness, six had normal fT4I levels, in agreement with fT4I, while the other 
two had borderline low levels, with normal fT4I levels. As often the case with tT3 
levels in patients with severe non-thyroidal disorders, the fT3 levels in five of these 
patients were low, which is common in this condition. 

4. DISCUSSION 

The assay systems used in the study all showed acceptable technical validity. 
The normal ranges for fT4, tT4, T3U and ÍT4I found in this study gave slightly 

different values, although the difference is probably not significant, and sometimes 
also within a narrow range. This may be due to the fact that our study population 
is more homogeneous (in terms of age range and other physical characteristics) and 
the sample size was small1. 

In general, fT4 and fT4I correlated well and significantly with each other and 
also with the clinical status, with an overall agreement observed in 80.7% of cases 
(92 subjects out of 114). The few cases (17 out of 114, or 14.9%) where fT4 mildly 
disagreed with ÍT4I as regards thyroid status may be explained by the fact that their 
fT4 and/or FT4I were in borderline areas. Such disagreement may be less if the nor-
mal range used in this, study is derived from a larger population with more heter-
ogeneous characteristics, especially with regard to age. 

In the five cases where grossly discrepant levels of fT4 and fT4I were 
observed, data on other clinical parameters and clinical status in the first two cases 
agree more with the fT4 level, while in the remaining cases, where no clinical status 
data are available, other biochemical parameters appear to support the level of fT4I. 

1 ANONYMOUS, Free T4 / Total T4 / T3Uptake RIA-M kit leaflets, National 
Radioisotope Production Centre, Sèrpong Jakarta (1990). 
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However, with the data available for the present study, it is not possible to explain 
this discrepancy further. Among the possible reasons, it is likely that the patient was 
on replacement therapy or had an abnormal albumin level, which is known to affect 
the free hormone assay system (see footnote). 

5. CONCLUSION 

Free T4 and fT4I assays assembled by the National Atomic Energy Agency of 
Indonesia are comparable in diagnosing thyroid function except in very few cases 
which are still inexplicable by the current study. Therefore, if one is free to choose, 
it may be more economical to assay fT4 directly instead of both tT4 and T3U. Deter-
mination of normal ranges based on a larger Indonesian population should be carried 
out, and should result in better correlation between fT4 and FT4I as well as with the 
clinical status. 
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. Abstract 

DETECTION OF HYPERTHYROIDISM USING IMMUNORADIOMETRIC ASSAY FOR 
THYROTROPIN. , . , 

A two site in-house immunoradiometric assay (IRMA) procedure :for thyroid, stimu-
lating hormone,(TSH) estimation from human serum was developed at this institute. Sheep 
anti-TSH and mouse monoclonal anti-TSH antibodies were used for solid phase linking and 
radiolabelling, respectively. Standards were prepared in horse serum. The sensitivity of the 
assay at zero dose was 0 .04 mlU/L at 2.5 SD. The samples studied for the estimation of TSH 
levels were established hyperthyroids, hypothyroids, euthyroids and equivocáis. The samples 
of patients attending the immunoassay laboratory of this institute were selected on the basis 
of their clinical history, total thyroxine (T4) and total triiodothyronine (T3) levels: The total 
number of subjects included was 262. The TSH assay clearly identified all the hyperthyroids 
and distinguished them from euthyroids. These subjects > were found tö have a'group 
maintaining TSH levels at < 0.05 mlU/L (83 % of hyperthyroids) and another group (17% of 
hyperthyroids) with TSH levels within 0 .05-0 .3 mlU/L. This in-house IRMA TSH was able 
to distinguish a larger number of euthyroids: 36.6% compared, with 29.8% when identified 
by total T4 and total T3. The assay procedure also identified T3.toxic hyperthyroids in which 
case TSH levels were found undetectable. The assay, also identified a euthyroid subject with 
normal TSH levels and with above normal range total T4 and total T3. It was concluded that 
this in-house IRMA TSH can be usefully applied to detect hyperthyroids and to distinguish 
them from euthyroids without misclassification errors, provided care is taken over abnormal 
results due to non-thyroidal illnesses and certain physiological conditions. 

1. INTRODUCTION 

Exposure of the body tissues to exbess circulatory levels of free thyroxine (T4) 
and triiodothyronine (T3) causes hyperthyroidism [1]. It is the (free";hormones 
( < 0.1 % of total) which exert biological activity for normal growth [2] and develop-
ment of many tissues, including the nervous system in foetal and neonatal life [3]. 
Therefore the estimation ofi'freeThormones would be the most useful guide for evalu-
ation of hyperthyroidism. However, in the absence of a suitable methodology to 
measure free hormones [4, 5] an alternative is to measure total T4 (tT4) and total 
T3 (tT3). Again, the reliability of these estimations is confronted with the effects of 
inherited and acquired abnormalities of plasma transport proteins [6], and does not 
necessarily always reflect the status of the thyroid function. 

3 4 3 
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Free hormones exert their influencé by a negative feedback on thyroid 
stimulating hormone (TSH) release through the hypothalmic-pituitary-thyroid axis 
[7]. The thyrotropin in turn stimulates production of T4 and T3 in the thyroid [6, 
8]. The determination of circulatory levels of TSH could be used as a guide to 
evaluate thyroid function [9,: 10]. With the development of immunometric assay 
(IMA) in recent years it is possible to estimate extremely low levels of TSH, which 
has helped to identify the state of hyperthyroidism [11]. 

IMA and immunoradiometric assays (IRMA) have now been widely applied to 
determine hyperthyroidism and to distinguish hyperthyroids from euthyroids. These 
assays have proved to be highly sensitive [12] with reasonably reliable precision to 
detect low concentration levels of TSH. These assays are becoming the front line 
screening tests of the 1990s [13] to determine thé dysfunction of thyroid status and 
have proved to be a significant improvement over radioimmunoassay (RIA). 

2. MATERIALS AND METHODS 

2.1. Sample collection 

Blood samples were collected from 262 subjects attending the routine service 
laboratories of this institute for monitoring of their thyroid profiles. These subjects 
included untreated hyperthyroids, equivocáis, normals and Untreated hypothyroids. 
Their classification was based upon clinical history and circulatory total T4 and total 
T3 levels described in Table I. The estimation for tT4 and tT3 was made by in-house 
RÍA procedures developed at INMOL. The samples were collected from both males 
ánd females aged from 14 to 68 yéars. 

TABLE I. DESCRIPTION OF SAMPLES COLLECTED ON THE BASIS OF 
tT4, tT3 RESULTS AND CLINICAL HISTORY OF UNTREATED PATIENTS. 
TOTAL SUBJECTS = 262. 

Analyte Hyperthyroids ' Equivocal Euthyroid Hypothyroids 

T4 (nmol/L) >190 150-190 70-150 <40 

,T3 (nmol/L) >4.0 . , ...3.0-3.5 0.8-2.5 <0.8 

n = 86 . . 76 78 22 
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2.2. In-house supersensitive IRMA TSH reagents 

Standards were prepared in horse serum using 2nd IRP (80/558). Correlation 
studies were carried out against the North East Thames Region Immunoassay Unit 
(NETRIA, London, United Kingdom) standards of in-house supersensitive IRMA 
TSH, QC pools and patients' sera samples. 

Monoclonal anti-TSH mouse and sheep anti-TSH for linking with cellulose 
was purchased through NETRIA. Radioiodination of monoclonal antibodies was 
carried ótit at INMOL using chloramine-T. Iodine-125 (IMS.30) was purchased 
from Amersham International, Amersham, United Kingdom. The sheep anti-TSH 
was linked to cellulose using 1, l'-carbonyldiimidazole [14]. 

2.3. Immunoassay data reduction analysis and quality control 

All assays were routinely monitored for evaluation of performance using IAEA 
data processing software [15] as modified by R.D. Piyasena (IAEA) for the 
IBM PC XT [16]. 

L o g d o s e m l U / L T S H 

FIG. 1. A typical imprecision profile (IP) of 'in-housè supersensitive IRMA TSH. IAEA 
immunoassay data processing software was used for the plot of the IP. 
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TABLE II. PERFORMANCE CHARACTERISTICS OF IN-HOUSE : SUPER-
SENSITIVE IRMA TSH DEVELOPED AT INMOL 

Sensitivity Lower detection limit Working range 

Calculated at 2.5 SD at 95% confidence at 5% CV of IP 
from the zero standard 

0.04.mIU/L 0.35 mlU/L. 0 .1 -55 .0 

T A B L E III. E X P E C T E D R E F E R E N C E R A N G E FOR 

, SUBJECTS A T T E N D I N G I N M O L 

Type mlU/L TSH 

Hyperthyroids 
Г undetectable 
[ > 0 . 0 5 - 0 . 3 0 

Equivocáis > 0 . 3 0 - 0 . 4 0 

Euthyroids > 0 . 4 0 - 6 . 0 

Hypothyroids > 6 . 0 

3. RESULTS 

3.1. Assay performance 
i 

Figure 1 describes a typical imprecision profile (IP) for the in-house assay 
IRMA TSH developed at INMOL using IAEA software. Various characteristics of 
this assay procedure are described in Table II. 

3.2. Normal range 

The normal range established for the population of subjects attending this insti-
tute immunoassay laboratory using in-house IRMA TSH developed at INMOL is 
given in Table III. 
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3.3. Assay results 

All samples collected were assayed for tT4, tT3 and TSH concentration deter-
mination. The range of results of the three hormones' concentration obtained is 
plotted in Fig. 2 for TSH vs tT4 and in Fig. 3 for TSH vs tT3. 

The results of TSH estimations made on the samples of hyperthyroids (decided 
on the basis of their T4/T3 levels) and clinical history indicated two types of hyper-
thyroids. Those at extremely low TSH levels, i.e. <0 .05 mlU/L (83%) and others 
(17%) at relatively higher TSH levels (i.e. 0.5-0.3 mlU/L), but still within the 
hyperthyroid range. Both of these groups were clinically hyperthyroid, (n = 86). 
Thus 100% of the confirmed hyperthyroids were detectable and distinguishable from 
euthyroids. 

TSH levels of 77% of equivocáis (n = 58) from Table I were between 0.3-0.4 
mlU/L. The remaining 23% (n = 18) of equivocáis on the basis of T4/T3 results 
were found to have TSH levels within the normal range, thereby increasing the 
number of euthyroids from 78, as shown in Table I , to 96. as in Table IV. It is 

50 r 
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<Л 

° 2 0 -
Ч? о4 

1 0 -

Hyper Equ ivoca l Normal Hypo 

FIG. 4. Histogram showing percentage of hyperthyroid, equivocal, euthyroid and 
hypothyroid subjects detected on the basis of their tT4/tT3 levels EÜ3 and effect on (n) of each 
group (i.e. percentage distribution) of subject when in-house supersensitive IRMA TSH • 
was used. Г..i Represents the percentage of hyper subjects whose TSH levels were between 
>0.5-0.3 mIU/L TSH as determined-by supersensitive IRMA. 
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TABLE IV. DISTRIBUTION OF SUBJECTS AS IN TABLE. I WHEN 
EVALUATED BY IN-HOUSE SUPERSENSITIVE IRMA TSH 

Hyperthyroid Equivocal Euthyroid Hypothyroid 

TSH (mlU/L) 0 - 0 . 3 > 0 . 3 - 0 . 4 > 0 . 4 - 0 . 6 0 > 6 

n = (86) (58) (96) (22) 

TABLE V. TSH DATA GIVING IDENTIFICATION OF T3 TOXICOSIS AND 
ONE FALSE POSITIVE HYÍPERTHYROID USING IN-HOUSE SUPER-
SENSITIVE IRMA TSH. tT4 AND tT3 RESULTS ARE GIVEN FOR 
COMPARISON. 

tT4 
(nmol/L) 

tT3 
(nmol/L) 

TSH (IRMA) 
(mlU/L) 

Clinical history 

82 

139 

203 

7.2 

7.9 

3.7 

0 .3 

Undetectable 

1.7 

Hyper 

Hyper 

Euthyroid 

TABLE VI. ADDITIONAL SIX CASES OF T3 TOXICOSIS IDENTIFIED BY 
IN-HOUSE SUPERSENSITIVE IRMA TSH. tT4 AND tT3 RESULTS ARE 
GIVEN FOR COMPARISON 

tT4 tT3 TSH 
(nmol/L) (nmol/L) (mlU/L) 

82 7.2 ' ' Undetectable 

139 , 7 . 9 . Undetectable 

100 6.0 Undetectable 

55 4.7 Undetectable 

120 5.3 Undetectable 

92 6.2 Undetectable 
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debatable whether those newly identified as euthyroids, on the basis of supersensitive 
IRMA TSH alone, were really euthyroid; however, the follow-up clinical evidence 
was more in favour of their being euthyroids and not hyperthyroids. Table IV 
presents a revised form of the data of Table I and the classification is based upon 
information derived from supersensitive IRMA TSH results. There is no change in 
the number of hyperthyroid subjects whether detected by tT4 and tT3 or by TSH 
alone but n for euthyroids increased, whilst it correspondingly decreased for 
equivocáis. (See Fig. 4.) 

3.4. Detection of T3 toxicosis 

There were two subjects from the group of hyperthyroids (Table I) with high 
T3 levels but within the normal range of T4 concentration. TSH estimation.of these 
two subjects was within the range of hyperthyroids (Table V). In this Table results 
of another subject (not from the typical hyperthyroid group of Table I) are also given. 
This subject had high thyroid hormone levels but presented a euthyroid clinical 
history, with normal TSH levels. Table VI presents results of additional subjects with 
a profile resembling T3 toxicosis and in whom TSH was undetectable. This suggests 
that TSH estimation can be usefully applied for the detection "of T3 toxicosis. 

4. DISCUSSION 

The estimation of TSH levels of established hyperthyroids reveals that the 
in-house IRMA developed at INMOL can detect very low (0-0.3 mlU/L) concen-
trations of TSH (Figs 2, 3) and no misclassificatión was observed. It was possible 
to identify hyperthyroids (83%) in which'the levels of TSH. were extremely low 
(<0.05 mlU/L). The remaining 17% of the hyperthyroids maintained TSH levels 
between 0.05-0.3 mlU/L. Thus the credibility of this assay procedure is clearly 
established for the identification of hyperthyroids, distinguishing them from 
normals. This is comparable with earlier reports [17, 18]. 

The results of the equivocal group suggest that with in-house supersensitive 
IRMA TSH alone, 23% of equivocáis detected by tT4/tT3 were reallocated to the 
euthyroid group because of their normal TSH levels. There are at least two possi-
bilities to be considered here for this shift. For these 23% equivocal tT4 and tT3 
subjects requirements of thyroid hormones are higher than in the normal population. 
Another possibility is that the circulatory plasma protein levels are such that the free 
hormone.levels would be normal (not estimated during this study), thus maintaining 
normal TSH levels. The assay performance is reliable (Fig. 1), especially for the 
concentration range of these subjects under consideration. The transfer of 23% of 
the equivocal population to the normal group simply reduces the size of the equivocal 
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population and describes the normal population more clearly than when it is 
identified by tT4 and tT3. 

The assay is àlso capable of detecting hyperthyroidism due to T3 toxicosis, and 
a euthyroid subject who appeared to be hyperthyroid on the basis of tT4 and tT3 
levels (Tables V, VI), thiis identifying false positive hyperthyroids. Additional data 
are under study to conclude our observations. 

It is not necessarily the objective, of this study to outline a strategy for the 
diagnosis of thyroid disease. But it is not inappropriate to mention here that the 
established hypothyroid population included in the study (Table I) was also clearly 
identified using this in-house supersensitive IRMA TSH. The assay can be used as 
a front line screening test for thyroid disease provided account is taken of results due 
to non-thyroidal illnesses, acute phases of severe illnesses, subclinical conditions, 
pregnancy, certain drug levels and old age [19, 20]. In these conditions the thyroid 
hormone levels often present an abnormal status. 

The following conclusions can be drawn from the results presented and from 
the foregoing discussion. 

The in-house assay procedure detected hypérthyroidism (along with T3 toxi-
cosis) and distinguished such cases from euthyroids. It can bé practical as a screening 
test for the diagnosis of thyroid disease. The test can reduce the.number of wrongly 
diagnosed subjects falling into the category of equivocal subjects. The test also 
distinguishes two categories within the hyperthyroid.subjects, one in which the TSH 
level is extremely low (<0.05 mlU/L) or undetectable, and secondly hyperthyroids 
with TSH levels >0.05-0.3 mlU/L. Finally it is to be noted that there is no single 
test which can be documented as providing 100% confidence for screening purposes 
of thyroid disease. However, where cost is an important factor, the supersensitive 
IRMA TSH test can be usefully applied both for discrimination of hyperthyroid from 
euthyroid subjects and for identification of "hyperthyroids. 
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Abstract 

EFFECT OF AGE A N D SEX ON THYROID FUNCTION TESTS: ESTABLISHMENT OF 
NORMS FOR THE EGYPTIAN POPULATION. 

The effect of age and sex on thyroid functions was studied, in 792 subjects who were 
proved by examination to be free from disease. This group comprised 436 males and 
356 females and represented the different socioeconomic strata of the Egyptian population. 
Their ages ranged from 1 to 75 years. The thyroid function tests studied were performed by 
the solid phase single coated tubes radioimmunoassay technique. Results of the present study 
showed that serum total T3 (tT3), free T3 (fT3), and total T4 (tT4) were highest in subjects 
in the first decade of life, with higher levels in females than males. Thereafter, they dropped 
and remained around a plateau until the age of 40 years, then dropped again. Serum free T4 
(fT4) behaved differently. In males, it was more or less the same, irrespective of age. In 
females, the highest values were seen during the first decade, and were higher than in males. 
Then fT4 dropped progressively to reach the levels recorded in males of the same age, where-
after they became lower in females than in males above the age of 30 years. In contrast, esti-
mation of T3 uptake (T3U), thyroid stimulating hormone (TSH), and thyroxine binding 
globulin (TBG) revealed that these parameters were not affected by either age or sex. The 
present results revealed the presence of three standard ranges of results, corresponding to the 
age groups 1-10, 11-40 and 41-75 years, for each of the two sexes separately. 

1. INTRODUCTION 

In view of the controversy regarding the results reported by previous investiga-
tors dealing with the effect of age on the different thyroid functions [1-6], the present 
study was designed as a trial to solve this problem. In addition, the present work 
could help establish norms for some of the thyroid function tests among Egyptians, 
obviating the need to rely on results obtained in other countries which undoubtedly 

3 5 3 
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differ in their socioeconomic standards,'feeding patterns [7], nutritional status [8, 9] 
and environmental conditions [10, 11], all of which are known to affect the function 
of the thyroid gland and consequently its products. 

2. MATERIALS AND METHODS 

The work here reported was performed on 792 subjects who proved by clinical 
examination to be free from any disease. These subjects were recruited from differ-
ent socioeconomic strata of the Egyptian population, and comprised 436 males and 
356 females. Their ages were between 1 and 75 years (Tables I, П). 

TABLE I. AGE DISTRIBUTION OF MALES STUDIED BY EACH TEST 

1-10 11-20 21-30 31-40 41 -50 51-60 61-75 Total 

tT3 39 42 67 76 62 ; 34 16 336 

fT3 23 20 30 27 32 31 33 196 

tT4 36 43 67 76 63 34 16 335 

fT4 23 .20 30 27 32 31 33 196 

T3U 14 20 • 16 21 17 10 13 111 

TSH 4 9 6 7 7 7 11 51 

TBG 8 11 • 10 13 10 3 ' 2 57 

TABLE II. AGE DISTRIBUTION OF FEMALES STUDIED BY EACH TEST 

1-10 11-20 21 -30 31-40 41 -50 51-60 61-75 Total 

tT3 28 42 61 67 49 16 9 281 

ÍT3 11 15 27 27 22 19 17 138 

tT4 28 42 67 67 49 16 9 272 

fT4 10 16 27 28 22 19 17 139 

T3U 8 12 14 . 14 13 3 5 69 

TSH .1 4 3 3 3 2 1 17 

TBG . 7. 8 ; 11 11 10 1 4 52 
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The thyroid function tests studied were performed using the solid phase single 
coated radioimmunoassay technique. These tests included, estimation of total T3 
(tT3), free T3 (fT3), total T4 (tT4), free T4 (fT4), T3 uptake (T3U), thyroid 
stimulating hormone (TSH), and thyroxine binding globulin (TBG). However, not 
all the tests for every subject are included in the present, work. 

3. RESULTS 

Serum tT3 was highest in subects in their first decade of life, with higher 
values in females. Thereafter, it dropped to fluctuate around a plateau value until the 
age of 40 years. Then it dropped again, and was higher in males than in females 
(Tables III, IV). 

TABLE III. MEAN VALUES FOR THYROID FUNCTION TESTS IN 
DIFFERENT AGE GROUPS OF MALES 

Age group tT3 fT3 tT4 fT4 T3U TSH TBG 

1-10 141 3.21 11.76 1.46 27.68 1.32 25.81 

11-20 135 3.17 8.69 1.51 29.96 1.80 23.22 

21 -30 134 3.16 9.24 1.48 ' 31.59 1.75 26.70 

31-40 137 3.34 9.58 1.53 31.02 1.27 23.50 

41 -50 133 3.14 9.12 1.45 29.21 1.51 25.17 

51-60 130 3.11 9.25 1.45 30.69 2.97 22.00 

61-75 127 2.85 8.63 1.42 25.41 1.37 22.00 

TABLE IV. MEAN VALUES FOR THYROID FUNCTION TESTS IN 
DIFFERENT AGE GROUPS OF FEMALES 

Age group tT3 fT3 tT4 fT4 T3U .TSH TBG 

1-10 ,149 

11-20 134 

21-30 136 

31-40 130 

41-50 120 

51-60 122 

61-75 104 

3.95 9.01 

3.10 8.28 

3.22 8.68 

3.10 8.87 

2.75 8.08 

2 .90 8.32 

2.41 7.66 

1.78 28.89 

1.46 28.25 

1.49 31.55 

1.38 28.59 

1.31 29.95 

1.28 30.45 

1.19 27.43 

2.50 28.51 

1.48 24.81 

2.03 22.14 

2.25 27.77 

2.20 25.10 

2.15 26.65 

1.90 26.50 
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Similarly, fT3 was highest in the first decade. However, thereafter the drop 
was more marked in females than in males. 

Regarding serum tT4, it started with higher values in the first decade and then 
dropped slightly. A further significant decline in its value was noticed in those above 
60 years of age. In this age group, fT4 was usually higher in males than in females. 

Serum fT4 behaved differently. In males, it was more or less the same until 
the age of 60 years, above which it dropped. In females, it started by being higher 
than in males in the first decade. Then, it dropped progressively to reach lower levels 
than in males from the fourth decade onwards.. 

In contrast, the values obtained for T3U, TSH and TBG were not affected by 
either age or sex. However, the TSH level was generally higher in females than in 
males of the same age group. 

4. DISCUSSION 

The effect of age and sex on the levels of the different thyroid hormones that 
was observed in the present study has been reported similarly by some of the 
previous investigators working on this problem [1-4]. On the other hand, these 
effects were denied by other workers [5, 6]. This controversy has been attributed 
in part to the presence of concomitant diseases [12], together with the effects of 
fasting [13] and taking contraceptive pills [14]. These difficulties were overcome in 
the present study by choosing healthy individuals who had no apparent illness, and 
by excluding pregnant women as well as those taking contraceptive pills. Further-
more, blood samples were obtained from the subjects, who were ordered not to fast 
beforehand. In the meantime, the number of cases representing each age group was 
more than sufficient to allow statistical analysis. 

In view of the differences noticed in the results reported by previous investiga-
tors, it seems logical to establish standards for the commonly used thyroid function 
tests for each country or population having similar socioeconomic conditions, 
feeding patterns and environment. 

For Egyptians, the normal ranges, covering more than 95% of the results 
obtained in normal individuals irrespective of age and sex, would be: 

tT3 80-200 ng/dL 
fT3 1.8-5.0 ng/dL 
tT4 5.0-14.0 ng/dL 
fT4 0.6-1.7 ng/dL 
T3U 22-33% 
TSH 0.5-4.5 IU/mL 
TBG 18-37 /ig/mL 
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However, for more accurate discrimination of the results obtained, they should 
be considered in the light of the age and sex of the individual investigated. In this 
connection, analysis of the results of the present investigation revealed the presence 
of two main deviations in the levels of the estimated parameters, producing three 
different levels of results, corresponding to the age groups 1-10 years, 11-40 years 
and 41-75 years. The normal ranges for the different thyroid function tests included 
in the present work for these three different age groups are illustrated in Tables V 
and VI for mâles and females,.respectively. 

TABLE V. NORMAL RANGES FOR THE THREE AGE GROUPS IN MALES 

1-10 • " 11-40 41-75 

tT3 85-240 82-220 70-210 

fT3 1.5-4.8 1.6-5.5 1.4-4.8 

tT4 6 .4-13 .5 5 .0-14 .5 5 .2-14 .0 

fT4 1.0-2.1 0 .7 -2 .2 0 .6 -2 .2 

T3U 23-31 . ' •: 23-39 24-39'. 

TSH , 0 .5 -3 .5 0 .6 -3 .6 0 .5 -5 .2 

TBG 15-31 16.5-37 16.5-33 

T A B L E VI. N O R M A L R A N G E S 

•t 

FOR T H E T H R E E A G E G R O U P S I N 
F E M A L E S 

• . 1-10 11-40 41-75 

tT3 100-230 84-230 70-185 

fT3 1 .5-5 .4 1 .8-5 .4 1 .4-4.6 

tT4 6 .2 -12 .0 5 .2 -14 .0 5 .0 -14 .0 

fT4 1.3-2.3 0 .7 -2 .0 0 .6 -1 .9 

T3U 22-32 21-40 22-37 

TSH 2.5 0 .8 -5 .0 0 .7 -3 .9 

TBG 26-31 16.5-37 18.5-36 
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Abstract-Résumé 

CONTRIBUTION OF ULTRASENSITIVE TSH TO THYROID PATHOLOGY. 
The authors evaluate the contribution of the ultrasensitive thyroid stimulating hormone 

(TSH) immunoradiometric assay technique to thyroid pathology. They studied 547 patients 
over a period of two years (1986-1987). These patients were mostly from regions where goitre 
is endemic. They underwent clinical examination and scintigraphic tests, and their hormone 
levels were determined (total T4 and TSH). Ultrasensitive TSH was found to give very good 
results in cases of clinically unequivocal and in equivocal hypothyroidism. In cases of hyper-
thyroidism such exceptionally good results were noted only in cases where toxic nodules were 
present. In Basedow's disease the performance of ultrasensitive TSH was close to that of T4. 
In cases of equivocal hyperthyroidism, ultrasensitive TSH does not make it possible to 
dispense with the TRH test. 

APPORT DE LA TSH ULTRASENSIBLE A LA PATHOLOGIE THYROÏDIENNE. 
Le mémoire se propose d'évaluer l'apport du dosage radio-immunométrique de la TSH 

(TSH us), technique ultrasensible, en pathologie thyroïdienne. On a étudié 547 malades 
pendant une période de 2 ans (1986-1987). Ces patients sont originaires pour la plupart de 
régions d'endémie goitreuse. Ils ont bénéficié d'un bilan clinique, hormonal (T4 totale et TSH) 
et scintigraphique. De très bonnes performances de la TSH us ont été constatées dans les 
hypotyroïdies franches cliniquement ou douteuses. Au cours des hyperthyroïdies, ces perfor-
mances exceptionnelles ne s'observent qu'en cas de nodules toxiques. Dans la malàdiè' de 
Basedow, les performances de la TSH us restent voisines de celles de la T4. Au cours des 
hyperthyroïdies douteuses, la TSH us ne permet pas de se passer du test à la TRH. 

1., INTRODUCTION 

La prévalence du goitre en Tunisie à été estimée à 2,5 %, ce qui correspond 
à 200 000 personnes environ. La pathologie thyroïdienne est donc un problème de 
santé publique dans notre pays. Les coûts de l'exploration et du traitèment sont 
élevés. 

Le dosage ultrasensible de la TSH (TSH us) est une amélioration technologique 
appréciable visant à augmenter la fiabilité du bilan hormonal. Mais quelle est sa place 
dans notre pays? 

3 5 9 
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Ce dosage a été introduit dans le service en 1986. Forts de ce recul de plusieurs 
années, nous nous proposons d'évaluer.cette technique en pathologie thyroïdienne à 
propos de 547 dosages effectués au cours des années 1986 et 1987. 

2. MATERIEL ET METHODES 

2.1. Malades 

Nous avons étudié 547 malades pendant une période de deux ans allant du 
1er janvier 1986 au 31 décembre 1987. Sur les 547 sujets, il y avait 464 femmes, 
soit 84,8%. L'âge moyen était de 36,5 ans, l'écart type dé 15 ans; 47,9% des patients 
étaient âgés de 20 à 40 ans. 

Ces malades nous étaient adressés pour l'exploration d'un goitre ou d?une 
dysthyroïdie. Ils ont bénéficié d'un examen clinique, d'tin dosage de la T4, de la 
TSH et d'une scintigraphic thyroïdienne. 

2.2. Bilan hormonal 

2.2.1. Dosage de la TSH 

Nous utilisons la trousse ELSA-TSH commercialisée par la CIS International. 
La technique du dosage est radio-immunométrique. Les bornes de normalité sont: 
0,16-3,5 /xUI/mL. " 

2.2.2. Dosage de la T4 

Il s'agit d'un dosage radio-immunologique de la T4 totale. Les bornes de 
normalité sont: 50-110 ng/mL. . . . 

3. RESULTATS 

3.1. Impression clinique 

L'examen clinique nous a permis de classer les patients en cinq groupes: 
hyperthyroïdies franches (Hyper); hyperthyroïdies douteuses (Eu-Hyper); 
euthyroïdies (Eu); hypothyroïdies douteuses (Eu-Hypo); hypothyroïdies franches 
(Hypo). 
. ... La distribution des fréquences de.ces groupes est présentée au tableau I. 

Nous constatons que 28,5%. des patients présentent une Symptomatologie 
clinique non évidente (Eu-Hypo, Eu-Hyper). Ce taux est probablement biaisé, car 
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TABLEAU I. EFFECTIFS DES GROUPES CLINIQUES 

361 

Effectif Pourcentage 

Hypo 37 6.8 

Eu-Hypo 22 4 

Eu 203 37.1 

Eu-Hyper 134 24.5 

Hyper 151 27.6 

Total 547 : 100 

en raison de leur coût élevé, les dosages hormonaux ne sont pas pratiqués de façon 
systématique, mais sont destinés, dans les cas les plus douteux, à aider au diagnostic. 

3.2. Bilan hormonal et clinique 

3.2.1. Etude quantitative 

La comparaison des taux hormonaux dans les différents groupes cliniques 
montre qu'il existe toujours une différence significative à 95% entre deux groupes 
voisins. Cette différence significative existe même à 99% pour la TSH qui distingue 
bien les trois classes Hypo, Eu-Hypo et Eu (tableau II). 

Ces résultats justifient a posteriori notre choix pour ces différents groupés 
cliniques et montrent d'ores et déjà les performances de la TSH dans la discrimi-
nation des hypothyroïdies franches ou douteuses. 

Dans le groupe des hypothyroïdiens, la TSH est franchement élevée alors que 
là T4 est limite et peut même être normale. Cela confirme la performance de la TSH 
dans le diagnostic de l'hypothyroïdie. 

A l'inverse, la clinique ne semble.pas être en mesure de déceler une 
hypothyroïdie (fruste) quand la TSH est inférieure à 20 ^UI/mL. 

Le groupe des euthyroïdiens montre une parfaite concordance, d'une part entre 
la T4 et la TSH, d'autre part entre les dosages biologiques d'une façon générale et 
la clinique. • • 

¡Le groupe des hyperthyroïdiens présente un taux de T4 franchement élevé 
alors, que la TSH est discordante. • -

iCeci laisse prévoir qu'il n'est pas possible de jugèr la fonction thyroïdienne 
d'après le dosage de la TSH seule quand le patient présente une Symptomato log ie 

hyperthyroïdienne. %, 

V-' 
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TABLEAU II. RESULTAT DU BILAN HORMONAL EFECTUE DANS LES 
DIFFERENTS GROUPES CLINIQUES 

Hypo Eu-Hypo Eu Eu-Hyper Hyper 

Résultat du dosage de la T4 (ng/mL) 

m 51 73 90 112 162 

ds 49 30 33 52 65 

Résultat du dosage de la TSH (¿lUI/L) 

m 61 и 2,5 0,94 0,51 

ds 40 25 8,6 2 1,6 

75 % des malades présentant un tableau clinique franc sont bien classés par la 
T4, 77% par la TSH mais 67% seulement par l'association des dosages de la T4 et 
de là TSH. Paradoxalement, le score de la classification des malades est moins bon 
quand on associe les deux dosages hormonaux de la T4 et de la TSH. 

L'étude qualitative de ces différents dosages est détaillée dans le paragraphe 
suivant. 

3.2.2. Etude qualitative 

Nous nous limiterons dans ce paragraphe à l'étude des deux groupes de 
dysthyroïdie: celui des hypothyroïdies et celui des hyperthyroïdies. Tous les 
patients appartenant à ces deux groupes présentent une Symptomatologie clinique 
évidente et de ce fait le résultat clinique pourra être pris comme référence. 

a) Groupe des hypothyroïdies 

Pour le diagnostic de l'hypothyroïdie, la TSH est plus sensible que la T4 avec 
une spécificité voisine, l'association du dosage de la T4 à celui de la TSH n'améliore 
pas la sensibilité (tableau III). 

La meilleure VPP de la T4 par rapport à celle de la TSH peut s'expliquer par 
le fait que dans l'hypothyroïdie l'augmentation de la TSH précède l'apparition des 
signes cliniques, alors que la T4 ne diminue que lorsque l'hypothyroïdie devient 
manifeste. 



IAEA-SM-324/45 363 

TABLEAU III. PERFORMANCES DU BILAN HORMONAL DANS 
LE GROUPE DES HYPOTHYROIDIES 

Sensibilité Spécificité VPP VPN 
(%) (%) " ( % ) (%) 

T4 73 97 65,8 98 

TSH 81 95 52 98 

T4 + TSH 73 98 77 98 

b) Groupe des hyperthyroïdies 

Nous constatons, comme dans le groupe de l'hypothyroïdie, 'que la TSH 
présente une sensibilité supérieure à celle de là T4 avec une spécificité voisine, mais 
qu'elle augmente de façon significative la spécificité et permet également 
d'améliorer nettement la VPP (tableau IV). 

3.3. Bilan hormonal, clinique èt scintigraphique (tableau V) 

3.3.1. Thyroïde normale à la scintigraphie 

91,8% des malades en euthyroïdie clinique sont en euthyroïdie biologique. 

3.3.2. Thyroïde homogène augmentée de volume 

76% des malades en euthyroïdie clinique avec thyroïde homogène augmentée 
de volume à la scintigraphie sont en euthyroïdie biologique. Il s'agit de goitres 
simples. . . 

Les valeurs de la T4 et de la TSH du sous-groupe goitre simple sont plus 
élevées que celles du sous-groupe (euthyroïdie + thyroïde normale). L'élévation est 
plus marquée avec la TSH (3,67 = 3 x 1,22). Cependant, la comparaison des 
moyennes ne met pas en évidence de différence significative. 

3.3.3. Nodule chaud non extinctif 

— 34% des malades présentent une hyperthyroïdie clinique franche; 
— 40% des malades en euthyroïdie clinique ont une TSH diminuée et 30% d'entre 

eux ont une T4 normale; 
— 50% des malades présentent un tableau clinique d'eu-hyperthyroïdie, ont une 

TSH diminuée, mais tous ont une T4 normale. 
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TABLEAU IV. PERFORMANCES DU .BILAN HORMONAL DANS 
LE GROUPE DES HYPERTHYROIDIES . -

Sensibilité Spécificité VPP VPN 

(%) (%) (%) (%) 

T4 62 84 60 98 

TSH 67,5 85 63 87 

T4 + TSH • ' 5 4 918 71 84 

TABLEAU V. RESULTAT DU BILAN HORMONAL SUIVANT LE TABLEAU 
CLINIQUE ET L'ASPECT SCINTIGRAPHIQUE 

Effectif 
T4 (ng/mL) ' TSH (/tUI/mL) 

Effectif 
(moyenne-+ ds) (moyenne + ds) 

1 95 . : 92 + 38 4 , 8 + 1 7 

2 245 128 + 67 3,2 + 13 

3 18 '135 + 52 0,28 + 0,55 

4 26 121 + 62 4,2 + 15 

5 55 108 + 58 • 2,5 + 13 

6 48 89 + 36 3,6 + 14 

1: Thyroïde normale à la scintigraphic 
2: Thyroïde homogène, augmentée dé volume ' 
3: Nodule chaud extinctif 
4: Nodule chaud non extinctif 
5: Goitre multinodulaire ' 
6: Nodule froid . . • • ' . 

Nous avons l'impression que la diminution de la TSH précède l'augmentation 
de la T4, ce qui rendrait compte de l'état d'équilibre hormonal du malade. 

3.3.4. Nodule chaud extinctif. 

Quand il s'agit d'une euthyroïdie clinique, la TSH est diminuée dans 50% des 
cas, alors que la T4 est normale. La T4 est augmentée dans 25% des cas, alors que 
la TSH est normale. 
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Par contre, en cas d'hyperthyroïdie clinique, la TSH est diminuée dans 100% 
des cas; elle est associée à une T4 normale dans 44% des cas et à une T4 élevée 
dans 56% des cas. • . • 

Les patients présentant un nodule chaud extinctif ont des valéurs de T4 plus 
élevées que celles des patients présentant un nodule chaud non extinctif. La TSH us 
est par contre moins élevée dans le premier sous-groupe que dans le deuxième. 
Cependant, dans tous les cas, les différences ne sont pas significatives. 

3.3.5. Goitre multinodulaire 

74% des malades en euthyroïdie avec un goitre multinodulaire à la scinti-
graphic présentent un bilan biologique euthyroïdien. 

3.3.6. Nodule froid 

84% des patients en euthyroïdie clinique présentant Un nodule froid sont en 
euthyroïdie biologique. 

La comparaison des taux hormonaux du troisième sous-groupe (euthyroïdie + 
nodule froid) avec ceux du sous-groupe (euthyroïdie + thyroïde normale) ne montre 
pas de différence significative. Les dosages hormonaux ne sont donc pas contributifs 
dans les nodules froids quand l'impression clinique montre une euthyroïdie. 

3.3.7. Basedow, goitre nodulaire toxique 

La comparaison des taux hormonaux observés chez les hyperthyroïdiens par 
maladie de Basedow et chez les hyperthyroïdiens par goitre nodulaire toxique ne 
montre pas de différence significative. 

4. DISCUSSION 

Les performances du dosage de la TSH us ainsi que de la T4 semblent liées 
aux' différents groupes cliniques. 

4.1. Groupe des hypothyroïdies 

La TSH us est très performante dans ce groupe. En effet, ses valeurs sont 
significativement différentes de celles du groupe Eu-Hypo. Ceci est en parfait accord 
avec ce qui a été vu dans la littérature [1]. 

Par ailleurs, sa bonne sensibilité (81%) et.son excellente spécificité (94,7%) 
lui confèrent une place de choix dans le diagnostic de l'hypothyroïdie. 
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Dans ce groupe de patients à Symptomatologie clinique franche, le problème 
du diagnostic ne se pose pas et un bilan hormonal serait non contributif. Si toutefois 
la surveillance du malade nécessite le recours à un bilan hormonal, il sera préférable 
de choisir,la TSH us en raison de ses meilleures performances par rapport à la T4. 
Ceci est particulièrement attesté par la littérature [1, 2]. L'association du dosage de 
la T4 n'est pas souhaitable car non contributif. 

4.2. Groupe des hypothyroïdies douteuses 

Dans ce groupe également, la TSH us présente de très bonnes performances. 
En effet, les valeurs observées dans ce groupe sont significativement différentes des 
valeurs observées dans les deux groupes voisins. 

Ceci est également vrai pour la T4, mais notre préférence va à la TSH us, dont 
la sensibilité dans le groupe des hypothyroïdies est supérieure à celle de la T4, avec 
une spécificité voisine. Il serait légitime d'extrapoler ce résultat à ce groupe. 

Il est possible de se contenter du seul dosage de la TSH us, étant donné sa très 
bonne fiabilité, comme l'attestent plusieurs auteurs [1]. 

4.3. Groupes des euthyroïdies 

4.3.1. Thyroïde normale à la scintigraphie 

Dans ce cas, nous avons démontré que 91,8% des malades sont en euthyroïdie 
biologique. Autrement dit, en cas d'euthyroïdie clinique avec une thyroïde normale 
à la scintigraphie, il est peu utile de demander un bilan biologique. 

4.3.2. Thyroïde homogène, augmentée de volume 

Nous avons démontré que les taux hormonaux de ce groupe ne montrent pas 
de différence significative avec le groupe précédent. Ceci contraste avec les résultats 
de certains auteurs [3] qui trouvent que la moyenne de la TSH dé cette population 
diffère significativement de celle du groupe des sujets normaux. Par ailleurs, nous 
avons démontré que 76% des malades présentent une euthyroïdie biologique. 
Autrement dit, devant de tels cas de figure, un bilan hormonal n'est pas une grande 
nécessité. Mais s'il paraît souhaitable de surveiller l'opothérapie du patient, la TSH 
us semble tout indiquée, car ses taux rendraient mieux compte de l'état d'équilibre 
hormonal. 

4.3.3. Nodule froid 

Dans ce cas également, la majorité des patients ont un bilan hormonal normal. 
Ce dernier nous paraît peu contributif. 
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4.4. Groupe des hyperthyroïdies douteuses 

C'est le groupe le plus délicat et qui pose le plus de problèmes: Les valeurs 
des hormones observées dans ce groupe sont significativement différentes de celles 
retrouvées dans les groupes voisins au seuil de 95%, ce qui montre ainsi les 
avantages du bilan hormonal. Il n'y a pas d'éléments nous permettant de privilégier 
une trousse par rapport à l'autre. 

Cependant, l'existence de discordances biologiques nous amène à doser les 
deux hormones en première intention dans cé groupe. Cette association a au moins 
l'avantage d'améliorer la spécificité. En cas de discordance, il faudra introduire èn 
deuxième intention le test à la TRH. 

Ce dernier garde pour nous tout son intérêt dans de tels cas, contrairement a 
ce que l'on trouve dans la littérature [4]. En effet, la plupart des auteurs montrent 
une performance exceptionnelle de la TSH us dans le domaine de l'hyperthyroïdie 
et condamnent ainsi le test à la TRH. 

Ces résultats discordants avec la littérature nous amènent à émettre des 
réserves sur la sensibilité offerte par les trousses de TSH que nous utilisons. 

4.5. Groupe des hyperthyroïdies franches 

La Symptomatologie clinique étant évidente dans ce groupe, le problème du 
diagnostic ne se pose pas. Le bilan hormonalpeut être évité. 

4.5.1. Maladie de Basedow 

Si toutefois un bilan s'avère nécessaire pour la surveillance du patient, notre 
préférence va à la T4, en raison de son coût plus faible et de ses performances voi-
sines. L'association des.deux dosages n'est pas contributive. Elle n'améliore pas la 
sensibilité dans ce groupe. Ceci ne concorde pas avec les résultats trouvés dans la 
littérature. En effet, la plupart des auteurs font état de la parfaite performance de la 
TSH us dans le diagnostic de l'hyperthyroïdie, contrastant avec une moindre sensi-
bilité de la T4 qui peut être normale dans un nombre non négligeable de cas [5-7]. 

Ces résultats contradictoires peuvent être dus à plusieurs facteurs: l'origine 
différente des malades (rappelons que la Tunisie est ùn pays d'endémie goitreuse); 
les qualités différentes des trousses utilisées; enfin, il ne faut pas négliger l'engoue-
ment pour les nouvelles techniques. 

4.5.2. Nodule toxique 

Nous avons retrouvé qu'en cas d'hyperthyroïdie clinique avec un nodule chaud 
extinctif à la scintigraphie, 100% des malades présentent une TSH diminuée, et 
parmi eux, 44% ont une T4 normale. Ceci est en parfaite corrélation avec ce qui a 
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été vu dans la littérature [7]. Tout se passe comme si la diminution de la TSH 
précédait l'augmentation de la T4. Ainsi, le dosage de la TSH us dans ce cas 
particulier rendrait mieux compte de l'état d'équilibre hormonal du malade. 

5. CONCLUSION 

Cette étude rétrospective nous a permis de tirer les conclusions suivantes: 

1. La TSH us est très performante en cas d'hypothyroïdie franche clinique-
ment ou douteuse. 

2. La TSH us est performante dans le diagnostic de l'hyperthyroïdie. 
Cependant, ces performances nous semblent proches de celles de la T4 totale. Aussi, 
notre préférence va-t-elle à cette dernière en raison de son moindre coût. 

En cas de Symptomatologie douteuse, nous conseillons en première intention 
l'association des deux dosages. En cas de discordance, nous proposons le test à la 
TRH, qui garde ici tout son intérêt. 

Le dosage de la TSH us est également recommandé dans les cas de nodules 
toxiques. 

3. En cas d'euthyroïdie clinique, il existe presque, toujours une euthyroïdie 
biologique, et ce, quel que soit l'aspect scintigraphique. 

4. Tous ces éléments nous ont permis de proposer une stratégie d'exploration 
de la pathologie thyroïdienne dont l'objectif est la réalisation d'un diagnostic le plus 
précis, le plus fiable et le moins coûteux possible. 
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Abstract 

SPECIFIC AND DIRECT PROINSULIN RADIOIMMUNOASSAY FOR THE EVALUA-
TION OF INSULINOMAS. 

The paper describes a highly specific human proinsulin (hPI) radioimmunoassay (RIA) 
developed by using biosynthetic hPI as immunogen, standard and tracer. Proinsulin was radio-
iodinated by the iodogen method and purified on QAE-Sephadex A-25 to a. specific activity 
of 6.5 MBq//ig. The antiserum was raised in a guinea pig and then adsorbed against insulin 
and C-peptide conjugate to Sepharose to improve its specificity. The range of the standard 
curve extended from 0.004 to 16 pmol/mL, with a 50% displacement between 
0 .19-0 .26 pmol/mL and the minimal detectable concentration between 0 .01-0 .04 pmol/mL. 
This sensitive and specific RIA proved suitable for measurements of serum hPI concentrations 
in patients with insulinomas, which levels ranged from 0.11 to 1.80 pmol/mL (n = 8). 

1. INTRODUCTION 

Using recombinant DNA technologies it is now possible to prepare large 
quantities of human proinsulin (hPI), which exhibits the same physico-chemical and 
biological properties as the pancreatic hormone [1]. 

The availability of this hormone enabled the development of specific and sensi-
tive radioimmunoassays for hPI using the biosynthetic preparation as immunogen, 
standard and tracer [2-5] allowing a wide variety of physiological and clinical 
studies. 

3 6 9 
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This paper describes a sensitive and specific hPI radioimmunoassay (RIA) 
employing a carefully prepared tracer, with great stability after QAE-Sephadex 
purification [6] and an antiserum produced in guinea pig [7] that does not cross-react 
with insulin and C-peptide. 

This specific assay was used to study circulating proinsulin from patients with 
insulinoma. 

2. MATERIALS AND METHODS 

Human biosynthetic proinsulin (lot No. 509-EM4), insulin (lot No. 
615-7U7-208) and C-peptide (lot No. A18-TU8-44D) were kindly supplied by Eli 
Lilly and Company, USA. Porcine insulin type III (lot No. MLS3.142) was kindly 
supplied by Biobrás Bioquímica do Brasil, Brazil. Second antibody, goat anti-guinea 
pig immunoglobulin G (IgG) was from Pel-Freez, USA (lot No. 12890-3CC). 
Bovine serum albumin (BSA) and bovine g-globulin (BgG) were from Sigma 
Chemical Co., St. Louis, MO, USA. Materials for chromatography were from 
Pharmacia, Sweden. 

2.1. Preparation of 125I labelled proinsulin 

Iodine labelling was carried out using a modification of the iodination method 
of Fraker, and Speck [8]. Polypropylene iodination vials (tubes 12 x 75 mm) were 
coated with 16 /xg of Iodo-gen (Sigma) dissolved in dichloromethane and evaporated 
to dryness at room temperature under a nitrogen atmosphere, in a fume hood. The 
dried tubes were stored in a desiccator at -20°C and used within nine months. They 
were rinsed with the iodinátion buffer immediately before use, in order to remove 
any loose flakes of chloroglycoluril. Proinsulin (5 pig in 100 /xL of 0.05M sodium 
phosphate buffer, pH7.4) was incubated with Na125I (37 MBq) for 5 min at 4°C 
in the iodination tube. The iodiriation yield was determined as the percentage of 
radioactivity precipitated by the 10% trichloroacetic acid (TCA) [9]. 

The reaction mixture was chromatographed on a column (30 x 1.0 cm) of 
QAE Sephadex A-25 equilibrated with 0.08M Tris-HCl, 0.08M NaCl pH8.6 and 
containing 1% BSA (RIA grade, fraction V). The column was eluted at 4°C and at 
a flow rate of 15 mL/h with a linear gradient formed from starting buffer (150 mL) 
and starting buffer containing 0.3M NaCl (150 mL). Fractions (2.5 mL) were 
collected and radioactivity counted.. The main peak related fractions from the 
I25I-hPI purification were evaluated by their reactivity to excess of the antiserum 
(not purified) according to the RIA procedure reported by Deacon and Conlon [3]. 
Fractions which showed maximum binding to the antiserum were pooled, stored at 
- 20°C and used as the RIA tracer. Its purity was also estimated by the TCA 
precipitability. 
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The efficiency of the purification as wellas the stability of the tracer were 
analysed with 7% Polyacrylamide gel electrophoresis (PAGE), according to the 
modified method of Davis [10] as previously described [11]: Tracer integrity, was 
accomplished by calculating the percentage of the surface area under the peak.of the, 
electrophoretic profile.of 125I-hPI and free iodide. ' 

2.2. Development of the anti-proinsulin antiserum 

A hPI antiserum (OP) was raised by immunizing a male albino guinea pig 
(220 g) with repeated subcutaneous injections of an emulsion (2 mL) formed from 
equal volumes of proinsulin (50 pg in saline) and Freund's adjuvant (complete for 
the primary immunization and incomplete for subsequent injections) in multiple sites 
according to the method of Vaitukaitis et al. [12]. Booster injections were 
administered four .weeks after the primary: immunization and then at three-week 
intervals. Water containing 5% glucose was given throughout the experiment in 
order to prevent hypoglycaemia. Total blood (25 mL) was taken by cardiac puncture 
two weeks after the third booster and.the antiserum was evaluated for cross-reactivity 
with insulin and C-peptide. As the antiserum was not sufficiently specific for pro-
insulin it was adsorbed against porcine insulin-Sepharose and human C-peptide-
Sepharose. The gel was activated at our laboratory [13] (150 mg CNBr (Sigma) per 
g Sepharose 4B) and the conjugation was carried out by the procedure reported by 
Cohen et al. [2]. 

2.3. Radioimmunoassay procedure 

All RIA reagents (label, antiserum, standard and normal guinea pig serum 
(NGPS)) were diluted in 0.04M sodium phosphate buffer pH7.4, containing 0.1% 
BSA and 0.02% thiomersal (assay buffer). A stock hPI solution (1065 pmol/mL) 
was prepared from the hPI solution surplus in the iodinàtion, aliquoted into fractions 
(100 /iL) and stored at - 20°С in polypropylene tubes. The standard curves (ranging 
from 0.004 to 16 pmol/mL) were prepared diluting the stock hPI solution with blood 
bank plasma. The assay separation reagents (NGPS, second antibody and polyethy-
lene glycol (PEG)) were diluted in 0.025M sodium phosphate — 0.02M ethylene-
diaminetetraacetate (EDTA) pH7.5, containing 0.1% BSA and 0.02% thiomersal. 

The RIÀ was carried out using a non-equilibrium system. Antiserum OP or 
NGPS for the blanks (100 pL, final dilution 1:15 000) and hPI standards or serum 
(100 /iL) were incubated at 4°C for 24 hours. Afterwards,, the 125I-hPI (100 pL, 
approximately 10 000 counts/min) was added and incubated for another 3 hours. 
This was followed by addition of NGPS (100 /¿L, 1:400), second antibody (100 pL, 
1:9) and PEG 8000 from Sigma (900 pL, 10% wt/vol.) and a further 1 hour incuba-
tion at 23 °C. Precipitates were collected by centrifugation at 3500 g for 30 min at 
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4°C (Incibras Centrifuge, Brazil) and the pellets counted for 5 min in an ANSR auto-
matic gamma counter (Abbott Laboratories, USA) with an efficiency of 65%. 
Samples were read from the standard curve using a four parameter logistic model 
algorithm [14]. 

Fasting levels of serum hPI were measured'in six patients with insulinoma, 
aged from 17 to 52 years, three females and three males. Three of them had received 
diazoxide. 

3. RESULTS 

3.1. Preparation of 12SI labelled proinsulin 

The iodination yield revealed a value in the range 83-90% for six preparations 
corresponding to an average specific activity of 6.45 + 0.17 MBq/p,g (+SD) 
and a degree of iodination lower than 1.0 atom of 125I per hPI molecule. The 
elution pattern of radioactivity from the anion exchange chromatography is shown 
in Fig. 1. The hatched area represents the most immunoreactive fractions pooled. 
The pools from the six preparations presented a purity in the range 91-97% by the 
trichloroacetic acid (TCA) test. 

-,100 

FIG. 1. Purification of 125I-hPI on QAE-Sephadex A-25 showing radioactivity (—-) and 
immunoreactivity (—) for each fraction. 
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FIG. 2. (a) Distribution of radioactivity from PAGE of the hPI immediately after radio-
iodination (left) and after purification (right), (b) Distribution of radioactivity from PAGE of 
the 125I-hPI after one, two and three months after purification (from left to right). The RM 
values of the main 125I-hPI component are indicated in parenthesis and the arrows indicate 
the position of the TD. 

Figure 2 presents the electrophoretograms revealed in the analysis of the 
125I-hPI just before and after.purification and in the analysis of the tracer through-
out storage. The ratio of migration (RM) of the 125I-hPI was determined in relation 
to the tracking dye (TD) bromophenol blue. After labelling, the radioactivity in the 
125I-hPI peak was found to contain 73% of the total activity in the gel, increasing 
to 98% after purification, when the free iodide was completely absent (Fig. 2(a)). 
After one, two and three months from the purification the value of the 125I-hPI peak 
decreased to 82, 71 and 62% respectively, whereas the free iodide increased 
(Fig. 2(b)). 
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FIG. 3. Displacement of ,25I-hPI by human proinsulin (* — *), human insulin ( О — О ) 
and human C-peptide ( • — • ). Each displacement experiment was performed according to 
the RIA procedure described in Materials and Methods. 

3.2. Characterization of the anti-proinsulin antiserum 

Within 13 weeks the guinea pig produced antibody to hPI of sufficient titre 
(1:5000) and avidity (Ka value of 1.00 x 1010 L/mol) and highly specific after 
purification. The effect of increasing concentrations of biosynthetic hPI, insulin 
ànd C-peptide on the binding of 125I-hPI tó the antiserum is shown in Fig. 3. As 
shown in the figuré, hPÍ produced 50% displacement of tracer (ED50) at a concen-
tration of 0.25 pmol/mL, whereas C-peptide and insulin failed to displace tracer at 
concentrations as high as 10 and 1000 pmol/mL, respectively. 

3.3. Radioimmunoassay procedure 

Equilibrium binding studies involving the antiserum OP demonstrated that 
24 hours are required for achieving , maximum binding with the tracer at 4°C 
(Fig. 4). The delayed addition of the tracer by. 24 hours with a three hour incubation 
improved significantly the sensitivity of the assay, with ED50 values decreasing 
from 0.78 to 0.22 pmol/mL and the minimum detectable concentration (MDC) 
(2.5 SD from the mean zero-dose, B0) decreasing from 0.07 to 0.01 pmol/mL; 
despite the lower B0 value (30 against 53%). The same delayed addition of the 
tracer followed by a six hour incubation presented a higher B0 value (38%) but 
the assay sensitivity was not so improved (ED50 value of 0.33 and MDC of 
0.07 pmol/mL). 
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3 . T i m e (b) . 

FIG. 4. Effect of incubation time on the antiserum binding with the I25I-hPI at 4°C. The RIA 
reagents were the same as described in Materials and Methods but the assay was separated 
with PEG 20%. 
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FIG. 5. Specific (Bq) and non-specific (hatched area) values obtained by the employment of 
various separation techniques: (a) PEG 6000, Atlas, Brazil (J mL) and BgG 1 % (100 ¡iL) 
followed by centrifugation, dissolution of the pellets with 0.4M NaCl (300 fuL) arid by a further 
PEG precipitation; (b) PEG assisted second antibody as described in Materials and Methods; 
and (c) second antibody (100 ßL, 1:9). 

Blood bank plasma added to the assay standards instead of thé assay buffer did 
not result in a shift in the standard curve; indicating that there was no interference 
from the plasma in which hPI concentration was below the assay sensitivity (data not 
shown). 

Figure 5 shows the result of the investigation into the optimal reagents for the 
RIA separation. Very similar results (maximum B0 and minimum non-specific 
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FIG. 6. RIA standard curve (mean of triplicate determinations, left) and its respective 
precision profile estimated by the QC RIA program [14] (right). 

TABLE I. SERUM PROINSULIN CONCENTRATIONS IN PATIENTS WITH 
INSULINOMA 

Subject 
hPI concentration 

(pmol/mL) 

1 0.11 

2 0.14 

3 0.17 

4 0.31 0 .20 

5 0 .30 • 0.22* 0.17* 

6 1.80* 

Serum samples from subject 5 were obtained at one week intervals and those from subject 4 
at a one month interval. Asterisks indicate the samples from subjects who had received 
diazoxide. 

binding (NSB) values) were obtained by the use of PEG 20% (Fig. 5(a)) and second 
antibody assisted by PEG 10% after a one hour incubation (Fig. 5(b)). However, the 
use of the second antibody alone could not achieve the complete separation of bound 
and free hPI even after a 24 hour incubation (Fig. 5(c)). Accordingly, the RIA dis-
placement curves separated by PEG assisting the second antibody or not were 
superimposable (values of 0.19 and 0.21 pmol/mL for ED50 and 1.54 and 1.45 for 
slope, respectively) in contrast to that separated by the second antibody (ED50 of 
0.33 pmol/mL and slope of 1:06). 
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A typical RIA displacement curve and its precision profile are illustrated in 
Fig. 6. This curve was obtained according to the established procedure described in 
the journal.Materials and Methods. The B0 values ranged from 30 to 24% through-
out 3 months, at the same time the level of NSB remained constant and lower than 
4%. Assay sensitivity (MDC) ranged from; 0.01 to 0.04 pmol/mL while slope and 
ED50 values were 1.43 + 0.09 and 0.22 ± 0.02 pmol/mL, respectively, for 
6 assays (mean + SD). The usual working range of the curves was of the order of 
0.06 to 1 pmol/mL (error lower than 20%). Fasting levels of serum hPI determined 
through these assays in the patients with insulinoma are presented in Table I. 

4. DISCUSSION 

The sensitivity of the RIA is critically dependent on the quality of the tracer. 
Although the preparation and purification of monoido-125I-tyr(A14)-hPI by high 
pressure liquid chromatography (HPLC) has been described [15], this apparatus is 
not available at our laboratory and this method has the disadvantage that the appara-
tus becomes highly contaminated with radioactivity [3]. However, the use of the 
Iodo-gen, a gentle, easy, inexpensive and reproducible method for labelling proteins 
followed by purification on QAE Sephadex A-25 yielded hPI tracers with high 
specific activity, purity and long shelf-life suitablé for RIA. Besides the tracer, the 
sensitivity and specificity of the RIÁ depend predominantly on the avidity and speci-
ficity of the antiserum used. Only a few láborátories have developed antisera for 
biosynthetic hPI and the homologous radioimmunoassays reported in the literature 
were performed using them [2-5]. The antiserum OP prepared at our laboratory [7] 
became highly specific after adsorption against insulin and C-peptide, presenting 
characteristics very close to those antisera prepared in guinea pig [2, 3]. Thus, the 
use of this antiserum enables direct measurement of hPI in biological samples in one 
incubation step, without the need for prior separation of insulin and C-peptide by 
chromatographic methods [16]. 

Regarding the RIA separation technique, the addition of PEG to the second 
antibody not only reduces significantly the incubation time but also seems to be criti-
cal for the complete separation of bound and free hPI. Although the use of PEG 20% 
has produced equivalent levels of maximal B0 and minimal NSB in relation to those 
produced by PEG 10% assisted second antibody (Fig. 5), the need for an additional 
precipitation diminishes the assay practicability and can affect its áccuracy. 

The sensitivity of the hPI RIA described here is extremely close to that 
reported in the published methods [2-5] although it is inferior to that achieved by 
Bowsher [17] with a MDC as low as 0.0034. pmol/mL. Consequently, like most of 
those methods our assay is not sufficiently sensitive to measure fasting proinsulin 
levels in healthy subjects without the use of concentration techniques. However, 
its sensitivity and its wide working range proved suitable for the measurement of 
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serum circulating proinsulin in patients, with insulinoma, which levels are in good 
agreement with a previous report [4]. 

This technically simple RIA can also be used to confirm the diagnosis of hyper-
proinsulinaemic states other than insulinomas, e.g. familial hyperproinsulinaemia 
[4], and to measure hPI after stimuli [18], without the need for prior concentration. 
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Abstract 
APPLICATIONS OF A THREE PARAMETER VARIANCE FUNCTION IN STATISTI-
CAL ANALYSIS OF IMMUNOASSAY DATA. 

A three parameter variance function for immunoassay data is described. It can be 
directly estimated from any replicated data and is therefore.suitable for summarizing any vari-
ance relationship (within-assay, between-assay, between-laboratory, etc.). In general, the var-
iance function has application in any context which requires an estimate of the magnitude 
and/or structure of errors. Specific applications considered here are: imprecision profile plots, 
estimation of least detectable concentration and working range, variance stabilizing transfor-
mations, weighting functions and bias profiles. Examples given to illustrate these applications 
are intended to emphasize the utilization of data collected over a period of time from a series 
of representative routine assays. 

1. INTRODUCTION 

For two decades immunoassay variance (error) functions have been mainly 
constructed by the indirect method of combining an estimate of the response-error 
relationship, with a function describing the slope of the assay dose-response curve. 
Ekins [1] gives an excellent overview. Notwithstanding the great success of this 
approach, a direct estimation method has several potential advantages. The three-
parameter variance function 

<r2(U) = 03, + ß2V)3 (1) 

where a 2 (U) denotes variance, U denotes concentration and ß\ ß2 and J are the 
parameters, appears to be a good, empirical model for immunoassays [2]. 

383 
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Parameters are estimated by approximate conditional likelihood [3, 4]. The most 
important properties of the variance function, and estimation method are: 

(a) â2(U) is always positive within the range of the data [3]. 
(b) ct2(U) is always a monotone function of U within the range of the data [4]. 
(c) If appropriate, the function will reduce to simpler forms such as a horizontal 

straight line (constant variance), a straight line, a parabola, a two parameter 
power function, etc. 

2. IMPRECISION PROFILE PLOTS 

Figure 1(a) shows the within-assay variance function (plotted in terms of SD) 
for a thyrotropin (TSH) immunoradiometric assay (Serono, Woking, United King-
dom), estimated from 1193 duplicates (1193df)'. Figure 1(b) shows the relationship 
replotted in terms of coefficient of variation (CV), with 95% confidence band [5]. 
The profile has been adjusted downward by the factor V2 in order to reflect im-
precision for duplicate measurement. The corresponding between-assay profile and 
95% confidence band, estimated from results accumulated from six QC specimens 
(133df) has been added. This profile also reflects duplicate measurement (each QC 
specimen result was the mean of duplicates). 

The parameter variance-covariánce matrix is a natural by-product of direct 
estimation and allows calculation of approximate 95% confidence bands. These 
provide useful additional information, particularly when comparing profiles. In 
contrast, indirect variance functions usually involve two separate estimations 
(response-error and dose-response relationships) and the overall variance-
covariance matrix of the parameters is not as readily obtained. 

2.1. Zero values and data trimming 

Immunoassay data reduction programs convert apparently negative results to 
zero. This truncation causes systematic underestimation of variability at concentra-
tions within approximately two standard deviations of zero. 

Figure 2 is a blow-up of the low concentration region of Fig. 1(a), with the 
difference that all the data that were originally available (1441 duplicates) are plot-
ted. For illustrative purposes the data and variance functions are calculated in two 
ways; from unrounded results, as produced by the data reduction program (6-7 sig-
nificant figures, Fig. 2(a)) and from the same results after rounding to two decimal 
places (the form used for reporting results, Fig. 2(b). Note the more structured 
appearance in Fig. 2(b), where many data may be superimposed at a single point. 

' df = Degrees of freedom.. 
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FIG. 1. (a): Trimmed data (1193 duplicates) and estimated within-assay variance fonction 
for a TSH immunoradiometric assay; (b): Within-ässay (1) and between-assay (2) imprecision 
profiles for duplicate measurement with 95% confidence bands. The arrows define the assay 
reference range (0.4-5 mlU/L). 
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FIG. 2. Low concentration raw data and estimated within-assay variance function (1441 
duplicates in total) for a TSH immunoradiometric assay. Arrows indicate the left side data 
boundary formed by sets in which one of two duplicate values was zero, (a): unrounded data 
(6-7 significant figures); (b): corresponding data and variance junction after each result had 
first been rounded to two decimal places (the format used for reporting). Sets lying on the data 
boundary are indicated by circles. 

Arrows indicate the group of sets in which one of the two duplicate values was zero. 
These sets exhibit the simple relationship, SD = X mean, and.collectively 
they form a linear 'boundary' (the boundary appears curvilinear in Fig. 2 because 
of the logarithmic scale on the abscissa). It is appropriate to exclude those sets lying 
on the boundary and in the triangular region immediately beneath it. After first 
estimating the variance function, a good rule of thumb is exclusion of "all sets with 
mean values 

U < 2ß\'2 
(2) 
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On this basis 248 sets in Fig. 2 (17.2% of the total data) were excluded prior to esti-
mation of an 'unbiased' variance function (Fig. 1(a)). These data trimming consider-
ations are relevant only when data are concentrated near the detection limit of an 
assay. 

3., ' LEÄST DETECTABLE CONCENTRATION (LDC) 

Assuming variances at zero concentration and at the LDC are identical, solving 
the equation 

U - Z[{2(0! + 02U)J}/r]1/2 = 0 (3) 

yields the value of U that is statistically distinguishable from zero, where Z is a one-
tailed normal deviate, r is the degree of replication and /Зь ß2 and J are parameters 
of the within-assay variance function. Substituting r = 2 and estimates of ßu ß2 and 
J for the TSH data shown in Fig. 1 yielded an LDC estimate, for duplicate measure-
ment, of 0.0502 mlU/L (p < 0.05) or 0.0714 mlU/L (p < 0.01). These are the aver-
age concentrations that are statistically distinguishable from zero in any particular 
assay, and might be described as 'analytical' LDC. Equation (3) can also be solved 
graphically by rearranging and calculating either 

CV% = [100(r/2)1/2]/Z (4) 

or ' 

CV% = 70.71/Z (5) 

Equation (4) yields 'critical' values of CV for any combination of replication and sig-
nificance level, but solutions should only be interpolated from the within-assay 
imprecision profile for singleton measurement (i.e. unadjusted). CVs derived from 
Eq. (5) can be used with any within-assay profile. The degree of replication 
associated with a solution is determined by the degree of replication associated with 
the profile used for interpolation. 

Ekins [1] has pointed out that in most situations, clinical utility depends on 
between-sample between-assay variability. In practice, we are forced to approximate 
an estimate of this quantity via within-sample between-assay variability (i.e. using 
the same QC specimens in a series of consecutive assays). A quantity that might be 
loosely described as 'clinical' LDC is obtained by solving 

U - Z[2(<7b
2 + a¿{(re - rp)/rerp})]1/2 = 0 (6) 
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where al represents the between-assay variance function, a2 represents the within-
assay variance function for singleton measurement (i.e. unadjusted), re represents 
the number of (internal) replicates associated with the results used to estimate the 
between-assay variance function and rp is the number of (internal) replicates for 
which it is desired to predict 'clinical' LDC. Equation (6) is thus a general estimation 
relationship and despite its formidable appearance when written out in full, Newton's 
method gives rapid convergence. Alternatively, it can be solved graphically by re-
arrangement to СV% = 70.71/Z (analagous to Eq. (5)). The expression 

CV% = 100[(ab
2 + 02{(re - rp)/rerp})l/2]/U (7) 

can be used to adjust the between-assay profile to reflect any degree of (internal) 
replication (rp) prior to interpolation. The between-assay profile plotted in Fig. 1(b) 
is unsuitable for estimating 'clinical' LDC owing to lack of low concentration data. 

4. CLINICAL WORKING RANGE 

LDC should not be confused with the useful concept of 'lower limit of quantita-
tive measurement', suggested by Bayer [6]. Rearrangement of Eq. (6) yields the 
general relationship . 

D = Z[2(ab
2 + a2{(re - rp)/rerp})]1/2 . . . (8) 

where D is the minimum concentration difference that can be distinguished at con-
centration U, in between-assay mode, at a stated significance level. Thus, once 
within- and between-assay variance functions have been estimated, smooth plots of 
D versus U can be constructed for any combination of significance level and degree 
of (internal) replication, e.g. how would a switch from duplicate (re = 2, rp = 2) 
to singleton (re = 2, rp = 1) measurement effect clinical utility? This type of 'clini-
cal utility' profiling might be more comprehensible to clinicians than imprecision 
profiles and might therefore facilitate clinically orientated definitions of both the 
lower and upper limits of 'quantitative measurement' (i.e. the clinical working range 
of the assay). If D is expressed as a minimum percentage difference (R = 100D/U), 
Eq. (8) can be rearranged to 

CV% « [R/Z]/V2 . . (9) 

which relates 'critical' between-assay CV to a particular value of R (and vice versa), 
e.g. if a clinician regards 'quantitative measurement' as distinguishing concentration 
differences as small as 20%, (i.e. ± 10%), with p < 0.05, the critical between-assay 
CV is - 8 . 6 % . 
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5. VARIANCE STABILIZING TRANSFORMATIONS 

Analysis of variance (ANOVA) can be a useful technique for summarizing 
experimental assay data. Munson and Rodbard [7] give several ANOVA models for 
external survey data. One important prerequisite is uniform variance. If the form of 
the relationship between variance and the mean is known, say a2(U) = ф(U), the 
first order transformation function of Bartlett [8] 

T(U) = j [0(U)]-1/2 dU (10) 

should stabilize the variance to a value 1.0. The transformation in this context is 
therefore 

Ту = |(1 - J /2 ) /3 2 r4 /5 i + foUij)1-"2 (J * 2) (11a) 
or 

Ту = [loge((3, + 02Uy)]/|02| (J = 2) ( l ib ) 

where Uy denotes the jth observation in the ith set of replicates and Ту is the cor-
responding transformed value. Figure 3(a) shows the data (3746 duplicates) and esti-
mated within-assay variance function for an in-house radioimmunoassay of total 
serum triiodothyronine (T3) and Fig. 3(b) shows the data and estimated variance 
function after transformation via Eq. (11). Predicted relative change in variance was 
reduced from 24266-fold to 1.008-fold. In our experience, Eq. (11) reliably 

0.02 0.2 2 20 
TRIIDOTHYRONINE ( n m o l / L ) 

2 0 4 0 6 0 8 0 1 0 0 

TRIIODOTHYRONINE ( t r a n s f o r m e d ) 

FIG. 3. (a): Data and estimated within-assay variance function for a total serum T3 radioim-
munoassay; (b): data and estimated variance function after transformation via Eq. (11). In 
this case transformation reversed the data order. 
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FIG. 4. (a): Frequency distributions of results from three QC specimens that were included 
in more than 90 consecutive TSH radioimmunoassays; (b): corresponding frequency distribu-
tions after transformation via Eq. (11). In this case transformation reversed the data order. 

eliminates even the severest non-uniformity of variance. Figure 4(a) shows distribu-
tions of results (means of duplicates) from three QC specimens that were included 
in more than 90 consecutive TSH radioimmunoassays. Figure 4(b) shows the cor-
responding plot after transformation. The relative difference in variance (specimens 
1 and 3) was reduced from 1468-fold to 1.11-fold. Note that transformation reverses 
the data order in cases of J > 2. This has no effect on an ANOVA. An example 
follows. 

5.1. A simple ANOVA model for drift 

Many assayists place QC specimens at the beginning and end of assays as a 
check on drift. After accumulation of results from several assays, and transforma-
tion, the data might be usefully summarized via the two way model 

Y i j k = p. + s¡ + pj + (sp)ij + 6ijk (12) 

where p is the parametric mean of the (transformed) results, s¡ represents the (fixed) 
effect of i = . l ,2, . . . ,n QC specimens, p¡ represènts the (fixed) effect of j = 1-2 
positions (i.e. beginning versus end), (sp)y is the specimen x position interaction 
term and e¡jk is the error term. In this case we are primarily interested in the 'posi-
tional' effect (the specimens would presumably have been deliberately chosen to 
yield widely spaced concentrations). Combining data in this way improves the power 
of the analysis relative to individual specimen by specimen comparisons. A signifi-
cant interaction mean square may point to a more fundamental problem, or at least 
suggest further experiments. 
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6. WEIGHTING FUNCTIONS 

Parametric regression analysis is commonly used in method comparisons. 
Regression of test method results on reference values may sometimes be feasible; 
more often, results from both methods are subject to errors. In either case weighting 
is essential for immunoassay data. A reliable weighting function is given by 

w = 1/K01 + /32U)J] (13) 

6.1. A sample comparison of regression methods 

Figure 5(a) shows 317 paired total serum thyroxine (T4) results (means of 
duplicates) from a comparison of a liquid phase in-house antibody and a commercial 
magnetic antibody (product no. 472299, Ciba-Corning, Medfield, MA, USA). 

FIG. 5. (a): Comparison of 317 paired total serum T4 results from radioimmunoassays based 
on a liquid phase in-house antibody (LP Ab) and a commercial magnetic antibody (Mag Ab). 
Each result was the mean of duplicates; (b): various estimates of slope, intercept and joint 
95% confidence ellipse, for the straight line relating magnetic antibody results to liquid phase 
antibody results; OLS1, OLS2 (unweighted least squares regression of magnetic on liquid 
phase results and liquid phase on magnetic results, respectively), WLS1, WLS2 (weighted least 
squares regression of magnetic on liquid phase results and liquid phase on magnetic results, 
respectively). An arrow indicates the slope and intercept estimates from the Munson-Rodbard 
method. The confidence ellipse is shaded. 
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Parameters of the line (Y = 0.983X - 2.193) were estimated by the Munson-
Rodbard method [9] using weights calculated via Eq. (13). Figure 5(b) shows esti-
mates of slope and intercept and joint 95% confidence ellipses derived from several 
regression methods. As Munson and Rodbard [9] have illustrated, ordinary least 
squares regressions (OLS) and weighted regressions (WLS) can yield markedly 
different lines (and confidence ellipses and interpretations) depending on which 
method is chosen as the independent ('error-free') variable. In contrast, the Munson-
Rodbard method yields a single line irrespective of X-Y assignment. 

This antisera comparison did not support the hypothesis of identity of results 
(the Munson-Rodbard confidence ellipse failed to enclose the point representing 
slope = 1 and intercept = 0). However, the magnetic antibody was adopted for rou-
tine use on the grounds that the discordance appeared sufficiently small for practical 
purposes. 

6.2. An alternative ' 

Passing and Bablok [10, 11] have described an easy to compute non-parametric 
regression procedure, specifically designed for method comparisons. The avail-
ability of what we consider to be an accurate weighting function should improve the 
performance of the Munson-Rodbard method and, equally importantly, allow 
meaningful comparison with alternative estimators such as that of Passing and 
Bablok. 

7. BIAS PROFILES 

On occasion a set of reference specimens may be available during method 
evaluation. As an alternative to regression analysis, Keller and Passing [12] have 
suggested replicated measurements, variance function estimation, then a 'bias pro-
file' summary based on plotting the quantities 

(U¡ - M i) ± t [ { ( 0 , + /3 2 U¡) J } /N] 1 / 2 . (14) 

against fa, where U¡ is the mean of N replicated measurements of the ith specimen, 
is the corresponding reference value and t is a critical value of the t-distribution 

with (N-l)df. By incorporating tolerance intervals into Eq. (14) they extend this idea 
to a 'deviation profile' which combines the systematic and random components of 
bias in a single plot. These graphical summaries are informative and easy to 
compute. 
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Abstract 
STANDARDIZATION OF LABORATORY PERFORMANCE: APPROACHES TO THE 
DESIGN OF EXTERNAL QUALITY ASSESSMENT SCHEMES. 

The Special Programme for Research in Human Reproduction of the World Health 
Organization sponsors clinical trials involving immunoassay measurements by laboratories in 
different countries. These trials present significant problems of standardization of results. The 
performance of different laboratories is monitored by means of external quality assessment 
schemes (EQAS). The design of appropriate EQAS for differing analytes is affected by the 
number of participating centres, and whether the analyte is measured on a regular basis. 
Three different EQAS designs aré discussed: The first is the WHO EQAS for reproductive 
hormones, which is intended for analytes measured on a regular basis by a large number of 
centres. The second design is for unusual analytes that are measured infrequently and at 
irregular intervals. The third design is for studies where small differences between treatments 
or subject groups are expected. 

1. INTRODUCTION 

The Special Programme for Research in Human Reproduction of the World 
Health Organization (WHO) sponsors international, multicentred clinical trials of 
fertility regulating agents. These studies frequently involve immunoassay measure-
ments of reproductive hormones and/or fertility regulating agents: The need for 
comparison of immunoassay results from laboratories in different countries, with 
widely varying access to scientific expertise and infrastructure, presents significant 
problems of standardization. 

393 
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The primary technique used by the Special-Programme to reduce between-
centre variability in immunoassay results is the use of standardized assay reagents 
and protocols provided by a Matched Reagent Programme [1]. Uniformity of 
interpretation and analysis is enhanced by the use of a standard radioimmunoassay 
(RIA) data processing package developed for WHO [2]. The performance of these 
standardized methods in user laboratories is monitored by means of external quality 
assessment schemes (EQAS) tailored as far as possible for their intended application. 

Three approaches to EQAS are taken, depending on the analyte. For analytes 
that are regularly measured by large numbers of laboratories EQA samples are dis-
tributed and regular return of results requested for computer analysis of statistics. 
For unusual analytes measured at irregular intervals, periodic returns are accepted 
as available, and data analysis is more restricted. When small differences between 
subject groups or treatments are being studied in a limited number of laboratories, 
quality of results is monitored by a centralized internal, quality control regime. 

2. WHO EQAS FOR REPRODUCTIVE HORMONES 

The WHO EQAS monitors the performance of centres carrying out immuno-
assay measurements of luteinizing hormone (LH), follicle stimulating hormone 
(FSH), prolactin, oestradiol, progesterone, testosterone and Cortisol in connection 
with WHO sponsored projects on fertility regulation. The objectives of the scheme 
are to detect and quantify laboratory bias with the intention of improving between-
centre consensus, to improve laboratory performance, to help identify suitable 
laboratories for participation in future WHO sponsored trials, and to identify and 
assist laboratories that are experiencing difficulties. These objectives are furthered 
by observation of laboratory and method, precision and bias, as well as monitoring 
of the stability of assay performance over time. 

2.1. Participation 

Up to 1989, participation in the scheme was open to all centres that had links 
with WHO or other international agencies engaged in research on fertility regulation. 
About half the participants used matched reagents provided by WHO. Participation 
in the scheme is now limited to centres actively supported by WHO and almost all 
use WHO reagents. There are currently 73 participating laboratories in 34 countries. 
Over 80% are situated in developing countries. 

2.2. Operation of the scheme 

Human serum collected from healthy volunteer donors, is used for the prepara-
tion of pools. Each individual donation is tested for human immunodeficiency virus 
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(HIV) antibodies and hepatitis В surface antigen at source and then retested before 
pooling. Pools containing a range of levels of all seven analytes are obtained by 
blending sera or by the addition of purified hormone. All pools are sterile filtered, 
lyophilized in 3 mL quantities and stored at 4°C until despatch in one shipment 
before the start of the EQA cycle. Participants are asked to analyse defined coded 
samples monthly and to return their results, in the relevant SI units, by specified 
dates for analysis. 

2.3. Data analysis and reporting 

Data analysis is carried out using standard commercial software tailored for 
WHO. In common with the majority of EQ AS, centres are sent numerical data and 
individualized histograms for each analyte for which they have returned results. A 
typical example of a monthly return is shown in Figure 1. The histograms allow 
participants to compare graphically their results with the spread of results from all 
laboratories. All-laboratory trimmed means [3] are calculated together with an esti-
mate of the laboratory's bias. 

In addition participants are sent cumulative information on their assay perfor-
mance. Participants receive interim reports every four months and a final report at 
the end of each annual cycle. The first page of these contains a summary by analyte 
of all results received from the participant up to the date of the report, highlighting, 
and noting the number of, outliers (results more than 3 SDs from thè all-laboratory 
trimmed mean). Derived statistics tabulated include for each analyte the laboratory's 
average bias, variability of bias and average CV (for pools coded and sent out as 
more than one sample). The average CV is ranked. A bias index based on the vari-
ance index score [4] used in clinical chemistry EQA is also calculated. 

The remainder of the report contains detailed cumulative statistics for each 
hormone. One page is devoted to each hormone and a sample printout is shown as 
Fig. 2. In addition to the statistics calculated by most EQAS, the WHO EQAS 
provides participating laboratories with three different graphical representations of 
the data. One is a bias plot, which allows simple visual identification of bias and 
variability of bias in relation to the spread of results from all laboratories. Another 
is a precision profile which plots laboratory precision by dose for comparison with 
the median between-batch CV of all participants. The third is a relative bias chart 
which shows how a laboratory's bias changes over time. 

3. EQAS FOR UNCOMMON ANALYTES 

Some clinical trials involve analytes that are not frequently measured. When 
a laboratory commences measurement of an uncommon analyte for research pur-
poses circulating levels of analyte may not be known, and material suitable for the 
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( WHO External Quality Assessment Scheme ) 
Results from laboratory No. | A | sample date |_1_ 3 9 1 

Red Sample FSH LH Prolactin Cortisol E-2 Prog. Testo. 
All laboratory теал 6.8 19.1 859.4 515.9 443.7 21.8 16.6 
All laboratory CV 30% 22% 29% 15% 29% 19% 16% 
Your result 9.00 20.50 692.00 592.00 289.00 25.10 19.30 
Your bias 32% 7% -19% 15% -35% 15% 16% 

Blue Sample FSH LH Prolactin Cortisol E-2 Prog. Testo. 
All laboratory mean 1.7 3.0 125.8 323.4 191.2 1.7 16.5 
All laboratory CV 59% 43% 31% 16% 46% 69% 23% 
Yoiir result 1.90 2.80 66.00 350.00 85.00 2.70 19.50 
Your bias 10% -7% -48% 

i? 
to -56% 59% 18% 

( X = your result ) 

(RED SAMPLE = POOL G~) (BLUE SAMPLE = POOL F) 
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FIG. 1. Typical example of a monthly return. 
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( WHO EQAS End of Period Report 90-91 for Lab. No. A ) 
LH 

Pool ID : F С E A В I G D P 

Your mean : 2.7 4.0 6.1 8.1 16.5 16.6 20.3 18.3 29.7 
Consensus mean : : 3.0 4.6 6.6 8.2 14.5 15.4 17.6 19.1 29.1 
Your % Bias : -10.1 -12.3 -7.1 -1.7 13.9 7.7 15.4 -4.1 1.9 

Your %CV : 9.8 4.1 5.7 7.1* 8.3 8.4 8.1 5.0 13.2 
Typical %CV : 28.9 16.9 18.2 16.2 9.2 14.8 13.1 8.3 12.6 
Return (Expect) : 3(3) 5(5) 3(3) 7(7) 3(3) 6(6) 3(3) 3(3) 3(3) 
No. of Outliers : 0 0 0 0 0 0 0 0 0 

Bias Plot Precision Profile 
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result 
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1 0 • • 
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Relative Bias Chart 
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Bias Plot - By Dose • Precision Profile - bv Dose Relative Bias - bv Time 

+ Your Result + Your %CV + Your % Bias 
+ + Result off Scale • %CV off Scale % Bias off Scale 

Zero % Bias — Typical %CV Zero % Bias 
— i l SD limits KEX — Overall Variability 

FIG. 2. Data provided to participating laboratories. 
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preparation of internal quality control (IQC) pools may not be available in advance. 
Between-laboratory statistics are likely to be of doubtful significance if the number 
of centres participating is small. Their computation is made even more difficult as 
centres may perform assays at irregular intervals, dependent on the rate at which sub-
jects are recruited and samples collected. 

The approach we have taken for such analytes is to prepare EQA pools and 
analyse them in sufficient assay batches in our own laboratory to establish provi-
sional target values. The pools are coded and distributed as EQA samples. Par-
ticipants are asked to return data when available and they are promptly sent a letter 
which lists their results for each sample together with our mean value for compari-
son. This information allows identification of grossly biased results. As more data 
are returned from participants our laboratory's mean value is replaced,.by the all-
laboratory median or an all-laboratory trimmed mean, as the target value for the 
pool. 

When a laboratory has returned results for all EQA samples it receives another 
letter which lists all its results and the corresponding target values. The,results are 
also listed by pool with an estimate of within-laboratory, between-assay batch preci-
sion and bias at the different pool doses. 

3.1. Urinary glucuronides EQAS 

The EQAS for pregnanediol and estrone glucuronides in urine was initiated in 
1989 with five participants. Four urine pools, from donors tested negative for HIV 
and HBsAg, were spiked with various levels of the two glucuronides and coded and 
distributed as 24 lyophilized EQA samples. Target values were assigned centrally. 
Results were returned as analysed over a period of two years. Despite the small scale 
of this scheme it has helped reduce between-centre variability. Two centres showed 
marked bias in their first two sets of returns. They were immediately contacted and, 
after communication with the organizers, rectified their technical problems. 
Between-centre variation at all dose levels is consistently below 25 %, which is not 
unreasonable, considering the technical difficulties of the assay and the time periods 
over which samples had to be collected. 

3.2. Levonorgestrel EQAS 

This EQAS was first run in 1987-1988 to help standardize results for projects 
studying methods of delivery of this long acting progestogen. As sample collection 
was regular, assays were run quite frequently by laboratories, allowing two EQA 
cycles to be run between 1987- and 1989. The scheme had five participants in 
1987-1988 and seven in 1888-1989. Six spiked serum pools were prepared, coded 
and distributed as 30 samples in each cycle. Table I shows the final report for one 
laboratory at the end of the 1988-1989 cycle. This shows that results obtained for 
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TABLE I. END OF CYCLE REPORT FOR LEVONORGESTREL FOR A 
CENTRE IN THAILAND FOR 1988-1989 

Pool K8570 K8571 K8572 K8573 K8574 K8575 

Levonorgestrel results (pmol/L) 4402 3031 7408 2412 970 697 
5458 .2547 7212 2970 . 663 
4901 1712 9619 3030 663 
4945 3016 8118 3090 
5157 3107 2398 
5492 3715 
6297 3162 
5096 2647 

3415 

Laboratory mean 5218 2928 8089 2778 970 674 

Standard deviation 555 577 1091 347 20 

CV% 10.6 19.7 13.5 12.5 2.9 

Laboratory % bias per pool -2.0 3.6 8.5 7.1 27.2 

All-laboratory trimmed mean 5327 2826 7453 2593 728 530 

Standard deviation 1249 623 1622 693 217 176 

CV% 23.4 • 22.1 21.8 26.7 29.7 33.1 

% trimming 5.56 9.52 10.5 9.52 0 9.52 

Total number of outliers 2 4 2 2 0 2 

Total number of returns 36 42 19 21 5 21 ' 

this analyte show similar reproducibility to that observed in EQAS for more 
routinely analysed steroids. 

4. FERRITIN EQAS 

In 1988 WHO sponsored a research project investigating the effect of various 
contraceptives upon anaemic women, in which serum ferritin measurements were 
used as an indicator of haematologic status. Several problems were identified with 
the multicentre immunoassay of ferritin for this project. First, some of the participat-
ing centres (selected on the basis of local prevalence of iron deficiency anaemia in 
women of reproductive age) were initially not very experienced in immunoassay, all 
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were in developing countries, and they were few in number (eight actively participat-
ing centres). Secondly, the ferritin levels to be measured were expected to be below 
the dose range for optimum between-batch precision of commercial kits. Thirdly, 
changes in serum ferritin levels with different contraceptive methods, or changes 
over time with use of any particular contraceptive, were not expected to be large. 

Under these circumstances it was decided that a particularly tight central con-
trol of results was required. IQC pools sufficient for all assay batches at all centres 
were prepared at three dose levels (all at dose levels considered low for European 
women). Target values for the pools were determined by a multicentre trial prior to 
commencement of the study. 

All participants were then asked to perform the assays with their own IQC 
checks using the WHO radioimmunoassay (RIA) data processing program, but to 
return raw (counts per minute) data for central re-analysis. Laboratories were asked 
to repeat assays if their results were significantly (2 SD) different from the all labora-
tory trimmed mean, or if they showed a high variability of bias. Provided the assays 
passed both their own and the central IQC checks, no immediate communication was 
sent to the laboratories. When any problems were encountered the laboratory was 
contacted immediately with advice. 

Table II shows the mean ferritin IQC results from all assay batches performed 
for the project up to July 1991. The between-batch imprecision of results for assay 
batches performed infrequently over a period of four years in developing countries 
is less than 20% for most laboratories, and all but two centres have never had an 
assay batch fail IQC. The between-centre variation of mean pool results — between 
5% and 10% for the laboratories whose results passed IQC — is low and smaller 
than the between-batch imprecision at any centre. 

Two laboratories have experienced technical and logistic problems, and have 
had all their assays failed. They have received advice but continue to experience 
problems and a site visit may be required. 

5. DISCUSSION 

The WHO Special Programme for Research in Human Reproduction has been 
operating EQAS for immunoassay of hormones and fertility regulating agents for 
some 15 years. Most of the laboratories participating in these schemes are in devel-
oping countries, and there is a large variation in the technical expertise and scientific 
infrastructure available to each. Some centres may be well established research insti-
tutes, whilst others may be newly established with relatively few experienced staff 
and a minimal immunoassay workload. 

The WHO EQAS for reproductive hormones has evolved over time both to ful-
fil the needs of WHO, and to provide participating laboratories with as much useful 
information, in a format as easy to interpret, as possible. The bias, precision and 
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TABLE II. MEAN FERRITIN IQC POOL RESULTS RETURNED FROM ALL 
LABORATORIES 

Laboratory 
No. of 
assays Pool A Pool В Pool С 

Assays 
failed 

China 12 64 (7%) 25 (13%) 12 (20%) 0 

Thailand (a) 42 58 (9%) . 26 (6%) 13 (7%) 0 

Thailand (b) 25 59 (8%) 25 (8%) 13 (12%) 0 

Chile 22 56 (13%) 24 (16%) 11 (14%) 0 

Dominican Republic 14 52 (20%) 23.(27%) 11 (35%) 0 

Tunisia 21 57 (14%) 26 (9%) 14 (15%) 0 

Bangladesh 40 54 (18%) 29 (22%) 13 (35%) 40 

Pakistan 6 35 (44%) 20 (20%) 10 (32%) 6 

Target value i 56 25 13 

Between-centre CVa 6.8% 4.7% 9.8% 

Results are the laboratory mean result (ug/L) for each IQC pool, followed in brackets by the 
between-batch imprecision at that laboratory. 
a Results from Bangladesh and Pakistan not included. 

progress charts allow participants and W H O trial organizers to monitor the perfor-
mance of each laboratory, both on its own and in relation to the performance of 
others. This information is also useful to the organizers when advising centres 
experiencing problems. The scheme has helped to improve the performance of its 
participants [1] and helped WHO organizers assess data for, and select laboratories 
to participate in, multicentred trials. 

The WHO and other EQAS have contributed towards an awareness in par-
ticipating centres of the problems of standardization and the need for effective quality 
assurance. National and Regional EQAS based directly on, or using material or pro-
grams provided by, the W H O EQAS for reproductive hormones have been estab-
lished in many countries, including Argentina, China, Israel, Saudi Arabia and 
Thailand. 

Most EQA designs require a large number of participants regularly returning 
results to accumulate sufficient data to enable meaningful statistical analysis. Some 
multicentre studies sponsored by WHO involving immunoassay measurements have 
relatively few participants measuring unusual analytes at irregular and infrequent 
intervals. We have shown that it is still possible to monitor performance effectively 
and improve between-centre comparability in these cases, although the statistical 
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parameters employed, and the weight placed on them, may differ from more conven-
tional EQA designs. 

Although all EQAS have essentially similar objectives, EQA programmes need 
to be flexible if they are to be useful in different circumstances, and no one scheme 
can be considered to be a definitive design for any situation. The models described 
here are believed to contain elements that can be adapted by EQAS organizers for 
use in national EQA programmes in developing countries. 
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Abstract 

EXTERNAL QUALITY ASSESSMENT SCHEMES (EQAS) FOR IMMUNOASSAYS FOR 
PEPTIDE HORMONES AND TUMOUR MARKERS: EXPERIENCE IN THE UNITED 
KINGDOM. 

External quality assessment schemes (EQAS) for peptide hormones and tumour mar-
kers have operated in the United Kingdom for more, than ten years. This period has seen 
several changes in the practice of immunoassay in health care laboratories, principally the vic-
tual demise of in-house radioimmunoassays in favour of isotopic and non-isotopic immuno-
metric assays in kit form. EQAS must respond to the challenges presented by these 
developments if the aims of accurate and precise measurements are to be achieved. Three 
points of particular importance are presented in the paper. First, evidence of the accuracy of 
the target values (consensus or method group mean) is essential if EQAS are to guide assayists 
towards the use of accurate assays, rather than those merely giving results closest to the most 
commonly used method. Secondly, EQAS have a unique role in assessing the performance 
of methods, especially in identifying avoidable causes of bias due, for example, to incorrect 
calibration. Elimination of such causes of bias will be essential if more subtle causes of bias 
(e.g. differences in specificity for hormone isoforms) are to be identified. Finally, despite their 
excellent reliability in many other respects, some immunometric assays remain vulnerable to 
interfering effects (e.g. cross-reactions with related analytes, heterophilic and other antibodies 
in patients' sera). EQAS has a valuable educational role in alerting laboratories to these 
factors, which are potentially equally or more damaging to patient care than assay bias and 
imprecision. 

1. INTRODUCTION 

The achievement of accurate and precise measurements in participating labora-
tories is central to the aims of all external quality, assessment schemes (EQAS). These 
are difficult aims to achieve, however, for immunoassays for peptide hormones and 
tumour markers in serum, owing to the molecular heterogeneity of the circulating 
forms of the analytes, differences in bias of assay methods, the lack of reference 
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methods to define target values, and the vulnerability of immunoassays to interfering 
factors. 

The United Kingdom EQAS (UKEQAS) for peptide hormones and tumour 
markers have been in operation for over a decade and details of the results observed 
have been presented elsewhere [1-5]. This paper outlines the operation of the 
schemes and highlights some points of principle and practice which we believe are 
of particular importance, and are of wider relevance to similar schemes. 

2. METHODS 

2.1. Organization of the EQAS 

The UKEQAS for peptide hormones and tumour markers are part of a compre-
hensive system of government supported EQAS covering all health care laboratories; 
closely related schemes for thyroid, and for steroid hormones are provided from 
other centres. Table I summarizes the analytes covered in the EQAS and the numbers 
of participants. EQAS for pregnancy oestriol and placental lactogen (HPL) were dis-
continued in 1991 owing to falling clinical demand for these tests, while EQAS for 

TABLE I. UKEQAS FOR PEPTIDE HORMONES AND TUMOUR MARKERS: 
SCHEMES AVAILABLE, PARTICIPATION AND METHODS USED, 1991 

Scheme 
Number of 
participants 

Number of 
methods 

Peptide hormones 

Follicle stimulating hormone (FSH) 
Luteinizing hormone (LH) 
Prolactin (PRL) 
Growth hormone (hGH) 
Parathyroid hormone (PTH) 
Adrenocorticotrophic hormone (ACTH) 
Calcitonin (HCT) 

200 
200 
200 
7 5 

3 0 

10 
6 

2 3 

2 4 

2 3 

15 

9 

6 
4 

Tumour markers 

Alphafetoprotein (AFP) (maternal serum) 
Chorionic gonadotrophin (HCG) 
Carcinoembryonic antigen (CEA) 

108 
5 8 

3 4 

18 
20 
17 
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parathyroid hormone (PTH), adrenocorticotrophic hormone (ACTH) and calcitonin 
(HCT) have recently been introduced on a pilot basis. The majority of participants 
are United Kingdom hospital laboratories, although several manufacturers of assay 
kits and overseas laboratories also participate. To date, participation has been volun-
tary, but it may become mandatory for health care laboratories as satisfactory EQAS 
performance becomes a requirement for laboratory accreditation. 

2.2. Operation of the EQAS 

Three to five liquid samples (lyophilized in the case of PTH, ACTH and HCT) 
are distributed monthly and results (in terms of the appropriate WHO standard) are 
requested within three weeks so that reports can be returned to participants with the 
following set of samples. All-laboratory and method group trimmed geometric 
means (ALTM and MGTM respectively) are calculated [6], together with all-
laboratory and method group geometric coefficients of variation (GCV). The ALTM 
is preferred as the target value, but where methods give very different results, e.g. 
chlorionic gonadotrophin (HCG) methods measuring intact hormone, or intact plus 
beta subunit, a consensus mean for a group of related methods, or grouped labora-
tory trimmed mean (GLTM) is used. Laboratory bias and scatter of the bias relative 
to the target is calculated from results pooled over the 6 month period to date, i.e. 
over 18 to 30 samples. Criteria for acceptable performance are set and laboratories 
failing to meet these are contacted first by the EQAS organizer, then if unacceptable 
performance persists, by an advisory panel of independent experts. 

3. RESULTS AND DISCUSSION 

3.1. Definition of target values 

If accurate results are to be attained, target values should be defined by 
reference methods. These are not, however, available for peptide hormones and 
tumour markers and the UKEQAS, in common with most other such schemes, use 
consensus means-as targets. We firmly believe, however,that such consensus values 
should only be used where there is evidence of their accuracy and stability; failure 
to do so introduces the risk of EQAS which encourage the continuation of inaccurate 
assays. • i 

Our approach to this is to issue at regular intervals samples containing known 
amounts of the appropriate WHO standard. The accuracy of the consensus mean is 
then expressed as the percentage agreement between the observed and expected 
value. Table II summarizes these data from the schemes and illustrates three points. 
First, the ALTM appears satisfactory in several schemes. Secondly, the ALTM may 
be inaccurate, as is the ease for HPL. This was due to domination of the scheme by 
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TABLE II. UKEQAS: ACCURACY OF THE ALL-LABORATORY TRIMMED 
MEAN (ALTM), AND OVERALL BETWEEN-LABORATORY AGREEMENT 
(GCV) 

Analyte m ' T Í m М е а П G C V <*> Mean ± SEM 

Peptide hormones 

FSH 101.1. ± 0 . 8 18 
LH All methods 104.7 ± 3.3 33 

IMA methods 98,0 ± 3 . 7 21 
RIA methods. 114.5 ± 4.0 15 

PRL 101.4 ± 2.6 14 
hGH 101.3 ± 0.5 20 
HPL 87.2 ± 0.5 15 

Tumour markers 

AFP 96.7 ± 1 . 5 9 
HCG (total) 93.5 ± 2.3 26 
HCG (intact) ' 101.0 ± 0.7 17 
CEA 92.2 ± 1.0 35 

a single method that showed under-recovery of the HPL standard, the consequence 
of this being that correctly standardized methods had apparently unacceptable bias. 
Thirdly, quantitative recovery of the consensus mean is not in itself a sufficient indi-
cation of suitability for use as a target. In the luteinizing hormone (LH) EQAS, for 
example, the ALTM shows satisfactory recovery, yet on samples containing 
endogenous hormone, levels measured by radioimmunoassay (RIA) are about twice 
as high as those obtained by labelléd antibody immunometric assay (IMA) methods. 
Clearly, assessment of methods against the ALTM would indicate that many have 
unacceptable bias, although both RIA and IMA apparently provide clinically accept-
able data. Consequently, MGTMs are used for the separate RIA and IMA method 
groups, although at present, there is inaccuracy of the RIA GLTM, owing to positive 
bias of the most widely used RIA. 

The stability of the consensus means between successive distributions of the 
same serum pools is generally excellent, with targets reproducible to within 2%. The 
schemes with small numbers of participants (e.g. less than 30) are more prone to 
show fluctuations in target values, which may be up to 10% on some samples; such 
samples may be excluded from the calculation of cumulative statistics. 
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FIG. 1. Trends in overall between-laboratory, within-sample agreement in the UKEQAS for 
FSH, LH and prolactin. Mean GCV is plotted for samples of concentrations greater than 
5 IU/L for FSH and LH, and greater than 250 mlU/L for prolactin. 

3.2. Identification of factors affecting overall between-laboratory agreement 

The overall between-laboratory agreement is influenced by two major factors: 
(1) the within-method, between-laboratóry scatter of results and (2) the between-
method scatter of results. Table II summarizes the overall agreement attained in the 
schemes. The present position reflects some modest improvement in the overall GCV 
during the 1980s for prolactin (PRL), follicle stimulating hormone (FSH), carcino-
embryonic antigen (CEA) and chlorionic gonadotrophin (hCG); for alphafetoprotein 
(AFP), human growth hormone (hGH) and human placental lactogen (HPL) agree-
ment has remained relatively unchanged; for LH overall agreement has worsened 
markedly since 1983. Some of these trends are shown in Fig. 1. An anomalous 
increase in overall GCV for LH was also observed during the 1980s in the Italian 
EQAS [7]. 

Examination of method related performance data provides some explanation 
for these observations. In general, within-method, between-laboratory agreement 
has improved over recent years. This is due first to the introduction of RIA kits in 
place of in-house assays, reflecting the benefits of common reagents, standards, and 
assay protocols. Secondly, the more recent introduction of two-site non-competitive 
IMA assays in place of competitive RIA has provided between laboratory GCVs as 
low as 5-10%,. vindicating the claims made by Hales and co-workers for the 
superiority of the two-site non-competitive assay [8]. Precision profiles illustrating 
•these features for LH are shown in Fig. 2. ; 
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FIG. 2. Within-method, between-laboratory precision proflies for LH methods in the 
UKEQAS. Symbols: ( a ) In-house RIA, <• ) Chelsea kit RIA, ( т ) NETRIA IMA, (* ) Immuno 
Diagnostic Systems IMA, ( д ) Pharmacia DELFIA IMA, ( о ) ADL Amerlite IMA, ( v ) Serono-
Serozyme IMA, (О ) Serono MAIAclone IMA. 

Assay imprecision is, therefore, becoming less of a serious obstacle to improv-
ing overall between-laboratory agreement. The same is not true, however, of assay 
bias, which remains a serious cause of lack of agreement in the LH, FSH and hGH 
schemes. Where differences in bias are found, it is important that EQAS identify, 
and encourage correction of the cause. Method bias may, at least in principle, be due 
to differences in specificity for different molecular forms of the analyte, and/or 
incorrect calibration. The latter can be identified from the recovery of the MGTM 
as outlined above for the assessment of ALTM accuracy. Incorrect calibration can 
be an important cause of bias, as shown for hGH [1] and in Fig. 3 for LH. Other 
studies have similarly drawn attention to incorrect calibration as a cause of discrepant 
results in LH immunoassays [9]. Unfortunately, our experience is that, often, not all 
kit manufacturers act on such data. . 

3.3. Assessment of other factors affecting performance 

Bias and precision are not the only factors affecting the reliability of assay 
methods — indeed, unsuspected interferences can be more damaging to patient care. 
We believe.that EQAS has an important role in drawing the attention of participants 
to such interferences, and from time to time, we distribute special samples for this 
purpose. Examples of interferences studied in the UKEQAS include: non-specific 
interference as.a cause of falsely high FSH and LH results by RIA in gonadotrophin-
free serum [3], specific interference of HPL in GH assays [1] and HCG in LH assays 
[3], high dose hook effects as a cause of falsely low AFP levels [5], and anti-mouse 
antibodies as a cause of falsely high results in monoclonal antibody based IMA for 
FSH and LH [3], and prolactin [4]. Figure 4 illustrates recent data showing interfer-
ences from these antibodies in FSH assays — it is disappointing to note that this form 
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FIG. 3. Relationship between median bias and mean recovery (IS 80/552) of methods in the 
UKEQAS for LH. 
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FIG. 4. Effect of human anti-mouse antibodies (5.0 ng/mL) and sheep anti-mouse serum 
(0.05%) on methods using monoclonal antibodies in the UKEQAS for FSH. No effect on 
methods using polyclonal antibodies was seen. 
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of interference persists in spite of its previous identification, and the growing litera-
ture highlighting the serious implications of interference from heterophilic and other 
antibodies in clinical diagnosis and management [10]. 

4. CONCLUDING REMARKS 

The trends in assay technique seen during the 1980s are likely to continue into 
the 1990s, with non-isotopic IMA playing a leading role. Although the newer 
immunoassay methods overcome many of the problems associated with early tech-
niques, difficulties can still arise owing to method bias, and assay interferences. It 
is important that EQAS respond to these challenges with objective criteria for perfor-
mance assessment if the aims of accurate and precise assays are to be achieved. 
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Abstract 

PERFORMANCE OF A SMALL EXTERNAL QUALITY ASSESSMENT SCHEME FOR 
THYROID RELATED HORMONES COMPARED WITH THAT OF A REGIONAL 
SCHEME. 

A small national external quality assessment scheme (EQAS) with nine laboratories was 
organized for thyroid related hormones. This scheme was operated for four years. During 
1989, the scheme was merged with the IAEA regional EQAS (93 laboratories) for thyroid 
related hormones. There are 26 laboratories participating within the Pakistan subregion. The 
median was used for the establishment of target values in the national scheme while in the 
regional scheme the all-laboratory trimmed mean (ALTM) was calculated, The data of the 
nine laboratories from the national scheme was processed twice for analysis: once indepen-
dently for the nine laboratories only and then combined with the data of another 26 laborato-
ries. Values of ALTMs and medians thus produced were assessed for their individual 
reliability. ALTMs and median reproducibility, their significant differences and imprecision 
(between-batch/between-laboratory coefficient of variation, BBLCV%) were compared for 
the two schemes. These data indicate that the ALTMs established had less scatter (CV% for 
thyroxine (T4) = 0.5 — 6.2, for triiodothyronine (T3) = 2.7—11.7 and for thyroid stimulat-
ing hormone (TSH) = 7 — 29) compared with the CV% obtained from the medians of nine 
laboratories. (CV% for T4 = 5.3 — 20.6, for T3 = 2.7 — 16.9, and for TSH = 14 — 49) 
for the range of concentrations studied. The reproducibility was analyte dependent and was 
in the order of T4 > T3 > TSH With both types of data. No significant differences were 
observed between ALTM and median values (p > 0.3 and p > 0.5, respectively). Similarly, 
the shape of the imprecision profile (BBLCV%) for the two types of data (ALTMs and 
medians) was similar as regards the clinical significance of patients' results. It was concluded 
that medians can be used when ALTMs are not available for the establishment of target values. 

* Present address: Centre for Nuclear Studies, Islamabad, Pakistan. 

4 1 3 



4 1 4 POSHYACHINDA et al. 

However, care is required as regards scatter in the data when this is high. In this case the relia-
bility of medians in providing a target value is lower but at the same time such information, 
generated by a small number of laboratories, can help improve the performance of the par-
ticipants. In such instances efforts should be concentrated first on reducing the scatter and 
secondly on establishing the target values. 

1. INTRODUCTION 

External quality assessment (EQA) is a valuable form of independent informa-
tion to monitor quality of performance of laboratories and assay reagents [1]. It is 
complementary to internal quality control (IQC) but not a substitute for it. An EQA 
mainly determines bias, variability of bias (var. bias) and also it can give some infor-
mation about imprecision. It also provides a platform for communication within the 
community [2]. 

Thyroid related hormones assay usually constitutes the laboratories' major 
work load. Therefore quality control is a major consideration [3]. In Pakistan there 
are nine laboratories working in the department of nuclear medicine using 
immunoassay techniques. These departments are part of nuclear medicine institutes 
of. the Pakistan Atomic Energy Commission. An EQA scheme (PEQAS) was 
introduced in the country during 1984. There are nine laboratories participating in 
this national scheme. This scheme joined a regional scheme organized during 1989 
by the IAEA for EQAS of thyroid related hormones. There are 93 laboratories par-
ticipating in this IAEA regional scheme, coming under three subregional labora-
tories co-ordinating centres in Pakistan, the Republic of Korea and Thailand. In the 
Pakistan subregion there are 26 laboratories. One of the advantages of a large scheme 
is that statistical analysis methods can be used more reliably. However, it is not 
always possible to have access to a large scheme and in the absence of this the useful-
ness of a small scheme is not always appreciated. 

This paper describes experience with the output of a small EQA scheme 
(PEQAS, 9 laboratories) and compares this with a large scheme (26 laboratories) into 
the output of which the same PEQAS data is incorporated. 

The organization of the regional and national schemes is based upon the princi-
ples and practice described by Ratcliffe and Swift [1], Seth [4], and Bacon, Hunter 
and Ratcliffe [5]. 

2. STATISTICAL TREATMENT OF RESULTS 

In all laboratories the trimmed mean (ALTM) median was used for calculation 
of target values in PEQAS. All subsequent calculations, e.g. bias and recovery, were 
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based upon the median. ALTM was also calculated after defining and trimming the 
outliers at 20% coefficient of variation (CV) (for thyroxine (T4) and triiodothyronine 
(T3)) and at 30% CV for thyroid stimulàtirig'hormone (TSH) at the raw means. 

Recoveries were calculated according ¡to the following equation: 

(Laboratories,results - Base pool conc./Theoretical conc. added) x 100 

Bias was calculated as difference of the'laboratories' results from the median 
or ALTM of that particular pool. Six monthly cumulative statistics for bias and var. 
bias was calculated from the most recent six months bias results for each analyte 
separately. Precision in the scheme was calculated monthly from the CV% for each 
pool. 

The above concepts were applied both in the national and in the regional 
schemes except that in the regional scheme more powerful statistical concepts of 
Healy [6], were applied. They were used for identification of outliers in the laborato-
ries' data, ALTMs and CV%. The same method was applied for the identification 
of outliers in the six monthly cumulative statistics for bias and var. bias. The proce-
dure of these calculations was followed from a worked example [7]. 

3. MATERIALS AND METHODS 

3.1. Data processing 

EQAS data processing was carried out on an IBM XT-PC using two disk drives 
and a hard disk óf 20 MB. Software compilèd at INMOL with the concepts given 
in Section 2 was used for calculation of the results and preparation of national ànd 
regional reports. This software produces the following output: 

(1) Description of pools distributed. A histogram describing all laboratories' 
(coded) results with their positions compared with the means is given for each 
sample separately. 

(2) Outliers information. 
(3) Data information which contains median, mean, CV%, bias %, and recovery 

results. 
(4) Six-monthly running cumulative statistics on bias and var. bias. 

3.2. EQAS pools 

. EQAS samples were prepared from pooled donor sera. All donor sera were 
heat treated at 56°C for 30 minutes. Serum ;was centrifuged and filtered through 
0.22 /¿m filters (Whatman, United Kingdom). Required concentrations of the ana-
lytes were.added as per requirements. Pools were prepared at three regional centres 
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TABLE I. REPRODUCIBILITY OF ALTMs AND MEDIANS. SUMMARY OF 
THE DATA OBTAINED BY REPEAT DISTRIBUTION OF DIFFERENT CON-
CENTRATION POOLS IN THE TWO SCHEMES. RANGE FOR ALTMs AND 
MEDIANS WAS DETERMINED FROM THE MEANS OF REPEAT DISTRIBU-
TION OF THE INDIVIDUAL POOL ALTMs AND CORRESPONDING 
MEDIANS. SIMILARLY CV% RANGE WAS OBTAINED FROM SCATTER IN 
THE REPEAT DISTRIBUTION VALUES OF THE INDIVIDUAL POOLS, x IS 
THE VALUE OF MEAN CV% CALCULATED FROM THE RANGE OF CV% 
VALUES 

ALTM CV% Median cv% 

Thyroxine 67-183 nmol/L 0.5-6.2 
x 3.5 

72-190 5.3-20.6 
x 12.9 

Triiodothyronine 1.8-5.7 nmol/L 2.7-11.7 
x 9.8 

1.68-5.75 2.7-16.9 
x 9.8 

Thyrotropin 1.9-30.8 piL 7-29 
x 18.0 

1.90-31.90 14-49 
x 31.5 

(Bangkok, Lahore, and Seoul); they were freeze dried and exchanged among the 
subregional centres and then distributed to the participating laboratories. Each vial 
contained 1 mL of serum in freeze dried form which was reconstituted with distilled 
water. 

4. RESULTS 

4.1. Reproducibility of ALTMs and medians 

Different concentration range pools for the three analytes were studied. Repeat 
distributions of the pools were made. Means of ALTMs and medians of the common 
pools distributed with two schemes were calculated along with their CV%. This 
gives a series of values for ALTMs and medians which can be compared and pro-
vides the mean of the range of concentrations studied. A summary of the data is 
presented in Table I for the three analytes. This shows the reproducibility of the 
ALTMs and medians and thereby gives a measure of the reliability of target values. 
The reproducibility is in the order of T4 > T3 > TSH for the concentration in the 
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TABLE II. COMPARISON OF VALUES OF ALTM (REGIONAL SCHEME 
n = 26 LABORATORIES) AND MEDIAN (NATIONAL SCHEME n = 9 
LABORATORIES) EUTHYROID POOL REPEAT DISTRIBUTIONS FOR 
THYROXINE RESULTS • 

Distribution 
Ño. 

ALTM 
regional 
scheme 

(nmol/L T4) 

Médian 
national 

•. •. scheme 
(nmol/L T4) 

Standard 
error 

Probability 

(P) 

1 94.6 101 5.32 p > 0 . 1 " 

1 94.8 . 104 5.05 p > 0.05a 

2 92.2 95 5.84 p > 0.5a 

4 93.4 105 5.61 p > 0.04b 

.6 93.3 97 5.40 p > 0.3a 

7 97.8 100 5.70 p > 0.5a 

9 90.8 89 4.58 p > 0.5a 

10 84.1 100 8.55 p > 0.05a 

12 88.2 •: 90 5.18 p > 0.5a 

a Not significant. 
b Probably significant. 

case of the regional scheme. In the case of PEQAS the situation is a little more 
complex and is, discussed in Section 5. • . !. . 

4.2. Significant differences between ALTMs and medians 

The difference between ALTMs and medians was calculated for the same pool 
and is given separately for repreat distributions in Tables II-IV. The results given 
are for the euthyroid pool. 

In these three tables the results of national scheme medians are tabulated 
against the regional scheme ALTMs. The probability of significant differences 
between the two values was calculated and is also given in Tables II-IV for T4, T3 
and TSH. These results suggest that there was no significant difference between the 
two values. Thus for all of the three analytes the reliability of target value is con-
firmed equally by ALTMs and medians. Results of other pools distributed were also 
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TABLE III. COMPARISON OF VALUES OF ALTM (REGIONAL SCHEME 
n = 26 LABORATORIES) AND MEDIAN (NATIONAL SCHEME n = 9 
LABORATORIES) EUTHYROID POOL REPEAT DISTRIBUTIONS FOR 
TRIIODOTHYRONINE RESULTS 

Distribution 
No. 

ALTM 
regional 
scheme 

(nmol/L T3) 

Median 
national 

• scheme 
(nmol/L T3) 

Standard 
. error 

Probability 

(P) 

1 2.0 1.7 0.180 p > 0.1a 

1 . 2.0 1.6 0.192 p > 0.04b 

2 1.8 1.7 0.144 p > 0.03a 

• 4 1.7 ' 1.8 0.120 p > 0.3a 

6 1.7 1.6 0.910 p > 0.03a 

1 1.8 1.7 0.170 p > 0.5a 

9 1.7 1.7 0.151 p > 0.5a 

10 1.7 1.7 1.62 p > 0.5a 

12 1.9 1.7 0.135 p > 0.1a 

a Not significant. 
b Probably significant. 

compared for ALTM and median values. Thé pools covered different concentration 
ranges of the three analytes. No significant difference was observed between the two 
values for these pools. " 

4.3. Between-batch/between-laboratory coefficient of variation 

Figures 1 to 3 give the imprecision profile (IP) for the three analytes T4, T3 
and TSH respectively. The means of ALTMs and medians with their respective 
CV% were obtained by repeat distribution of the same pool in the two schemes. 
These figures provide information on the analyte performance in the two schemes 
as regards their precision. They indicate performance as judged by ALTMs or by 
medians for the three analytes. These profiles suggest that precision is in the order 
of T4 > T3 > TSH, especially for the concentration range of clinical, importance. 
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TABLE IV. COMPARISON OF VALUES OF ALTM (REGIONAL SCHEME 
n = 26 LABORATORIES) AND MEDIAN (NATIONAL SCHEME n = 9 
LABORATORIES) EUTHYROID POOL REPEAT DISTRIBUTIONS FOR 
THYROTROPIN RESULTS 

Distribution 
No. 

ALTM 
regional 
scheme 

(nmol/L TSH) 

Median 
national 
scheme 

(nmol/L TSH) 

Standard 
error 

Probability 

(Р) 

1 1.8 2.4 0.497 p > 0.1a 

1 2.0 2.2 0.452 p > 0.5a 

2 1.8 2.0 0.362 p > 0.5a 

4 L8 ' 2.1 0.340 p > 0.3a 

6 1.5 1.4 0.220 p > 0.5a 

• 7 1.8 117 - 0.866 p .•>' 0.5 a 

9 1.8 2-° 0.340 ... P > 0.5a 

10 1.3 1:9 0.371 - p > 0.5a 

12 1.6 1 9 0.565 p > 0.5a 

a Not significant. 

5. DISCUSSION 

To operate any EQAS it is important to establish reliable target values. A prac-
tical approach to obtain a target value is to take the value of ALTMs. 

Results described in Table I for the reproducibility of ALTMs and medians 
indicate that in the large regional scheme (n = 26) the reproducibility of ALTMs 
was good but it was analyte dependent (T4 > T3 > TSH). The highest mean CV 
was 18% for TSH. In the case of medians of the small scheme (n = 9) the reprodu-
cibility is not as good as for ALTMs in the concentration range studied for three 
analytes. With the medians the highest mean CV was 31% in the case of TSH. Our 
detailed record of the data (results not given) shows that the large scatter of T4 
medians was due to the performance of one particular EQAS pool. The reason for 
this behaviour is not clear as yet. It is suggested that the data of such types of pools 



4 2 0 POSHYACHINDA et al. 

¿0 Imprec is ion p ro f i l e ITA) 

30 

о 20 
со CD °°o°°oV 

10 

50 100 150 

n m o l / L t h y r o x i n e 

200 

FIG. 1. Imprecision profiles (between-batch/between-laboratory coefficient of variation) of 
T4. Plot of ALTM vs CV% (°) of the regional scheme and plot of median vs CV% f v ) of the 
small scheme. Each point represents mean values of (ALTMs, medians and CV%) obtained 
by repeat distribution of a pool. 

50 

¿0 

30 

> и 

S 20 

10 

Imprec is ion p ro f i l e (T3) 

o°v V° 

0 1 . 2 3 ¿ 5 6 
n m o l / L t r i i o d o t h y r o n i n e 

FIG. 2. Imprecision profiles (between-batch/between-laboratory coefficient of variation) of 
T3. Plot of ALTM vs CV% (o) of the regional scheme and plot of median vs CV% ( v ) of the 
small scheme. Each point represents mean values of (ALTMs, medians and CV%) obtained 
by repeat distribution of a pool. 



100 

80 

60 

> 

о 

g ¿0 

20 

IAEA-SM-324/71 

Imprec is ion pro f i le (TSH) 

0.5 

О V o° „ 
о. 
V 
о 

10 
m l U / L t h y r o t r o p i n 

4 2 1 

30 

FIG. 3. Imprecision profiles (between-batch/betyveen-laboratory coefficient of variation) of 
TSH. Plot of ALTM vs CV% (o) of the regional scheme and plot of median vs CV% (?) of 
the small scheme. Each point represents mean values of (ALTMs, medians and CV%) obtained 
by repeat distribution of a pool. 

be treated separately and excluded from the pooled information. It is interesting to 
note that the effect of this behaviour has been eliminated in the calculation of ALTMs 
when more powerful statistical concepts were employed. Target values for median 
reproducibility within our small scheme in previous years have been compared. 
PEQAS median values have also been compared with target values for thyroid 
related hormones obtained from United Kingdom EQAS pools. The target values 
were in good agreement with the reference values. 

The conclusion from the data of Table I is that medians can be used for the 
establishment of target values for a small scheme provided CV% is within acceptable 
limits defined by the organizers. It is important for the participating laboratories to 
know if the CV% of-their scheme is high and laboratories' performance needs 
improvement in this regard. Once the CV% is brought under control the medians 
are a reliable guide for the target value and thus for the operation of the scheme. 

The data presented in Tables II-IV provide supporting information on the relia-
bility of reproducibility of ALTMs and medians. There is no significant difference 
between the two values of the two schemes. CV% is highest for TSH both with 
ALTMs and medians; the values of the ALTMs and medians are not significantly 
different (p > 0.3 and p > 0.5, respectively). Thus utilization of medians in the 
absence of ALTMs is a reliable option but requires a careful approach before deci-
sions are made. 
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The plots given in Figs 1 - 3 for BBLCV% versus medians and corresponding 
ALTMs are again comparable and the information produced from these plots as 
regards the reliability of concentration range for the three analytes is similar both 
for medians as well as ALTMs from a clinical point of view. 

From the above discussion it is concluded that medians can provide a robust 
value and can be used in the absence of ALTM for the calculation of bias, recovery, 
etc. Another important conclusion is that information about CV% and reproducibil-
ity of medians in the scheme is extremely useful for describing the performance of 
participating laboratories. 

When access to a large scheme is not available a small scheme can still generate 
an amount of data helpful to participating laboratories in the management of their 
quality control through external surveillance. 
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Abstract 

PROGRESS REPORT ON A NATIONAL EXTERNAL QUALITY ASSESSMENT 
SCHEME FOR HORMONE AND TUMOUR MARKER IMMUNOASSAYS. 

External quality assessment (EQA) programmes run by CNR/Tecnostandard for 
immunoassays of hormones and tumour markers, started in 1980, currently include as many 
as 20 analytes; about 300 laboratories are involved in these programmés. For all immunoas-
says submitted to the EQA, the inspection of cumulative results allows the current situation 
to be documented for total variability and its within-kit and between-kit components (the 
former accounting for the reproducibility and robustness of the kits and the latter for their sys-
tematic differences of estimation). For 13 assays subjected to EQA for a longer time, the 
variability trends over time are depicted, and single factors affecting the overall quality of par-
ticular assays are identified. Some attention is given to automation of the procedures (usually 
associated with non-isotopic techniques), which to date has not proved effective in decidedly 
improving the analytical quality of results. t 

Work supported in part by Progetto Finalizzato Biotecnologie e Biostrumentazione 
del Consiglio Nazionale delle Ricerche (CNR). 
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1. INTRODUCTION 

Besides giving participants an opportunity of self-surveillance, in comparative 
terms, external quality assessment (EQA) programmes allow a retrospective evalua-
tion of the 'average' quality of the tests used. This information has widely proved 
useful both to laboratories, to improve their performance, and to kit manufacturers, 
to derive a realistic picture of the features of their products. 

A national EQA scheme, sponsored by CNR/Tecnostandard1 , has been run-
ning in Italy since 1980 for hormone immunoassay [1-3], and later for tumour mar-
kers [4]. The state of the art and trends in analytical quality are tentatively portrayed 
in this paper, through inspecting the cumulative data obtained. In particular, atten-
tion is focused on the impact on assay performance of the changes in methodologies 
and technological development. 

2. EQA OUTLINE 

The CNR/Tecnostandard EQA for assay of endocrinological and oncological 
interest includes at present as many as 20 analytes (14 hormones, 6 tumour markers); 
cumulatively, about 300 laboratories are involved. The scheme does not substantially 
differ f rom similar programmes [5-8]; participants, supplied monthly with three to 
six unknown samples (freeze dried or stabilized sera, mailed at room temperature), 
are asked to perform the assay routinely and to return results indicating the method 
(kit) used. The data collected are computer processed and periodic and end-of-period 
reports, containing statistical evaluations of results and estimates of the performance 
of laboratories and kits, are prepared arid distributed to participants. The approaches 
followed for the analysis of EQA results and description of the reports are described 
in detail elsewhere [9]. 

3. IMMUNOASSAY QUALITY IN ITALY: A TENTATIVE PICTURE 

3.1. T r e n d s in assay performance . 

For assays subjected to EQA over a longer period, the trends of total variability 
over time are depicted in Figs 1 and 2. Some trends are apparent, despite occasional 
fluctuations due to the prevalence in the various EQA periods of 'difficult ' samples 

1 Pilot EQA programmes are conducted by the Italian National Council (CNR), while 
routine programmes are run as a service by Tecnostandard, Consorzio per gli Standard di 
Riferimento in Chimica Clinica, a company operating in the field of immunoassay quality 
assurance. In both cases, the same scientific committee is charged with the management of 
the EQA schemes and data treatment. 
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FIG. 1. Assays of thyroid and steroid hormones: trends of the total variability (CV%) 
throughout the EQA periods. For definition of total variability, see Ref. [9]. 

(in respect to the concentration of the analyte in the EQA sample), and,possibly, to 
kit turnover in the laboratory. In particular, there is evidence of more or less 
pronounced improvements successively occurring in the performance of assay of E2, 
progesterone, testosterone, carcinoembryonic antigen.(CEA)j and thyroid stimulat-
ing hormone (TSH) and — in contrast — for a marked increase of variability of 
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FIG. 2. Assays for peptides hormones and tumour markers: trends of total variability (CV%) 
throughout the EQA periods. For definition of total variability, see Ref. [9]. 

luteinizing hormone (LH) assay. It can also be seen that for triiodothyronine (T3) 
and thyroxine (T4) the overall quality remained substantially unchanged throughout 
the whole decade of EQA. The same holds for Cortisol, at least from 1984 on. Less 
marked trends are shown for the other analytes. 

The common tendency to improvement in 170-oestradiol (E2), progesterone, 
and testosterone assays resulted in approximately halving of the associated total 
variability over the period 1981-1987. As confirmed by the correlation of Fig. 3, 
this trend may be explained by the progressive replacement of extraction procedures 
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FIG. 3. Correlation between the total variability (CV%) and the frequency of use of 'direct' 
procedures in steroid immunoassays; the three assays are considered as a group. The data 
shown refer to the period 1981-1987. 

with the. less demanding direct measurement, in untreated samples [10] (used at 
present without exception by all participants in the national EQA. scheme). 

The reduction of variability observed for CEA assay, from 1987 on, is seem-
ingly referable to a better alignment of thé 'cálibrators supplied with the different kits 
with respect to an acknowledged reference standard (WHO preparation 73/601), as 
previously reported [11]. 

In the case of TSH assay, the total variability has decreased continuously since 
the beginning of the programme. A number of factors, difficult to define, may con-
tribute to this trend, but a decisive rôle was certainly played by the introduction and 
wide adoption of high sensitivity two site immunometric assays using monoclonal 
antibodies (MAb). This is evidenced by the comparison of the imprecision profiles 
resulting from the EQA data recorded before 1986 (when the kits used were exclu-
sively based on polyclonal competitive techniques) and after 1988 (when almost all 
laboratories used MAb high sensitivity techniques) (Fig. 4). 

In contrast to the above situation, a sudden worsening of the total variability 
is evident for LH assay from 1987 on, coinciding with the prevailing use of MAb 
based kits in EQA, which became available to Italian laboratories around 1987. This 
observation, already reported for another EQA scheme [12], can.be explained in 
terms of different reactivity to LH epitopes between polyclonal and monoclonal rea-
gents, (and between the individual MAb employed by kit manufacturers). 
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FIG. 4. Between-laboratory imprecision profile of TSH assay, as observed in different EQA 
periods in which the kits involved were exclusively based on polyclonal competitive technique 
(period 1982-1985, closed symbols) or on MAb high sensitivity two-site technique (period 
1988-1990, open symbols), respectively. 

3.2. The state of the art 

An updated picture of immunoassay quality emerges from the EQA results 
obtained in 1990, as summarized in Table I. Inspection of the cumulative data allows 
the current situation to be portrayed in terms of:-

— total variability (related to concentration range where a roughly uniform spread 
of determination might be assumed), which is indicative of both laboratory 
imprecision and between-kit, between-laboratory systematic discrepancies; 
and 

— within-kit and between-kit components of the total variability derived by analy-
sis of variance [13, 14]; the former component reflects the average impreci-
sion of the kits (including the batch-to-batch reproducibility) and accounts for 
difficulties in assay management, whereas the latter is related to the presence 
of systematic differences mainly arising from different antibody specificities 
and/or incorrect standard calibration. For the majority of analytes concerned, 
the total variability ranges from 17% to 25% with some exceptions in both 
directions. Lower spreads are apparent for T4 and oestriol (E3) assays (seem-
ingly due to the relatively high analyte concentration in the sample) and a 
larger one for LH, which case has been already discussed. 

The relative contributions of between- and within-kit components vary from 
case to case, irrespective of the total variability levels. For CEA and —' quite obvi-
ously — LH assays, the between-kit component prevails, thus indicating that the 
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TABLE I. ASSAY VARIABILITY FROM EQA DATA (1989-1990)3 

4 2 9 

Analyte Concentration range Total variability Components of variabilityb 

CVT% CVw.kit% CVb.kit% 

T3 1.4-4.5 nmol/L 16.7 11.6 (48) 12.1 (52) 

T4 77-278 nmol/L 11.0 9.1 (68) 6.2 (32) 

TSH 1.1-11 mlU/L 19.6 13.9 (51) 13.8 (49) 

LH 7.7-44 IU/L 30.8 17.7 (33) 25.3 (67) 

FSH 7.3-26 IU/L 16.9 12.1 (52) 11.8 (48) 

Prolactin ' 444-1108 mlU/L 16.9 14.9 (78) 7.9 (22) 

E2 0.3-3.1 nmol/L 20.4 15.8 (60) 12.9 (40) 

Progesterone 5.6-54 nmol/L 21.2 16.8 (63) 12.9 (37) 

Testosterone 2.2-31 nmol/L 24.5 16.9 (48) 17.8 (52) 

Cortisol 243-1103 nmol/L 15.9 12.4 (61) 9.9 (39) 

Aldosterone 0.1-1.1 nmol/L ' 24.7 22.3 (82) 10.6 (18) 

DHEA-Sc 3.0-22 Ii mol/L 20.9 19.9 (91). 6.3 (9) 

E3 201-803 nmol/L 12.6 11.6 (86) • 4.7 (14) 

HPLd 1.7-8.1 mg/L 19.4 14.8 (58) 12.5 (42) 

AFP 18.3-102 klU/L 19.0 , 16.0 (71) 10.2 (29) 

CEA 8.0-38 Mg/L 18.0 11.3 (39) 14.1 (61) 

Ferritin 27-279 jtg/L 19.6 14.6 (56) 13.1 (44) 

CA 19-9e 15-95 IU/L 20.5 18.3 (80) 9.2 (20) 

CA 125e 24-178 IU/L 19,1 16.5 (75) 9.7 (25) 

CA 15-Зе 16-120 IU/L 18.8 17.3 (85) 7.3 (15) 

a The data refer to 13-18 samples assayed during the most recent EQA cycles by 152-202 
laboratories for Tecnostandard and 62-91 laboratories for CNR pilot schemes; 16 to 32 
kits are involved for each analyte, except for the cases of CA 19-9, CA 125 and CA 15-3 
for which only 5 to 8 kits are used. 

b Within-kit and between-kit components are indicated as CVw kit and CVb.kit, respectively. 
The per cent contributions of the within-kit component ([CVw.kit

 2/CV^] x 100) and of the 
between-kit component ([CVb.kit

2/CVj] x 100) are indicated in parentheses; the com-
putational-details of the breakdown of variability are reported elsewhere [9]. 

c DHEA-S = dehydroepiandrosterone sulphate. 
d HPL = human placental lactogen. 
e CA = carbohydrate antigen. • -, 
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TABLE II. IMPRECISION OF AUTOMATED SYSTEMS AND MANUAL 
KITS: BETWEEN-LABORATORY, BETWEEN-ASSAY VARIABILITY, 
EQA 1990/CYCLE 2a 

Analyte 
AIA BHN 

Variability, CV% 
IMX STR TDX Manual kits (range) 

T3 10.4 15.4 13.3 — — 10.3-16.8 

T4 — 8.9 8.8 — — 8.8-12.1 

TSH — 13.2 10.4 — — 9.5-24.1 

LH 18.8 17.0 8.1 10.0 — 9.6-24.1 

FSH 6.3 8.4 7.4 8.2 — 10.5-20.2 

Prolactin 9.5 14.5 22.3 — — 12.7-21.1 

Cortisol — — — — 11.9 9.0-18.1 

Ferritin — 12.9 7.3 12.6 — 13.8-22.7 

AFP . — 14.9 14.0 — — 8.9-22.8 

CEA — 8.7 10.7 — — 8.4-16.5 

a 15 samples have been assayed during the cycle; the variability for each system/kit refers 
to the data of 5 to 25 laboratories. For concentrations ranges, see Table I. Variability was 
computed by grouping the EQA results according to the system or kit used. 
Abbreviations: AIA = AIA 1200 Eurogenetics; BHN = ES 300/600 Boehringer; IMX = 
IMx Abbott; STR = Stratus Baxter; TDX = TDx Abbott. 

variability of data is due to systematic differences entailed by the different methods, 
rather than to poor robustness of the kits. The opposite situation is met — to a varia-
ble extent — for several assays (14 out of 20). The two variability components appear 
to be equally important in the assay of T3, TSH, follicle stimulating hormone (FSH) 
and testosterone. 

3.3. The role of technological development 

In recent years we have been assisting the introduction and widespread diffu-
sion of novel reagents, methods and analytical systems into the immunoassay 
laboratories. 

Thus, the use of MAb based two site assays for polypeptide determination has 
grown from some 5% in the 1985 EQA to 90-95% in 1990. In the 1990 EQA, 
approximately 40% of the results of alphafetoprotein (AFP) and CEA assays, 30% 
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TABLE III. IMPRECISION OF AUTOMATED SYSTEM VERSUS MANUAL 
KITS: WITHIN-LABORATORY, BETWEEN-ASSAY VARIABILITY (CV%, 
MEDIAN VALUE), EQA 1990/CYCLE 2 a 

Analyte Automated systems 
BHN IMX STR ARS ВЕН 

Manual kitsb 

LIS SOR SPA 

T3 10.4 11.8 — 7.8 ' — — — 8.4 

Í 4 6.6 7.3 — ¿.1 — — — 7.6 

TSH 7.6 7.3. — 6.7 6.2 — . — — . 

LH 7.7 • 7.4. 6.4 7.4 — — 9.6 — • 

FSH 5.0 6.0 5.3 7.0 • ' — — 11.2 — 

Prolactin 10.0 12.0 — 8.1 — — 8.9 — 

Ferritin 8.3 . 5.7 .7.8 — , 9.0 — — 

AFP 6.3 7.3 •9.1. 9.7 — 

CEA 6.2 7.2 5.6 — 10.9 — 

a See footnote to Table II for the number of EQA samples and laboratories, and Table I for 
concentration ranges. Variability was computed as the median value of between-assay CVs 
obtained in individual laboratories assaying replicate EQA samples. 

b Only the kit most frequently used and associated with lower spreads of results are consid-
ered. Abbreviations: ARS = Ares-Serono; BÉH = Behring; LIS = Sclavo; SOR = Sorin; 
SPA = Byk-Sangtec. For other abbreviations, see footnote to Table II. 

of the results of thyroid hormone assays and 20% of Cortisol assay results have con-
cerned non-isotopic techniques, which were practically absent in 1985. 

As discussed above, MAb based immunoassays, on the one hand, have enabled 
decisive improvements of analytical quality, as in the case of high sensitivity TSH 
methods; on the other side, they ha vé resulted in apparently increasing the discrep-
ancy of data, as for LH assay. The use of non-isotopic techniques, essentially sup-
ported by laboratory management reasons, is not expected to exert, per se, any effect 
upon the analytical quality. As these techniques are often associated with automation 
of the procedures (which take advantage of the elimination of radioactivity), an 
evaluation fo the performance of automated immunoassay systems could be of 
interest. 

Full automation accounts for around 30% of EQA results of the assay of 
thyroid hormones and tumour markers and 25 % of those concerning fertility related 
hormones; apart from Cortisol (13% of results), no example of automated assay 
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exists for steroids among participants in EQA. A single radioimmunoassay auto-
mated system (Becton Dickinson ARIA II, T3 and T4 assays) is still in existence, 
accounting for 2 -4% of the EQA results in 1990. 

Stricter control of experimental variables (volumes, temperature, times) could 
bring about a higher precision of automated immunoassay as compared to manual 
procedures. In fact, the data reported in Table II show that the variability between 
the results obtained in different laboratories using automated systems is comparable 
(with a few exceptions) with that of the most precise manual kits, but in no way is 
significantly higher. Any laboratory is obviously interested in its own performance: 
therefore, the between-assay variability of automated and manual assays, pertaining 
to individual laboratories (median values), is compared in Table III. The results indi-
cate that the behaviour towards different analytes is not uniform within the same 
automated systems, and that their precision again equals — but does not exceed — 
that of high performing manual kits. 

On the whole, these findings suggest a tendency of the manufacturers of auto-
matic systems simply to meet the practicability requirements of the laboratories, 
rather than actually to improve the analytical performance. 
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Abstract 

RESULTS FROM A COLLABORATIVE STUDY FOR CYCLOSPORINE IMMUNO-
ASSAY. • 

To provide laboratories with a tool for controlling the analytical reliability of cyclo-
sporin (CsA) determinations against an external reference and to assess the performances of 
the routinely used, method/kits, the authors have promoted since 1986 an external quality 
assessment (EQA) survey for CsA assay sponsored by the Italian National Research Council 
(CNR). To date, 81 control samples prepared from pooled blood of CsA treated patients have 
been sent to the participating laboratories (70 laboratories: 50 Italian laboratories and 20 from 
other European countries). The method/kits used by participant laboratories can be grouped 
into two different immunological techniques: radioimmunoassay (RIA) methods and a fully 
automated fluorescence polarized immunoássay (FPIA, TDx system). Some of these' 
immunoassays, employing either polyclonal or non-specific monoclonal antibodies, measure 
CsA together with its metabolites, whereas other1 immunoassays' using specific monoclonal 
antibodies measure the intact CsA molecule only. The methods/kits used by participant labora-
tories have been almost completely changed in the five years during which the EQA has been 
in operation. In fact, while at the start of the EQA programme (1986) all results were produced 
by polyclonal RIAs, in the 1990 cycle 45% of the results were produced using the TDx system 
(as opposed to 13% in 1988).and the remaining 55% were obtained with monoclonal RIAs. 
(either specific or non-specific) as against only 4% in 1988 survey. As expected, the 
immunoassays (either RIA or FPIA) using specific monoclonal antibodies were found to 
produce figures 2-3 times lower than polyplonal or non-specific monoclonal methods. Conse-
quently, the total variability (overall between-laboratory agreement), with a coefficient of var-
iation (CV%) of 24.2 in the 1988 survey (in which 96% of the determinations were produced 
by polyclonal methods), markedly worsened to 52 CV% in the last survey owing to the use 
of methods employing three different antibodies: polyclonal, non-specific monoclonal, and 
specific monoclonal. For this reason, starting from the 1991 cycle, the institute chose to ana-
lyse data from specific and non-specific immunoassays separately. Finally, as far as the 
between-assay, between-laboratory precision is concerned, the fully automated method TDx 
gave more reproducible results (total variability about 9 CV%) in respect to the RIAs (CV% 
ranging from 12.7 to 19.2). 

* Work partially supported by Progetto finálizzato Biotecnologie e Biostrumentazione 
del Consiglio Nazionale delle Ricerche. 
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1. INTRODUCTION 

Cyclosporine A (CsA) is a potent immunosuppressant drug widely used to 
prevent allograft rejection. Owing to the large intersubject variability of the 
pharmacokinetic, the narrow therapeutic range, and the potential toxicity of this 
drug, a close monitoring of the circulating concentration of CsA is necessary in all 
treated patients [1]. Consequently, analytical methods for CsA assay have been 
developed and routine measurement of this drug is widespread in clinical 
laboratories. 

The analytical methods available to monitor CsA levels include high perfor-
mance liquid chromatography (HPLC) and some immunoassays, such as radio-
immunoassay (RIA) and fluorescence polarization immunoassay (FPIA) [1]. HPLC 
technique, considered as the reference method since it specifically measures the 
intact CsA molecule, is not suitable for routine assay because of its poor practic-
ability [1]. The early developed immunological methods were based on the use of 
polyclonal antibodies; owing to non-specificity of polyclonal antibodies, these tech-
niques measure not only the intact molecule but also, at some extent, its metabolites. 
Successively monoclonal antibodies have been produced [2] and used either in RIAs 
and, more recently, for FPIA; these latter immunoassays, which use specific anti-
bodies, allow for the measurement of the intact CsA molecule only. However, some 
authors [1] have suggested the usefulness of monitoring not only the parent drug but 
also the majority of its metabolites and, for this purpose, non-specific monoclonal 
antibodies have been produced and used in RIA techniques. 

To provide laboratories with a tool for controlling the analytical reliability of 
their determinations against an external reference and to assess the performances of 
the routinely used CsA methods, we have promoted since 1986 an external quality 
assessment (EQA) survey for CsA assay sponsored by the Italian National Research 
Council (CNR) [3]; the main findings of the last cycle (1990) of this collaborative 
study are reported in this paper. 

2. MATERIALS AND METHODS 

2.1. Control materials 

The control samples to be circulated in the survey are prepared pooling blood 
aliquots (residual after routine CsA measurement) withdrawn from renal and heart 
transplanted patients under drug treatment. In each EQA cycle (usually lasting for 
one year) we prepare 4-6 blood pools from which 15-20 control samples are 
derived. Therefore each pool gives origin to 2-4 samples distributed and assayed on 
different occasions as hidden replicates; the results from these unidentified replicate 
samples are used to estimate the precision of the laboratories and of the method/kits. 
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The liquid blood samples, added with merthyolate to minimize microbial growth, are 
mailed at room temperature. Since 1986, 81 quality control samples have been 
prepared and mailed to the participating laboratories. 

2.2. Outline of the EQA programme 

The CNR EQA programme for CsA assay involves at the present time about 
70 laboratories (50 Italian and 20 from other European countries). The scheme, 
previously described in detail elsewhere [3, 4], does not substantially differ from 
similar programmes elsewhere. Laboratories are asked to perform the assay accord-
ing to their routine procedures and return their results together with the name of the 
method/kit they used. Collected results are computer processed and reports are pre-
pared and sent back to the participants. Figure 1 shows, as an example, the periodical 
report for sample C079; it contains a histogram of the results of all laboratories 
(identified by a code) and the main statistics (mean, median, standard deviation (SD), 
coefficient of variation (CV), range) of all data and of data grouped according to the 
method/kit. 

Every year, an end-of-period report is also prepared and sent back to the par-
ticipants; this last contains mean bias (computed as per cent deviation from the con-
sensus mean) and mean precision (computed from results of unidentified replicate 
samples) achieved by each laboratory and by each method/kit. This cumulative 
report also includes an imprecision/bias plot from which the participant can immedi-
ately appreciate his mean analytical performances. All results collected in a EQA 
cycle are used to compute the total variability (CV,%) or between-laboratory agree-
ment; the CV, reflects both kit imprecision and the systematic difference between 
kits. 

3. RESULTS AND COMMENT 

Table I reports the method/kits used by participants (as per cent of collected 
results) and the total variability observed during the last four EQA cycles 
(1987-1990); it appears from the data collected during these that the method/kits 
used by participants have been almost completely changed. In the 1987 cycle all the 
determinations were produced by polyclonal RIAs; subsequently a fully automated, 
non-isotopic technique (FPIA) was introduced and has now been adopted by about 
50% of laboratories. Concomitantly, the techniques based on polyclonal antibodies 
have been replaced by immunoassays using monoclonal antibodies either specific or 
non-specific (cumulatively about 60% of results were produced by monoclonal 
immunoassays during the 1990 cycle). Owing to the fact that monoclonal specific 
immunoassays produce results which are about three times lower than those obtained 
by polyclonal or monoclonal non-specific method, the between-laboratory agreement 
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FIG. 1. The EQAperiodical reportfor sample C079 is shown here asan example: it contains a histogram of the results of all laboratories (identified 
by a laboratory code) and the main statistics (mean, median, SD, CV, range) of all data and of data grouped according to the method/kit (identified 
by a kit code: INC = Immunonuclear RIA monoclonal non-specific, INCM = Immunoniiclear RIA 'monoclonal specific, TDX = Abbott FPIA TDx 
polyclonal, TDXM = Abbott FPIA TDx monoclonal specific). The bimodal distribution reflects the use of specific and non-specific immunoassays. 
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TABLE I. METHOD/KITS USED BY PARTICIPANTS (PER CENT OF 
RESULTS) AND TOTAL VARIABILITY, (CV, %) 

Method/kit 1987 1988 1989 1990 

Sandoz polyclonal RIA 55 36 — — 

Immunonuclear polyclonal RIA 45 • 47 10 — 

Abbott TDx polyclonal FPIA — 13 45 39 

Sandoz monoclonal specific RIA — 4 4 2 

Immunonuclear monoclonal specific RIA • — — 31 48 

Immunonuclear monoclonal non-specific RIA — — 10 5 

Abbott TDx monoclonal specific FPIA — — 6 

Total variability (CV, %) : 21.9 24.2 40.0 52.0a 

TABLE II. MEAN CONCENTRATIONS OF CsA (ng/mL) FOUND BY PAR-
TICIPANTS WITH THE FOUR METHODS/KITS MOST FREQUENTLY USED 
IN THE 1990 EQA CYCLE 3 

Pools sent in 1990 EQA cycle 
Method/kit :—: 

P016 P017 P018 P019 P021 

Non-specific methods 

Abbott TDx polyclonal FPIA 269 392 530 748 1431 

Immunonuclear monoclonal 
non-specific RIA 3271 503 682 967 1772 

< i. 

Specific methods 

Abbott TDx monoclonal specific FPIA 95.3 : 144 206 319 — 

Immunonuclear monoclonal specific RIA 88.7 142 183 304 471 

a Thé reported mean concentrations have been obtained averaging the results collected from 
all laboratories using the indicated method/kit assaying quality control samples prepared 
from the same pool; each pool was distributed and assayed on 2-4 occasions, as a hidden 
replicate, during the cycle. 
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FIG. 2. Regression analysis comparing, the results obtained by Immunonuclear (INC) RIA 
methods employing the specific monoclonal antibody (x axis) and the three other methods more 
used by participating laboratories in the last cycle of the EQA survey: Immunonuclear RIA 
employing non-specific monoclonal antibody, Abbott FPIA TDx using polyclonal antibody, 
and Abbott FPIA TDx using specific monoclonal antibody (y axis). Experimental points 
represent the mean concentrations found by the users of the specified kit assaying EQA samples 
sent in the 1990 survey. 
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(total variability, CV t) markedly worsened from 22% in the 1987 cycle to 52% in 
the 1990 cycle; for this reason, starting from the 1991 cycle, we chose to analyse 
the EQA data from specific and non-specific immunoassays separately. 

The differences of the determinations produced by specific and non-specific 
(polyclonal or monoclonal) methods in the 1990 cycle are shown in detail in Table 
II and illustrated by regression analysis in Fig. 2. The determinations obtained by 
non-specific methods (Abbott TDx polyclonal FPIA and Immunonuclear monoclonal 
non-specific RIA) are about three times higher than those found by the specific 
RIA. Moreover, the monoclonal non-specific RIA "gives values 25-30% higher than 
those found by polyclonal FPIA, thus suggesting that more CsA metabolites are 
measured by monoclonal non-specific RIA in respect to polyclonal FPIA. The two 
methods employing monoclonal specific antibodies (RIA and FPIA) produce virtu-
ally superimposable results. 

TABLE III. PRECISION (BETWEEN-ASSAY, BETWEEN-LABORATORY) OF 
THE METHODS/KITS MOST FREQUENTLY USED IN THE 1990 EQA CYCLE 

Method/kit No. of results No. of laboratories Precision (CV%) 

Abbott TDx FPIA 

Polyclonal 275 15 9.5 

Monoclonal specific 35 6 9.0 

Immunonuclear RIA 

Monoclonal non-specific 45 4 12.7 

Monoclonal specific 339 20 19.2 

As far as the between-assay, between-laboratory precision of the method/kits 
is concerned, data collected in the 1990 EQA cycle and reported in Table III indicate 
that the automated method TDx employing either monoclonal or polyclonal anti-
bodies gave more reproducible results (CV about 9%) compared to RIAs (CV rang-
ing from 12.7 to 19.2%). The better precision of the FPIA technique could be 
expected, since the TDx system is a fully automated homogeneous method while the 
RIAs are based on traditional analytical procedures (sample extraction and 
bound/free separation using a second antibody followed by centrifugation). 
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A b s t r a c t . 

EXTERNAL QUALITY ASSESSMENT SCHEME FOR RADIOIMMUNOASSAY OF 
THYROID RELATED HORMONES: REPORT FROM THE BANGKOK CENTRE.. 

A total of 82 laboratories from 11 countries participated in the IAEA external quality 
assessment scheme (EQAS) for serum thyroxine (T4), triiodothyronine (T3) and thyroid 
stimulating hormone (TSH). There are three organizing centres in this scheme. The three 
centres prepared 11 EQA pools and distributed in freeze dried aliquots. Participants were 
requested to assay five EQA samples monthly for the whole year and returned their results 
batch by batch. The paper, which is part of the overall scheme, provides EQA results from 
19 participating laboratories under the responsibility of the Bangkok Centre. Monthly and six 
monthly results were analysed using an IAEA computer software package and the results 
returned to participants. The performance of T4 assay was better than that of T3 and TSH 
with a mean between-laboratory coefficient of variation of 22.5% as compared with 31.4% 
for T3 and 29.2% for TSH. The median bias (ignoring sigh) of T4, T3 and TSH was 6.8%, 
5.9% and 10.3% respectively. The median variability of bias was 17.4%, 28.1% and 32.6% 
for'T3, T4 and TSH respectively. The mean percentage of outliers of all pools for T4, T3 
and TSH was 3.9, 2.5 and 5.6 respectively. The scheme has created interest and awareness 
of quality control practice among participants. Improvement in assay performance was evident 
in the second half,of the scheme, . ± . .. 

1. INTRODUCTION 

External quality assessment schemes (ÈQAS) have been widely used in radio-
immunoassay [1-3]. The technique of interlaboratory surveys followed the 
pioneering work of Whitehead in clinical chemistry [4]. The IAEA pilot scheme for 
thyroid related hormones in 1980-1981 attracted worldwide participation [5]. , 

In 1989, the IAEA launched a Regional Co-operative Project on EQAS for 
radioimmunoassay of thyroid related hormones for developing countries in the Asia 

4 4 3 
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and Pacific region. The scheme involved 82 laboratories from 11 countries in this 
region. Three organizing centres were selected within the region, each centre took 
charge of 20 to 40 participating laboratories. The EQAS to be described is part of 
the overall scheme, which includes results from the Bangkok organizing centre. 

2. MATERIALS AND METHODS 

2.1. Participation 

Of 19 laboratories, coming under the Bangkok centre, 13 are in Thailand, 
3 in Viet Nam, 2 in Sri Lanka and 1 in Myanmar. Most participants (70%) employed 
bulk reagents for radioimmunoassay of T4 and T3. All laboratories used the 
immunoradiometric assay (IRMA) method for TSH assay and about 70% employed 
reagents from the North East Thames Region Immunoassay Unit, London, United 
Kingdom (NETRIA). 

2.2. Outline of the scheme 

The EQA sera for distribution were prepared by three organizing centres from 
either blood donors or volunteers (negative for HBsAg and HIV). Eleven pools are 
used in the scheme. Low level TSH pools were prepared from volunteers who 
ingested 80 /xg T3 for five days preceding donation. Recovery pools were prepared 
by adding known amounts of T4, T3 and TSH. For our guidance all pools were 
assayed by organizing laboratories before distribution. Participating laboratories 
received five serum samples monthly for one year. They were requested to measure 
T4, T3 and TSH in each sample by their routine procedure. Results, information 
about the method used and internal quality control results were reported back within 
one month, using a specified form. Results from each distributed set were analysed 
with an IAEA computer software package and reported back to all participants. 
Cumulated results over a six month period were also processed and reported. 

3. RESULTS 

3.1. Distributed materials 

The distributed materials are shown in Table I. Owing to some misunder-
standings during the organization of the scheme, only pools 1A, 2 and 3 were 
prepared for use in the whole year scheme, the rest were prepared for use in each 
six month cycle. The all-laboratory trimmed mean (ALTM) is calculated after 5% 
trimming of the lowest and highest values and standard deviation was estimated by 
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TABLE I. MATERIAL DISTRIBUTED 

Trimmed means 
-, No. of 

Pool Identity „,„ „ „ „ „ 3 T4 T3 TSH distributions 
(nmol/L) (nmol/L) (mlU/L) 

A. SIMPLE POOLS 

1A Euthyroid 93.9 ' 1.8 1.8 9 

IB Euthyroid 79.0 2.1 1.2 8 

B. MANIPULATED POOLS 

2 (1A) + T4 (50 nmol/L) 138.9 2.0 1.8 6 

3 (1A) + T4 (100 nmol/L) 185.9 2.4 1.8 6 

4 (IB) + T4 (1.5 nmol/L) 88.1 3.7 1.3 • 4 

5 (IB) + T4 (3.5 nmol/L) 82.8 5.6 1.4 4 

6 T3 — suppressed 74.7 4.2 0.27 8 

7A (6) + TSH (15 mlU/L) 71.1 3.9 14.4 4 

7B TRH stimulation 101.4 1.6 29.4 3 

8A (6) + TSH (5 mlU/L) 71.1 3.9 4.6 6 

8B (7B) + (6) 50:50 85.5 , 2.6 11.5 2 

a method suggested by Healy [6]. The trimmed means that are given in Table I were 
calculated from twelve month data of the whole scheme, excluding results of pool 
IB in the second six-month period since most laboratories could not perform the 
assay owing to gelatinization. 

5 
3.2. Reporting results 

A month report as sent to individual laboratories is shown in Fig. 1, which 
includes median, mean, CV% and %bias from the median for each distributed 
sample. However, the report was sent out one to two months late owing to late 
returns. Three laboratories returned less than 50% of results. The overall return rate 
was 84.8%. 



I A E A R E G I O N A L E X T E R N A L Q U A L I T Y A S S E S S M E N T S C H E M E 
F O R T H Y R O I D R E L A T E D H O R M O N E S R E G I O N : T H A I L A N D 

A N A L Y T E : T 4 n m o l / L 

è 0\ 

DISTRIBUTION 
OS LAB CODE/NAME : BKK/THA/2 

DATE OF DISTRIBUTION 
2-01-90 

LAB 
1 
2 
S 
4 
5 
6 
7 
8 
9 
10 
11 
12 
14 
15 
IT 

L/LIM 3SD: 

H/LIH 3SD: 

RANGE 

MEDIAN 

MEAN ' 

CV % 

YOUR RESULT 

%BIAS MEDIAN 

S— 1 —о 

1 

3—2 2—3 
< -SD* > 

+ 34.6 

+. 138.6 

nmol/L 

65.00-243.00 

72.5 

75.4 

12.7 

78 

7 . 6 

3 — 2. 
0-

о 

о 
3--2 ——2—3 

< -SD+ > 

+ 31 ,3 

+ 137.3 

nmol/L 

63.00-151.00 

8 2 . 0 

80.0 
20,7 

02 
О 

3 - 3 

0-

3—2 2—3 
< -SD+ > 

+ 27.5 

+ 110.0 

nmol/L 

19,00-91.00 

68.0 

68 .8 

16,1) 

70 
2 . 9 

S - 4 
—0 

о 

3—2- -2—3 
< -SD+ > 

+ 40,6 

+ 162.5 

nmol/L 

79.00-145,00 

98,0 

101.5 

18.2 

1 4 5 
47 

S — Б 
—0 

—о 
о 

о—' 

3--2 2—3 
< -SD+ > 

+ 8 . 4 

+ 159.6 

nmol/L 

73.00-110.00 

8 0 . 0 

84.0 

11.4 

8 5 
6 . 3 

S 
ж 
> 
п x 
z 
в > 

FIG. I. Example of a monthly report. 
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TABLE II. VARIABILITY OF ALTM ON BASE POOLS AND RECOVERY 
SAMPLES 

Pool n 
T4 (nmol/L) T3 (nmol/L) TSH (mlU/L) 

Pool n 
ALTM CV% ALTM CV% ALTM CV% 

1A 9 93.9 15.9 1.8 22.1 1.8 19.9 

2 6 138.9 14.0 2.0 16.6 1.8 14.0 

3 6 185:9 13.0 2.0 20.0 1.8 14.5 

IB 4 79.0 19.2 2..1 38.0 1.2 18.8 

4a 2/2 78.0/85.3 22.3/21.5 3.6/3.7 31.3/32.7 1.1/1.4 20.5/18.3 

5a 2/2 72.5/87.4 20.5/21.1 5.1/6.2 23.3/23.3 1.1/1.5 14.3/12.4 

6a 4/4 71.6/78.7 16.3/16.1 4.0/4.4 18.5/15.6 0.2/0.3 91.3/106.01 

7Aa 2/2 65.4/78.9 18.2/18.4 3.5/4.3 19.8/14.9 12.4/15.9 12.2/15.1 

8Aa 3/3 65.0/77.4 24.5/15.2 3.3/4.3 ' 27.7/15.6 3.9/5.1 31.0/14.2 

Mean CV% 18.3 1 22.8 17.1 

a Two separate pools. 
b Not included in calculation of mean CV. 

Cumulative statistics are calculated separately on six monthly running data and 
sent to participants at the end of the first and second six-month periods. The results 
include mean bias and variability of bias. 

3.3. Between-laboratory variability 

The ALTM in Table II was calculated according to each preparation of the 
pools, i.e. pools with two values twice indicate preparation of that pool. The mean 
variability of ALTM on base pools and recovery pools of T4, T3 and TSH (omitting 
the low TSH pool) was 18.3%,.22.8% and 17.1% respectively. 

The range of the mean between-laboratory CV for individual pools for T4, T3 
and TSH was 12.1-42.7%, 16.4-57.2% and,16.2-102.6% respectively. The mean 
between-laboratory CV of T4 and T3 for the 56 samples distributed was 22.5% and 
31.4% respectively. The mean CV for TSH in all pools was 29.2%. 
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TABLE III. RECOVERY RESULTS 

T4 т з TSH 

POOL 2 • POOL 4 TOOL 7A 

Base pool: ALTM 93.9 nmol/L Base pool: ALTM 2.1 nmol/L Base pool: ALTM 0.2/0.3 mlU/L 
(pool 1A) T4 added 50.0 nmol/L (pool IB) T3 added 1.5 nmol/L (pool 6) TSH added 15.0 mlU/L 

ALTM 138.9 nmol/L ALTM 3.6 nmol/L ALTM 12.4/15.9 mlU/L 
Recovered T4 45.0 nmol/L Recovered T3 1.5 nmol/L Recovered TSH 12.2/15.6 mlU/L 
Recovery 90.0 % Recovery 100.0 % Recovery 81.3/104.0 % 

POOL 3 POOL 5 TOOL 8A 

Base pool: ALTM 93.9 nmol/L Base pool: ALTM 2.1 nmol/L Base pool: ALTM 0.2/0.3 mlU/L 
(pool 1A) T4 added 100.0 nmol/L (pool IB) T3 added 3.5 nmol/L (pool 6) TSH added 5.0 mlU/L 

ALTM 185.9 nmol/L ALTM 5.1 nmol/L ALTM 3.9/5.1 mlU/L 
Recovered T4 92.0 nmol/L Recovered T3 3.0 nmol/L Recovered TSH 3.7/4.8 mlU/L 
Recovery 92.0 % Recovery 85.7 % Recovery 74/96 % 
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Note: Pools with two values indicate two separate pools. 
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TABLE IV. REPRODUCIBILITY OF ALTM 

T 4 T 3 T S H 

P O O L n 
A L T M C V A L T M C V A L T M C V 

(nmol/L) (%) (nmol/L) (%) ( m l U / L ) (%) 

1 A 9 93.9 3.8 1.8 6.8 1.8 4.3 

2 6 138.9 1.8 2.0 2.8 1.8 5.9 

3 6 185.9 2.8 2.0 9.0 1.8 3.3 

IB 4 79.0 3.9 .2.1 5.8 . . 1.2 5.4 

6 4/4 71.6/78.7 4.6/4.5 4.0/4.4 4.8/1.9 — ' — 

8 A 3/3. 65,0/77.4 8.5/2.8 3.3/4.3 9.1/0.6 3.9/5.1 1.3/1.3 

M e a n C V % 4.1 5.1 3.58 

3.4. Recovery results 

The recovery results of T4, T3 and TSH are calculated per preparation of the 
pools (Table III). Recovery of pool 4 and pool 5 of the second six month cycle cannot 
be calculated. The low recovery of pool 7A and 8A in the first six-month cycle may 
result from improper preparation of the pools. The mean recovery of individual 
laboratories ranged f rom 18 to 155%, 38 to 255% and 68 to 129% for T4, T3 and 
TSH, while consensus recovery was in the range of 86-105%, 87-135% and 
67-108% respectively. 

3.5. Reproducibility of the ALTM 

The ALTM of pools that were distributed on different occasions was suffi-
ciently reproducible; pools with less than three distributions were not calculated 
(Table IV). 

3.6. Assessment of bias , 

Cumulative bias and variability of bias were calculated from the median. Mean 
bias of individual laboratories for T4, T3 and TSH ranged f rom - 2 6 to + 7 4 , 
- 1 5 to + 2 8 6 and - 1 9 to + 5 8 7 % respectively. A significant improvement in 
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FIG. 3. EQAS for TSH in T3 suppressed sera. 

performance is noted in the second six-month cycle as the .number of laboratories 
with unacceptable per formance was reduced (Fig. 2). • 

The median bias (ignoring sign) of T4, T3 and T S H w a s . 6 . 8 % , 5 .9% and 
10.3% respectively and the median variability of bias was 17 .4%, 28 .1% and 32 .6% 
respectively. 

About 2 .8 % of laboratories had positive bias for TSH as clearly demonstrated 
on T3 suppressed sera (Fig. 3). The majori ty of laboratories with less bias employed 
N E T R I A reagents. 

3.7. Outliers in each pool 

Assay values outside A L T M ± 3 S D ' a r e considered as outliers. The mean 
percentage of outliers of T4, T3, TSH in each pool ranged between 0 - 1 5 . 7 % , 
0 - 5 . 2 % and 0 - 1 5 . 4 % respectively and the mean of outliers of all pools was 3 . 9 % , 
2 .5% and 5 .6% for T4, T3 and T S H respectively. 

Three laboratories had persistent poor performance with all analytes and the 
participation rate of these laboratories was less than 5 0 % . There were also a few 
laboratories frequently exhibiting poor per formance . 
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4. DISCUSSION 

The present scheme encountered various organizational problems regarding 
the preparation of pools and exchanging pools between organizing centres. Analysis 
of data was seriously affected by the small number of participants and a number of 
poor performances. Moreover, it was complicated by the poor quality of some 
distributed materials. Circulation of materials for which the ALTMs had been 
established somewhere could be helpful in the early stage of the new scheme [3]. 
About one third of participants exhibited satisfactory assay performance, one third 
was less satisfactory and the rest frequently failed to meet acceptable limits. Shortage 
of trained personnel was one of the major causes of poor performance. Remedial 
action for improving the performance of RIA is seriously needed in many 
laboratories. 

The scheme was well accepted by participants and created interest and concern 
in quality control practice. It was encouraging that poor performance diminished 
during the second six month cycle of the scheme. It therefore seems necessary that 
the IAEA should continue to provide assistance to these laboratories. 
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Abstract-Resumen 

EXPERIENCE GAINED FROM A PILOT EXTERNAL QUALITY CONTROL PRO-
GRAMME FOR RIA IN LATIN AMERICA. 

In the ARCAL VIII Project on 'Radioimmunoassay of Thyroid Hormones', special 
attention has been paid to problems related to the quality of the control programme in Latin 
America. As an initial and indispensable stage of this work, a vast training programme has 
been mounted via regional 'train the trainers' courses on data processing and radioisotope 
methodology centring on RIA, and via an external quality control workshop. These activities 
have had a powerful stimulating effect and have paved the way for several later courses at 
national level. At the .same time, software for setting up a database has been developed and 
distributed in participating countries, which will enable users to record, among other things, 
data on laboratories which are licensed to use radioactive materials under national standards, 
details of licensed staff and data on training, laboratory equipment and the characteristics of 
the installation, as well as details relating to the quality, quantity, origin and destination of 
RIA reagent kits used in the country. These programs allow for data interface with the external 
quality control data processing program. This latter program analyses the results on the basis 
of the techniques used, separation methods and reagent brands, with subsequent regrouping 
by country. The pilot scheme, which centred around the analysis of T3, T4 and TSH, involved 
the shipment of unidentified samples to national programme co-ordinators, their distribution 
to participating laboratories, aiialysis of the samples by those laboratories, and dispatch of the 
results to national co-ordinators for subsequent processing at the regional data processing 
centre. The paper analyses the results obtained. Responses systematically decreased during the 
campaign, which shows that it would be wise, to vary the frequency of the sample shipments, 
and to monitor more strictly the responses of thé laboratories in order to ensure that they 
participate more actively in the programme. It would also be advisable to organize national 
workshops and seminars to analyse the data obtained during the campaign in order to maintain 
the interest of the participants and increase the number of laboratories participating in each 
country, which is one of the basic objectives of the ARCAL VIII Project. 

4 5 3 
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EXPERIENCIA EN LA REALIZACION DE UN PROGRAMA PILOTO DE CONTROL 
DE CALIDAD EXTERNO DE RIA EN AMERICA LATINA. 

Dentro del Proyecto ARCAL VIII "Radioinmunoanálisis de hormonas tiroideas', se ha 
prestado especial atención a los problemas relacionados con los distintos aspectos de la calidad 
de los análisis y en particular a establecer un programa de control de calidad externo (CCE) 
en América Latina. Como etapa previa e indispensable se ha realizado una vasta campaña de 
capacitación mediante cursos regionales de "entrenamiento de entreanadores" sobre procesa-
miento de datos y sobre metodología de radisótopos centrada en RIA, y mediante un taller 
de CCE. Estas actividades tuvieron un claro efecto multiplicador, permitiendo la realización 
posterior de varios cursos a nivel nacional. Al mismo tiempo se elaboró y se distribuyó en 
los países participantes un "software" para la formación de una base de datos que permite 
registrar, entre otros, los datos concernientes a los laboratorios autorizados para el uso de ma-
teriales radiactivos según las normas del país, al personal licenciado y a su capacitación, al 
equipamiento del laboratorio y a las características de la.instalación, así como todo lo concer-
niente a la calidad, cantidad, origen y destino de los juegos de reactivos para RIA utilizados 
en el país. Estos programas permiten enlazar la información con el programa de procesa-
miento de datos del CCE. Programa este último que permite el análisis de resultados en base 
a técnicas utilizadas, métodos de separación, marcas de reactivos, y su posterior reagrupa-
miento por países. Por su parte, el programa piloto desarrollado, que se basó en el análisis 
de T3, T4 y TSH, consistió én el envío de muestras incógnitas a los coordinadores nacionales 
del programa, su distribución a los laboratorios participantes, él análisis por parte de los labo-
ratorios de las muestras, y en el envío de los resultados a los coordinadores 'nacionales para 
su posterior elaboraración por parte del centro procesador de datos a nivel regional. Los resul-
tados obtenidos se analizan en el trabajo: Es necesario destacar que sistemáticamente las res-
puéstas fueron decreciendo dentro de la misma campaña, lo' que indica la conveniencia de 
cambiar la frecuencia de los envíos de muestras y de efectuar un seguimiento más estricto de 
lás respuestas de los laboratorios, a fin de que éstos participen más activamente en el pro-
grama. También parece aconsejable la realización de talleres y seminarios nacionales para el 
análisis de los datos obtenidos en la campaña, con el objeto de mantener vivo el interés de 
los participantes, y aumentar el número de laboratorios participantes én cada páís, lo que cons-
tituye uno de los objetivos básicos del Proyecto ARCAL VIII. 

1. INTRODUCCION 

Dentro del Proyecto ARCAL Vlll "Radioinmunoanálisis de hormonas tiroi-
deas" , se ha prestado especial atención a los problemas relacionados con los distintos 
aspectos de la calidad de los análisis y en particular a,establecer un programa de 
control de calidad externo (CCE) en América Latina. • . 

Como etapa previa e indispensable,, se dio especial importancia a las activida-
des de capacitación. La finalidad de estas actividades fue: 

a) homogeneizar los conocimientos; 
b) crear conciencia en los países latinoamericanos de la importancia de llevar 

adelante programas de garantía de calidad. , . 
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CUADRO I. CURSOS NACIONALES DE CAPACITACION CELEBRADOS EN 
LOS PAISES PARTICIPANTES EN EL PROYECTO ARCAL VIII 

Curso País 
1988 

Año 
1989 1990 1991 

Metodología de radisótópos (I) 

Curso básico de RIA (II) 

Control de calidad en RIA (1П) 

Taller sobre control de 
calidad externo 

Argentina 

Brasil 

Colombia ' 

Costâ Rica 

Ecuador 

Guatemala 

México 

Paraguay 

Perú 

Uruguay . 

Argentina 

Bolivia 

Colombia 

Costa Rica 

Cuba 

Guatemala:! 

México 

Paraguay 

Uruguay . 

Bolivia 

Colombia 

Costa Rica 

Guatemala 

México 

Perú 

Uruguay ; 

México 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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2, CAPACITACION 

., La tarea de capacitación se efectuó mediante cursos regionales y nacionales. 
Entre los cursos regionales realizados por instituciones nucleares en colabora-

ción con el. Organismo Internacional de Energía Atómica (OIEA) destacan los de 
"Entrenamiento de entrenadores", para la formación de profesionales que posterior-
mente iban a tener a cargo la capacitación de otros profesionales. 

Los cursos regionales, relacionados con el control de calidad, fueron: 

— "Entrenamiento de entrenadores" en procesamiento de datos de RIA 
(Argentina, 1985). Este curso, que se realizó como una actividad previa al pro-
yecto ARCAL, tuvo como característica la capacitación en el análisis matemá-
tico del RIA, centrándose especialmente en el control de calidad de la reacción 
antigeno-anticuerpo en cada una de sus etapas. 

— "Entrenamiento de entrenadores" en metodología de radisótopos con especial 
énfasis en RIA (Argentina, 1988). Este curso se orientó a proporcionar las ba-
ses físicas para la utilización de material radiactivo y en especial a mejorar los 
conocimientos sobre condiciones de medición de radisótopos y los factores que 
redundan en la calidad de los mismos. La evaluación de los equipos de conteo 
fue otro de los temas a los cuales se le prestó particular atención. 

— "Taller de control de calidad externo" (Paraguay, 1989). Este taller se llevó 
a cabo con la finalidad de analizar y entrenar en el uso de un software de-
sarrollado para llevar adelante programas nacionales de CCE, el cual fue 
distribuido a los países participantes para ser utilizado como modelo. 

Estos cursos regionales tuvieron especial importancia en el área, por su efecto 
multiplicador, que se puso de manifiesto posteriormente mediante numerosos cursos 
nacionales que se dictaron en los países participantes (Cuadro I). 

Junto con el apoyo del OIEA en la actividad de capacitación y difusión, se ha 
contado con la participación activa de la Asociación Latinoamericana de Sociedades 
de Biología y Medicina Nuclear y de su comité de RIA, mediante la realización de 
conferencias y mesas redondas en congresos regionales, para discutir los resultados 
de las primeras encuestas realizadas. 

Un "Seminario Regional Latinoamericano sobre Garantía de la Calidad del 
RIA" (Chile, 1988) contribuyó a conocer los problemas regionales en la práctica del 
RIA y a elaborar, en consecuencia, recomendaciones especialmente orientadas a la 
mecánica del control de calidad de los laboratorios. 

3. PROGRAMA DE CONTROL DE CALIDAD EXTERNO 

Se distribuyó a los países participantes en el Proyecto ARCAL un software 
para ser utilizado como base en los programas nacionales de CCE. 
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Este software no solo considera el control de calidad propiamente dicho, sino 
también todo lo relacionado con el registro y control de los usuarios de material 
radiactivo. ' ' 

El sistema elaborado consta de tres programas: 

a) Control de usuarios que utilizan material radiactivo. 
b) Control de material radiactivo usado en radioinmunoanálisis. 
c) Procesamiento de datos del control de calidad externo. 

3.1. Programa para el control de usuarios, que utilizan material radiactivo 

Este programa de desarrolló con el fin de llevar un registro de usuarios con 
permiso individual, así como también con permiso institucional, para adaptarse a las 
normas de licénciamiento de cada país. 

Mediante distintas opciones, se puede seleccionar la información de los 
usuarios registrados en la institución. La információn se agrupa del siguiente modo: 

3.1.1. Base de datos para registro de permisos individuales 

La base de datos consta esencialmente de: 

— Nombre del profesional licenciado 
— Tfulo académico , ' 
— Tipo y número de licencia para el uso de material radiactivo 
— Cursos de capacitación y perfeccionamiento realizados y otros datos de interés 

general. 

3.1.2. Base de datos para registro de instituciones autorizadas para realizar RIA 

Esta base de datos consta esencialmente de: 

— Nombre del profesional responsable del laboratorio 
— Tipo de personal y capacitación recibida 
— Equipamiento. 

3.2. Programa para el control de material radiactivo usado en radioinmuno-
análisis 

Mediante este programa se registran: los distintos materiales radiactivos pro-
ducidos en el país o de material radiactivo que ingresa por importación, el importa-
dor o distribuidor, la forma en que se realiza la transferencia al usuario, la 
información sobre almacenaje y consumo, etc. 
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Este programa permite elaborar estadísticas sobre producción y/o consumo y, 
además, correlacionar datos de interés con los suministrados por el programa de 
CEE, ya que ambos se enlazan. 

i 
3.3. Programa para el procesamiento de datos del control de calidad externo 

Se diseñó este programa con el fin de procesar los resultados obtenidos por los 
laboratorios participantes en el programa de CCE. 

En el programa se registra la información relacionada con cada laboratorio: 
número, nombre y dirección del laboratorio, profesional responsable, etc., listado 
de sustancias que se valora por las difèrentes técnicas inmunoanalíticas y listado de 
"k i t s" o juegos de reactivos existentes en el mercado de cada país. 

CUADRO II. PROGRAMA PARA EL PROCESAMIENTO DE DATOS DEL 
CONTROL DE CALIDAD. MODELO DE INFORMACION OBTENIDA 

RESULTADOS PARA I 

NRQ.DE RESULTADOS COHPUTADOSi 34 

NUESTRA A 

HEDIA - 98.324 

DESVIO STD = 17.398 

INEDIA - 2IS1+0.5 = 64.027 INEDIA + 2Ш-0.5 = 132.420 

CVÍ = 17.495 

LIN.CONFIANZA INF = 92.158 LIN.CONFIANZA SUP = 104.489 

(NIVEL DE SIGNIFICACION DEL 51) 

NRO.DE RESULTADOS COMPUTADOS: 34 

NUESTRA В 

NEDIA = 89.411 

DESVIO STD * 15.582 

(HEDIA - 2»S)+0.5 = 58.948 (HEDIA • 2IS1-0.5 = 120.275 

CVI « 17.388 

LIN.CONFIANZA INF = 84.261 LIN.CONFIANZA SUP = 94.962 

NRO.DE RESULTADOS COHPUTADOS: 32 

NUESTRA A 

HEDIA = 97.000 

DESVIO STD = 17.428 

(HEDIA - 2ISJ+0.5 = 62.643 (HEDIA * 2ISI-0.5 '=. 131.357 

CV! « 17.967 

LIH.CONFIANZA INF * 90.615 Lili.CONFIANZA SUP = 103.385 

(NIVEL DE SIGNIFICACION DEL 511 

NRO.DE RESULTADOS C0HPUTAD0S: 35 

HUESTRA В 

HEDIA = 87.271 

DESVIO STD = 15.287 

(HEDIA - 2151-Ю.5= 57.197 (HEDIA + 2ISI-0.5 = 117.346 

CVZ = 17.517 

LIH.CONFIANZA ÍNF = 81.940 LIH.CONFIANZA SUP = 92.403 

I 

I I II 

I ti ti 
t t t tt t It t ti tt 
ti ниш ittiittt tt tt i i u u ti it it i ti tu 

46 63 80 97 114 131 42 57 72 87 102 117 132 147 

NH0L/L 

S -3 -2 -1 0 1 2 S -3 -2 -1 0 1 2 3 4 

(GRAFICOS CON CERO EN 11 

DENTRO DEL RANGO (HEDIA I 2 SI 

DATOS A6RUPAD0S CON H = 2.63 DATOS AGRUPADOS CON H = 3.54 

SALVO POSIBLES H0DIFICACI0NES DE EHREH0S SALVO POSIBLES MODIFICACIONES DE EUREHOS 
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La información obtenida se presenta en tres partes (Cuadro II): 

a) Agrupamiento estadístico con todos los datos ingresados. 
b) Reagrupamiento de los datos 'cuando previamente se han eliminado 

aquellos que caen fuera del rango: media - 2 S D , media +2SD. 
c) Gráfico con los datos agrupados en la media hallada en b). 

A continuación, el programa permite obtener los diagramas de Youden con to-
dos los datos ingresados [1]. 

Este programa permite reagrupar los. resultados para su análisis en base a: 

— técnicas utilizadas > 
— métodos de separación, 
— marcas de reactivos, etc. 

El programa, que es utilizado para procesar los datos de CCE de la región 
permite además reagrupar la información por país. 

4. RESULTADOS DEL PROGRAMA PILOTO DE CONTROL DE CALIDAD 
EXTERNO A NIVEL LATINOAMERICANO 

Este programa fue diseñado con el fin de procesar los resultados obtenidos por 
los laboratorios latinoamericanos participantes en el proyecto ARCAL, para las de-
terminacibnes de T3, T4 y TSH. El programa piloto fue sufriendo ajustes en virtud 
de las experiencias y sugerencias recogidas èn las tres campañas anuales (campañas 
de 1988, 1989 y 1990). 

El programa se .llevó a cabo por. cooperación entre Chile y Argentina. 
El Laboratorio de Medicina Nuclear de la Pontificia Universidad Católica de 

Chile realizó los envíos de las muestras incógnitas, junto con las instrucciones, a co-
ordinadores de los países participantes en el proyecto ARCAL. 

• A nivel nacional, las muestras se distribuyeron a los laboratorios participantes 
para su posterior procesamiento. 

La información de retorno, a través de los coordinadores nacionales, se recibió 
en el centro procesador de datos regional (Comisión Nacional de Energía Atómica, 
Argentina) para su posterior elaboración. 

Asimismo, los países pueden llevar adelante su programa nacional utilizando 
los resultados de las muestras procesadas con el mismo software, de manera de agili-
zar el análisis de los resultados, y compararlos posteriormente en el programa 
regional. 
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FIG. 1. Campaña de 1988 del programa de control de calidad externo. Porcentaje de 
respuestas de los laboratorios participantes para ТЗ, T4 y TSH. 

CUADRO III. PROGRAMA DE CONTROL DE CALIDAD EXTERNO PARA LA 
CAMPAÑA DE 1988. ; PARAMETROS ESTADISTICOS INTERLABORATO-
RIOS PARA ТЗ, T4 Y TSH 

№ "de respuestas — Muestras t n 1
v X CV% (%) 

T3 (nmol/L) A 32 (60) 1,76 20,12 

В 34 (64) 1,59 18,22 

T4. (nmol/L) A 34 (64) 97,00 17,96 

В 36 (68) 87,27 17,51 

TSH (mUI/L) A 27 (51) 3,54 21,10 

В 29 (55) 2,30 21,15 



• IAEA-SM-324/56 461 

MUeSIfiA A ESCALA MUESTRA I 

,/ I. 
I I / 

Ф 
' Í 

Y 
i i /11 

/ 
/ / i 1 /' 

/ i / i 
/ i 

/ 
/{ i 

,/ i 

1 / 
/ 

/ 

-tooz . 
-10 -9 -8 -7 -t -5 -4 -3 -2 -I О 1 2 3 4 5 - 6 7 

MUESTRA A 

9 10 

F/G. 2. Campaña de 1988. -Diagrama de Youden para T3. 
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FIG. 3. Campaña, de 1988. Diagrama de Youden para T4. 
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FIG. .4 Сатрапа de 1988. Diagrama de Youden para TSH. 
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4.1. Campaña de 1988 (junio de 1988 a abril de 1989) 

Participaron 53 laboratorios partenecientes a 12 países latinoamericanos. 
Se prepararon dos partidas de muestras de suero humano liofilizado (lote 3/88 

y lote 6/88). 
Las determinaciones hormonales T3, T4 fueron procesadas por RIA y TSH por 

IRMA con reactivos NETRIA. Sólo cuatro laboratorios utilizaron otros reactivos. 
34 laboratorios enviaron respuestas para T3, 36 para T4 y 29 lo hicieron para 

TSH. Esto representa el 64% de respuestas para T3, 68% para T4 y 55% para TSH. 
De los 36 laboratorios de 12 países que respondieron (68%), todos informaron 

sobre el resultado de ambos lotes, con la excepción de dos laboratorios que sólo 
informaron sobre un lote (el 6/88) (Fig. 1). 

En conclusion, 25 laboratorios (el 47%) enviaron la información completa. 
El Cuadro III presenta las estadísticas interlaboratorios de T3, T4 y TSH para 

ambas muestras. 
Las medias (X) de las muestras enviadas para T3 y T4 son similares entre am-

bos lotes, así como los coeficientes de variación en % (CV%) 
Los diagramas de Youden para cada hormona, obtenidos con todos los resulta-

dos de las muestras A y B, muestran una población relativamente homogénea para 
T3 y T4 y heterogénea para TSH (Figs. 2-4). 

4.2. Campaña de 1989 (mayo de 1989 a marzo de 1990) 

Participaron los mismos laboratorios que lo hicieron en la campaña de 1988. 
Se distribuyeron muestras liofilizadas que debían ser reconstituidas con 4 mL 

de agua destilada y fraccionadas en alícuotas de 1 mL. Las mismas serían mantenidas 
a — 20°C, para ser procesadas mensualmente. El objetivo de este cambio era tratar 
de verificar la existencia de modificaciones del material por efecto de la disolución 
y almacenamiento. 

Para el procesamiento se utilizaron reactivos NETRIA (en gran mayoría), 
cuatro diferentes "k i t s" comerciales y un " k i t " preparado localmente. 

Sólo 4 laboratorios de 4 países enviaron las 12 respuestas solicitadas en el 
programa de control de calidad (7,5%), y 32 laboratorios (60%) de 10 países respon-
dieron en alguna oportunidad. 

Los resultados recibidos fueron procesados en dos etapas. El primer procesa-
miento de datos se realizó con los dos primeros resultados recibidos, y el segundo 
con el tercero y cuarto envíos. 

Las respuestas de los laboratorios disminuyeron paulatinamente hacia el final 
de la campaña. De tal forma se contabilizaron 28, 23, 17 y 7 respuestas para T3; 
31, 27, 20 y 10 respuestas para T4 y 31, 26, 19 y 8 para TSH (Fig. 5). 

La media (X) calculada para T3 en cada envío se mantuvo constante y los CV% 
oscilaron alrededor del 20%, con excepción de la última muestra donde fue del 48%. 
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FIG. 5. Сатрапа de 1989 del programa de control de calidad externo. Porcentaje de res-
puestas de los laboratorios participantes para ТЗ, T4 y TSH. 

CUADRO IV. PROGRAMA DE CONTROL DE CALIDAD EXTERNO PARA 
LA CAMPAÑA DE 1989. PARAMETROS ESTADISTICOS INTERLABORATO-
RIOS PARA ТЗ, T4 Y TSH 

Muestras 
№ de respuestas 

(%) 
X CV% 

T3 (nmol/L) A 28 (53) 2,16 20,26 

В ,23 (43) 2,05 23,44 

С ! 17 (32) 2,31 27,30 

D 7 (13) 2,16 48,26 

T4 (nmol/L) A 31(58) 103,2 18,47 

В • 27 (51) 110,6 19,93 

С 20 (38) 107,3 23,77 

D 10 (19) 105,6 35,35 

TSH (mUI/L) А .31 (58) 2,24 20,14 

В 26 (49) 2,28 22,83 

С 19 (36 2,50 27,39 

D • • ' 8 (15) 3,62 43,23 
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Esta diferencia puede ser debida al número de resultados y/o a alteraciones por 
conservación de la muestra (Cuadro IV). 

Para T4, las medias (X) obtenidas fueron también constantes en las cuatro 
muestras y los CV% también oscilaron alrededor del 20%, incrementándose a 35% 
para el cuarto valor premedio. 

Para TSH, las medias (X) se mantuvieron aproximadamente constantes en las 
tres primeras muestras y se incrementaron en la cuarta. Los CV% se mantuvieron 
dentro del 20% con excepción de la muestra D (43%). 

Los diagramas de Youden para las tres hormonas muestran también la gran dis-
persión de resultados para TSH, mientras que en los casos de ТЗ y T4 los resultados 
se agrupan en la zona central del diagrama. 

4.3. Campaña de 1990 (marzo de 1990 a febrero de 1991) 

El número de laboratorios se incremento a 111, de 14 países (Fig. 6). 
Se enviaron 6 lotes al Coordinador de cada país. El procedimiento de distribu-

ción interna quedaba a criterio del Coordinador. 
Para el procesamiento de las muestras se utilizaron reactivos NETRIA (7 labo-

ratorios), "k i t s" comerciales de. 17 diferentes marcas (la mayoría de los partici-
pantes) y reactivos de producción nacional. Se observó que algunos dé los 
laboratorios incorporaron técnicas no isotópicas (enzimoinmunoanálisis y fluoro-
inmunoanálisis), 1 sólo utilizó ELISA y 6 laboratorios utilizaron técnicas fluoro-
métricas de 2a y 3 a generación. " 

1988 1989 
Campanas 

1990 

FIG: 6. Programa de control de calidad externo. Número de laboratorios participantes en 
cada campaña. 
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CUADRO V. PROGRAMA DE CONTROL DE CALIDAD EXTERNO PARA LA 
CAMPAÑA DE 1990. PARAMETROS ESTADISTICOS INTERLABORATO-
RIOS PARA T3, T4 Y TSH 

№ de respuestas 
Muestras , " 

T3 (nmol/L) 

T4 (nmol/L) 

T S H (mUI /L) 

A 56 (50) 2,04 14,59 

В 49 (44) 1,96 15,12 

С 38 (34) 1,87 16,86 

D 38 (34) 1,90 16,98 

E 20 (18) 2,02 25,23 

F 16 (14) 2,10 28,79 

A 65 (58) 103,7 12,82 

В 51 (46) 104,0 14,47 

С 42 (38) 104,4 15,82 

D 37 (33) 108,5 17,09 

E 24 (22) 99,2 23,51 

F 19 (17) 93,7 30,19 

A 63 (57) 2,46 15,36 

В 54 (48) 2,27 16,02 

С 44 (40) 2,36 17,58 

D 43 (39) 2,55 19,20 

E 24 (22) 1,54 22,85 

F 20 (18) 1,45 24,49 

Sólo 8 laboratorios (el 7,2%) de 2 países enviaron respuestas sobre los 6 lotes 
para las 3 determinaciones y 72 laboratorios (65%) de 10 países lo hicieron en alguna 
oportunidad (Fig. 7). 

Los resultados fueron procesados en tres etapas. El primer procesamiento de 
datos se realizó con los dos primeros resultados recibidos, el segundo con el tercero 
y cuarto envíos y el tercero con las dos. últimas respuestas. Este proceder se debió 
a las características del " so f tware" de control de calidad utilizado. 



I A E A - S M - 3 2 4 / 5 6 469 

FIG. 9. Campaña de 1990. Diagrama de Youden para ТЗ. 
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NUESTRA A ESCALA NUESTRA В 

FIG. 10. Campaña de 1990. Diagrama dé 'Youden para T4. 



I A E A - S M - 3 2 4 / 5 6 471 

NUESTRA A ESCALA NUESTRA В 

NUESTRA A 

FIG. 11. Campaña de 1990. Diagrama de Youden para TSH. 
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Nuevamente en esta campaña las respuestas de los laboratorios disminuyeron 
paulatinamente hacia el final de la misma. (Véanse el Cuadro V y la Fig. 8.) 

La media (X) calculada para T3 se mantuvo constante en las seis muestras, 
mientras que el CV% oscilaba entre el 14% y 28%. 

Para T4 la media (X) disminuyó ligeramente en las dos últimas muestras, 
mientras que el CV% oscilaba desde el 12% al 30%. 

Para TSH la media (X) disminuyó en las dos últimas muestras, mientras que 
el CV% variaba entre el 15% y el 24%. 

Los diagramas de Youden para las tres hormonas muestran una ligera disper-
sión de resultados para T4, una dispersión algo mayor para T3 y datos más dispersos 
para TSH (Figs. 9-11). 

5. CONCLUSIONES 

Se considera que el programa de capacitación, especialmente en lo referido al 
"Entrenamiento de entrenadores", ha sido altamente exitoso y ha demostrado su 
efecto multiplicador en los cursos nacionales que posteriormente se dictaron en 
varios países. 

El conjunto de tareas de entrenamiento ha logrado aumentar sensiblemente la 
capacitación de los profesionales de la región, elevando su nivel científico-tecnológi-
co y mejorando la infraestructura de recursos humanos preparados para llevar a cabo 
el RIA de manera fiable. 

Es necesario destacar que sistemáticamente las respuestas fueron decreciendo 
dentro de la misma campaña. En la última, por ejemplo, pasaron del 65% para la 
primera muestra al 18% para la sexta. Ello indica la conveniencia de que los coordi-
nadores nacionales envíen a los laboratorios participantes las muestras incógnitas 
correspondientes al mes (en lugar de un solo envío con el conjunto de las muestras), 
y efectúen un seguimiento más estricto de las respuestas de los laboratorios, a fin 
de que participen activamente en el programa. 

Al mismo tiempo parece aconsejable la realización de talleres nacionales para 
el análisis de los datos obtenidos en la campaña, con el objeto de mantener vivó el 
interés de los participantes. Los beneficios de un programa de intercomparación de 
datos y la búsqueda de la correlación entre los datos clínicos y los resultados de labo-
ratorio deberían ser destacados en seminarios y talleres nacionales diseñados para la 
promoción del programa. Ello debería llevar no sólo a aumentar el número de res-
puestas, sino también a extender la participación a un mayor número de laboratorios 
en cada país. Esto último es uno de los objetivos básicos de las actividades de CCE 
dentro del proyecto ARCAL VIII. 
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Abstract " 

EXTERNAL QUALITY ASSESSMENT SCHEME BUENOS AIRES: ARCAL VIII 
PRELIMINARY RESULTS. ' 

The Buenos Aires external quality assessment scheme (EQAS) incorporated a chapter 
for the ARCAL VIII project'for the evaluation of thyroid related hormones triiodothyronine 
(T3), thyroxine (T4) and thyrotropin (TSH) to perform a pilot study for implementation of 
such a scheme in Latin America. Two freeze dried serum samples were sent to fifty laborato-
ries in the region. The average analytical performance achieved by the participants was esti-
mated by the coefficient of variation between laboratories. Twenty-nine laboratories returned 
results for at least one hormone in sample 1 and twenty-six for sample 2. The results obtained 
for the first sample showed a large coefficient of variation (CV%), mainly due to misunder-
standings regarding the units used. The figures for the second sample were better but still high. 
Another possible cause for the high variability is the lack of rigorous internal quality control 
among laboratories, most of which were incorporated into EQAS only recently. It is necessary 
to increase the number of participants to obtain statistical results which will enable better 
evaluation of the performance of the group. 

1. INTRODUCTION 

Since 1978 we have been developing external quality assessment schemes 
(EQAS), 'Programas Buenos Aires' , for immunoassays in the Latin American 
region [1]. Great effort was devoted to induce the participants to implement quality 
control of-immunoassays, stressing the philosophy, and its implications in human 
health care. • > 
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In 1990, upon the request of the Argentinian co-ordinator of the Regional 
Co-operative Arrangements for Promotion of Nuclear Science and Technology in 
Latin America, ARCAL, the Buenos Aires EQAS incorporated a scheme for the 
ARCAL VIII project. It consisted in the preparation of two quality assessment 
samples to be delivered to the laboratories participating in the above mentioned 
project. This EQAS. was considered a pilot study in order to test the possibility of 
implementing a more ambitious one. It was organized for thyroid related hormones: 
triiodothyronine (T3), thyroxine (T4) and thyrotropin (TSH). 

Here we report the results obtained in this preliminary round. 

2. MATERIAL AND METHODS 

Two samples were prepared from serum pools of different dose levels. The 
pooled sera were filtered through 0.45 /xm and 0.22 /xm pore size filters (Minitan, 
Millipore Corp., Bedford, MA, USA), and mixed with 10 mmol sodium azide as 
preservative.They were tested and found negative for human immunodeficiency 
virus (HIV), Chagas' disease and hepatitis. One pool was spiked with T3 and T4. 
The samples were freeze dried and distributed together with instructions for handling 
and result forms. They were sent via ARCAL's co-ordinators in each country. 

The laboratories were asked to assay T3, T4, and TSH by their routine proce-
dures and to return the results obtained. 

Results were computer processed and a report was printed containing the 
mean [2], standard deviation, coefficient of variation and scattergrams. 

3. RESULTS 

Five laboratories in Argentina, two in Bolivia, six in Brazil, five in Chile, six 
in Colombia, five in Costa Rica, five in Ecuador, two in Paraguay, six.in Peru, four 
in Uruguay and four in Venezuela received the QC samples. Due to technical 
problems, three laboratories in Guatemala did not receive them. 

Twenty-nine laboratories returned results for at least one hormone in sample 1 
and twenty-six for sample 2. Many of these results were late. Figure 1 shows the 
T3 scattergrams based on the returns for both samples; the coefficient of variation 
(CV%) for sample 1 was 26.5, with a mean of 0.13 nmol/L, arid for sample 2, 
23.5% with a mean of 0.44 nmol/L. 

The T4 scattergrams are shown in Fig. 2. The mean for the first sample was 
51.84 nmol/L and its CV% was 33.8%. This.mean value lies within the cut-off for 
hypothyroidism, so this high CV% is of practical clinical significance. Sample 2 
showed a lower imprecision, CV% being 17.6. 
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TRI IODOTHYRONINE 
SAMPLE 1 

FIG. 1. Scattergram sent to participants computed from T3 results for the first (upper) and 
the second (lower) sample. 
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THYROXINE 

SAMPLE 1 

Set Units Mean Mean in SD CV % No. of ' Out-
• • SI units .labs liers 

Total nmol/L 193.81 193^81 34.2 17.6 25 1 

FIG. 2. Scattergram sent to participants computed from T4 results for the first (upper) and 
the second (lower) sample. 
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THYROTROPIN 

Set Units Mean Mean in > SD' CV % No. of Out-
Sl units , labs liers 

Total nmol/L 1.30 1.30 0.7 54.6 26 3 

Set Units Mean Mean in : SD CV % No. of Out-
Sl units labs liers 

Total - nmol/L 6.76 6.76 1.8 26.2 24 1 

FIG. 3. Scatlergram sent to participants computed from TSH results for the first (upper) and 
the second (lower) sample. 
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TABLE I. COMPARISON OF RESULTS OBTAINED FOR THYROID 
HORMONES BETWEEN BUENOS AIRES VI AND ARCAL VIII EQAS 

T3 
(nmol/L) 

T4 
(nmol/L) 

TSH 
(mlU/L) 

Mean n CV% Mean n CV% Mean n CV% 

Buenos Aires 0.15 58 22.0 68.37 62 17.1 2.60 47 22.2 

ARCAL 0.13 27 26.5 51.84 27 33.8 1.30 29 54.6 

The scattergrams of the TSH results (Fig. 3) for the first sample show a mean 
of 1.30 mlU/L, for 29 laboratories, the CV% being 54.6. The imprecision of the 
laboratories that used a different methodology is reflected by a CV% of 112, indicat-
ing an error we could not detect. In sample 2, the CV% decreased to 26.2 with a 
mean of 6.76 mlU/L and the alternative methodologies improved to a CV % of 29.1. 
This may be due to the level of TSH, which lies in a lower imprecision zone of the 
precision profile for the assay. 

About 60 participants from the same region answered for the thyroid related 
hormones in the Buenos Aires programme. When imprecision obtained in this EQAS 
is compared to that of the pilot round (Table I), it can be seen that the CV% obtained 
in the assays of the three hormones is higher in the pilot EQAS. In the Buenos Aires 
programme 19 different methods/commercial kits were used. It is known that in 
practice the mean and standard deviation for a single analyte are both found to vary 
widely between one method and another [2], and even more with the introduction 
of non-isotopic methods, etc. [3]. 

Another problem envisaged was the expression of results in different units. So, 
together with the statistics of the first sample, a letter was sent to the participants 
drawing their attention to these facts. An improvement of the CV% was achieved 
specially for T4, from 33.8 to 17.6 and for TSH from 54.6 to 26.2. These same facts 
were observed at the beginning of the Buenos Aires EQAS. These problems were 
overcome through quality control courses and the implementation of a dynamic feed-
back between the organizing laboratory and the participants. 

4. COMMENTS 

(1) One of the major causes of variation in this pilot study were the errors in the 
expression of results with respect to the units specified in the results sheet. 
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(2) The high coefficient of variation of the three thyroid related hormones 
indicates that internal quality control must be improved. 

(3) A higher number of participants in EQAS for thyroid related hormones would 
permit a better statistical evaluation of laboratory and method performances. 
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Abstract 

INTER-LABORATORY ASSAY PERFORMANCE OF THREE THYROID RELATED 
HORMONE RADIOASSAYS. 

The paper presents the results of a survey comparing the assay performances of seven 
Brazilian laboratories in the radioimmunoassay (RIA) of triiodothyronine (T3) and thyroxine 
(T4) and in the immúnoradiometric assay (IRMA) of thyrotropin (TSH). . All laboratories 
worked with matched bulk reagents from the North East Thames Region Immunoassay Unit, 
London, United Kingdom (NETRIA) and during the two year period of this study, fifty-eight 
T3, fifty-two T4 and fifty TSH assays were evaluated. For the inter-laboratory comparison, 
the results of three quality control sera (QCS) determinations in each of the assay batches were 
analysed. The analysis was based on the deviation of individual results from the trimmed mean 
calculated for the pooled results from all laboratories. Three lots of reagents of each analyte 
type were involved in the study, and two of them (the first lot of T3 and of T4) gave 
inconsistent inter-laboratory results, presenting high between-batch coefficients of variation 
(BBCV), of about 30-40%. The TSH-IRMA results in the medium and high dose ranges (but 
not in the low dose range) presented a considerably lower BBCV (about 8%) than all the T3 
and T4 results (12-20%). The quality of the assays seemed to improve with time, and the 
BBCV of about 20% in the beginning fell to about 12% by the end of the two year study 
period. No statistical evidence for differences in performance among the participating labora-
tories could be detected. . . • > • • 

1. INTRODUCTION 

Radioassays in general may present problems of precision and reproducibility 
and their results can be influenced by factors such as staff training, work overload, 
reliability of assay techniques, standardization and reagent stability, especially thè 
radioactive tracers [1]. 

* Work supported by IAEA Research Contract No. 4872. 

483 



484 SCHWARZ et al. 

The importance of quality assurance of general clinical chemistry laboratory 
analyses through external surveillance schemes is widely recognized [2], and is being 
more and more applied to radioassays, after their growing use in clinical laboratories 
since about 20 years [3]. In most developed countries laboratories are enrolled in 
external quality assessment programmes, but in Brazil, despite the relatively wide 
use of radioassays, this practice is very limited: clinical laboratories interested in a 
quality control surveillance have recourse to international programmes or apply only 
internal quality control practices. Until now, only one local approach towards 
external quality control was undertaken in Brazil, by the group of A.M. Fiori [4], 
which includes about ten laboratories from a small southern region of Brazil and two 
neighbouring countries. 

In 1988 the IAEA began to support a Latin American Co-ordinated Research 
Programme, the ARCAL VIII Project, aiming towards the regional production of the 
reagents for the radioassays of the thyroid related hormones: triiodothyronine (T3), 
thyroxine (T4) and thyrotropin (TSH). Besides this, one of the main objectives of 
this project is the stimulation of quality control practices in the region, both at intra-
and inter-laboratory levels. 

The purpose of this paper is to provide some information on the radioassays 
performed on the above mentioned hormones, in seven Brazilian laboratories par-
ticipating in the ARCAL VIII Project. 

2. METHODS 

2.1. Co-operating laboratories 

Apart from our laboratory — the Brazilian Reference Laboratory — the six 
other participants are clinical laboratories of public or university hospitals. All have 
radioassay experience, but mainly employ commercial kits. These laboratories are 
located in the north-east, centre-south and south of Brazil, covering a large area of 
the country. To each laboratory a number was assigned, by which each will be cited 
in the text that follows. Laboratory 5 participated only in the first year of the project, 
and laboratory 7 joined it in the second half of the second year. 

2.2. Assay reagents 

The distribution of matched reagents for the development of the project was 
chosen according to the good results reported by a similar scheme in the United 
Kingdom [5]. All participants received the necessary assay reagents in bulk from the 
North East Thames Region Immunoassay Unit, London, United Kingdom 
(NETRIA), so all laboratories worked with the same set of reagents, excluding inter-
laboratory variabilities associated with the quality of the reagents. Total serum T4 
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and ТЗ radioimmunoassays RIAs were incubated for 2 h and overnight, respectively, 
while the bound-free separation was performed by a polyethylene glycol (PEG) 
assisted double antiserum system. Serum THS was determined by a solid phase 
immunoradiometric assay (IRMA) method, using l25I monoclonal anti-TSH as 
tracer and a polyclonal anti-TSH antiserum coupled to cellulose as solid phase; incu-
bation time was overnight. 

Together with the necessary assay reagents, three internal quality control sera 
(QCS), having low, medium and high concentrations of each hormone, were also 
supplied by NETRIA. 

All reagents, except TSH IRMA solid phase, were supplied lyophilized, to be 
reconstituted by the co-operating laboratories, which also had to prepare incubation 
and wash buffers. Only three participants (laboratories 1, 2 and 4) had previous 
experience in the work with bulk reagents, but special instructions about buffer 
preparation, reagent aliquoting and storage, tracer dilution, as well as about 
calculations and internal quality control practices, were necessary at the beginning. 

During the two year period of this study, three different lots of reagents were 
distributed, while the radioiodinated tracers were furnished every two months. In 
some assays performed with Lots II and П1, tracers (125I-T3, 125I-T4 and 125I 
monoclonal anti-TSH) prepared in our laboratory were also tested on a small scale, 
in comparison with the NETRIA tracers, and their results were included because no 
significant differences were observed. 

2.3. Data analysis and calculations 

The data presented in this paper refer to the determinations performed on the 
internal QCS from NETRIA. During the two year period of this study a total of 
fifty-eight T3, fifty-two T4 and fifty TSH assays were evaluated. For an inter-
laboratory comparison we had to consider the following limitations: (a) the small 
number of participants; (b) the variable number of responses sent by each laboratory 
(1 to 25); (c) the lack of a known 'targèt' value. Besides this, three lots of QCS had 
to be analysed, each one with differing hormone levels. Because of these aspects, 
this survey focused more on the between-laboratory comparison of performances and 
the study of the variability of this performance with time, employing simple 
statistical calculations. 

Assays discarded by reason of very poor precision or other gross errors were 
excluded from the analysis. 

The first approach was a plot of all valid results in charts, as shown in Fig. 1. 
The visual inspection of result dispersion helped us in deciding whether the calcula-
tion of a mean target value for a particular set (А, В, C) and lot (I, II or III) of QCS 
seemed justified or not, for an inter-laboratory statistical treatment of assay perfor-
mance, trying not to introduce a bias due to a particular laboratory, which possibly 
had more determinations than others. When the dispersion of the results of most 
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FIG. 1. Quality control charts of the results determined by seven-laborqtories (1-7) for three 
quality control sera (А, В and C) in the T3, T4 and TSH radioassays. 
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TABLE I. MEAN AND BBCV OBTAINED IN THREE QUALITY CONTROL 
SERA (А, В AND C); POOLED RESULTS FROM n ASSAYS, PERFORMED IN 
SEVEN BRAZILIAN LABORATORIES . 

Assay QC Lot No. n Mean BBCV 

I • 18a 1.50 nmol/L 41 
A II 20 1.19 nmol/L 15 

III 12 0.93 nmol/L 17 

I 17a 3.78 nmol/L 27 
В II 20 2.79 nmol/L 24 

III 12 3.38 nmol/L 12 

I 15 a 8.9 nmol/L 25 
С II • 21 6.1 nmol/L 17 

III 12 6.8 nmol/L 11 

I 16a 58 nmol/L 29 
A II 13 399 nmol/L 32 

111 9 57 nmol/L 7 

I 16a 123 nmol/L 31 

В II 13 98 nmol/L 15 

III 9 94 nmol/L 12 

I 14a 180 nmol/L 25 
С II 13 151 nmol/L 19 

III ' ' ? ' 162 nmol/L 11 

I 19 0.82 IU/L 31 

А II 11 0.64 IU/L 49 

III 10 1.28 IU/L 19 

I 20 6.7 IU/L 8 

В II И 6.4 IU/L 8 

III 10 6.7 IU/L 7 

I 20 28.9 IU/L 12 

С II 11 27.6 IU/L 7 

III 10 29.0 IU/L 4 

3 Excluded from the inter-laboratory comparison'. 
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FIG. 2. Mean SDU variability of individual assay batches from seven laboratories, for T3, 
T4 and TSH radioassays. 
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laboratories proved to be around a consensus value, we proceeded with the statistical 
data treatment described below. 

2.3.1. Calculations 

Owing to the limitations outlined above, simple calculations were performed 
— the arithmetic mean, standard deviation (SD) and the between-batch coefficient 
of variation (BBCV) were calculated for each series of results. Deviation of each 
value from the calculated mean was estimáted in terms of standard deviation units 
(SDU), as follows: 

SDU = (Xj - x)/SD 

where x¡ = ith value from the series; x = arithmetic mean of the series; 
SD = standard deviation. 

2.3.2. Trimming 

In a first approach, statistics were calculated for each laboratory having done 
a minimum of three assays for a particular lor of QCS. For a specific QCS and lot, 
the mean and the SDUs were calculated. Arranging the absolute SDU values of the 
three QCS in increasing order, 10% at theihigh extreme were discarded. By this 
procedure, possible outliers from each laboratory were excluded, even if they were 
not recognized as outliers in the final calculations. After this trimming procedure, 
the results from all laboratories were pooled and the overall mean and BBCV were 
calculated per QCS and lot. These results are shown in Table I. 

Finally, for the purposer of inter-laboratory assay performance comparison, 
for each assay batch a mean SDU was calculated, considering the three SDU values 
corresponding to each QCS ( A + B + C ) of an assay. This gave us good information 
about the overall performance in each assay batch; the results are shown in Fig. 2. 

2.3.3. Criteria for discarding an assay 

In discarding an assay, we followed the general.recommendations made as to 
when the results on the QCS should be considered as outliers, and repeating of analy-
sis would be necessary [6], i.e. when: 

(a) One QCS deviates from the mean by more than 3 SDU. 
(b) Two QCS deviate from the mean (in the same direction) by more than 2 SDU. 
(c) Three QCS deviate from the mean (in the same direction) by more than 1 SDU. 

Results for the three analytes are summarized in Table II and the mean SDU 
values are shown batch by batch in Fig. 2. . 
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TABLE II. OUTLIERS IN T3 a , T4 a AND TSH ASSAYS PERFORMED IN THE 
SEVEN LABORATORIES, n = TOTAL NUMBER OF ASSAYS; d = DIS-
CARDED ASSAYS 

Laboratory 1 2 3b 4 5 6 7 

n 44 21 ' 21 16 2 4 4 

d 6 7 , 5 3 1 1 0 

n/d (%) 13.6 33.3 23.8 18.8 50.0. 25.0 0 

a Lot I assays not included. 
b T4 Lot II not included. 

3. RESULTS AND COMMENTS 

Many assays obtained with the first lot of T3 and T4 RIAs had to be discarded 
because of unacceptable precision or invalid standard curves: Although these lots 
were not considered in the inter-laboratory evaluation, they may be responsible for 
the bad results relative to Lot I of the QCS shown in Fig. 1. A high between-
laboratory dispersion is observed, each one- of the six laboratories tending to have 
its own mean value; this i s the reason why these assays were excluded from the inter-
laboratory comparison. In Table I we can see that the BBCVs of these assays were 
very high. These poor quality results may be'associated with less stable tracers, often 
used more than 30-40 days, after labelling. From Lot II on, and for all TSH IRMA 
lots, the dispersion of the results was considerably lower, and mean values were 
calculated, although a relatively high dispersion was still apparent in Lot II assays. 
Particularly the T4 Lot II assays (n = 6) from* laboratory 3 showed an extreme 
deviation, associated with the tracer preparation, and for which no other explanation 
could be found: other laboratories using the same tracer did not have problems. ' 

The analysis of the results from Table I shows a quite acceptable inter-
laboratory precision, with BBCV greater than 20% for only 4 of the 21 valid lots 
of QCS. Two of these poorly performing lots were low dose TSH, which seems to 
present in general a higher variability. On the other hand, in the medium and high 
dose ranges, the TSH IRMA results presented a considerably lower BBCV — about 
8% -r- than the T3 and T4 results. The general performance showed a tendency to 
improve with time. 

Figure 2 displays the overall assay performance of each laboratory (mean 
SDU/assay batch). Excluding the aberrant values from laboratory 3 on T4 Lot II, 
the percentage of discarded assays varied from 0 to 50%, as shown in Table II. But, 
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considering the small number of assays of some laboratories, there is no statistical 
evidence that one particular laboratory has a different assay performance or bias, 
compared to the others. 

4. CONCLUSIONS 

Within the limitations of the available data, we can conclude that all participat-
ing laboratories showed a similar performance and that the quality of assays seemed 
to improve with the progress of the project. The co-operating laboratories ended up 
without major problems in handling bulk reagents. This is also evidence of the 
robustness of NETRIA''s assay systems. 
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Abstract 

EXPERIENCES IN ISOTOPIC AND NON-ISOTOPIC TSH DETERMINATION. 
During the past 15 years the concentration of thyroid stimulating hormoné (TSH) has 

been determined in our laboratory by different methods. A start was made with a commercial 
radioimmunoassay TSH kit which was modified, and made more sensitive (1979). 
Consequently, the laboratory set up its own in-house sensitive method that was able to 
distinguish euthyroid from hyperthyroid values (1981). Recently, however, chemiluminescent 
assay TSH kits have been introduced for routine TSH determination. Experience with various 
TSH methodologies led to the conclusion that sensitive radioimmunoassay, immunoradio-
metric and chemiluminescent assay methods had similar functional sensitivity. None Had a 
precision profile less than 10% coefficient of variation in'the lower concentration range 
(0.1-0.3 mlU/L). It seems reasonable'to assume'that"only a new chemiluminometric assay 
could serve as a reliable sensitive TSH method in the future. 

1. INTRODUCTION 

During the last 20 years the methodology of thyroid stimulating hormone 
(TSH) assays has developed from isotopic radioimmunoassay (RIA), immunoradio-
metric assay (IRMA), to non-isotopic, e.g. enzymeimmunoasssay (EIA), fluoro-
immunoassay (FIA), chemiluminescent assay (LIA) and particle counting immuno-
assay (PACIA) measurements. In this long period researchers have been trying to 
develop the most sensitive TSH assay method. A great success in this field was the 
discovery of methods capable of separating eijthyroid from hyperthyroid TSH values 
[1, 2]. We also soon became aware of the significance of low .TSH determination. 
In 1979 we suggested the possible exchange of. a thyrotropin releasing hormone 
(TRH) test for a basal TSH test if a sensitive TSH method were used [3]. Therefore, 
we modified a commercial TSH-RIA kit tp improve its sensitivity. We successfully 
separated the until then overlapping euthyroid and hyperthyroid TSH values [3]. We 
continued to use our own in-house sensitive RIA-TSH method [4] in several clinical 
studies [5-7]. The disadvantages of these long lasting but inexpensive RIA-TSH 
methods were overcome by the introduction of less time-consuming IRMA-TSH 
methods. : 
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The availability of various non-isotopic assays on the market brought a new 
era to laboratories around the world. Beside the well known advantages (non-
existence of radioactive waste, long expiry date, low transportation costs) there 
would also be a few disadvantages, especially in keeping to the low cost policy of 
some laboratories (the need for a new instrument, the problem of the closed system 
of the instrument, the purchase of components from the same source). Non-
radioactive TSH assay methods based on enzyme, fluorescence and luminiscence are 
nowadays widespread but for many of these kits the problem of inadequate sensitivity 
still exists. 

2. MATERIAL AND METHODS 

For isotopic and non-isotopic comparison commercial kits IRMA-TSH 
(Farmos Diagnostica, Finland) and LIA-TSH kits (Amerlite, Amersham Interna-
tional, Amersham, United Kingdom) based on enhanced luminescence were used. 
The correlation between IRMA and LIA values' was checked on 99 serum samples 
(random samples). 

Control euthyroid subjects (Eu) and euthyroid patients with diffuse (EuD) and 
nodular (EuN) goitre were examined clinically, by laboratory tests (T4, T3,1T4) and 
by ultrasonography. 

Normal TSH values were calculated (95% probability) on the basis of 
lognormal distribution. 

3. RESULTS AND DISCUSSION 

First results with modified commercial RIA-TSH kits showed the improved 
sensitivity and much better separation of euthyroid from hyperthyroid TSH values 
[3]. The mean TSH value for euthyroid subjects was 2.67 ± 1.03 mlU/L (n = 183), 
by the original procedure, and for hyperthyroid patients it was 1.71 + 0 . 5 4 mlU/L 
(n = 189). The values by the modified method were for euthyroid subjects 
2.53 ± 1.20 mlU/L (n = 154), and for hyperthyroid patients 0.72 ± 0.26 mlU/L 
(n = 208). We used our own sensitive RIA-TSH method based on a solid phase 
systèm [4] for a long time. It could separate low pathological TSH concentration 
from normal (euthyroid: 2.39 ± 0.49 mlU/L (n = 59); hyperthyroid: 0.65 ± 0.29 
mlU/L (n = 23)). The same method was applied in evaluation of the thyroid function 
during pregnancy [5]. The results obtained suggested that TSH measurement alone 
could easily detect euthyroidism or exclude hyperthyroidism in spite of elevated 
thyroid hormones in serum of pregnant women. Our sensitive RIA-TSH method was 
used for the assessment of possible changes of serum TSH concentration in patients 
with sporadic euthyroid goitre [6]. Changes in TSH concentration were not found. 
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TABLE 1. INTRA-ASSAY REPRODUCIBILITY OF QUALITY CONTROL 
SAMPLES A AND В FOR ISOTOPIC AND NON-ISOTOPIC TSH ASSAYS 

IRMA-TSH LIA-TSH 

QC sample A В A В 
n 20 10 20 10 

Mean (mlU/L) 0.28 0.14 0.33 0.12 

SD 0.029 0.018 0.018 0.034 

cv% 9.9 12.7 , 5.4 29.6 

IRMA-TSH kits are not necessarily the most sensitive. We found smaller over-
lap (5%) between euthyroid and hyperthyroid values with our own sensitive RIA-
TSH method than with three IRMA kits [7]. Also, total radioactivity was much 
higher for IRMA (100 000 counts/min per tube) than for RIA (5000 counts/min per 
tube). 

Comparative results of isotopic (IRMA-TSH) and non-isotopic (LIA-TSH) 
assays on 99 serum samples are presented by the regression equation: r = 0.986, 
r2 = 0.052, intercept = 0.032, slope = 0.952. 

Intra-assay reproducibility of quality control samples A and B, for both 
methods, is presented in Table I. Neither of the methods had a coefficient of varia-
tion (CV) less than 10% in the lower concentration range (0.1-0.2 mlU/L) which 
should have a highly sensitive TSH assay [8]. The sensitivity quoted by the manu-
facturers, e.g. IRMA: 0.031 mlU/L for the Farmos Diagnostica kit and LIA: 
0.04 mlU/L for the Amersham kit, however, represent only a theoretical but not also 
a practical or functional sensitivity. Very often the lowest TSH standard in IRMA 
kits or in various non-isotopic kits is in the range of 0 .1-0 .3 mlU/L. 

As regards currently used Amerlite LIÀ-TSH kits, inter-assay reproducibility 
of our quality control samples (C, -C 3 ) in 32 different assays was rather high 
(C,: 0.03 ± 0.03, CV = 114%; C2 : 0.29 ± 0.04, CV = 13%; C3 : 3.05 ± 0.25, 
CV = 8.4%). The normal range of TSH was found to be different if various 
euthyroid values were calculated (n = 85, 1.42 ± 0.18, range: 0 .59-3.39 mlU/L; 
n = 116, 1.17 + 0.26, range: 0 .35-3.92 mlU/L). The lower limits of both normal 
ranges were much higher than the limit of the original method (0.15-3.2 mlU/L, 
n = 215). 

According to Amersham protocol, the LIA-TSH wells should be read in the 
analyser between 2 and 20 minutes after addition of signal reagent. We found that 
TSH concentration remained rather constant during a much longer period (2-53 min) 
in all five replicates of serum sample of euthyroid patient V.N. (Table II). However, 



TABLE II. 
V.N.) 

TIME INFLUENCE ON MEASURING TSH CONCENTRATION IN FIVE REPLICATES (serum of euthyroid patient 

LIA-TSH 

Time 
(min) 

2 7 13 18 23 28 33 38 43 48 53 CV% 

1 0.35 0.35 0.36 0.37 0.37 0.37 0.38 0.38 0.38 0.38 0.37 3.1 

2 0.35 0.34 0.33 0.34 0.35 0.35 0.35 0.35 0.35 0.37 0.36 3.0 

3 0.34 0.35 0.35 0.36 0.37 0.37 Ö.37 0.38 0.36 0.39 0.37 3.9 

4 0.39 0.39 0.40 0.40 0.41 0.42 0.43 0.43 0.43 0.43 0.40 4.0 

5 0.39 0.39 0.40 0.40 0.41 0.41 0.41 0.42 0.40 0.42 0.42 ' 2.8 

CV% 6.6 6.6 8.5 6.9 7.0 7.7. 8.2 . 8.3 8.4 6.5 6.5 

Light 
index 196 172 150 134 118 103 92 80 70 61 53 

Curve 
fit 9.2 8.0 7.8 7.5 7.2 7.6 8.3 7.9 7.7 8.8 9.8 
factor .. 



TABLE III. TIME INFLUENCE ON MEASURING TSH CONCENTRATION IN FIVE REPLICATES (serum of patient H.J. on 
thyroxine treatment — 100 fig T4/day, slightly lipaemic) 

LIA-TSH 

Time 
(min) 

15 18 21 • 27 33 45 58 • cv% 

1 0.31 0.25 0.21 0.17 0.17 0.08 0.07 48 

2 0.53 0.44 0.39 0.29 0.21 0.13 0.10 54 

3 0.30 0.24 0.21 0.16 0.11 0.08 0.07 52 

4 0.42 0.35 0.30 0.23 0.16 0.11 0.09 53 

5 0.44 0.36 0.31 0.24 . 0.17 0.11 0.09 53 

cv% 24 26 27 25 22 . 2 1 16 

Light 
index 

217 190 170 138 107 69 46 

Curve 
fit 3.9 6.7 3.5 4.9 7.9 5.5 6.4 
factor 



TABLE IV. NORMAL RANGE OF TSH (IRMA, LIA) ESTABLISHED FOR EUTHYROID GOITRE PATIENTS IN OUR 
LABORATORY 

IRMA-TSH LIA-TSH 

Status n X .SD x ± 2SD n X SD x ± 2SD 

1. EuN 42 1.16 0.32 0.26-5.15 16 0.85 0.32 0.20-3.71 

2. EuD 146 1.19 0.26 0.36-3.91 96 1.24 0.24 0.40-3.82 

3. Eu-control 38 1.50 0.24 0.50-4.52 11 1.69 0.12 0.95-3.01 

4. Eu + EuN + EuD 227 1.24 0.27 0.36-4.29 116 1.17 0.26 0.35-3.92 

Normal range: Farmos: 0.30-5.0 mlU/L 
n = 182 

Amersham: 0.15-3.2 mlU/L 
n = 215 
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when á slightly lipaemic serum was analysed it. was found that TSH concentration 
decreased with time (15-58 min). Discrepancy in TSH concentration between repli-
cates was also found (Table III). Since this serum'was táken from patient H.J. on 
thyroxine treatment (100 ßg T4/day), TSH variation ranging from normal to below 
normal values was of special importance. Therefore, under such circumstances when 
slightly lipaemic serum is used, the clinician must be careful when interpreting TSH 
results. Serum TSH concentration was evaluated by IRMA and LIA methods in the 
groups of patients with euthyroid diffuse and nodular goitre. In Table IV the normal 
range values were calculated for each separate group and for both methods. The 
highest mean TSH value was found in the group of control euthyroid subjects, 
obtained by both methods, and the lowest mean TSH concentration in the group of 
patients with euthyroid-nodular goitre-, also obtained by both methods. Therefore, 
these two groups of patients had the highest and the lowest lower limit of the normal, 
range (both methods). The normal range of all goitre patients and control subjects 
showed a similar range for both the IRMATTSH and the LIA-TSH methods. The 
Amersham normal range was significantly different from our results. Sheppard et al. 
[9] found that several euthyroid subjects with goitre had low serum TSH concentra-
tion. We also determined the TSH concentration below the normal range (IRMA: 
5/188; LIA: 4/112) in the groups of patients with nodular and diffuse goitre. 

A big effort has been made in developing highly sensitive TSH assays. This 
hard and significant task has finally come to an end. It seems that a new 
chemiluminometric assay (ICMA) presented by Spencer et al. [10] is of the highest 
sensitivity and capable of solving any problem related to thyroid status. Unfor-
tunately, it may be felt that the ICMA method, with a tenfold improvement in sensi-
tivity, is not necessary in routine clinical work. Nevertheless, this 'third generation' 
of assays [11] could be useful especially in the follow-up of patients on thyroid 
hormone treatment, or in hormone replacement therapy, as well as for patients with 
non-thyroidal illnesses and persons with disturbed serum TBG concentration. 

REFERENCES 

[1] PEKARY, A.E., HERSHMAN, J., PARLOW, A.F., A sensitive and precise radioim-
munoassay for human thyroid-stimulating hormone, J. Clin. Endocrinol. Metab. 41 
(1975) 674-684. 

[2] PHREUNDSCHUH, M., HÜFNER, M., Sensitive radioimmunoassay for thyrotropin 
by use of commercially available tracer and antibody, Acta Biol. Med. Germ. 36 (1977) 
101-106. 

[3] LUKINAC, Lj., Determination of low TSH concentration in serum, Radiol. Iugosl. 13 
(1979) 489-492. 

[4] LUKINAC, Lj., KURTZ, A., RIA method for determination of h-TSH in human 
serum, Radiol. Iugosl. 15 (1981) 507-511. 



502 LUKINAC et al. 

[5] LUKINAC, Lj., IURAS, N., KUSIC, Z., SPAVENTI, S., A sensitive TSH-RIA 
assay: A reliable thyroid test in pregnancy, Eur. J. Nucl. Med. 9 (1984) A65-A388. 

[6] KUSIC, Z„ PRPIC, H., LUKINAC, Lj., SPAVENTI, S., SIMONOVIC, I., TSH 
measured with sensitive RIA method in euthyroid goiter patients, Thyrotropin 
(LEB, G., PASSATH, A., EBER, О., HÖFLER, Hv, Eds), Walter de Gruyter Co., 
Berlin, New York (1987) 245-250. 

[7] LUKINAC, Lj., KUSIC, Z., SPAVENTI, S., SIMONOVIC, I., An evaluation of 
IRMA-TSH kits and a very sensitive RIA-TSH method, Acta Med. Iugosl. 42 (1988) 
201-206. 

[8] BAYER, M., Performance criteria for appropriate characterizátion of "(highly) sensi-
tive" thyrotropin assays, Clin. Chem. 33 4 (1987) 630-631. 

[9] SHEPPARD, M.C., BLACK, E.G., Clinical application of a sensitive non-isotopic 
immunometric assay of thyrotropin, Clin. Chem. 22 1 (1987) 179-181. 

[10] SPENCER, C.A., et al., Applications of a newchemiluminometric thyrotropin assay 
to subnormal measurement, J. Clin. Endocrinol. Metab. 70 (1990) 453-460. 

[11] SPENCER, C.A., NICOLOFF, I.T., Serum TSH measurement: A 1990 status report, 
Thyroid Today 13 4 (1990) 1-11. . 



I A E A - S M - 3 2 4 / 8 1 

DEVELOPMENT OF ENZYMEIMMUNOASSAYS 
FOR DETERMINATION OF TRIIODOTHYRONINE, 
THYROXINE AND HUMAN PLACENTAL LACTOGEN 
IN SERUM SAMPLES AND COMPARISON 
WITH RADIOIMMUNOASSAYS 

K. KOTHARI, M. VENKATESH, A. KORDE, 
M.R.A. PILLAI, N. SIVAPRASAD* 
Isotope Division, 
Bhabha Atomic Research Centre, 
Bombay, India 

Presented by G. Samuel 

Abstract 

DEVELOPMENT OF ENZYMEIMMUNOASSAYS FOR DETERMINATION OF TRI-
IODOTHYRONINE, THYROXINE AND HUMAN PLACENTAL LACTOGEN IN 
SERUM SAMPLES AND COMPARISON WITH RADIOIMMUNOASSAYS. 

Enzymeimmunoassays have been developed for the hormones triiodothyronine (T3), 
thyroxine (T4) and human placental lactogen (HPL) in serum and their performances com-
pared with radioimmunoassays. The enzyme horse radish peroxidase (HRP) was used for 
labelling the antigens and o-phenylene diamine (OPD) was the substrate used for measuring 
the enzyme activity. Various parameters of HRP and OPD reaction in the presence of H202 

were optimized. The analytes were labelled with HRP using glutaraldehyde as the coupling 
agent. For conjugation, T3 and HRP were taken in a molar ratio of 3:1 and allowed to react 
in the presence of 0.3% glutaraldehyde for 3 h in the dark. Enzyme conjugation with T4 and 
HPL was carried out in two stages. HRP was first activated with glutaraldehyde in the dark 
followed by addition of the antigens and carrying out the reaction at ambient temperature. 
Molar ratios (antigèn:HRP) of 3:1 for T4 and 1:1 for HPL were taken for the reactions. 
Excess glutaraldehyde was dialysed out prior to the addition of HPL in order to avoid cross-
linking of antigen. The antigen-enzyme conjugates were purified by gel permeation chro-
matography over Sephadex columns. Polystyrene beads were used as the solid support to 
adsorb specific antibodies. The antigen-enzyme conjugates were diluted to give an optical 
density of — 1 in the bound fraction of the zero standard tubes. Assay systems were optimized 
to get the best performance. Serum samples were analysed by the EIAs developed and results 
compared with values obtained from RIAs. . ' 

'Present address: Radiopharmaceuticals Operations, Board for Radiation and Isotope 
Technology, New Bombay, India. 
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1. INTRODUCTION 

Enzymeimmunoassays (EIAs) are now widely used for the measurement of 
various hormones and other biomolecules and at times are preferred to radio-
immunoassays as there is no use of radioactivity. At the Bhabha Atomic Research 
Centre, India, radioimmunoassays of a large number of hormones have been devel-
oped and kits based on these procedures are routinely used in all the RIA centres in 
the country. The experience gained in research in radioimmunoassays can be easily 
extended to EIAs and hence a programme for the development of EIAs was 
instituted. 

Assays for the thyroid hormones triiodothyronine (T3) and thyroxine (T4) are 
the most widely used and hence these hormones were selected for the development 
of EIAs. Human placental lactogen (HPL) is a protein hormone with a molecular 
weight of 22 000 daltons and the measurement of its concentration in serum is useful 
for the diagnosis of various placental dysfunctions. HPL was selected for the 
development of EIA as this hormone could act as a model for the development of 
EIAs for various other protein hormones. 

2. MATERIALS • 

Horse radish peroxidase (E.C.I . 11.1.7),- o-phenylene diamine, 5-amino-
salicylic acid (5-ASA), triiodothyronine, thyroxine, bovine serum albumin (BSA) 
and glutaraldehyde were obtained from Sigma Chemical Company, St. Louis, MO, 
USA. 

Human placental lactogen was from ICN Pharmaceuticals, Life Science 
Group, Cleveland, OH, USA. Polystyrene beads, 6 mm in diameter, were obtained 
from Precision Plastic Balls, Chicago, IL, USA. 

Antibodies used in these studies were the ones routinely used in the RIA kits 
and their production and characterization are reported [1-3]. Radioimmunoassay 
kits used for comparative evaluations were from Radiopharmaceuticals Operations, 
Board for Radiation and Isotope Technology (BRIT), India. 

0.08M barbitone buffer-, pH8.6, containing 0.2% BSA was used for T3 and 
T4 assays and 0.05M phosphate buffer, pH7.4, containing 0.5% BSA was used for 
HPL. 

Normal serum treated with charcoal in T3 and T4 assays and normal male 
serum in HPL assay were used as hormone free serum. 
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3. EXPERIMENTAL 

3.1. Antibody coated polystyrene beads i 

Solid phase RIAs were developed using polystyrene beads as the support, for 
antibodies and the coating procedures were optimized on the basis of RIA proce-
dures [4, 5]. In brief, the coating procedure was as follows. Forty polystyrene beads 
were kept in a beaker containing 25 mL of the antibody diluted in 0.1M bicarbonate 
buffer, pH9.6. Antibody dilutions were 1:20 000, 1:5000 and 1:10 000 for T3, T4 
and HPL respectively. The beads were kept in this solution for 24 h at ambient tem-
perature with occasional stirring. The supernatants were removed and the beads 
washed with distilled water and then suspended in an 1% BSA solution for about 
20 min. The beads were then removed and stored wet at 4°C. 

3.2. Selection of enzyme substrate system 

For the enzyme HRP, H 2 0 2 is the substrate most widely used. H 2 0 2 oxidizes 
the chromogen OPD or 5-ASA to obtain the product and this reaction is catalysed 
by HRP. The sensitivity of measurement of the enzyme was estimated by reacting 
the chromogens with different concentrations of HRP as follows. One mL of an 
aqueous solution of HRP (1 to 60 ng/mL) was reacted with 1 mL (0.8 mg/mL) of 
the substrate 5-ASA [6]. One mL of the product was taken in a quartz cell having 
a path length of 0.5 cm and the optical density (OD) measured at 450 nm in a double 
beam spectrophotometer (Shimadzu, Japan). Similar studies were carried out with 
0.5 mL of OPD (1 mg/mL) solution and the absorbance was measured at 
492 nm [7]. OPD was found to be a better chromogen as a concentration of 
30 ng/mL of the enzyme could give an OD of 1, compared to 30 ng/mL of enzyme 
needed for getting the same OD in the case of 5-ASA. The HRP-OPD system was 
further optimized with regard to OPD concentration and reaction time. The 
optimized procedure is as follows. Forty mg of OPD was dissolved in 25 mL of a 
buffer at pH6 containing 0.027M phosphate, 0.14M citrate and 0.004M H 2 0 2 . 
0.5 mL (1.6 mg/mL) of the substrate was added to HRP, mixed well and incubated 
for 40 min in the dark at ambient temperature. The reaction was stopped with 
0.5 mL of 4 N H 2 S0 4 and absorbance measured at 492 nm. 

3.3. HRP-antigen conjugates 

Glutaraldehyde was used for conjugating all the three antigens with the enzyme 
HRP [8]. For conjugating T3 to enzyme a single stage procedure was > followed 
whereas in the case öf T4 and HPL a two stage conjugation was done. In the first 
step HRP was activated with glutaraldehyde followed by the reaction with T4 and 
HPL in'a second step. 
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3.3.1. ТЗ-HRP conjugate 

0.05 mL (50 /xg) of ТЗ in dimethyl formamide (DMF) was added to 0.1 mL 
(1 mg) of HRP dissolved in double distilled water to which 20 /iL of a 2.5% 
glutaraldehyde was added and incubated for 3 h at ambient temperature. The molar 
ratio T3/HRP was 3:1. 

3.3.2: T4-HRP conjugate 

0.1 mL (1 mg) of HRP dissolved in double distilled water was reacted with 
3 /iL of a 25% glutaraldehyde solution in the dark for 30 min. 0.05 mL (50 ¡xg) of 
T4 dissolved in DMF was added to this and allowed to react for 2 h at ambient tem-
perature. The molar ratio T4/HRP was 3:1. 

3.3.3. HPL-HRP conjugate 

0.2 mL (2 mg) of HRP was reacted with 0.1 mL of 4.2% gliitaraldehyde for 
3 h at ambient temperature. The excess glutaraldehyde was removed by dialysis for 
24 h against three changes of double'distilled water. One mg of solid HPL powder 
was added to the dialysed solution and was allowed to react for 6 h at ambient tem-
perature. The molar ratio HPL/HRP was 1:1. 

3.3.4. Purification of antigen-HRP conjugates 

The conjugates were purified by gel permeation chromatography. A 0.5 x 
15 cm column of Sephadex G-25 was used for T3 .and T4 conjugates, whereas a 
1 x 100 cm column of Sephadex G-75 was used for HPL conjugate. Elution was 

.carried out with double distilled water for T3 and T4, while phosphate buffer 
(0.05M,.pH7.4) was used for HPL. One mL fractions were collected. 

3.3.5. Characterization of antigen-HRP conjugates 

The effect of conjugation of the antigens to the enzyme was studied by estimat-
ing the enzyme activity before and after conjugation. 

The purified fractions were checked for enzyme activity by their reaction with 
the substrate system described in Section 3.1. Fractions showing enzyme activity 
were checked for immunoreactivity by reacting them with antibody coated beads and 
estimating the enzyme activity in the antibody bound fractions (enzyme activity in 
the coated beads). Eluent fractions, which showed immunoreactivity as well as 
enzyme activity and which were capable of giving OD > 1 in the. antibody bound 
fraction were pooled. The pooled fraction was appropriately diluted so that the OD 
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in the antibody bound fraction was approximately one. The enzyme conjugates thus 
diluted were used as tracers in the enzymeimmunoassays. 

The enzyme to antigen conjugation yields were estimated by adding a small 
amount of l25I labelled antigens during the reaction. 

The purified conjugates were stored in an aqueous solution containing 4% BSA 
and 30% glycerol. Conjugates were stored in concentrated form and diluted only at 
the time of use. 

3.4. Assay optimization 

. The enzyme-antigen conjugates (tracers) were diluted as detailed in Sec-
tion 3.3.5. The dilutions of the tracers were 1:1600, 1:800 and 1:150 for ТЗ, T4 and 
HPL, respectively. 

3.4.1. Titre of antibodies 

The preparation of antibody coated beads is described in Section 3.2. Titre 
experiments were done with antibody coated beads prepared at different dilutions of 
antibody. The optimal dilutions of the antisera which showed an OD ~ 1 were 
selected and used for preparation of coated beads in the assay system. 

Non-specific binding was determined by incubating uncoated beads with the 
respective tracers and these beads were treated in a similar way as the coated beads. 
At the end of the enzyme substrate reaction, the supernatants collected from these 
reaction tubes were used in the reference cell and the OD of the supernatants from 
the antibody coated beads was measured in the sample cell of the double beam 
spectrophotometer. 

3.4.2. Assays 

Antibody coated beads were prepared at the optimal dilutions of the antibodies 
as described in Section 3.4.1. and used for optimization of the reaction conditions. 

8-anilino-l-naphthalene sulphonic acid (ANS) was used in T3 and T4 assays 
as an inhibitor for releasing the hormones from bound proteins [9]. Concentrations 
of ANS used in the assay were individually optimized. 

Assays were set up using the standards used in RIA kits and their ranges are 
given in Table I. The standards in these assays were prepared in assay buffers, hence 
hormone free sera were added in the standard tubes to maintain similar matrix condi-
tions as in serum samples. A typical assay procedure is as follows. The assays were 
carried out in 12 x 75 mm polystyrene tubes. 0.1 mL each of standards, hormone 
free serum and tracer were added to the tubes. In the case of samples, 0:1 mL of 
the samples was added instead of the standard and hormone free serum. Appropriate 
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TABLE I. PARAMETERS OF THE OPTIMIZED ASSAYS AND THEIR 
CHARACTERISTICS 

Analyte 

T3 T4 HPL 

1. Dilution of antibody 
used for coating 

1:20 000 1:1 500 1:10 000 

2. Tracer conc. (ng/mL) 0.45 1.0 30.0 

3. Standard conc. (ng/mL) 0.5-4 1.25-20 12.5-200 

4. ANS conc. (/ig/tube) 65 140 nil 

5. Incubation vol. (mL) 0.4 0.4 0̂ 5 

6. Incubation time (h) 2 2 1 + 2 

7. Minimum detectable 
dose (ng/mL) 

0.34 0.5a 10.0 

8. Recovery •(%) ' 88-110 95-108 91-108 

9. Intra-assay variation (%) 2-7 2-8 3-10 

10. Inter-assay variation 5-10 7-12.5 5-12 

a The minimum detectable limit is determined without taking the dilution of the sample into 
account. With 1:10 dilution the minimum detectable limit is 5 ng/mL of serum samples. 

amounts of the assay buffer were added to all the tubes to make up the reaction 
volume as given in Table I. One antibody coated polystyrene bead was added to each 
of the reaction tubes, the contents gently mixed over a vortex mixer and incubated. 
At the end of incubation the supernatants were aspirated and the beads washed thrice 
with distilled water. 0.5 mL of the substrate was added to the reaction tubes and 
enzyme activity estimated. Non-specific binding Was estimated using uncoated 
beads. Standard curves were drawn by plotting logit B/Bo against log analyte 
concentration. 

Reaction conditions such as incubation time and temperature were optimized 
to obtain the desired range and sensitivity. The effect of delayed addition of the tracer 
to increase the sensitivity was studied in the case of HPL assay. 

0.1 mL of serum samples were used directly for T3 assay and 0.1 mL of 1:10 
diluted samples were used for T4 assay. Samples were appropriately diluted, depend-
ing upon the week of gestation, and used for HPL assay. 
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3.4.3. Validation of the assays , . 

The optimized assays were validated by estimating inter- and intra-assay varia-
tions by assaying control serum samples in multiplicates. Recovery studies were car-
ried out by assaying samples in the presence,of standards of different concentrations. 

3.4.4. Correlation studies 

About 20 clear serum samples were analysed by the EIAs and compared with 
the values obtained from RIAs. 

4. RESULTS AND DISCUSSION 

4.1. Solid phase antibodies 

The separation of the antibody bound and free antigen is one of the critical 
steps in enzymeimmunoassays. Among all the separation systems used, second anti-
body precipitation [10] and solid phase techniques [11] find wide application in 
EIAs. We have selected solid phase techniques for our studies. It is essential to have 
the solid phase antibodies for characterization of the enzymè-antigen conjugates. 
Hence we first developed the solid phase radioimmunoassays for these hormones and 
used the coated antibodies employed in these studies for characterizing the enzyme-
antigen conjugates. It was observed that gentle shaking of the beads in the antibody 
solution increased the coating efficiency, giving better precision [12]. 

4.2. Enzyme substrate system 

In any analytical technique the sensitivity of the system will depend upon the 
magnitude of the signal. In EI A,, the detection limit depends on the extent of forma-
tion of the coloured products and the absorbance achievable. These, in turn, depend 
on the proper selection of the enzyme substrate system and the reaction conditions 
for the given system. On comparing B-D galactosidase, alkaline phosphatase and 
HRP in our preliminary studies, we found that HRP was best: it showed the mini-
mum variation from batch to batch, better stability on storage, and higher sensitivity 
of estimation. 

We have tried using 5-ASA and OPD as the chromogens in our enzyme quan-
tification. To start with, chromogens and H 2 0 2 were taken as per the literature and 
the least amount of enzyme which can be measured was estimated. OPD was found 
to be a better chromogen, as a concentration of 3 ng/mL of the enzyme could give 
an OD of 1, compared with 30 ng/mL of enzyme needed for getting the same OD 
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in the case of 5-ASA. Though this substrate is used extensively by others, the reac-
tion conditions differ from system to system and hence we optimized the concentra-
tion of OPD and reaction time. The best results were obtained when 0.5 mL of a 
2 mg/mL solution of OPD in a buffer containing 0.14M phosphate, 0.02M citrate 
and 0.004M H 2 0 2 was added to the enzyme solution and incubated for 40 min at 
ambient temperature in the dark followed by the addition of 0.5 mL 4M H 2 S0 4 to 
stop the reaction. 

4.3. Conjugation studies 

The labelling of antigens by enzymes poses bigger challenges than labelling 
with radioisotopes. In the case of enzyme labelling both enzyme activity and 
immunoactivity of the resultant tracer can be lost due to the labelling, whereas in 
radioisotope labelling only the immunoreactivity may be affected. Hence extreme 
care must be taken in optimizing the conditions for the conjugation reaction. 

Coupling of HRP with the antigens was carried out using glutaraldehyde as the 
conjugating agent. It was observed that the molar ratio of HRP to antigen used was 
critical for retaining the enzyme activity. At higher ratios of antigen to HRP, the 
enzyme activity of the resultant conjugate decreases. For T3, when the molar ratio 
of T3 to HRP was 6:1, the enzyme activity was found to decrease by about 32%, 
whereas at 3:1 enzyme activity was fully retained. The conjugation yields estimated 
by the tracer experiments were 12% for T3 and 60% for T4. Hence the final molar 
ratios in the conjugates are 0.36:1 and 1.8:1 for T3 and T4, respectively. These 
results indicate that there is free enzyme present, at least in the case of the T3 con-
jugate. The purification procedure reported by us does not separate the.free enzyme 
from the conjugate in these two cases. However, the presence of free enzyme does 
not interfere in the assay as it is removed in the separation step. The larger column 
used could separate to some extent the free enzyme present in the case of the purifica-
tion of the HPL enzyme conjugate. 

The dilutions of the enzyme conjugates to give an OD ~ 1 were 1:1600, 1:800 
and 1:150 and the antigen concentrations estimated by RIA at these dilutions were 
0.45, 1 and 30 ng/mL for T3, T4 and HPL, respectively. It was observed that the 
diluted tracers were less stable and hence they were stored in concentrated form at 
4°C and 4% BSA in distilled water and diluted as required at the time of assay. The 
conjugates were found to be stable up to four months. 

4.4. Assays 

Results of the optimized assay conditions and the characteristics of the assays 
are given in Table I. The dilutions of antibodies used for coating are the ones deter-
mined from the titre curves and at this dilution the OD of the zero standard tube was 
0.9-1.2. The concentrations of tracer used in the assays were 0.45, 1.0 and 
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HPL (ng/mL) 

FIG. I. Standard curves for ТЗ, T4 and HPL drawn on logit-log scale. 

30 ng/mL for ТЗ, T4 and HPL, respectively. The concentration of enzyme in all the 
three tracers should be approximately identical, as the measured absorbances were 
the same. Absorbance of less than 0.1 was seen due to non-specific binding in the 
three assays. 

The amount of ANS needed for releasing T3 and T4 from the carrier proteins 
was found to be 65 and 140 /ig/tube, respectively, and this was added as a part of 
the tracer in these assays. 

The optimized assay conditions are given in Table I and standard curves are 
given in Fig. 1. A two hour incubation was found adequate for both T3 and T4 
assays to give the desired sensitivity and range. A one hour preincubation of the stan-
dards with antibody coated beads followed by the addition of the tracer was found 
to increase the sensitivity in the HPL assay. The minimum detectable limits were 
0.34, 0.5 and 10 ng/mL for ТЗ, T4 and HPL, respectively. The minimum detectable 
limit was estimated by setting up the assays in six replicates and estimating the dose 
giving a response two standard deviations from the zero standard dose response. 
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T3 (ng/mL) by RIA 

FIG. 2. Correlation ofEIA results of T3 with RIA results. Regression line: Y = 0.92X + 0.09 
(n = 16, r = 0.81). 

T4 (ng/mL) by RIA 

FIG. 3. Correlation of EI A results ofT4 with RIA results. Regression liner Y = 0.93X -1.0 
(n = 15, r = 0.95). 
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40 60 80 100 . 
HPL (ng/mL) by RIA 

FIG. 4. Correlation of EIA results of HPL with RIA results. Regression line: Y = 0.85X 
+ 0.57 (n = 21, r = 0.97). ' 

Results of recovery studies, inter-assay and intra-assay variations were all 
within the acceptable limits. 

4.5. Correlation studies 

Figures 2, 3 and 4 give the results of the correlation studies of the values of 
the serum samples measured by EIAs and RIAs and the two methods gave compara-
ble results. 
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Abstract 

ÑON-ISOTOPIC IN-HOUSE ELISA AS AN ALTERNATIVE TO RIA/IRMA FOR MEAS-
UREMENT OF PITUITARY PEPTIDE HORMONES. 

Highly specific and sensitive non-isotopic in-house enzyme linked immunosorbent 
assays (ELISAs) have been developed for measurement of pituitary peptide hormones as alter-
natives to radioimmunoassay (RIA) and immunoradiometric assay (IRMÀ). Primary poly-
clonal antibodies were produced by immunization of rabbits against human thyroid stimulating 
hormone (TSH), growth hormone (GH) or prolactin (PRL) and sandwich ELISAs were estab-
lished by using these antisera together with commercial monoclonal antibodies and horse rad-
ish peroxidase (HRP) labelled anti-murine immunoglobulin G. The ELISAs were validated by 
recovery and linearity studies which gave percentage recoveries of 90 to 110% (n = 6) and 
91 to 120% (n = 6), respectively. The ELISAs were highly precise, with intra-assay coeffi-
cients of variation (CVs) of 2.5 to 7.9% and inter-assay CVs of 2.7 to 9.1%. Comparison 
of ELISA-GH with in-house RIA-GH gave r = 0.98 (n = 86), while ELISA-TSH correlated 
very well with isotopic North East Thames Region Immunoassay Unit (NETRIA) 
IRMA-TSH, r = 0.99, n = 78) and non-isotopic (Abbott enzymeimmunoassay, r = 0.99, 
n = 86) methods and to the all-laboratory trimmèd mean of the IAEA external quality assess-
ment scheme (r = 0.99, n = 30). Our in-house ELISAs are therefore highly sensitive, 
specific and precise, being comparable to RIA and IRMA. The added advantages of in-house 
ELISA include stability of the rion-isotopic label, low cost and the capability of processing 
large numbers of samples, the former two features being of considerable importance in devel-
oping countries. 

515 
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1. INTRODUCTION 

The introduction of highly sensitive and specific radioimmunoassays (RIAs) 
since the 1960s, has contributed effectively to the diagnosis and management of a 
wide variety of communicable or non-communicable diseases, and in particular to 
the field of diabetes and endocrinology [1-4]. As immunoassays are highly sensitive, 
analytes of low concentrations in the pmol/L range such as free triiodothyronine (T3) 
and free thyroxine (T4) can be reliably measured. More recently, supersensitive 
immunoradiometric assays (IRMA) which involve thé use of radiolabelled 
monoclonal antibodies have been developed to replace some RIAs. However, a 
major trend in the past decade has been replacement of liquid phase radioactive 
immunoassays with non-isotopic solid phase types that use either enzymes, fluores-
cent or luminescent compounds as labels [5-7]. Although isotopic methods such as 
RIA and IRMA are the established methods for measurement of hormones, being 
accurate, simple, sensitive and specific, these assays are unavailable in almost all 
state, general and district hospital laboratories in a developing country such as 
Malaysia because of the lack of radioactive gamma and beta counters, the high cost 
of imported kits and short shelf-life of iodinated tracers. In contrast, reagents for 
non-isotopic in-house enzyme linked immunosorbent assay (ELISA) are stable, 
cheap and therefore readily available. We developed and validated in-house RIAs for 
pituitary peptide hormones by production of primary polyclonal antibodies and 125I 
labelled hormone antigens and further replaced them with in-house ELIS As. We 
report here the results of our establishment of ELISAs for thyroid stimulating hor-
mone (TSH), growth hormone (GH) and prolactin (PRL) and comparisons with 
RIA/IRMA. 

2. MATERIALS AND METHODS 

Primary aritisera were produced by either intradermal or intramuscu-
lar/subcutaneous immunization of rabbits with highly,purified human pituitary hor-
mone preparations (TSH, GH and PRL) obtained from the Birmingham and Midland 
Hospital for Women, Birmingham, United Kingdom. For the primary immunization, 
100 pg hormone peptide emulsified in Freund's complete adjuvant (FCA) was used. 
For anti-GH and anti-PRL, booster injections of the same hormone dose in fluoroim-
munoassay (FIA) or saline were given biweekly and then at monthly intervals. Test 
bleeds were obtained from the marginal ear veins of the rabbits, 7-10 days after a 
booster dose. Titres and specificities of the various primary antisera were character-
ized by RIA (GH/PRL) or ELISA (TSH, by coated antigen method) and then 
appropriately diluted and used to coat 96-well microtitre plates (Nunc, Copenhagen, 
Denmark). Commercial polyclonal anti-TSH (CpCab) was purchased from Cal-
biochem GmbH, Frankfurt-am-Main, Germany, and Behringwerke AG Diagnostica, 
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Marburg, Germany, and used at a 1/2000 dilution for coating. Standards (TSH, IRP 
(International Reference Preparation) 80/558; GH, IRP 80/505; PRL, IRP 84/500) 
or serum samples (100 /iL for TSH, PRL or 20 /iL diluted to 100 [xL for GH) in 
0.01 M phosphate buffer pH7.4 containing 0.1% bovine serum albumin (BSA) 
(Sigma Chemical Co., St. Louis, MO, USA), were then added and left to react over-
night. After three washes with phosphate buffered saline, PBS-Tween, 
20-80 ng/100 fiL (anti-TSH, anti-PRL from Serono Diagnostics, Woking, United 
Kingdom; anti-GH from Chemicon, Malmö, Sweden) monoclonal antibodies were 
added and left to react for a further 2 h. This was followed by a further incubation 
for 2 h with 100 /tL of HRP-labelled anti-mouse immunoglobulin G (IgG) (Bio-Rad, 
Milan, Italy) at a 1/3000 dilution. After washing with PBS-Tween, HRP enzymatic 
colour was developed by incubation in the dark for 20 min with 100 /iL substrate 
(40 mg o-phenylenediamine (OPD, Sigma) and 60 /iL 30% (vol./vol.) hydrogen 
peroxide in 100 mL of 50mM citrate buffer pH5.0) and terminated by addition of 
50 /iL 1.25M sulphuric acid. The absorbances were measured using the dual 
wavelength mode at 492 nm minus reference 620 nm with an automatic ELISA plate 
reader (EAR 400 AT, SLT Lab-Instruments, Hillsborough, NC, USA) and data 
were processed by the RIA-Calc Program (LKB-Wallac, Turku, Finland). Serum 
samples were obtained from normal adult volunteers and patients attending the Endo-
crine Clinic of the Universiti Kebangsaan, Malaysia (UKM). 

3. RESULTS 

The primary antisera were highly specific as anti-TSH (8901/02), cross-
reacted with 40% beta-TSH and only 2% alpha-TSH subunits, 1% follicle stimulat-
ing hormone (FSH) and < 0 . 1 % LH/HCG/GH/HPL/PRL1 [8], while anti-GH 
cross-reacted < 0 . 2 % with PRL/HPL [9] and anti-PRL cross-reacted <0 .05% with 
GH/HPL. Anti-TSH, anti-GH and anti-PRL were used at 1/6000 to 
1/20 000 dilution for coating microtitre plates. The results of the optimization and 
titration of polyclonal and monoclonal antibodies of ELISA-GH are shown in Fig. 1. 
The ELISAs were validated by recovery and linearity studies which gave percentage 
recoveries of 90-110% (n = 6) and 91-120% (n = 6) for high pool samples diluted 
1/2, 1/4 and 1/8. The standard ranges were 0.2-100, 0.4-200 and 52-3300 mlU/L 
for TSH, GH and PRL, respectively, with corresponding minimal detection limits 
(MDL) (defined as 3 SD from zero standard) of 0.07, 0.4 and 52 mlU/L for serum 
sample volumes of 100, 20 and 100 /iL. The ELISAs were highly precise, with intra-
assay С Vs of 2.5-7.9 % and inter-assay С Vs of 2.7-9.1 %. 

1 LH = 
HCG 
HPL = 

= luteinizing hormone. 
= chononic gonadotrophin. 
= human placental lactogen. 
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1 10 100 
QH STANDARD (mlU/L) 

FIG. 1. Optimization of EUSA-GH. (a) Titration of polyclonal anti-GH used for coating, 
with, a fixed 20 ng/well monoclonal anti-GH (MAb) concentration. Optimum titre obtained was 
1:10 000. (b) Titration of monoclonal anti-GH MAb at a fixed polyclonal coating concentrd-
tion of 1:10 000. Optimum concentration obtained was 20 ng/well. 
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ALTM (mlU/L) 

FIG. 2. Comparison of TSH values measured by ELISA to the ALTM of the IAEA EQAS 
(Regional Centre, Seoul, Republic of Korea). Thet total number of participating laboratories 
was 39. 

Comparison of ELISA-GH with in-house RIA-GH gave r = 0.98, 
y = 0.92x + 0.05, n = 86, p < 0.001) while comparisons of ELISA-TSH with 
isotopic and non-isotopic methods gave results as summarized by Tables I and II. 
Good correlations (r > 0.97) to IRMA North East Thames Region Immunoassay 
Unit, London, United Kingdom (NETRIA) or enzymeimmunoassay. (EIA) (Abbott 
Laboratories, Chicago; IL, USA) were obtained for in-house ELISA-TSH using 
either commercial polyclonal antibodies (Cpcab) or in-house antiséra (Pcab 
8901/02). When IAEA external quality assessment scheme (EQAS) samples were 
analysed by ELISA-TSH, a highly significant correlation (r = 0.99, n = 30, 
p < 0.001) was obtained (Table.1 and Fig. 2). The normal reference ranges estab-
lished were 0.4-4.0 mlU/L for TSH (n = 75), and < 10 mlU/L for GH (n = 95). 
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TABLE I. COMPARISON OF ELISA-TSH WITH OTHER ASSAYS 

Comparison n r Regression equation 

Cpcab vs Abbott EIA 86 0.990 y = 1.06x - 0.87 

Cpcab vs NETRIA IRMA 78 0.993 y = l .Olx + 0.32 

Cpcab vs Pcab 8901/02 46 0.966 y = 1.02x - 0.01 

8901/02 vs EQAS-IAEA 305 0.989 y = 1.03x + 0.08 

All p values < 0.001. 
Cpcab = commercial polyclonal antibodies. 
8901/02 = in-housé polyclonal antibodies. 

TSH levels in serum of thyrotoxic patients (n = 80) were significantly lower, 
< 0 . 2 mlU/L (p < 0.001), and distinctively separate from the euthyroid or normal 
reference range [8]. 

4. DISCUSSION 

We have proved that our in-house primary antisera against pituitary peptide 
hormones are highly specific and sensitive [8, 9]. The in-house ELIS As are very pre-
cise, reproducible and reliable, and are, more importantly, comparable in perfor-
mance to RIA, IRMA or EI A from commercial kits. The in-house ELIS As have also 
been clinically evaluated and normal reference ranges for the local population have 
been established. The use of monoclonal antibodies together with solid-phase separa-
tions has enabled the establishment of non-isotopic immunoasssays with markedly 
improved sensitivities [7]. The ELISA-GH is more sensitive, since only 20 pL serum 
is required for a minimum detection limit (MDL) of 0.4 mlU/L as compared with 
100 pL in RIA-GH. The ELISA-TSH is as good as currently available IRMAs since 
it is capable of discriminating the low suppressed TSH levels of overt hyper-
thyroidism from eu- and hypothyroidism [8], thereby obviating the requirement of 
a TRH stimulation test. 

The main advantage for the common use of in-house ELIS As for hormone and 
other analyte assays by all laboratories in developing countries is the low cost and 
simple technology as compared to radioactive immunoassays, RIA and IRMA. 
Instead of the sophisticated ELISA reader, the colorimetric end results of the ELISA 
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T A B L E II . M A I N C H A R A C T E R I S T I C S O F T H E h T S H E L I S A I N - H O U S E 

A S S A Y 

In-house assay Abbott NETRIA 

Calibrator IRP 80/558 IRP 80/558 IRP 80/558 

Assay method Double antibody 
sandwich-anti-

globulin ELISA 

Double antibody 
sandwich-ELISA 

2 site IRMA 

Phase Solid (well) Solid (bead) Solid (tube) 

Antibodies Polyclonal Monoclonal Polyclonal 

Sample volume (/¿L) 100 100 100 

Wash steps 6 2 2 

Sample incubation 
time (h) 

Overnight 1 Overnight 

Incubation 
temperature 

RT a 37°C; RT 
(substrate solution) 

RT 

Standards 
range ( mlU/L) 

0 .07-100 b 0.05-60 0 .15-60 

Matrix (serum) Human Human . Human 

Minimum detectable 
limit (MDL) (mlU/L) 

0.07° 0 .05 c 0.15 c 

Abbott EI A and NETRIA IRMA used for TSH assay. 

a RT = room temperature. 
b Working range of 0 .2 to 100 m l U / L with 10% CVs for both intra-assay and inter-assay. 

Minimum concentration that can be distinguished from zero at 99.73% confidence level 
(3 SD). 

c From manufacturer 's insert (the 0 mlU/L standard was assayed in replicates of ten in five 
separate assays; 95% confidence limit). 

m a y b e m e a s u r e d e i ther b y a s ing le channe l p h o t o m e t e r o r s imply b y v isua l inspec-

t ion. In con t ras t , o the r non- i so top ic i m m u n o a s s a y t echn iques [5 , 7] a r e m o r e c o m -

p lex and r e q u i r e e x p e n s i v e capi ta l e q u i p m e n t such as t he f l u o r o m e t e r o r 

l u m i n o m e t e r . T h e o t h e r addi t iona l advan t ages o f f e r e d by E L I S A inc lude sa fe ty , sta-

bi l i ty of non- i so top ic e n z y m e labels , be ing c h e a p and readi ly ava i l ab le , and capabi l -

ity of au toma t ion and p r o c e s s i n g l a rge n u m b e r s of s amp le s . T h i s la t ter f e a t u r e is 
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useful for mass screening purposes arid epidemiology, while low cost, availability 
and long shelf-life of reagents or kits are of considerable importance in developing 
countries with limited resources. 
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Abstract 

COMPARATIVE STUDIES ON IMMUNOFLUOROMETRIC ASSAY AND RADIO-
IMMUNOASSAY SYSTEMS FOR ALPHAFETOPROTEIN. 

Non-radioactive time resolved fluorometric dissociation enhanced lanthanide fluoro-
metric immunoassay (DELFIA) using a europium label, and radioimmunoassay for alpha-
fetoprotein were assessed. Results by the two techniques correlate well (r = 0.981) covering 
only a range of up to 400 ng/mL. The DELFIA system, however, offers many advantages 
over RIA: low detection limit of 0.15 ng/mL; intrà-assay and inter-assay variations better than 
5.0% and 6.8% respectively; wide working range of up to 1000 ng/mL. Total assay time in 
RIA is 20-26 hours. In DELFIA, a batch of 96 samples can be completed within three hours, 
including sample counting in a time resolved fluorometer. Reagents are stable for one year. 

1. INTRODUCTION 
. i * 

Alphafetoprotein (AFP) is a glycoprotein produced in early foetal life by yolk 
sac cells and the proximal part of the gut and liver. Later in life, tumours arising 
from these structures may produce AFP and release it in the blood. Thus, AFP 
measurements are widely used in the diagnosis and monitoring of AFP-producing 
tumours in the liver, germ cells and gastrointestinal tract during therapy [1, 2]. It 
is also important for antenatal detection of foetal abnormalities [3]. 

Assay of AFP has traditionally involved radioimmunoassay (RIA) techniques. 
However, methods based on radioiodine labelling have certain drawbacks. The 
labelled tracers have a short half-life; the iodination procedure may alter the anti-
genic properties of the tracer, and it is hazardous to the user. Therefore, several 
non-isotopic assay, procedures have been developed [4]. 

Among the alternative methods, the time resolved fluorometric DELFIA 
system (dissociation enhanced lanthanide fluorometric immunoassay) using a euro-
pium label [5] is currently available commercially and has gained relatively wide 
acceptance.. The aim of our study was to compare two AFP assay systems: DELFIA 
and RIA. 

5 2 3 
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Solid phase 
anti-hAFP IgG 
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О 
2 min fast shaking + 1 h slow 

shaking at room temperature 
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anti-hAFP IgG 

1 h without shaking 
at room temperature 

, Enhancement-
' Solution " £ u - y . Fluorescence 

measurement 

FIG. 1. Basic principle of AFP assay by time resolved fluorometric DELFIA techniques. 

2. MATERIALS AND METHODS 

2.1. Sample collection 

Blood samples were obtained by venepuncture from patients with testicular 
tumours. The serum samples separated were stored at — 20°C until analysis. 
Repeated freezing and thawing were avoided. 

2.2. DELFIA AFP assay 

Throughout the study, a commercial kit for AFP (DELFIA human AFP kit, 
Wallac Oy, Turku, Finland) was used, a two incubation procedure following the 
instructions of the manufacturer. The assay is based on a direct sandwich technique 
with two different monoclonal antibodies, one of which is immobilized on the walls 
of microtitration well strips. The samples are first reacted with the immobilized anti-
body, then the second antibody labelled with europium is reacted with the bound 
AFP (Fig. 1). Addition of an enhancement solution dissociates europium cations 
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from the labelled antibody into solution, forming highly fluorescent chelate. The 
fluorescence is proportional to the concentration of AFP in the sample [6]. 

During the procedure DELFIA Platewash and Plateshake (Wallac) were used. 
The fluorescence of each well was measured (excitation: 340 nm; emission: 613 nm) 
in a time resolved fluorometer (Arcus 1230, LKB-Wallac, Turku, Finland) with the 
use of a built-in automatic spline curve fit program. 

2,3. RIA AFP assay 

For comparison we used commercially available AFP RIA kits (Amersham 
International, Amersham, United Kingdom). The method depends on the limited 
number of binding sites on an AFP-specific antibody between AFP in serum and 
l25I labelled AFP. The proportion of 125I labelled AFP to antibody is inversely 
related to the concentration of AFP present in the sample. The antibody bound AFP 
is separated by precipitation with polyethylene glycol (PEG) solution. 

All assays were performed using duplicates, as recommended by the manu-
facturer, applying the overnight assay protocol. Radioactivity of each sample was 
measured in a gamma counter (NZ-322, Gamma, Budapest, Hungary) for 2 min. 
The concentration of AFP was read off the standard curve. 

3. RESULTS 

The minimum detection limit for the two assays as determined by the mean of 
zero standard value + 3 SD of 10 replicates was 0.15 ng/mL for DELFIA, and 
0.85 ng/mL for RIA. 

The precision evaluated on three serum pools measured 12 times (in duplicates) 
by each assay was somewhat different (DELFIA assay coefficient of variation (CV) 
. < 5.0%, RIA assay .CV < 7.5%). Inter-assay CV of the two techniques obtained 
from the measurement of AFP in aliquots from the three serum pools over a period 
of three months were < 6.8% for DELFIA, and < 1 1 . 0 % for RIA. 

The standards supplied with the DELFIA kits have been calibrated against the 
WHO First International Standard preparation (72/225); the IU/mL concentration 
values were therefore multiplied by a conversion factor of 1.21 to calculate the 
corresponding AFP levels in ng/mL units. The relationship between AFP concent-
rations of 54 serum samples as determined by both methods (x = DELFIA, 
y = RIA) covering the measuring range of RIA assay up to 400 ng/mL yielded 
y = 0.191x 4- 0.975, r = 0.981 (Fig. 2). Correlation within the measuring 
range of DELFIA techniques up to 1000 ; ng/mL in 104 patients' serum was 
y = 0.81 l x + 0.812, r = 0.725. In this latter case, however, diluted samples were 
used for RIA. 
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F/G. 2. Correlation of AFP results in 54 patients as measured by DELF/A and RIA. 

4. DISCUSSION 

Although RIA and immunoradiometric assays are well established analytical 
techniques, in recent years several new techniques have been developed that are as 
sensitive and precise. Among the alternative assays, europium as label with new 
equipment for time resolved fluorescence determination greatly reduced the 
disadvantages of the assays applying radioiodine [4]. 

Assay precision of both AFP assays assessed here is satisfactory. However, the 
sufficiently lower detection limit, as well as better intra- and inter-assay CV obtained 
for DELFIA are remarkable and justify the analysis of samples as singletons rather 
than duplicates [7]. 

The major benefit of the DELFIA method is the wide working range. Samples 
with AFP concentrations below 1000 ng/mL can be measured without dilution: 

Correlation between the two assays covering a range of up to 400 ng/mL is 
adequate (r = 0.981). The small discrepancies over 400 ng/mL may be due to the 
dilution of samples measured by RIA. 

In DELFIA, a batch of 96 samples can be completed within three hours. 
Measurement is carried out using a time resolved fluorometer. The excitation and 
emission cycle is repeated 1000 times per second. This means that a sample is 
measured in one second. A whole microtitration plate can be processed in three 



IAEA-SM-324/37 527 

minu te s . To ta l a s say t ime in R I A is abou t 2 0 - 2 6 h o u r s ; coun t ing t ime is 1 - 2 m i n u t e s 

p e r s a m p l e . 

In c o n c l u s i o n , t ime r e so lved f l u o r o m e t r i c D E L F I A fo r A F P o f f e r s m a n y 

a d v a n t a g e s o v e r the conven t iona l R I A t echn ique . Rad io i so topes a r e no t u s e d ; 

r eagen t s a r e s table f o r o n e yea r . Its speed , s impl ic i ty , u n i q u e p rec i s ion , w i d e 

w o r k i n g r a n g e and the n o n - h a z a r d o u s e u r o p i u m label m a k e it a t t rac t ive f o r rou t ine 

c l inical use . 
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Abstract 

MULTICENTRE TRIAL O F ISOTOPIC AND NON-ISOTOPIC ASSAYS O F REPRODUC-
TIVE HORMONES: A COMPARISON O F ASSAY PERFORMANCE AND REAGENT 
STABILITY. 

The Matched Reagent Programme (MRP) of the World Health Organization was estab-
lished to standardize reagents and assay methods to improve comparability of results f rom 
multicentred clinical trials of fertility regulating reagents. Recently the Special Programme 
decided to update its assay methodologies and to provide assay systems using a non-isotopic 
label, as it was thought that these would provide systems which were cheaper, more stable 
and subject to less legislative control than isotopic assays. A variety of endpoints were 
reviewed, including chemiluminescence and fluorescence. The decision to adopt enzyme 
immunoassays was taken for reasons of flexibility, cost, choice of instrumentation and safety. 
Enzymeimmunoassays '(EIAs) for luteinizing'hormone (LH), follicle stimulating hormone 
(FSH), prolactin (PRL) and progesterone were developed and compared with isotopic assays 
for these analytes in a multicentred trial and were found to be comparable. At most centres 
of W H O LH, FSH and PRL radioimmunoassay (RIA) reagents showed no change in perfor-
mance after 2 weeks at 40°С compared with assay performance of reagents stored at 4°C. 
The temperature stability and shelf-life of RIAs confirmed that radiolabels are likely to have 
an important role in established laboratories in developing countries for the immediate future. 
Enzymeimmunoassays gave good within- and between-laboratory agreement. Some deteriora-
tion in enzyme activity and enzyme substrates was observed after 2 weeks' storage at 40°C, 
though this made no appreciable difference to the assay precision or bias and produced valid 
results, confirming that EIAs would be acceptable successors to the current generation of 
W H O RIAs. ' 

5 2 9 
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1. INTRODUCTION 

The Special Programme of Research in Human Reproduction of WHO has for 
many years been involved in multicentred clinical trials that require the measurement 
of hormones. As standardization of immunoassays is complex [1], the Special 
Programme was advised to establish a matched reagent programme (MRP) for the 
provision of well characterized matched assay reagents and detailed assay protocols 
to all centres involved in clinical research requiring comparability of data [2]. As the 
MRP was established in 1976, the assays used were of limited reagent type. The 
assays were cheap, robust and provided long term continuity of assay systems. 
However, the capital equipment required, e.g. gamma and beta counters, refrigerated 
centrifuges and fume hoods, was expensive. Radioisotopes are also expensive and 
difficult to use and dispose of in some countries. 

In the late 1980s WHO was advised to update assay systems. The requirements 
of new assay systems for WHO were: 

(a) availability of assays for all MRP analytes, and comparability of results with 
existing assays; 

(b) simple methodologies using easily obtainable, stable reagents with a long 
shelf-life; 

(c) minimal low cost instrumentation, which is easily maintained; . 
(d) ease of technology transfer to national programmes. 

A number of alternatives were investigated, namely: 

(a) More modern radioisotopic systems; a possibility which was excluded because 
of the long term likelihood of stricter controls on the use, disposal and distribu-
tion of radionuclides. 

(b) Fluorescence systems, especially time resolved fluorescence. These were 
evaluated in 1986 but excluded as assay reagents were not very stable at high 
temperatures, expensive and tied to one manufacturer. Where products are 
protected by patents, local manufacture is made difficult. 

(c) Chemiluminescence systems using isoluminol derivatives. Both in-house and 
commercial kits were evaluated. Reagents were not stable at high 
temperatures. 

(d) Enzyme assay systems. These were chosen because methodologies are well 
established and there is a choice of endpoint (colour, flúorescence and lumines-
cence) dependent upon the substrate used. 

Enzyme luminescence assays were evaluated using both kits and in-house 
methods. This endpoint was rejected because there was only one commercial source 
of instrumentation at the time. For colorimetric readings, a wide range of low cost 
instruments are available from a large number of manufacturers. 
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Many centres are already equipped to carry out the enzymeimmunoassays 
(EIAs) with colour endpoints. EIA kits are also relatively easy to manufacture and 
transfer to national programmes. EIAs with a colour endpoint from commercial 
sources were reviewed. Since the assays had been optimized for routine clinical 
applications and for major commercial markets, the full range of analytes required 
by the MRP were not available from any one supplier. It was found that the cost of 
commercial kits was high, whereas in-housë bulk reagent assays were estimated to 
cost less. It was decided to test the feasibility of developing in-house systems and 
to compare these both with current WHO radioimmunoassays (RIAs) and commer-
cial kits. This approach enabled the development of assays for analytes of interest 
to the MRP and related research projects. 

Assays for luteinizing hormone (LH), follicle stimulating hormone (FSH) and 
progesterone were developed at the WHO Collaborating Centre, London. WHO EIA 
LH and progesterone assays were field tested in 1990. Prolactin (PRL) and FSH 
assays are currently being tested in a multiçentred trial. Commercial EIA kits for 
LH, FSH and progesterone were tested in 1989, by laboratories in Sweden, Finland, 
Mexico, Chile, China, Cuba, Indonesia, Kenya and the United Kingdom. The results 
presented in the paper are data from laboratories which participated in both trials. 
Kits were evaluated in accordance with International Federation of Clinical Chemis-
try guidelines [3, 4]. 

2. MATERIALS AND METHODS 

2.1. Design of WHO RIAs 

The WHO LH, FSH and PRL assays included in the study were reagent limited 
RIAs using 125I labelled hormone and a liquid phase second antibody, for separation 
of free from antibody bound hormone. 

The progesterone assay is a reagent limited RIA which requires extraction of 
serum samples, uses a tritiated label, and dextran-charcoal for separation of free-
from antibody-bound hormone. 

2.2. Design of WHO EIAs 

i. The LH, FSH and PRL assays evaluated are two-site assays using magnetic 
separation, alkaline phosphatase labelled antibody and a colorimetric endpoint. The 
progesterone assay is a direct, non-extraction assay, employing magnetic separation, 
a progesterone-alkaline phosphatase label and a colorimetric endpoint. 

The assay's performance was• critically evaluated and tested for robustness. 
The kits and the enzyme label were subjected to rigorous in-house testing before 
being tested in a multiçentred trial. For comparative purposes WHO RIAs were also 
tested. 
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FIG. J. WHO EI A LH and progesterone standard curves from kits stored at 4° С or 40° С for 
two weeks (London Collaborating Centre). 

2.3. Design of multicentred trial 

When participating centres received the four non-isotopic kits for each assay, 
three kits were stored at 4°C (one 'practice' kit and two test kits) and the fourth at 
40°С for stability testing. Kits were used for assay measurements made at time zero 
(whenever the study was begun) and after storage for 2 weeks at 4°C and 40°С. 
Within- and between-batch reproducibility and drift were monitored by the inclusion 
of 11 control samples in each assay batch. Lyophilized patient samples, provided by 
the trial organizers, were included in each assay to monitor between-centre bias. 
Within- and between-centre imprecision for the assays was also assessed. The 
recipient laboratories were asked to include samples from their own laboratories for 
assessment. 
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FIG. 2. Imprecision profiles of WHO LH and progesterone EI As from kits stored at 4° С or 
40°C for two weeks (London Collaborating Centre). 

The raw data from all laboratories were calculated using the WHO Immunoas-
say Program [5]. All isotopic methods used' were WHO RIAs. Unless otherwise 
stated all the results below are from kits stored at 4°C. 

3. RESULTS 

The thermal stability of complete kits including label, standards and magnetic 
reagents was rigorously tested at the WHO Collaborating Centre, London, before the 
kits were sent for multicentred trial. The standard curve and imprecision profilés of 
the assays using these kits is shown in Figs 1 and 2. The long term thermal stability 
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TABLE I. STABILITY OF WHO RIAs, WHO EIAs AND COMMERCIAL EIAs 
IN A MULTICENTRED TRIAL 

Centre Progesterone LH FSH Prolactin 

RIA EIA RIA EIA • RIA EIA RIA EIA 

(a) London c + 2 + 12 + 10 A a A" : A a A a 

(b) — D b + 10 + 87 - 1 8 + 150 + 15 D 

(a) Stockholm0 — + 3 . ' + 3 + 2 1 A a A a A a A a 

(b) — - 1 4 . 5 + 7 + 3 1 . 5 + 16.5 + 7 + 10 + 101 

(a) Mexico ' + 1 + 19 . + 2 A a A a A a A a 

(b) — D b D b D b D b D b : + 13 D b 

a A = Analytes currently being tested in a multicentred trial. 
b D = Decomposition of kit components. 
c Trial (a) 1990 W H O in-house EIA and W H O RIA assays. 

Trial (b) 1989 Commercial EIAs and W H O RIAs. ; 
The WHO Progesterone assay which uses tritiated radioligand was not subjected to the 
stability, test as severe evaporation losses would have occurred for tracer stored in organic 
solvents. 
% bias of sample results obtained by measurement with kit stored at 40°C compared with 
results obtained with the same kit stored at 4 ° C is used as an indicator of the stability. 

of the progesterone alkaline phosphatase label was assessed by storing it at - 2 0 ° C , 
+4°C , +20°C and +40°C. These labels were used to perform assays at 8, 11, 16; 
21, and 33 weeks after storage. Measurements made on QC pools at all times and 
temperatures were meaned and the standard deviation and CV% calculated. QC 
results for pools 1, 2 and 3 were 8.5 ± 0.74, CV 8.7%; 18.36 ± 1.13, CV 6.1%; 
78.4 + 4.6, CV 5.9% nmol/L, respectively (20 measurements were made iri dupli-
cate, on each pool). Although a decrease in enzyme activity was observed after 
storage for 33 weeks at high temperatures, enzyme labelled progesterone and 
enzyme labelled antibody, are continuing to give satisfactory assay performance in 
our laboratory after 15 months' storage at 4°C. the assay bias of WHO EIAs and 
WHO RIAs was not adversely affected by storage of labels at 40°C for 2 weeks. 
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TABLE П. AVERAGE WITHIN- AND BETWEEN-RUN % IMPRECISION OF 
WHO RIAs, WHO EIAs AND COMMERCIAL EIAs IN A MULTICENTRED 
TRIAL 

Progesterone LH FSH Prolactin 
RIA EIA RIA EIA . RIA EIA RIA EIA 

(a) Londonb 5.6 12.2 7 .5 3.2 . м а Ма Ma м а 

(b) 10 13 5.0 9 6 5 5 2 
(a) 10.2 11.1 8.0 5.9 . м а Ма Ма Ма 

(b) 12 14 7.0 8.0 9 9 10 10 

(a) Stockholmb 4.4 9.3 11 5.2 Ма Ма ' > ' м а 

(b)' 8 11 5 6 5 4 12 4 
(a) 7.6 13.1 10.8 4.7 М" М" Ма ' м а 

(b) 12 11 9 9 8 6 ' 5 ' 7 

(a) Mexico" 4.2 10.3 12.5 9.4 Ма м а м а Ма 

(b) 13 8 16 7 8 5 6 3 

(a) 4.3 16.2 13.1 9 1 Ма М \ м а м а 

(b) 9 14 13 10 11 23 19 8 

a M = Currently undergoing multicentred trial. 
b Trial (a) 1990 W H O in-house EIAs and W H O RIAs. 

Trial (b) 1989 Commercial EIAs and W H O RIAs. • 
Results in bold are values of between-batch imprecision. 
Each value for within-run imprecision is a mean of 28 coefficients of variation (CVs) which 
were calculated for duplicate measurements of 11 control samples in 2 assay batches. Each 
value for between run imprecision is the mean of 14 average CV results. Each value was calcu-
lated from measurements of 11 control samples in 2 assay batches. 

Data from multicentred trials is shown in Tables I-IV. The relative stability of 
WHO RIAs, WHO EIAs and commercial EIAs is shown in Table I. Average within-
and between-run imprecision in WHO RIAs, WHO EIAs and in commercial EIAs 
is shown in Table II. Table П1 shows between-centre imprecision in measurement 
of control samples. In Table IV the mean % bias of the WHO EIAs and commercial 
EIAs is shown.1 . 
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T A B L E III. B E T W E E N - C E N T R E % I M P R E C I S I O N O F W H O R I A s , W H O 

E I A s A N D C O M M E R C I A L E I A s 

Progesterone LH FSH Prolactin 
RIA EIA RIA EIA RIA EIA RIA EIA 

(a) Mean CV b 23.2 16 15 7 A a A a A a A a 

(b) Mean CVC 19.6 15.6 16.7 14.7 17.2 13.3 17.1 13.1 

a A = Assays for these analytes currently undergoing multiçentred trial. 
b Trial (a) (1990) W H O in-house EIA and W H O RIA. 
c Trial (b) (1989) Commercial EIA and W H O RIA. 

Includes W H O Collaborating Centres from Finland, China, Cuba, Mexico, Kenya, Sweden, 
Indonesia, Thailand, Chile and the United Kingdom. 
The values shown are the means. Each CV was computed from the results obtained in four 
participating centres for each of the 15 control samples from 2 assay batches. 

T A B L E I V . M E A N % B I A S O F T H E W H O E I A s A N D C O M M E R C I A L E I A s 

Progesterone LH FSH Prolactin 
EIA EIA EIA EIA 

(a) Mean % bias2 + 6 . 6 - 5 — — 
of W H O EIA 

(b)Mean % biasb + 7 2 - 5 7 + 2 8 - 2 4 
of commercial EIA 

Data from Mexico, London and Stockholm. 
a Trial (a) 1990 WHO in-house EIAs and W H O RIA. 
b Trial (b) 1989 Commercial EIA and W H O RIAs. 

% bias is the percentage difference between results obtained using W H O RIA and the 
W H O EIA or commercial EIA. 

4 . C O N C L U S I O N S 

T h e r a d i o i m m u n o a s s a y f o r L H , F S H and P R L us ing 1 2 5I label s h o w e d n o 

i m p a i r m e n t of assay p e r f o r m a n c e of ki ts s to red at 4 0 ° C w h e n c o m p a r e d to the p e r -

f o r m a n c e of kits s to red at 4 ° C . In M e x i c o , h o w e v e r ; R I A s did de t e r io ra t e subs tan-

t ial ly, wh ich m a y h a v e been d u e to a d v e r s e s to rage cond i t ions d u r i n g t r anspor t a t ion . 
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Storage of WHO EI As for 2 weeks at 40° G reduced the signal by up to 40%, though 
this loss of signal did not result in any significant deterioration in assay performance. 
After 2 weeks' storage at 40°C commercial EIA kits showed deterioration of some 
components. In some cases this was so severe that no assays could be performed. 

A large difference in bias was observed between isotopic and commercial non-
isotopic kits tested. This finding is comparable to those observed in the WHO and 
other external quality assessment schemes. It is therefore essential to assess the aver-
age assay bias when introducing or replacing any established assay system as new 
reference ranges may need to be established. 

The average within- and between-run imprecision was slightly worse for RIAs 
than for EIAs. The between-centre comparability of results for EI As of all analytes 
tested was better than that of the corresponding RIAs. 

EIAs are convenient for laboratory personnel to use because they are one day 
assays, use magnetic separation, and have a colorimetric endpoint. The signal is sta-
ble for at least 48 hours, which is of benefit to laboratories where electricity failure 
is common. Instrumentation for EIA measurement is cheaper and the hazards of use 
and transportation of RIA reagents are reduced. 

This study confirms that it is possible to develop robust, low cost, quantitative 
EIAs suitable for production and use in developing countries. Such assays will 
increase the availability of immunodiagnostic tests, as they can be used by centres 
not licensed to handle radioisotopes and this may be especially important in develop-
ing countries where there may be problems with the disposal, use and storage of 
isotopes. 

It is likely that centres already equipped with RIA technology will continue to 
use radiolabels for some considerable time, as these tracers offer surprising thermal 
stability and excellent assay performance despite the short half-life of 125I. 
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Abstract-Аннотация 

COMPARISON BETWEEN RADIOIMMUNÓLOGICAL AND ENZYME-IMMUNO-
LOGICAL ASSAY IN TUMOUR ASSOCIATED ANTIGEN DETERMINATION. 

A comparative analysis of the sensitivity, specificity and diagnostic value of radio-
immunological and enzyme-immunological assay kits for determining carcinoembryonic 
antigen (CEA) and carbohydrate antigen CA-19-9 was carried out on 237 patients suffering 
from tumours of the stomach, the large intestine, the rectum, the lungs and a number of other 
organs. Taking the group of patients with tumours as a whole, the greatest sensitivity (39%) 
was shown by carbohydrate antigen CA-19-9. When the tumours were located in the large 
intestine and rectum, the markers displayed similar sensitivity,(48-55%). The specificity of 
these tumour associated antigens ranged from 38% to 46%. The diagnostic value could be 
enhanced by lowering the thresholds for the markers and by making an optimum choice of 
a set of markers for integrated diagnosis. 

СРАВНИТЕЛЬНЫЕ РЕЗУЛЬТАТЫ РАДИОИММУНОЛОГИЧЕСКОГО И 
ИММУНОФЕРМЕНТНОГО ОПРЕДЕЛЕНИЯ ТУМОРОАССОЦИИРОВАН-
Н Ы Х А Н Т И Г Е Н О В . . ' 

Сравнительное изучение чувствительности, специфичности и диагностиче-
ской информативности радиоиммунологических и- иммуноферментных наборов 
для определения раковоэмбрионального антигена (CEA) и карбогидратного анти-
гена (СА-19-9) было выполнено у 237 больных, страдающих опухолями желудка, 
толстой и прямой кишки, легкого и некоторых других локализаций. В общих груп-
пах онкологических больных наилучшей чувствительностью (39%) обладал карбо-
гидратный антиген. При локализации опухоли в толстой и прямой кишке маркеры 
обладают идентичной чувствительностью (48-55%). Специфичность указанных 
тумороассо'циированных антигенов находится на уровне 87-100%, однако диагно-
стическая точность не превышает 38-46%. Повышению диагностической инфор-
мативности может способствовать снижение порогового уровня маркеров, а 
также оптимальный подбор нескольких маркеров для комплексной диагностики. 

5 3 9 
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1. ВВЕДЕНИЕ 

Запаздывание сроков своевременного лечения рецидивов и метаста-
зов рака различных локализаций ставит задачу внедрения в практику 
здравоохранения аналитических методов мониторинга онкологических 
больных [1, 2]. В связи с этим возрос интерес к использованию в клиниче-
ской практике так "называемых опухолеассоциированных антигенов (рако-
воэмбриональный антиген CEA, альфа-фетопротеин, хорионический го-
надотропин и др.). Наибольшее внимание уделяется опухолевым марке-
рам на моноклональной основе и в частности карбогидратному антигену 
CA-19-9. Считают, что данный маркер является наиболее информатив-
н ы м при раке органов желудочно-кишечного тракта с локализацией в под-
желудочной железе, толстой и прямой кишке. При этом на моноклот 
нальной основе получен и такой известный маркер как CEA. Кроме то-
го, некоторые из указанных маркеров используются и в иммунофермент-
ной модификации. Принимая во внимание отдельные технологические 
преимущества каждого из перечисленных маркеров, их клиническая значи-
мость остается изученной недостаточно. 

Целью работы явилось сравнительное изучение чувствительности, 
специфичности и точности радиоиммунологических и иммунофермент-
ных наборов для определения CEA и CA-19-9. 

2. М А Т Е Р И А Л И М Е Т О Д Ы 

Были использованы следующие коммерческие наборы: CEA-RIA-
Minsk (USSR) на поликлональной основе, CEA-EIA-Abbott на моноклональ-
ной основе, CA-19-9-CIS на моноклональной основе. 

Нами были обследованы 23 больных раком желудка, 77 — раком 
толстой и прямой кишки. Результаты обследования, 76 пациентов с 
раком легкого и 61 с опухолями различных иных локализаций, рассматри-
вались нами в качестве контроля в отношении онкоспецифичности. Кроме 
того , обследованы 44 пациента с некоторыми неонкологическими заболе-
ваниями, а также 78 здоровых людей. 

В качестве порогового для СА-19-9 принят показатель 370 Е д . / м л , а 
для CEA — 10 нг /мл . 

3. Р Е З У Л Ь Т А Т Ы И О Б С У Ж Д Е Н И Е 

Данные о сравнительной чувствительности трех рассматриваемых 
маркеров при опухолях различной локализации представлены в табл . I. 
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Т А Б Л И Ц А I. Ч У В С Т В И Т Е Л Ь Н О С Т Ь М А Р К Е Р О В П Р И 
О П У Х О Л Я Х Р А З Л И Ч Н Ы Х Л О К А Л И З А Ц И Й 

Чувствительность 

CA-19-9 CEA-EIA CEA-RIA 

Число % Число Щ Число % 
больных больных больных 

Рак желудка 20 25 20 5 23 8 

Рак толстой и 
прямой кишки 34 48 36 50 40 55 

Рак легкого 23 43 53 11 76 27 

Прочие 13 23 51 13 61 19 

Итого 84 39 160 20 200 28 

Вид 
опухоли 

В общих группах онкологических больных наилучшей чувствитель-
ностью обладает CA-19-9, однако его чувствительность в отношении 
онкологического процесса не превышает 39%. При рассмотрении данного 
показателя внутри каждой органоспецифической группы оказалось, что 
при опухолях толстой и прямой кишки все три маркера обладают наивыс-
шей чувствительностью (48-50-55%). При этом статистическая оценка 
разницы показателей в чувствительности CA-19-9 и CEA в иммунофер-
ментном варианте (оба маркера имеют моноклональную основу) показал 
достоверную значимость различий на уровне 99,5%, тогда как для двух 
модификаций CEA такой закономерности не выявлено. Проанализировав 
причины указанных различий в общих неоднородных группах онкологиче-
ских больных было установлено, что статистически значимый вклад в 
повышение чувствительности СА-19-9 вносит группа больных с раком 
легкого. Достоверность различий в чувствительности СА-19-9 (43%) и 
CEA на моноклональной основе в иммуноферментном варианте (11%) 
при раке легкого находится на уровне 99,9%. Чувствительность всех трех 
маркеров в отношении рака желудка и опухолей других локализаций 
отчетливо низкая (5-27%). 
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Т А Б Л И Ц А П. С П Е Ц И Ф И Ч Н О С Т Ь И ТОЧНОСТЬ О П У Х О Л Е В Ы Х 
М А Р К Е Р О В 

Маркер Специфичность Точность 

Число больных . % Число больных % 

СА-19-9 16 87 98 42 

CEA-RIA 33 96 23 38 

CEA-EIA 34 100 194 46 

Данные о специфичности и точности рассматриваемых маркеров 
представлены в табл. П. Все три маркера обладают высокой специфичнос-
тью от 87 до 100%. П о всей вероятности, по мере увеличения численности 
групп обследуемых неонкологическими заболеваниями, специфичность 
маркеров увеличивается, так как наименьший процент истинно-
отрицательных результатов наблюдается в группе из всего 16 пациентов. 
Таким образом, наши исследования подтверждают данные о том, что при 
выбранных пороговых значениях уровня опухолевых-маркеров у лиц, не 
страдающих онкологическими. заболеваниями, его повышение практи-
чески не отмечается. 

Вычисленный нами комплексный показатель точности каждого в 
отдельности опухолевого, маркера показал, что правильное диагностиче-
ское заключение было получено в среднем не чаще, чем в 42% случаев. 
При э т о м для каждого отдельного маркера были получены примерно оди-
наковые данные (38-42-46%). Недостаточно высокая точность данного 
вида обследования обусловлена наличием большого числа ложно-
отрицательных ошибок. Повышение точности данного метода можно 
достичь путем снижения порогового уровня маркеров, что, вероятно, 
приведет к.некоторому снижению специфичности исследования, однако 
позволит существенно снизить ложно-отрицательные заключения. Повы-
шению точности также способствует комплексное использование группы 
опухолевых маркеров. Оказалось, что при оценке повышения хотя бы 
одного маркера из трех в качестве истинно-положительного результата 
число правильных диагностических заключений при раке толстой кишки 
возросло д о 70%, а при раке легкого д о 84%. 
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4 . З А К Л Ю Ч Е Н И Е 

Приведенные данные п о з в о л я ю т сделать вывод о т о м , ч т о ни техно-
логические о с о б е н н о с т и м е т о д а (радиоиммунологический или и м м у н о -
ферментный) , ни клоновая основа антигенов (моно- или поликлональная) 
не д а ю т выраженного преимущества в чувствительности, специфичности 
и т о ч н о с т и изучаемых маркеров. Поскольку все три маркера о б л а д а ю т 
примерно одинаковой т о ч н о с т ь ю , н е о б х о д и м оптимальный п о д б о р мар-
керов для диагностики. 
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Abstract 

A COMPARISON O F IMMUNOENZYMOMETRIC ASSAYS FOR H U M A N THYROID 
STIMULATING H O R M O N E ' A N D H U M A N GROWTH H O R M O N E WITH ESTAB-
LISHED IMMUNORADIOMETRIC ASSAY METHODOLOGY. 

Two-site immunoenzymometric assays (IEMAs) utilizing polyclonal antisera coated 
microtitré wells (solid phase) and horse radish peroxidase labelled murine monoclonal 
antibody (MAb) have been devéloped with a-view to supplying a non-radioisotopic immuno-
assay system for use in a bulk matched reagent scheme. A two stage assay format with a 
spectrophotometric end point readout was chosen; Results for the pituitary hormones human 
thyroid stimulating hormone (hTSH) and human growth hormone (hGH) are presented. Assay 
characteristics and performance of these IEMAs compared favourably with existing 
immunoradiometric assays (IRMAs) which use microcrystalline cellulose coupled solid phase 
antibody and l25I labelled MAb. Intra-assay analytical precision was similar for both hTSH 
methods but slightly worse for the hGH IEMA. Relative to IRMA, mean IEMA sensitivity 
was better for the hTSH, but worse for hGH. However, 'working ranges' with analytical 
imprecision of less than 10% covered the distribution of standards in all assays. Good agree-
ment was obtained between methods for patient hTSH specimens up to 12.5 mlU/L but a 
concentration-dependent negative bias developed in the IEMA at higher hTSH levels. A 
similar bias was observed in the hGH IEMA. The bias was traced to a 'matrix effect ' due to 
the hTSH-free horse serum used to prepare standards. 

1. I N T R O D U C T I O N 

T o d a y , m e a s u r e m e n t of s e r u m pep t ide h o r m o n e s , fo r the p u r p o s e of m e d i c i n e 

a n d r e s e a r c h , is d o n e a lmos t exc lus ive ly by i m m u n o a s s a y . Rad io i so top ic labels , 

par t i cu la r ly 1 2 5I , h a v e f o r th i r ty y e a r s enab led rea l iza t ion of robus t and re l iab le 

r a d i o i m m u n o a s s a y (RIA) and i m m u n o r a d i o m e t r i c assay ( I R M A ) [ 1 - 4 ] . In recen t 

y e a r s a m o v e a w a y f r o m the use of r ad io i so topes has b e c o m e ev iden t . V a r i o u s 

r easons h a v e been ident i f ied fo r this c h a n g e but the d o m i n a n t cause b y fa r is that R I A 
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and IRMA in practice involve labour intensive procedures. In contrast, non-
radioisotppic labels: such as enzymes [5], . chemiluminescent molecules [6] and 
fluorophores [7], when used with appropriate assay formats, allow easy automation. 
In a laboratory where automation is not required, however, there is little or no 
benefit (and some very real disadvantages) in a change to non-radioisotopic 
immunoassay. 

In the United Kingdom increasing automation of the clinical laboratory is 
occurring, chiefly for reasons of laboratory finance. Efforts at the North East 
Thames Region Immunoassay Unit (NETRIA) are currently directed towards 
developing a non-radioisotopic system which (a) can be automated to a high degree 
and (b) is suitable for a bulk matched reagent scheme [4]. The primary requirement 
for such an immunoassay system is an overall inherent flexibility. Of the possible 
alternative combinations available, an enzyme label together with antibody-coated 
microtitre well (12 x 8 format) solid phase appears to offer the necessary features. 
Thus, liquid handling equipment for microtitre plates — sample processors, washers, 
dispensers, multichannel pipettes, etc. — are available commercially in many forms 
from various manufacturers, permitting a wide choice when equipping the 
laboratory.. Moreover, enzyme labels may be used in a variety of detection systems 
based on chromogenic, fluorogenic and chemiluminescent substrates, providing a 
selection.of assay response signals. The most 'open' class of enzyme substrates, and 
thus the most flexible, is the chromogens. Recent years have seen considerable 
advances in microplate spectrophotometry , resulting in a wide choice of accurate and 
precise instruments. Fluorescence and chemiliiminescence detection systems are, on 
the other hand, comparatively limited and are often protected by patents, making 
them less accessible technologies. 

The present study utilized horse radish peroxidase (HRP) enzyme to label 
antibodies, together with analyte-specific antibody coated polystyrene microtitre 
wells in two-site immunoenzymometric assays (IEMAs) for human thyroid stimulat-
ing hormone (hTSH) and human growth hormone (hGH). HRP has a high turnover 
number [8], producing IEMA of superior sensitivity compared to other enzyme 
labels [9]. Also HRP-antibody conjugates are stable for long periods [10], especially 
when stored at high concentrations, making them suitable for bulk reagent schemes. 
The microplate format (12 x 8 wells) allows easy separation (simple washing) and 
the solid phase can be presented in a stable, dried form, ready to use. 

The IEMAs for hTSH and hGH at their current stage of development, are 
compared here with established NETRIA IRMAs of proven performance [4, 11]. 



IAEA-SM-324/37 5 4 7 

2. REAGENTS, EQUIPMENT AND, DATA PROCESSING 

2.1. General chemicals , 

Inorganic and organic chemicals, AnalaR grade or purer, were obtained from 
BDH Ltd, Poole, United Kingdom, except for 3,3' 5,5'-tetramethylbenzidine (TMB) 
chromogen, product . T-2885 and polyoxyethylenesorbitan monolaurate ('Tween 
20'), P-1379, from Sigma Chemical Co., St, Louis,. MO, USA. 

2.2. Antibodies . ... ; 

Sheep anti-hTSH S1001 pool 90 and sheep anti-hGH S6-2 were from 
NETRIA [4]. Murine monoclonal antibody (MAb) against hTSH was from Serono 
Diagnostics UK Ltd, Woking, United Kingdom, code TSH.0584.0001 (IgGl, 
К = 1.1 X 1011 L/mol). Murine MAb to hGH was supplied by Chemicon Inter-
national Inc, Temecula, CA, USA; code MAb 653 (IgGl, К = 5.2 X 109). 

2.3. Standard.material , . 

Purified hTSH 'TSH 13' was supplied by S ; Lynch, Birmingham Hospital for 
Women, United Kingdom. Purified hGH was supplied Ъу С. McLean, St. Bar-
tholomew's Hospital, London [12]. Purified hormones were used to prepare working 
standards. 

International Standards for hTSH (80/558) and hGH (80/505) were from the 
United Kingdom National Institute of Biological Standards and Control. These were 
used,to calibrate working standards by IRMA. . 

2.4. Other biological materials 

HRP was purified by gel filtration and diethylaminoethyl (DEAE) ion-
exchange chromatography [13] from HRP 'type II ' , code P 8250, Sigma. Bovine 
gamma globulin (BGG, Cohn fraction II/III), G 5009, Sigma. Other materials used 
were: bovine serum albumin (BSA, Cohn fraction V), 810035, ICN Biomedicals Ltd 
Costa Mesa, CA, USA; T suppressed horse senim ('TSH-free' for use as the stan-
dard matrix), S0044a, Sera- Lab Ltd, Crawley Down, United Kingdom. Hydrolyzed 
gelatin ('Byco A') was supplied by Croda Gelatin Ltd, Widnes, United Kingdom. 

2.5. Conjugation of МАЙ with HRP ! 

Monoclonal antibodies were conjugated with purified HRP by an optimized 
version of the method of Nakane and Kawaoi [14]. Product was purified by gel filtra-
tion on Sephacryl S-200 and Concanavalin-A chromatography in phosphate buffered 
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saline (PBS; 25mM sodium phosphate, pH 7.4/150mM sodium chloride). It was 
stored as a 50% glycerol solution at - 2 0 ° С at greater than 0.1 mg/mL conjugated 
protein with added BS A (10 mg/mL). 

2.6. Microtitre wells and antisera coating 

The microtitre wells used were in strips of eight ( 1 x 8 wells; Maxisorp F8, 
4 — 68667, Nunc, Copenhagen, Denmark) which assemble into the 96, 12 X 8 well 
format. Anti-TSH and anti-hGH antisera were diluted to 1 in 1000 and 1 in 2000 
respectively in 'Convoi' buffer, pH 8.0 (BDH). Wells coated with diluted antisera 
(0.3 mL/well) for 70 h at 21 °C produced maximum immunoextraction of analyte in 
each assay system. Finally the well surface was stabilized with Byco A (1 % wt/vol.) 
and mannitol (2% wt/vol.) and the wells dried in a vacuum. Strips were stored desic-
cated, in the dark, at 4°C. 

2.7. Equipment 

The plate washer (ZLE.201) and shaker (ZLE.164) were manufactured for the 
Amerlite system (Amersham International, Amersham, United Kingdom). The plate 
reader used was the Vmax from Molecular Devices Corporation, Menló Park, CA, 
USA. Multichannel pipettes were manufactured by Finn Pipettes, Finland. 

2.8. Data processing 

IEMA data was reduced with the NovoClone Microplate Software from Novo 
Nordisk Diagnostics, Cambridge, United Kingdom. IRMA data was càlculated with 
the Pharmacia RiaCalc programme. Curve fitting was with the four parameter logis-
tic model. 'Sensitivity' and precision profiles were calculated using versions of the 
method of Ekins [15]. 

2.9. IEMA protocol 

A universal two stage assay protocol was used throughout. All reagents were 
used at ambient temperature (20-24 °C). 

a) The number of strips required was selected and assembled into a microtitre 
plate frame. 

(b) Reagents were dispensed to each well as follows: sample/standard 100 pL 
(hTSH) or 50 pL (hGH) followed by 150 /xL (hTSH) or 200 /¿L (hGH) assay 
buffer (PBST)1 containing BSA and BGG to give a final concentration 
(wt/vol.) of 1 and 0.07% respectively. 

' Phosphate buffered saline containing 'Tween 20 ' (0.05% wt/vol.). ' 
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(c) Wells were incubated overnight at ambient temperature. 
(d) Dilutions of HRP-MAb were prepared in PBST containing BSA (1 % wt/vol.) 

BGG (0.07% wt/vol.) and horse serum (10% wt/vol.). Dilutions were deter-
mined so as to give the required sensitivity and working range required for 
each analyte. 

(e) The wells were aspirated and washde with, PBST (four fill/empty cycles, 
Amerlite washer) and dried by tapping onto absorbent tissue paper. 

(f) Without delay, diluted conjugate was added with the multichannel pipette 
(250 /xL/well) and wells incubated with shaking (Amerlite shaker) for two 
hours at ambient temperature. 

(g) Wells were washed as in (e). ¡ 
(h) Without delay a freshly prepared solution of TMB (0.1 mg/mL) in 0.1 M 

sodium acetate buffer, рНб.О, containing 1.3mM H 2 0 2 , was added with a 
multichannel pipette (200 /¿L/well) at timed intervals and the wells incubated 
with shaking for 15 minutes at ambient temperature. 

(i) At the same timed intervals as in (h), sulphuric acid stop reagent (2M) was 
added (50 /xL/well) and the wells shaken to mix the contents. 

(j) Well absorbances were read at 450 nm (chromophore absorption maximum) 
and at 650 nm (reference wavelength), 

(k) Absorbance data was processed (Section 2.8). 

3. RESULTS 

3.1. IEMA intra-assay precision and sensitivity 

Summary data from two representative IEMAs for hTSH and hGH are shown 
in Figs 1 and 2 respectively; parts (a) show the standard curves (duplicate points), 
parts (b) the precision profiles. Each assay contained 40 samples covering the 
concentration range shown. Overall satisfactory analytical precision was routinely 
obtained for the IEMAs, with average batch coefficients of variation (CV) in 
concentration between 2 and 3% for hTSH, 3 and 7% for hGH. These figures 
compare well with IRMA data: also 2-3% for hTSH and 2-5% for hGH. Compared 
with IRMA somewhat poorer precision profiles were obtained in the case of hGH 
IEMA; profiles were always close in the case of hTSH IEMA and IRMA. 'Working 
ranges', defined as the concentration range with analytical error of less than 10%, 
covered the distribution of standards in all assays. 

Mean sensitivities for successive IRMA and IEMA batches are compared in 
Table I. Superior sensitivities were'routinely obtained in the IEMA for hTSH but 
the hGH IEMA was approximately half as sensitive ás the IRMA, as one would 
expect from the intra-assay precision data. The overall picture was one of compar-
able assay performance. 
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FIG. 1. (a) hTSH IEMA standard curve showing duplicate points, (b) hTSH IEMA intra-
assay precision profile; number of samples — 40. Sensitivity = 0.024 mlU/L. , 
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FIG. 2. (a) hGH IEMA standard curve showing duplicate points, (b) hGH IEMA intra-assay 
precision profile; number of samples = 40. Sensitivity = 0.21 mlU/L. 
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TABLE I. ASSAY SENSITIVITIES AND INTER-ASSAY REPRODUCIBILITY 

Sensitivity (mlU/L) Low pool Medium pool High pool 

hTSH IEMA 0.03 ± 0.02, n = 15 21% (0.6)a 6.4% (6.3) 7.5% (20) 

hTSH IRMA 0.07 ± 0.03, n = 13 9% (0.4) 9.6% (7.4) 8.4% (37) 

hGH IEMA 0.22 ± 0.06, n = 4 11% (9.6) 7.3% (20) 9.2% (35) 

hGH IRMA 0.12 ± 0.05, n = 14 3.8% (10.4) 12% (30) 6.9% (67) 

a The numbers in parentheses are the mean concentrations. 

3.2. Intra-assay drift 

'Drift control' specimens were included at intervals throughout the IEMAs 
(data not shown), but no evidence was obtained for intra-assay drift. 

3.3. Inter-assay reproducibility 

Data from the use of quality control pools (see Table I) show that variability 
between successive IEMAs for both analytes was broadly similar to that observed 
in IRMA except that the IEMAs gave significantly more variation at the low end of 
the concentration ranges. Thus the hTSH IEMA gave a CV of 21% at 0.6 mlU/L 
compared with 9% for the IRMA at 0.4 mlU/L whilst the hGH IEMA had a CV of 
11 % at 9.6 mlU/L in contrast to 3.8% at 10.4 mlU/L in the IRMA. It is our opinion 
that these variations can in part be attributed to limited curve fitting routines. 

3.4. Correlation and regression of IEMA and IRMA specimen results 

3.4.1. hTSH 

Figure 3 shows that excellent agreement was obtained between the two assays 
for patient speciments in the concentration range 0-12.5 mlU/L, with a small y inter-
cept (0.015) and a slope of 0.974 on linear regression analysis. The correlation 
coefficient was 0.992. However, when the range of concentration was extended to 
40 mlU/L, correlation was still high (0.991) but the agreement deteriorated with a 
linear regression equation of intercept 0.442, slope 0.766 (see Fig. 4). Inspection of 
Fig. 4 reveals that the relationship is curved, thus accounting for the increased inter-
cept and decreased slope on linear regression. In fact a concentration dependent 
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FIG 3. Regression of hTSH IEMA on hTSH IRMA — samples '0' to '12.5'mW/L by IRMA; 
number of samples = 55. The regression equation is: IEMA = 0.015(0.075) + 0.974 (0.017) 
IRMA. Correlation coefficient of IEMA and IRMA = 0.992. 

negative bias is present which increases as does the concentration. The IEMA, there-
fore, gives negatively biased results (compared with the IRMA) above approximately 
12.5 mlU/L hTSH. 

3.4:2. hGH -

Figure 5 shows a linear regression analysis for patient specimens up to 
80 mIU/L hGH. A good correlation was obtained (0.988) for the two methods but, 
once again, a significant negative bias was seen in the IEMA relative to the IRMA. 
The regression appears linear. 

3.5. Identification of source of bias 

Recovery experiments were performed with the hTSH IEMA as follows. A 
pool of hTSH-free thyrotoxic patient sera (containing <0 .05 mlU/L hormone) was 
prepared. hTSH international standard preparation 80/588 was then added to 
portions of the pool, giving final concentrations of hormone covering the range 
0.2-185 mlU/L. At the same time equivalent solutions were prepared in horse 
serum. Each set of standards was assayed; by IEMA and the two concentration-
response curves were compared.. 
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FIG. 4. Regression of hTSH IEMA on hTSH IRMA - samples '0' to '40' mlU/L by IRMA; 
number of samples = 144. The regression equation is: IEMA = 0.442 (0.065 + 0.766 (0.009) 
IRMA. Correlation coefficient of 1EMA and IRMA = 0.991. 

The data indicated that the IEMA bias was indeed due to a 'matrix' difference 
between horse and human sera. Thus, the two standard curves could be superim-
posed up to approximately 10 mlU/L, after which they progressively deviated. When 
calculated as 'unknown' using the horse serum standard curve, 21 mlU/L hTSH in 
human serum was apparently 16 mlU/L ( - 2 4 % bias), 62 was 43 ( - 3 0 % bias) and 
185 was 103 ( - 4 4 % bias). 

4. DISCUSSION 

In terms of analytical performance the HRP labelled microtitre well format 
IEMAs for hTSH and hGH presented in this paper were satisfactory except for the 
presence of negative biases. At least in the case of hTSH IEMA the effect increases 
towards high levels of analyte. However, the hTSH IEMA gave excellent agreement 
with IRMA below about 12.5 mlU/L of hormone and, with a sensitivity superior to 
IRMA, can be used in the diagnosis of hyperthyroid patients with low ( < 0 . 3 mlU/L) 

As the bias in the IEMA is related to the standard matrix — routine standards 
made in horse serum give higher responses than their equivalents in hTSH-free 
human serum — then the selection of a suitable standard matrix should resolve the 

hTSH. 
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FIG. 5. Regression of hGH IÉMA on hGH IRMA — samples '0' to '80' mlU/L by IRMA; 
number of samples = 50. The regression equation is IEMA = 0.346 (0.387) + 0. 728 (0.016) 
IRMA. Correlation coefficient of IEMA and. IRMA = 0.988. 

p r o b l e m . T h e p r e s e n t obse rva t i ons a r e cons i s ten t wi th e x p e r i e n c e o n the Uni t ed 

K i n g d o m ex te rna l qual i ty a s s e s s m e n t s c h e m e s , w h i c h h a v e fo r s o m e y e a r s pas t d e m -

ons t r a t ed that nega t ive b iases a r e a c o m m o n f ea tu r e of m a n y two-s i t e i m m u n o m e t r i c 

a s says w h i c h u s e coa ted t ube o r wel l sol id p h a s e an t ibody . 
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Abstract 
UNEXPLAINED INFERTILITY: IDENTIFICATION BY A MODIFIED IMMUNO-
RADIOMETRIC ASSAY. 

Several methods have been employed to measure antisperm antibodies with variable 
sensitivity and specificity in serum and secretion of infertile patients. Not all of them are pre-
cise means for identification of the presence of antisperm antibodies for patients with unex-
plained infertility. Therefore a modified radiolabelled antiglobulin test was used successfully 
to identify and quantify the antibodies directed towards other human cell surface. The modi-
fied procedure was used on 118 patients in different groups so as to quantify the circulating 
antisperm antibodies. The data obtained revealed that the highest and the most significant inci-
dence was found in the secretions (semen and cervical mucus) of patients- with unexplained 
infertility, and also in the group of males with varicocele. Therefore, it is highly advisable 
to use the modified radiolabelled technique as a quantitative assay to help manage infertility 
in patients with unexplained and mediated infertility. 

1. INTRODUCTION 

There has been increasing interest over recent years in the potential role of 
immunological factors for human infertility ¡[1]. Infertile men and women may have 
antisperm antibodies in their serum, seminal plasma and cervical mucus, although 
the site and mode of autoimmunization may not be known. 

More recently, a high incidence of antisperm antibodies in men and women 
with unexplained infertility has been reported by many authors [2], but none of the 
traditional methods allows measurement of' the amount of antibodies on the sperm 
surface, therefore, this work was designed to establish the modified radiolabelled 
antiglobulin test that has been successfully applied to both diagnosis and treatment 
of immune disorders. 

5 5 9 
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The spermatozoa bound antibodies were quantified with the aid of antiglobulin-
rabbit immunoglobulin G (IgG) after iodination with 125I by the chloramine-T 
method. The new test was shown to correlate better with immunological sterility than 
other tests. Antispermatozoa antibodies concentration was found to be indicative of 
an immunological cause of infertility [3]. 

2. MATERIALS AND METHODS 

The study started by using the iodination process for rabbit IgG by the 
chloramine-T method [4]. The chloramine-T was concentrated to 1 mg/1 mL and 
radiolabeled with 125I as follows: 250 pg of rabbit IgG was dissolved in 100 pL 
of sodium phospate buffer 0.1 M (pH7.2, 1.5 mCi of radioactive iodide was added 
and the mixture stirred, 100 ph of chloramine-T at 5 pg was added dropwise; after 
60 seconds 100 pL (5 pg) sodium metabisulphite was added to stop the reaction.1 

The reaction mixture was applied on a pre-equilibrated Sephadex G-50 column with 
the buffer and 1 mL of 2% bovine serum albumin (BSA). The reaction vessel was 
washed with 100 pL of the same buffer. The elution flow was adjusted to 1 drop/8 s. 
The elution pattern showed two peaks (Fig. 1). The first peak was labelled rabbit 
anti-IgG, which was pooled and identified by paper chromatography, and then 
detected by bromophenyl blue. The concentration of the labelled material was 
8.3 /xg/mL [5] and with specific activity 95 mCi/mg. This pooled fraction was frozen 
at — 15°C (stock solution) until used. The pooled fractions of the second peak were 
discarded. 

2.1. Immunological studies 

Studies were made of 118 patients with unexplained infertility (49 females and 
49 males) and 20 males with varicocele, ranging in age from 20 to 48 years, with 
the duration of infertility ranging from 2 to 13 years, attending the department of 
Andrology, Kasr El-Aini Faculty of Medicine, Cairo University. The studies aimed 
to detect and quantify the antisperm antibodies in the samples (n = 205 samples) 
using the specific radiolabeled antiglobulin test [3], and comparison with serum 
samples of fertile controls. The subjects underwent an infertility evaluation, which 
included (depending on the sex of the patient) semen analysis, a postcoital test, an 
endometrial biopsy, a laboroscopy, and plasma sample for progesterone assay drawn 
in the presumed luteal phase. The results of this evaluation were normal in all 
patients. The 205 samples from different groups subjected to the radiolabelled test 
were treated as follows: 

(1) Semen of a single donor of proved fertility was diluted with Hank's buffer, to 
which had been added an equal volume of 3% BS A and 0.5 mg/L of soybean 
trypsin inhibitor. 

' 1 Ci = 37 GBq. 
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FIG. 1. Separation of 125I IgG'from unlabelled rabbit IgG. 

(2) The final concentration (2 million sperm in 0.3 mL of buffer) was then 
incubated with 0.3 mL of an undiluted sample of serum or secretion from each 
patient or with fertile serum controls for 45 minutes at 37° С in a shaking water 
bath. 

(3) The sperm were centrifuged at 990g for 10 minutes, the supernatant was 
aspirated, and the sperm were washed 4 times (3.5 mL of buffer per wash). 

(4) The washed sperm pellet was resuspended in 1 mL with the Hank's buffer and 
: incubated with 4 ng of the prepared diluted radiolabeled rabbit IgG for 

45 minutes at 37°C. 
(5) The bound l2SI anti-IgG was washed and resuspended to 1 mL. The amount 

of sperm'associated radioactivity was determined in a gamma counter. Sperm 
associated radioactivity was expressed as the percentage of the total l25I anti-
IgG radioactivity incubated with each aliquot of sperm. 

(6) The previous test was applied to the pooled sera and to secretions for each 
group for construction of a standard curve according to the final concentration 
of antisperm antibody. 

(7) The amount of antisperm antibody will be = (bound X 4/total). 
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TABLE I. RESULTS OF RADIOLABELLED ANTIGLOBULIN TEST FOR 
ANTISPERM ANTIBODIES IN THE DIFFERENT GROUPS 

No. of cases Groups 
Positive test 

(%) 

Serum Secretion Serum Secretion 

10 — Female fertile control 0 — 

10 — Male fertile control 0 — 

39 15 Female with unexplained 
infertility 

30.8 60.0 

49 42 Male with unexplained 
infertility 

42.9 47.6 

20 20 Male with varicocele 60.0 65.5 

3. RESULTS 

The results of labelling 250 fig of rabbit IgG with 1.5 mCi of free iodine with 
5 ng of chloramine-T gave about 80% (0.3 pg/mL) with short reaction time (60 s). 
Figure 1 shows the peak of labelled rabbit IgG (12-36) fractions. Table I shows the 
results using the radiolabeled technique when applied to infertile patients, men with 
varicocele and fertile controls. The results .were expressed as the number and 
percentage of patients with increased ( > 2 SD) serum or plásma IgG antisperm 
activity (Table II). The overall incidence of a positive test for IgG antisperm activity 
is summarized in Table I. A high percentage of antisperm antibodies was found in 
the men with varicocele. However, the serum samples of male and female fertile 
controls studied in parallel with the infertile patients were all found to be negative. 
The extent of secretion and serum antisperm antibodies in the infertile patients and 
fertile controls is shown in, Fig. 2. The seminal plasma.from men with varicocele 
and the cervical mucus of the infertile females increased the deposition of 125I anti-
IgG onto sperm but to a variable extent (Fig. 2). In Table II, the appropriate statis-
tical methods were used to evaluate our trends; the results of the radiolabeled 
antiglobulin test in all groups were subjected to Student's.t test and the p value was 
determined. In Table III, the results were compared by means of the chi square test 
for comparison of proportions in paired samples. Two standard curves were 
constructed for serum and secretion samples (Figs 3 ,4) . The highest level of binding 
percentage (24%) was in the group of male with varicocele and the lowest .level was 
in fertile controls ( ~ 2 % ) . 



T A B L E II. C O M P A R I S O N B E T W E E N T H E D I F F E R E N T G R O U P S O F T H E S T A T I S T I C A L D A T A O F T H E R A D I O -
G L O B U L I N T E S T 

Antisperm 
antibody 
concentration 

Controls Infertile female Infertile male Male with varicocele Antisperm 
antibody 
concentration female serum male serum serum secretion serum secretion serum secretion 

Range (B%) 0-1.6 0.6-2.3 0.6-5.9 8.0-21.9 0.3-8.8 0.1-4.9 1.0-23 1.2-24.7 

^Concent. (ng/mL) ,0-6.4 - 2.4-9.2 2.4-23 32-87.6. - 1.2-35.2 0.4-19 4.8-95 4.8-98 

Mean (B%) ' 0.254 L056 3.000 Л 1.820 3.580 2.660 13.3867 12,779 

± S D 0.156 ' 0.817 1.290 4.690 1.470 1.046 3.640 5.750 

SE 0.0493 . 0.26 0.206 1.21 0.21 0.16 0.81 1.29 

t test 0.0 1.625 1.529 2.567 2.518 1.854 2.376 1.469 

P >o ;oo i >0 .05 >0 .05 <0 .01 0.01 >0 .05 <0 .01 >0 .05 
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FIG. 2. Antisperm antibody distribution in serum and secretion samples for all groups. 

4. DISCUSSION 

Several assay systems have been used in attempts to detect antisperm anti-
bodies in serum and secretion [6, 7]. However, they may have several weaknesses, 
including a relative lack of objectivity, specificity, and possible sensitivity [8]. 

The quantitative method employed in this study indicated that IgG antisperm 
antibody was present in the serum and secretion of some patients with unexplained 
infertility. After adaptation of the radiolabeled immunoglobulin test in our labor-
atory by the choice of the most suitable method of iodination for rabbit IgG and a 
good separation of the purified radiolabeled IgG with high specific activity (Fig. 1) 
various parameters of the iodination processes were studied; the effect of 
chloramine-T concentration on the efficiency of iodination of rabbit IgG caused 
significant protein denaturation. In our study the chloramine-T to protein ratio used 
was 1/50, as employed originally by Greenwood and Hunter [9]. 

Thus, this procedure for labelling IgG is simple and demands no special equip-
ment or skill. The efficiency of iodination is great (95 mCi/mg), no carrier iodine 
is needed, and the amount of rabbit IgG is small, with little denaturation ( - 2 0 % ) . 
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T A B L E III . C H I S Q U A R E T E S T F O R T H E S T U D Y G R O U P S 

5 6 5 

Relation Study groups + v e —ve Total x 2 Р 

1 Male serum controls vs 0 10 10 0.813 0.05 
serum of infertile males 21 28 49 

2 Female serum controls vs 0 10 10 0.985 0.05 
serum of infertile females 12 27 39 

3 Serum of infertile males vs ! 21 28 49 1.008 0.05 
their seminal plasma 20 22 42 

4 Serum of infertile females vs 12 27 39 1.0972 0.05 
their cervical mucus 9 6 15 

5 Serum of infertile male vs 21 28 49 2.102 0.05 
serum of male with varicocele 12 8 20 

6 Seminal plasma of infertile 20 22 42 1.098 0.05 
male vs seminal plasma of 
male with varicocele ' 13 7 

A m o u n t of a n t i s p e r m a n t i b o d y 
In n g / m L 

FIG. 3. Standard curve from pooled sera for the different groups. 
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In n g / m L 

FIG. 4. Standard curve from pooled secretion for the different groups. 

The results of the radiolabeled antiglobulin test were compared using 
appropriate statistical analysis. The differences were found to be statistically signifi-
cant when analysed with the chi square test, y} values and p, correlated to the 
amount of antisperm antibody of our groups. The absence of a positive test in fertile 
controls studied thus far and the presence of a positive test result in most of the men 
with varicocele, 60% (Table I), suggested that this test is both sensitive and specific. 
Antisperm antibody may be present in either male (42.8% in serum) or female 
patients (30.8% serum) (Table I). Antigen in the female genital tract can induce 
production of either circulating or local antibody. (60%) [10]. Plasma antisperm 
antibody in a woman is presumably caused by such a mechanism. Extravasation of 
sperm or portions of sperm into interstitial and vascular spaces is thought to produce 
circulating and local antisperm antibody. The formation of antibody in men who have 
varicocele is not understood but may also result from such extravasation of sperm 
(47.67%). The immune reaction to spermatozoa in some patients may be restricted 
to a local response. Such locally produced immunoglobulin may also play a pah in 
infertility. Ig A represents a high proportion of immunoglobulin present in seminal 
fluid and cervical mücus [11]. Therefore, the ability to measure antisperm antibody 
of different immunoglobulin classes obtained from several sites of antibody 
production may be important. The radiolabeled immunometric test is sufficiently 
versatile to obtain such measurements. The semen analysis was normal in some 
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pa t ien t s w h o m w e s tud ied (Tab le I I I ) , sugges t ing tha t a n t i s p e r m an t ibody m a y c a u s e 

infer t i l i ty wi thou t a l t e r ing s p e r m mot i l i ty as m e a s u r e d in v i t ro . T h u s , tests that 

d e p e n d o n such c h a n g e s in s p e r m f u n c t i o n m a y g ive f a l s e n e g a t i v e resu l t s in s o m e 

pa t ien t s . T h e e x a m i n a t i o n of the ce rv ica l m u c u s a f t e r co i tus r evea l ed d e c r e a s e d 

s p e r m mot i l i ty in s o m e w o m e n wi th the h ighes t s p e r m an t ibody t i t re ( 6 0 % ) (F ig . 2 ) . 

T h e p re sen t resu l t s r evea l that the r a d i o i m m u n o m e t r i c test f o r an t ibod ies 

aga ins t s p e r m d o e s no t d e p e n d o n an a l tera t ion of s p e r m n u m b e r o r f u n c t i o n . It 

p r o v i d e s an ob j ec t i ve , quan t i t a t ive m e t h o d fo r the m e a s u r e m e n t of an t ibody o n the 

s p e r m su r f ace . F u r t h e r m o r e , it shou ld p r o v e u s e f u l in m e a s u r e m e n t of a n t i s p e r m 

an t ibody of d i f f e r e n t i m m u n o g l o b u l i n c lasses in bo th s e r u m and f lu ids f r o m the 

r e p r o d u c t i v e t rac t . T h e cons t ruc t i on of the s t andard c u r v e he lps us to detec t the 

u n k n o w n sample s quan t i t a t ive ly . 
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Abstract 

SALIVARY STEROID RADIOIMMUNOASSAY IN MONITORING REPRODUCTIVE 
FUNCTION: EXPERIENCE IN STUDYING HORMONAL PROFILES O F FIVE YEAR 
NORPLANT USERS. 

In a populous developing country such as Indonesia, family planning is a very important 
issue. The current emphasis of the national programme is on establishing the safety of long 
term hormonal contraception, i.e. levonorgestrel implants (Norplant) which should include an 
intensive evaluation of the endocrinological profile. As a prolonged period of blood sampling 
may be unacceptable to most subjects, saliva can also be used. The advantages of saliva as 
an alternative to blood include easy and non-invasive collection, and the fact that the steroid 
content reflects the free fraction in plasma and is independent of flow rate. The paper is a 
preliminary report on the use of salivary steroid radioimmunoassay to evaluate the hormonal 
profiles of 5 year Norplant users with non-medicated intra-uterine device (IUD) users as the 
control group. A total of 33 five year users of Norplant and 20 users of non-medicated IUDs 
who had been using the contraceptives for at, least three years with an age range of 21 to 
37 years participated in the study and provided weekly blood samples in addition to saliva 
three times a week. Saliva and serum were assayed for oestradiol and progesterone using 
radioimmunoassay reagents from the W H O Matched Reagent Programme for Immunoassay 
of Hormones in Human Reproduction. The assay system used for saliva had a sensitivity for 
oéstradiol of 6 pmol/L and for progesterone 0.05 nmol/L; with an inter-assay precision of less 
than 10% above cut-off values (see below). Both salivary oestradiol and progesterone are weil 
and significantly correlated with the Corresponding plasma levels. The sensitivity and specific-
ity of salivary oestradiol in determining the presence of follicular activity was 86.04% and 
100% respectively; while for progesterone the sensitivity and specificity in evaluating the 
occurrence of ovulation were 100% for both. The study showed that close monitoring of 
steroid hormone profile using saliva samples shows comparable results to those using serum 
except in 5 (16.3%) subjects with aberrant saliva to serum ratio. Preliminary results of 
five year Norplant users confirmed the long teim safety of Norplant in Indonesian women, 
which was comparable to that of IUDs. 

5 6 9 
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1. INTRODUCTION 

In a populous developing country such as Indonesia, family planning.is a very 
important issue. After achieving the targeted crude birth rate, the national pro-
gramme's current emphasis is on establishing the safety of long term hormonal con-
traception, i.e. levonorgestrel implants (Norplant). 

Norplant consists of six Silastic capsules which are inserted subdermally in the 
upper arm and continuously release levonorgestrel at a rate of approximately 30 pg 
daily and provide contraception for five years..The mechanism of its contraceptive 
efficacy includes suppression of ovulation, inhibition of luteal function and thicken-
ing of cervical mucus, which makes sperm penetration difficult. 

As part of a Norplant safety assessment study, it is necessary to stiidy the 
endocrinological profile, including the return of ovulation, in Indonesian women 
after using Norplant for five years. This implies the necessity of closely monitoring 
the hormonal levels for at least three months prior to and after removal of the con-
traceptive. As a prolonged period of blood sampling may be unacceptable to most 
subjects, saliva samples are also used to monitor the level of steroids in these sub-
jects. The advantages of saliva as an alternative to blood include easy and non-
invasive collection; and the fact that the steroid content reflects the free fraction in 
plasma and is independent of flow rate [1]. 

This paper is a preliminary report on the use of salivary steroid radioim-
munoassay to evaluate the hormonal profiles of five year Norplant users with non-
medicated intra-uterine device (IUD) users as the control group. 

2. MATERIAL AND METHOD 

A total of 33 five year users of Norplant and 20 users of non-medicated IUDs 
who had been using the contraceptives for at least three years participated in the 
study. The age range of thèse subjects was 21 to 37 years of normal weight or 
slightly overweight according to Broca's standard. Subjects had had no steroid medi-
cations during the last six months and were free of any endocrine related diseases. 
They were asked to undergo weekly blood sampling and collect saliva three times 
a week, preferably at the same time of the day for three months prior to and after 
the removal of the contraceptives. The method of saliva collection, pre-assay treat-
ment and storage was carried out as reported earlier [2]. The blood was collected 
by venepuncture from the antecubital vein and the serum stored frozen at 40°C until 
assayed. Blood samples were assayed for. progesterone and oestradiol level (and 
other hormones not reported in the current report) using radioimmunoassay reagents 
from the WHO Matched Reagent Programme for Immunoassay of Hormones in 
Human Reproduction [3]. Radioimmunoassay of saliva samples was also carried out 
using the same reagents as reported earlier [2] except that the tracers used were iodi-
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nated (Diagnostic Products Corporation, Los' Angeles, CA, USA) instead of 
tritiated. 

3. RESULTS 

3.1. Technical validation of saliva radioimmunoassay 

The use of iodinated tracer has made it necessary to employ a disequilibrated 
technique of incubating first the antibody and the ligand overnight, followed by a 
three hour incubation with the tracer. This did not seem to change the assay charac-
teristics reported earlier [2]; the sensitivity for oestradiol was 6 pmol/L while for 
progesterone it was 0.05 nmol/L; the inter-assay precision was less than 10% above 
cut-off values (see below). 

3.2. Correlation of salivary steroid with, the corresponding serum level 
and determination of reference ranges 

Both salivary oestradiol and progesterone are well and significantly correlated 
with the corresponding plasma levels (r = 0.60 and 0.67 respectively, with 
p < 0.01 for both; Figs 1 and 2). 

The ratios of salivary levels to the corresponding serum levels were in agree-
ment with previous results [1], i.e. lower with increasing serum concentration, and 
seemed to reach a plateau around 2% (Fig. 3). However, aberrant saliva to serum 
ratios were found in 7.60% of subjects who gave ratios greater than 10%; while in 
8.69% of subjects the ratio was less than 2%. 

Assuming that presumptive evidence of ovulation is indicated by a progester-
one level of at least 9.5 nmol/L (about 3 ng/mL), based on the data of ovulatory 
cycles of IUD users and excluding those with aberrant saliva to serum ratio, the cut-
off value of salivary progesterone indicative of ovulation was found to be 
0.182 nmol/L. If significant follicular activity is indicated by a serum oestradiol 
level of more than 300 pmol/L, then the corresponding value for salivary oestradiol 
is found to be 16.6 pmol/L. All data were calculated based on the mean and 
2 standard deviation values after logarithmic transformation because of skew of data. 

Based on these cut-off values, the sensitivity and specificity of salivary steroids 
were tested in Norplant users who collected matched serum and saliva samples, using 
serum values as the gold standard. It was found that the sensitivity and specificity 
of salivary oestradiol in determining the presence of follicular activity was 86.04% 
and 100% respectively; while for progesterone the sensitivity and specificity in 
evaluating the occurrence of ovulation were 100% for both. 
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3.3. Preliminary results in subjects 

Analysing the data obtained so far (the study is still ongoing at the time of writ-
ing), it seemed that findings based on salivary levels were in agreement with those 
based on steroid hormone levels in serum. Only five subjects of the control group 
(non-hormonal IUD users) and another five of the study group (Norplant users) had 
completed their sample collection and had their samples anMysed. 

Of the IUD users, all showed sufficient follicular activity and evidence of 
ovulatory cycles before and after removal of their IUDs with levels of oestradiol 
ranging from 85 to 1573 pmol/L in serum and from to 6 to 98 pmol/L in saliva; 
while for progesterone the levels were 0.05 to 58.2 nmol/L in serum and 0.05 to 
1.2 nmol/L in saliva. 

Of the Norplant users, the pattern of follicular and luteal activities varied 
between the five subjects observed. In the first subject, patterns of follicular active 
ties were observed (oestradiol serum between 189 and 1299 pmol/L with cor-
responding salivary values of 6 to 62 pmol/L) without signs of ovulation prior to 
removal of the contraceptive; these persisted after removal of the contraceptive. In 
the second subject, very slight follicular and luteal activities were observed before 
removal of the contraceptive (serum oestradiol values were 44 to 387 pmol/L; 
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salivary oestradiol values were less than 6 to 17 pmol/L; the values for progesterone 
were 0.5 to 3.9 nmol/L in serum and 0.05 to 0.123 nmol/L in saliva respectively), 
however this changed drastically after removal of Norplant (oestradiol serum 60 to 
616 pmol/L; in saliva 10 to 28 pmol/L; progesterone in serum 0.5 nmol/L 46.1 and 
in saliva 0.05 to 0.87 nmol/L). The third subject showed normal follicular and luteal 
activities both before and after removal of the contraceptive. The fourth and the fifth 
subjects showed follicular activities without signs of ovulation before removal and 
ovulation resumed promptly after removal. However, a more detailed report of the 
clinical result will be presented at a future date along with the profiles of other 
reproductive hormones. 

4. DISCUSSION 

This study showed that close monitoring of steroid hormone profiles using 
saliva samples gave comparable results to those with serum except in a total of 
16.3% of subjects, i.e. five, with aberrant saliva to plasma ratio. It is probable that 
plasma leakage occurring in the oral cavity (e.g. due to gingivitis and saliva collec-
tion too soon after mouth rinsing) was the cause of the problem. Prior checking of 
plasma contamination and proper instruction to subjects is therefore essential. 

Preliminary results of five year Norplant users has revealed several points with 
regard to luteal and and follicular function which differ distinctly from those in IUD 
users. It was found that before removal of the contraceptive, 80% and 20% of sub-
jects respectively had significant follicular activity and luteal function indicative of 
ovulation. Removal of the contraceptive led to the return of ovulation in 60% of sub-
jects and resumption of follicular activity in all subjects, making the steroid profile 
of the ex-Norplant group comparable with that of the control group. This preliminary 
result confirmed the long term safety of Norplant in Indonesian women. Further 
details will be reported in due course. 
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PANEL DISCUSSION 

NEW PERSPECTIVES FOR RADIOIMMUNOASSAY 
IN DEVELOPING COUNTRIES 

Chairman: R. Edwards (United Kingdom) 

Members: R. Bartolini (Brazil) 
S.L. Ch'ng (Malaysia) 
F. Zaheer (Pakistan) 

Scientific Secretary: R. Piyasena (IAEA) 

In his opening comments, the Chairman referred to two specific issues raised 
during the symposium. The first related to the desirability, of a single common source 
of immunoassay reagents for all users. Although conformity of appropriate reagents 
is useful, there could be a practical limit to the extent of such a provision. For 
example, to provide a common source of anti-TSH on a global scale for ten years 
required a single pool of about 50 000 litres of antiserum. Another aspect, of the 
argument was that a considerable degree of conformity in results and clinical diagno-
sis had clearly been achieved with a diversity of reagents and that the expenditure 
in effort to secure vast stocks might not result in any significant improvement in con-
formity. He also pointed out that the disadvantage of duplicating work in developing 
'own' methods and reagents was balanced by a distinct educational aspect encom-
passing a deeper knowledge and insight which was otherwise difficult to import. 

Secondly, he suggested that the argument relating to the use of standard 
reference preparations expressed in concentration terms for substances such as TSH, 
which were essentially molecules with some degree of heterogeneity defined by a 
common function, was met with some misunderstanding. Whilst hé acknowledged 
that it was important to retain the distinction between biological function and struc-
ture (mass or concentration) and that concentration terms were really only applicable 
to substances with a consistent molecular structure (or possibly a consistent composi-
tion of specific molecular structures), it must be appreciated that the use of standard 
reference preparations for substances such as TSH had contributed significantly to 
analytical conformity and reliability, and that the international and national bodies 
responsible for the production of such reference preparations were to be applauded. 

The Chairman commented on some of the arguments used against the future 
use of radioisotopes as tracers in immunoassays and proposals to replace them with 
non-radioisotopic labels. In his experience, the cost was.lower and performance bet-
ter for radiolabelled immunoassays than for comparable assays ,using non-
radioisotopic tracers. He pointed out that many comparisons were not between truly 
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cognate examples of each method. In this case, the results would be inherently 
biased. As many methods involving an optical measurement were easily interfered 
with by dust, particles or colours in reagents and samples and since non-radioisotopic 
detection was often easily interfered with by many factors in biological material, 
these methods were frequently inappropriate for many developing countries. 

Finally, he said that whilst considering general aspects of radioimmunoassays 
related to developing countries it was important to appreciate that often each particu-
lar locality had unique features and specific requirements and that the move to con-
formity should be balanced by an intelligent attitude to the variety of individual needs 
and directions. 

R. Bartolini confirmed the view that immunoassays using radioisotopic tracers 
were still working well and were as good as any other method using a non-
radioisotopic label. He said that, where there was an advantage in introducing the 
use of non-radioisotopic tracer, it was important to consider when to change and to 
what. He made a number of comments on the conformity and standardization of rea-
gents. It was important that the preparation of reagents kept pace with the develop-
ment of methods and that work must still proceed, even if the latest technologies 
were absent. He stressed the importance of having some degree of reagent control 
and some type of central distribution of common reagents, but he emphasized the 
preference for regional centres and regional areas of distribution rather than a single 
international unit. Obviously international centres, such as the World Health Organi-
zation (WHO), could perform an important role in monitoring regional activities and 
maintaining contact and continuity between them. He felt that regional external qual-
ity assessment schemes (EQAS) should be strengthened and pointed out that they 
can, and should, play an important educational role. 

For the future, R. Bartolini saw the need for an increase of certain activities 
on a regional basis following the establishment of specified regional centres. Activi-
ties would include exchange of reagents, distribution of information, standardization 
of methods and materials and rationalization of transport and customs procedures. 
He advocated closer collaboration with commercial industries to exploit the potential 
of alternative non-radioisotopic labels. Finally, he saw the need for more meetings 
to discuss problems and experiences with new systems. 

S.L. Ch'ng addressed three questions; the choice of radioisotopic or non-
radioisotopic tracer, the technology of antibody production, and future areas of 
application. 

He saw the choice of label being related mainly to the type of analyte and, in 
particular, the concentration of analyte. Where the concentration was high, non-
radioisotopic labels were often appropriate. Where the analysis was essentially non-
quantitative, as when giving a positive/negative result, non-radioisotopic systems, 
such as simple agglutination, were often satisfactory. Where there was a requirement 
for high sensitivity and precision, the use of a radioisotopic label was the only satis-
factory answer; in fact, it was the 'gold standard' or reference method. Clearly, 
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125I was the radioisotope of choice for developing countries from the point of view 
of cost. He recounted the experience of some hospitals in Malaysia where .non-
radioisotopic technology, in this case enzyme based, had been introduced for 
diagnosing hepatitis and for fertility screening. Recently, there had been a switch 
back to the use of radioisotope technology because it was found to be more robust 
and accurate. 

The second issue he addressed was thé importance of the transfer of technology 
of antibody production, such as monoclonal antibody production, to developing 
countries because of the potential for future research into new areas. He said that 
this would also have significant commercial aspects and encourage competition, 
leading to improvement in quality and reduction in price. Diversification was also 
important because there were still aspects of antibody specificity to be resolved. For 
example, the measurement of chorionic gonadotrophin (HCG) may require specific-
ity for different epitopes on the a or ß subunits, or the whole molecule. It is not yet 
known what degree of specificity is required for any given clinical condition. 

Addressing the question of future applications, S.L. Ch'ng acknowledged the 
importance of developing methods which were robust. There were many useful areas 
for consideration; the role of the different isoforms of hormones; epidemiological 
studies; the use of gene probe technology in investigating metabolic disease; educa-
tion and training and paediatric studies. Finally, he suggested that automation was 
inevitable as skilled personnel weré not always available. Perhaps an ideal format 
was on a modular basis comprising simplified robotics and sufficient flexibility to 
incorporate different detection systems. 

F. Zaheer spoke in favour of standardized systems using common reference 
material and with wéll defined antibodies, although it still remained to decide exactly 
how to provide these systems. He recognized the difficult psychological and political 
problems that often impeded standardization. With respect to the question of heter-
ogeneity of molecular forms of hormones, different assay systems could be measur-
ing different forms and giving different answers. It was often very difficult to resolve 
these problems. 

Referring to EQAS, he pointed out that these schemes needed to evolve the 
evaluation of more useful parameters and he raised the question of how to run them 
in the futiire. 

Because 'developed' countries continue to develop at the same time as the 
developing countries, a technplogy gap would always exist in some form or other. 
He suggested that greater emphasis be given tp the transfer of intellectual ideas rather 
than transfer of established technology, as the latter represented a contributory factor 
in maintaining the technology gap. Seminars and workshops were an excellent vehi-
cle for the sharing of intellectual concepts. 

F. Zaheer concluded by reaffirming the utility of radioisotopes in immuno-
assays and attested to their ruggedness. 
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The discussion was opened to the floor and an IAEA participant responded to 
two points raised by the panel. In the first instance, he questioned the desire of many 
countries to get to the cutting edge of technology. He cited a recent example under 
the auspices of the United Nations Development Programme (UNDP). Among a 
large number of proposed development projects two were at the leading cutting edge 
of technology and where participating countries could have been expected to make 
some leading contribution. At a subsequent meeting of the 14 countries involved, not 
one supported either of these two projects. Secondly, he pointed out that the IAEA 
was often conceived of as a 'lifeline' for activities like radioimmunoassay. If there 
were no. national or regional will to support these activities, then these activities 
should not go ahead. It was important for the scientists, as represented at this sympo-
sium, to influence senior management, executives and, in particular, the national 
departments of health, who often had relatively large budgets. In the long term, it 
was more important to convince these people of the advantages of any technology 
than to rely on support from international organizations.. 

A speaker from the United Kingdom argued that the meeting had exaggerated 
the difficulties and . problems of providing a single central supply for any batch of 
reagents. The main problem would be the political dimension — not technical;. 
Systems are available that do not require special expertise and are capable of generat-
ing 10 to 20gof monoclonal antibody per month. In the debate on alternative labels, 
he advised immunoassayists to note that both the separation systems and antibody 
made an important contribution to assay performance. In some non-radioisotopic 
systems these factors had more of an effect than the choice of label. He supported 
the view that 125I radioisotope tracers were good and that it was easy to produce 
consistent 125I-labelled monoclonal antibodies. However, consistency might not be 
so important for many non-radioisotopic labels because of longer shelf-life and, thus, 
much less frequent production. 

Another UK speaker felt that, in general, EQAS have shown that there had 
been a real improvement in thyroid hormone assays, and thát there were encouraging 
signs that performance of certain assays was similar in different countries. He advo-
cated stronger links between EQAS, with more cross-referencing and possibly an 
EQA newsletter. He suggested that too much attention was being given to technical 
aspects of assays and that other areas of the clinical decision making process, such 
as turnaround time and interpretation of results should be given more significance. 

A further UK speaker said that in order to make full effective use of resources, 
it was important to use local resources, particularly where this fulfilled a local need. 
It was also important to strengthen skills and expertise at the local level in order for 
people to undertake new research and development work. With reference to the issue 
of using a central source of reagents, it was desirable to have a full range of analytical 
systems available and to have a choice of assay systems and not to standardize on 
a single methodology. It was significant that both WHO and IAEA had chosen the 
strategy of bulk matched reagents with a phased substitution by some locally 
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produced reagents. This approach produced a degree of standardization at low cost 
and allowed people to build up affordable analytical servicés of good quality. It was 
always possible to produce centrally some of the more fundamental materials such 
as monoclonal cell lines or common reference standards. 

The Chairman pointed out that there were a number of different approaches 
possible with common reagent systems. In one strategy all users employed identical 
reagents obtained from a single source. Another approach was the distribution of 
common reagents for use as reference materials to validate locally'produced 
reagents, in the way that the IAEA-often used NETRIA reagents. 

Another option would be to compile; common specifications of reagents for 
reference use. It was confirmed that the WHO approach was to use their bulk rea-
gents for research only but that the production of local reagents for clinical services 
was being encouraged by using their matched reagents for reference purposes. WHO 
also helped-laboratories to interchange materials, helping to conserve resources and 
avoid waste. ; 

F. Zaheer expressed some concern that dependency on a single source for rea-
gents was unsatisfactory for substances such as TSH, LH and FSH; which show 
heterogeneity in molecular structure and where-the heterogeneity was not clearly 
defined. In addition, sources of these reagents should be able to appreciate and dis : 

criminate between the various problems associated with heterogeneity. It was also 
important that sources of reagents make a commitment to long term production. 

One comment from the floor expressed concern that, in general, immunoassay 
specialists were not competing strongly enough. in the battle to influence decision 
makers. It was important to take the initiative in order fully to represent the clinical 
evaluation of our patients. R. Edwards pointed out that close contact and interaction 
between laboratory and local clinicians were essential routes to effect this influence. 

. . : A speaker from the United Kingdom said that the meeting had discussed at 
length the various misconceptions regarding the issue of standardization and com-
mon reagents. These were clearly complex issues but, as yet; there was no clear reso-
lution. The way towards a clear understanding of any subject was through much 
dedicated research, diversification in different groups; working in different but 
related areas and communication of results. The imposition of a unified 'one reagent' 
system from a single source would impede or exclude the research process. Stressing 
good patient care, he advocated a dual approach of diversification in research and 
consensus of results until there was full understanding of the subject. 

Following a question on the policy of support for radioimmunoassay activities 
in Africa, R. Piyasena (IAEA) outlined a number of IAEA funded African projects. 
Apart from a number of individual country programmes operating under the techni-
cal co-operation programme, the IAEA has organized the African Regional Agree-
ment (AFRA) programme in which, with sècond highest priority, is a project for 
RIA of thyroid related hormones. The AFRA programme starts in 1991, .with 
16 countries participating. Unfortunately, in the whole of. the African region, 
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R. Piyasena could only find 50 to 55 RLA laboratories qualified to participate. A 
regional training course has already taken place in Ethiopia for participants of all the 
countries, and bulk reagents for T4 RIA, ТЗ RIA and TSH IRMA have'been ordered 
and despatched to national co-ordinators of all countries. 

Some points relating to the general policy and strategy of WHO were given 
by one of its representatives. WHO was a large organization with many programmes 
and projects. Two programmes were specifically linked to the distribution of bulk 
reagents, one on thyroid disorders and the other on human reproduction. Recently 
a new division has been established dealing with technology assessment and transfer. 
It would be possible to consider the validity of non-radioisotopic labels in this con-
text. The limited financial resources of WHO could not be used to provide or support 
clinical services. Where clinical services are required and need support, it becomes 
necessary to influence national authorities. The policies and redistribution of 
resources of WHO are decided by the World Health Assembly, which meets every 
year, and is attended by the various national authorities. The question of provision 
of clinical services is most appropriately addressed at national level. How to evaluate 
the significance or clinical need for a service proves to be difficult, as in the manage-
ment of cancer patients. The delegate described his personal experience before join-
ing WHO, working in an oncology clinic of 400 beds. Commonly 50% of the 
operational budget was spent on radiopharmaceuticals and radioimmunoassay kits. 
After joining WHO it transpired from a meeting on 'Effective choices of imaging 
technology in clinical practice', that nuclear medicine imaging including radio-
immunoassay contributed less than 10% to diagnosis and management of these 
patients. 

Summing up the discussion, R. Edwards addressed the main points raised. The 
issue of common reagents and standardization had been extensively discussed. 
Standardization of calibration was important, stressing the role of the various bodies 
providing reference preparations. The use of a common calibrant was usually the 
most significant contribution to consensus of results. Experience in the United King-
dom indicated that a variety of methods using diverse systems gave a very good con-
sensus of results where the calibration was standardized. He added that some 
diversity was important to accommodate local and specific conditions. 

The debate on alternative labels to radioisotopes was not resolved but he 
reminded the audience that we had 30 years' experience of clinical service using 
radiolabeled immunoassays which would be difficult to substitute if the new 
alternatives introduced changes. Clearly non-radioisotopic systems were more 
appropriate for total automation, but where this was not required, it might be neces-
sary to question the need to change. Finally, it was encouraging that EQAS had 
served an obviously useful function, emphasizing their educational role. However, 
it was important to appreciate that EQAS were not a powerful tool for estimating 
precision or specificity for individual laboratory performance and should not be used 
as a substitute for good internal quality control. 
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AAI 
ACD 
ACN 
ACTH 
ADL 
AFP 
ALTM 
ANN 
ANOVA 
ANS 
ANSA 
APN 
AR 
ARCAL 

ASA 
BBCV 
B/F 
BGG 
BGP 
BSA 
CALLA 
CCMO 
CEA 
CFA 
Cpcab 
CsA 
CV% 
DCC 
DEAE 
DEAH-S 
DELFIA 
DMF 
DNA 
E2 
E3 
EDTA 

ambient analyte immunoassay 
acute cerebrovascular disease 
acetonitrile 
adrenocorticotrophic hormone 
activity of daily living 
alphafetoproteiri 
all-laboratory trimmed mean 
axillary negative nodes 
analysis of variance 
8-anilino-l-naphthalene sulphonic acid 
sulphonic acid sodium salt 
axillary positive nodes 
androgen receptor 
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ciencia y la tecnología nucleares en América Latina 
(Regional Co-operative Arrangements for Promotion of 
Nuclear Science and Technology in Latin America) 

aminosalicylic acid 
between-batch coefficient of variation 
bound/free (fraction) 
bovine gamma globulin 
bone Gla protein 
bovine serum albumin 
common acute lymphoblastic leukaemia antigen 
cortisol-3-(carböxymethyl) oxime 
carcinoembryonic antigen 
complete Freund's adjuvant (see also FCA) 
commercial polyclonal antibodies 
cyclosporine 
coefficient of variation 
dextran coated charcoal 
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dehydroepiandrosterone sulphate 
dissociation enhanced lanthanide fluorometric immunoassay 
dimethyl formamide 
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17 beta-oestradiol 
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EGF epidermal growth factor 

EGFR epidermal growth factor receptor 

EIA enzymeimmunoassay 

ELISA enzyme linked immunosorbent assay 
EPO erythropoietin • 
EQA external quality assessment 
EQAS external quality assessment scheme(s) 
ER (o)estrogen receptor 
F/B free/bound (fraction) 
FCA Freund's complete adjuvant (see also CFA) 

FIA fluoroimmunoassay 
FPIA fluorescence polarized immunoassay 
FSH follicle stimulating hormone 
FT3 free triiodothyronine 
FT4 free thyroxine 
FT3I free triiodothyronine index 
FT4I free thyroxine index 
Gamma GT gamma glutamyl transferase 
GCV geometric coefficient of variation 
GH . growth hormone 
H A M A human anti-mouse antibody(ies) 
HCG chorionic gonadotrophin 
HCT human calcitonin 
HGH human growth hormone 
HIV human immunodeficiency virus 
HPI human proinsulin 
HPL human placental lactogen 
HPLC high performance liquid chromatography 
HRP horse radish peroxidase 
HTSH human thyroid stimulating hormone 
IEMA immunoenzymometric assay 
IGFR insulin^like growth factor receptor 
IgG immunoglobulin G . 
IMA immunometric assay 
IP imprecision profile 
IQC internal quality control 
IRMA immunoradiometric assay 
IRP International Reference Preparation 
IU international units 
LDC least detectable concentration 
LDH lactate dehydrogenase 
LH luteinizing hormone 
MAb monoclonal antibody/ies 
MAIA monoclonal anti-IgG assay 
M A O monoamino oxidase 
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MCA mucinous cancèr antigen 
M D C minimum detectable concentration 
M D L minimum detection limit 

MIBG meta-iodobenzyl guanidine 

M R P matched reagent programme 
NETRIA North East Thames Region Immunoassay Unit 

NGPS normal guinea pig serum 

NSB non-specific binding 

NSE neuron specific enolase 

Oc osteocalcin 

OD optical density 

OLS ordinary least squares regression 

OPD o-phenylene diamine 
PACIA particle counting immunoassay 
PAGE Polyacrylamide gel electrophoresis 
PBS phosphate buffered saline 
PDGF platelet derived growth factor 
PEG polyethylene glycol 
PLAP placental alkaline phosphatase 
PR progesterone receptor 
PRL prolactin 
PSA prostate specific antigen 
PTH parathyroid hormone 
PVP polyvinyl pyrrolidone 
QCS quality control sera 
RIMA re-equilibration immunometric assay 
RIRMA re-equilibration immunoradiometric assay 
SDS sodium diodecyl sulphate 
SDU standard deviation units 
T3 triiodothyronine 
T3U triiodothyronine uptake 
T4 thyroxine 
T4U thyroxine uptake 
TBA tri-n-butylamine 
TBG thyroxine binding globulin 
TCA trichloroacetic àcid 
TD tracking dye 

TG thyroglobulin 

TGF transforming growth factor 

TLC thin layer chromatography 
TMB tetramethylbenzidine 
T M E tyrosine methyl ester 
TPA tissue peptide antigen 
TRH thyrotropin releasing hormone 
TSH thyrotropin, thyroid stimulating hormone 
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TT3 total triiodothyronine 
TT4 total thyroxine 
Tween 20 polyoxyethylenesorbitan monolaurate 
UPA urikinase-type plasminogen activator 
VMA vanilmandelic acid 
WLS weighted least squares regression 



CHAIRMEN OF SESSIONS 

Session I 

Session II 

Session III 

Session IV 

Session V 

Session VI 

Session VII 

Session VIII 

Panel 

R.M. GARCIA ARREOLA 

Y.M. MEGAHED 

G. SAMUEL 

F. ZAHEER 

R. CORBO-MELLO 

S.P. MIRONOV 

M. FÜZY 

S.L. CH'NG 

R. EDWARDS 

Mexico 

Egypt 

India 

Pakistan 

Brazil 

Union of Soviet 
Socialist Republics 

Hungary 

Malaysia 

United Kingdom 

Scientific 
Secretary: 

Administrative 
Secretary: 

SECRETARIAT OF THE SYMPOSIUM 

R. PIYASENA IAEA 

E. PILLER IAEA 

Editor: R. PENISTON-BIRD IAEA 

589 





LIST OF PARTICIPANTS 

Abdel-Razzak, M. A.C. Medical Centre, 
Kasr El-Aini Faculty of Medicine, 
Cairo University, 
Cairo, Egypt 

Ahsan, R. 
(WHO) 

WHO Collaborating Centre for Research 
and Reference Services in the Immunoassay 
of Hormones in Human Reproduction, 

Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS, United Kingdom 

Barmasch, M. Comisión Nacional de Energía Atómica, 
Av. Libertador 8250, 
1429 Buenos Aires, Argentina 

Bartolini, P. Instituto de Pesquisas Energéticas e Nucleares 
(IPEN-CNEN), 

CP 11049 Pinheiros, 
05508 Sao Paulo, Brazil 

Benhidour, A.E.K. 

Borghi, V.C. 

Laboratoire des radiopharmaceutiques, 
Centre de développement des techniques nucléaires, 
Haut Commissariat à la recherche (HCR/CDTN), 
2, boulevard Frantz Fanon, 
Algiers, Algeria 

Instituto de Pesquisas Energéticas e Nucleares 
(IPEN-CNEN), 

CP 11049 Pinheiros, 
05508 Sao Paulo, Brazil 

Brocchi, A. Dipartimento di Fisiopatología Clínica, 
Unità di Medicina Nucleare, 
Viale Morgagni 85, Careggi, 
1-50134 Florence, Italy 

Ch'ng, S.L. Clinical Diagnostic Laboratory, 
University Hospital, 
University of Malaya, 
59100 Kuala Lumpur, Malaysia 



592 LIST OF PARTICIPANTS 

Corbo-Mello, R. Instituto Nacional del Cancer, 
Cruz Vermelha Square 23, 2nd Floor, 
20230 Rio de Janeiro, Brazil 

Crawley, J .C .W. 

Csetényi, J. 

Edwards, R. 

Ekins, R. 

Clinical Research Centre, 
Watford Road, Harrow, 
Middlesex HAI 3UJ, United Kingdom 

National Institute of Oncology, 
P.O. Box 21, 
H-1525 Budapest, Hungary 

North East Thames Region Immunoassay Unit 
(NETRIA), 

St. Bartholomew's Hospital, 
51-53 Bartholomew Close, 
London EC1A 7BE, United Kingdom 

Department of Molecular Endocrinology, 
University College and Middlesex School of Medicine, 
Mortimer Street, 
London W I N 8AA, United Kingdom 

Fong, S. Instituto Nacional de Oncología y Radiobiología, 
Calles 29 y E, Vedado, 
Havana 4, Cuba 

Füzy, M. 

García-Arreóla, R.M. 

National Institute of Oncology, 
P .O. Böx 21, 
H-1525 Budapest, Hungary 

Hospital de Especialidades, 
Centro Médico "La Raza", 
Instituto Mexicano del Seguro Social, 
Seris y Zaachila, Col. "La Raza", 
CP 02990 Mexico City, Mexico 

Gomes, R.A.S. Dep. de Bioquímica-Imunologia, 
Irist. de Ciências Biológicas-UFMG, 
Universidade Federal de Minas Gérais, 
CP 2486, 30161 Belo Horizonte, Brazil 

Giines, I. Department of Nuclear Medicine, 
Uludag University Hospital, 
P .O. Box 929, 
Bursa, Turkey 



593 LIST OF PARTICIPANTS 

W H O Collaborating Centre for Research 
and Reference Services in the Immunoassay 
of Hormones in Human Reproduction, 

Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS,. United Kingdom 

Department of Nuclear Medicine, 
School of Medicine, 
Dr. Hasan Sadikin Hospital, 
Padjadjaran University, 
Jalan Pasirkaliki 192, 
Bandung 40161, Indonesia 

Department of Nuclear Medicine, 
Hospital F .D . Roosevelta, 

• Cesta ku nemocnici 39, 
CS-974 00 Banská Bystrica, Czechoslovakia 

Institute of Endocrinology, 
Boulevard Aviatorilor 134, 
RO-79660 Bucharest, Romania 

First Affiliated Hospital of Suzhou Medical College, 
96, Shi-ji Jia, • 
215006 Suzhou, China 

Laboratoire des radiopharmaceutiques, 
Centre de développement des techniques nucléaires, 
Haut Commissariat à la recherche (HCR/CDTN), 
2, boulevard Frantz Fanon, 
Algiers, Algeria 

Medical Institute, 
ul. Pekarska, 69, 
290 010 Lvov, Ukrainian Soviet Socialist Republic 

Hollós József Hospital, 
H-6000 Kecskemét, Hungary 

Central Research1 Institute of Roentgenology 
and Radiology, 

World Health Organization, 
20, avenue Appia, 
CH-1211 Geneva 27, Switzerland 



1687 LIST OF PARTICIPANTS 

Service de médecine nucléaire, 
Institut Salah Azaïz, , 
Place Bab Saâdoune,' 
1006 Jabbéri, Tunis, Tunisia 

Department of Nuclear Medicine, 
Laïko General Hospital, 
17, Aghiou Thoma Street, Goudi, 
GR-11527 Athens, Greece 

North East-Thames Region Immunoassay Unit (NETRIA), 
St. Bartholomew's Hospital, 
51-53 Bartholomew Close, 
London EC1A 7BE, United Kingdom 

Department of Nuclear Medicine and Oncology, 
Sestre Milosrdnice University Hospital, 
Zagreb, Croatia, Yugoslavia 

Comisión Nacional de Energía Atómica, 
Av. Libertador 8250, 
1429 Buenos, Aires, Argentina 

Radioisotope Department, 
Atomic Energy Authority/ 
9 Sh. Malaeb El-Gamma, 
Dokkie, Cairo, Egypt 

W H O Collaborating Centre for Research 
and Reference Services 'in the Immunoassay 

. • of Hormones in Human Reproduction, 
Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS, United Kingdom 

Radioisotope Laboratory,. 
Institute of Nuclear Medicine, 
Medical Academy, 
Boulevard Georgi Sofi isky. l , 
BG-1431 Sofia, Bulgaria 

Nuclear Medicine Department, 
Central Institute for Advanced Medical Studies, 
125 284 Moscow, Union of Soviet Socialist Republics 



595 LIST OF PARTICIPANTS 

Institute of Radiation Medicine, 
Ministry of Health of the .BSSR, 
pr . Masherova, 23, 
220600 Minsk.. 
Byelorussian Soviet .Socialist Republic 

Department of Biochemistry, 
Faculty óf Medicine, • 
Universiti Kebangsaan Malaysia, 
lalan Raja Muda,' ; 
50300 Kuala Lumpur, Malaysia 

Scottish Antibody Production Unit, 
Law Hospital, . • • 
Carluke, Lanarkshire ML8 5ES, United Kingdom 

Serviço Medicina Nuclear, 
Instituto Portugués de Oncología, 
Rua Prof. Lima Bastos, . 
P-1093 Lisbon, Portugal 

Unit for Metabolic Medicine, 
UMDS (Guys Campus); 
London Bridge, -

London SEI 9RT, Unitèd Kingdom 

Erbamont Group, : 

Department of Pharmacokinetics and Metabolism, 
Farmitalia Carlo Erba R&D, 
Via Per Pogliano, 
L20014 Nerviano (MI), Italy 
Istituto di Fisiologia Clinica, 
Consiglio Nazionale delle Ricerche (CNR), 
Via Savi 8, 
1-56100 Pisa, Itály . 

Institut fur klinische Chemie und Laboratoriumsdiagnostik, 
Universität Wien, 
Rummelhardtgasse 4/3, 
A-1090 Vienna, Austria 



596 LIST OF PARTICIPANTS 

Poshyachinda, M. Division of Nuclear Medicine, 
Department of Radiology, 
Faculty of Medicine, 
Chulalongkorn University Hospital, 
Rama IV Road, 
Bangkok 10330, Thailand 

Quiroga, S. Centro de Educación Médica e Investigaciones Clínicas 
"Norberto Quirno", 

Galván 4102, 
1731 Buenos Aires, Argentina 

Rodrigues, M. Serviço Medicina Nuclear, 
Instituto Portugués de Oncología, 
Rua Prof: Lima Bastos, 
P-1093 Lisbon, Portugal 

Rúan Changgeng Suzhou Medical College, 
48, Ren-Min Road, 
215007 Suzhou, China 

Ruibal, A. Servicio de. Medicina Nuclear, 
Hospital Central de Asturias, 
Centro Universitario, 
E-33005 Oviedo, Spain 

Sadler, W.A. Nuclear Medicine Department, 
Christchurch Hospital, 
Christchurch, New Zealand 

Salgado, L. Serviço Medicina Nuclear, 
Instituto Portugués de Oncología, 
Rua Prof. Lima Bastos, 
P-1093 Lisbon, Portugal 

Salinas, A .M. Instituto Nacional dé Medicina Nuclear, 
Centro Boliviano del Bocio, 
Calle Mayor Zubieta No. 1555, 
La Paz, Bolivia 

Samuel, G. Isotope Division, 
Bhabha Atomic Research Centre, 
Trombay, Bombay 400 085, India 



597 LIST OF PARTICIPANTS 

Faculty of Medicine and Surgery and Hospital, 
University of Santo Tomás, 
España Street, 
Manila, Philippines 

Department of Radiology, 
Faculty of Medicine, 
University of Tokyo, 
7-3-1, Hongo, Bunkyo-ku, 
Tokyo 113, Japan 

UKEQAS for Peptide Hormones and Related Substances, 
Immunoassay Section, 
Department of Clinical Chemistry, 
University of Edinburgh, 
12, Bristol Place, 
Edinburgh EH1 1ED, Scotland, United Kingdom 

Institut national des sciences et techniques nucléaires 
(INSTN), 

Centre d 'études nucléaires de Saclay, 
Comissariat à l 'énergie atomique, 
F-91191 Gif-sur-Yvette Cedex, France 

Department of Nuclear Medicine, 
Rebro University Hospital, 
Kispaticeva 12, 
YU-41000 Zagreb, Croatia, Yugoslavia 

W H O Collaborating Centre for Research 
and Reference Services in the Immunoassay 
of Hormones in Human Reproduction, 

Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS, United Kingdom 

Isotope Production Division, 
Office of Atomic Energy for Peace, 
Vibhavadi Rungsit Road, 
Bangkok 10900, Thailand 

RAMTO, 
P.O. Box 26, Post 01, Kaprova 12, 
CS-110 01 Prague 1, Czechoslovakia 



1691 LIST OF PARTICIPANTS 

Department of Nuclear Medicine, 
Laïko General Hospital, 
17, Aghiou Thoma Street, Goudi, 
GR-11527 Athens, Greece 

Dipartimento di Fisiopatología Clínica, 
Unità di Medicina Nucleare, 
Viale Morgagni 85, Careggi, 
1-50134 Florence, Italy 

Department of Nuclear Medicine, 
Rebro University Hospital, 
Kispaticeva 12, 
YU-41000 Zagreb, Croatia, Yugoslavia 

World Health Organization, 
20, avenue Appia, 
CH-1211 Geneva 27, Switzerland 

Institute of Nuclear Medicine and Oncology Lahore 
(INMOL) ; 

P .O. Box 53, 
Lahore, Pakistan 

Kasr El-Aini Faculty of Medicine, 
Centre for Radiation, Oncology and Nuclear Medicine, 
Cairo Unviversity, 
Cairo, Egypt 

Istituto di Fisiología Clínica, 
Consiglio Nazionale delle Ricerche (CNR), 
Via Savi 8, 
1-56100 Pisa, Italy 



AUTHOR INDEX 

Abdel-Razzak, M.: 353 Edwards, P.R.: 393 ' 
Ahsan, R.: 167, 393, 529 Edwards, R.: 177, 205, 545 
Akram, M.: 187, 343 Ekins, R.: 3 
Al-Sadie, R.: 403 El May, M.: 359 
Ammar, A.: 359 El-Nabarawy, F.: 559, 
Araújo, E.A.: 225 Ellis, A.R.: 403 • 
Arias, R.: 325 Escribano, T.: 453 
Arkaten, R.R.: 225, 483 . Farinati, Z.: 475 
Astakhova, L.N.: 317 Ferreira, M.T.: 283 
Balestrero, R.: 263 Fong, S.: 267 
Barmasch, M.: 453 Frati, M.A.: 301 
Barragán, L.F.: 325 Galanternik, A.: 475 
Bartolini, P.: 159, 197, 213, 225, 483 Gandy, S.: 393 
Bashir, A.: 413 García-Arreóla, R.M.: 301 
Bellini, M.H.: 197 Gergye, E.: .523 
Benhidour, A.E.K. : 65, 219 Ghafoor, F.: 413 
Bessaih, Z.: 65, 219 • Goh, K.H.: 515 
Bhalla, H.L.: 135 Goncharov, N.P.: 167 
Bianchi, A.: 453 González, K.: 325 
Bolelli, G.F.: 423 González-Suárez, R.: 167 
Borghi, V.C.: 369 Graef, S.A.: 301 
Bratakoesoema, D.S.: 569 Greenland, W.E.P.: 545 
Briner, V.: 295 Guermazi, F.: 359 
Brocchi, A.: 125 Hamada, T.: 559 
Campean, G.: 83 Haydon, J.F.: 545 . 
Cekan, S.: 529 Hayes, M.M.: 529 
Ch'ng, S.L.: 53 Hope, H.J.: 177 
Chaiwatanarat, T.: 443 Howes, I.J.: 545 
Charoensiriwatana, W.: 167 Ilyas, R.A.M.: 335, 569 
Chávez, N.A.: 301 Ionescu, T.D.: 83 
Chiesa, M.R.: 435 Jiang, Y.M.: 149 
Chuklin, S.N.: 313 Kariadi, Sri Hartini KS: 335 
Clerico, A.: 435 Kasatkin, Yu.N.: 539 
Collazo, A.: 267 Khalfoun, В.: 65, 219 
Colque, C.: 325 : ' Khalid, B.A.K.: 515 
Corbo-Mello, R.: 263 Knott, J.A.: 205 
Csetényi, J.: 523 Kolomytsev, V.l.: 313 
Díaz-Sánchez, V.: 167. Koparanova, O.: 289 
Dimitriu, V.: 83 Korde, A.: 503 
Donato, L.: 435 Kothari, K.: 503 



600 AUTHOR INDEX 

Kraiem, A.: 359 
Kusic, Z.: 495 
Latif, A.: 393, 529 
Lechuga, G.R.: 301 
Little, J.A.: 205, 545 
Lorenzo, M.: 
Lukinac, Lj.: 495 
Mahmood, S.: 187, 343, 413 
Malvano, R.: 423 
Mandolesi, M.: 453 
Martaadisoebrata, D.: 569 
Masini, S.: 435 
Masjhur, J.S.: 335, 569 
Mathew, R.: 135 
Megahed, Y.M.: 559 
Mendizabal, A.F.: 475 
Micallef, J.V.: 167, 393, 529 
Milanov, S.: 289 
Mironov, S.P.: 539 
Mityukova, T.A.: 317 
Morganti, L.E.: 197, 225 
Mtimet, S.: 359 
Murata, Y.: 197 
Nagle, С.A.: 475 
Nascimento, M.: 369 
Newman, D J . : 205 
Ng, M.L.: 515 
Nöthig-Hus, D.: 495 
Ogneva, T.V.: 539 
Oliveira, C.: 105 
Oliveira, J.E.: 483 
Opancina, В.: 295 
Patricio, L.: 105 
Pavlovskiy M.P.: 313 
Pillai, M.R.A.: 503 
Pilo, A.: 423, 435 
Pohl, A.L.: 251 
Polyanskaya, O.N.: 317 
Poshyachinda, M.: 443 
Prichagas, P.: 443 
Quiroga, S.: 167, 475 
Ramos, M.G.: 275, 279, 283 

Raposinho, P.: 105 
Ribela, M.T.C.P.: 197, 213, 225, 483 
Rodrigues, A.: 105, 275, 279 
Rodrigues, P.C.: 263 
Rosário Vieira, M.: 275, 279, 283 
Ruibal, A.: 237 
Sadler, W.A.: 383 
Salgado, L.: 283 
Salinas, A.M.: 325 
Samuel, G.: 135 
Santos, I.: 105 
Schwarz, I.: 197, 213, 225, 483 
Seth, J.: 403 
Shahid, M.A.: 187 
Shapton, R.: 393 
Signorini, С.: 423 
Simionescu, L.: 83 
Simonnet, F.: 117 
Simonnet, G.: 117 
Sivaprasad, N.: 135, 503 
Skreb, F.: 295 
Smith, M.H.: 383 
Soares, C.R.J.: 197, 225 
Soman, P.D.: 135 
Stipic, J.: 295 
Sturgeon, C.: 403 
Suárez, A.M.: 267 
Sufi, S.B.: 167, 393, 529" 
Suprarop, P.: 177 
Szerdahelyi, A.: 523 
Thean, E.T.T.: 515 
Tommasi, M.: 125 
Torres, M.: 475 
Vavia, P.: 135 
Venkatesh, M.: 135, 503 
Vlatkovic, M.: 295 
Wajchenberg, B.L.: 369 
Wan Nazaimoon, W.M.: 515 
Wu, J.C.: 149 
Zaheer, F.: 73, 187, 343, 413, 343 
Zaman, M.R.: 205 
Zhitkovich, A.N.: 317 
Zucchelli, G.C.: 423, 435 



INDEX OF PAPERS BY NUMBER 

IAEA-SM-324/ Page 

1 3 
3 343 
4 559 
5 267 
6 97 
8 295 
9 495 

12 149 
13 65 
14 219 
15 289 
16 317 
19 135 
20 503 
21 159 
22 237 
24 515 
25 53 
26 335 
27 569 
28 125 
29 325 
30 369 
31 383 
32 539 
34 251 
35 ! 435 
36 ; 423 
37 523 

IAEA-SM-324/ Page 

40 403 
41 83 
42 301 
43 353 
45 359 
48 443 
50 177 
51 205 
52 545 
53 279 
54 117 
56 453 
57 105 
58 283 
59 275 
61 225 
62 213 
63 263 
65 483 
67 197 
69 73 
70 187 
71 413 
74 313 
78 529 
79 393 
80 167 
81 475 

601 





H O W T O ORDER IAEA PUBLICAT IONS 

An exclusive sales agent for IAEA publications, to whom all orders and 
inquiries should be addressed, has been appointed for the 
following countries: 

CANADA 
UNITED STATES OF AMERICA UNIPUB, 4611-F Assembly Drive, Lanham, MD 20706-4391, USA 

In the following countries IAEA publications may be purchased from the 
sales agents or booksellers listed or through major local 
booksellers. Payment can be made in local currency or 
with UNESCO coupons. 

ARGENTINA 

AUSTRALIA 
BELGIUM 

CHILE 

CHINA 

CZECHOSLOVAKIA 

FRANCE 

HUNGARY 

INDIA 

ISRAEL 
ITALY 

JAPAN 
PAKISTAN 

POLAND 

ROMANIA 
RUSSIAN FEDERATION 

SOUTH AFRICA 
SPAIN 

SWEDEN 

UNITED KINGDOM 

YUGOSLAVIA 

Comisión Nacional de Energía Atómica, Avenida del Libertador 8250, 
RA-1429 Buenos Aires 
Hunter Publications, 58 A Gipps Street, Collingwood, Victoria 3066 
Service Courrier UNESCO, 202, Avenue du Roi, B-1060 Brussels 
Comisión Chilena de Energía Nuclear, Venta de Publicaciones, 
Amunategul 95, Casilla 188-D, Santiago 
IAEA Publications In Chinese: 
China Nuclear Energy Industry Corporation, Translation Section, 
P.O. Box 2103, Beijing 
IAEA Publications other than in Chinese: 
China National Publications Import & Export Corporation, 
Deutsche Abteilung, P.O. Box 88, Beijing 
S.N.T.L., Mikulandska 4, CS-116 86 Prague 1 
Alfa, Publishers, Hurbanovo námestle 3, CS-815 89 Bratislava 
Office International de Documentation et Librairie, 48, rue Gay-Lussac, 
F-75240 Paris Cedex 05 
Kultura, Hungarian Foreign Trading Company, 
P.O. Box 149, H-1389 Budapest 62 
Oxford Book and Stationery Co., 17, Park Street, Calcutta-700 016 
Oxford Book and Stationery Co., Scindia House, New Delhi-110 001 
YOZMOT (1989) Ltd, P.O. Box 56055, Tel Aviv 61560 
Librería Scientifica, Dott. Lucio de Biasio "aeiou", 
Via Meravigli 16, 1-20123 Milan 
Maruzen Company, Ltd, P.O. Box 5050, 100-31 Tokyo International 
Mirza Book Agency, 65, Shahrah Quaid-e-Azam, P.O. Box 729, Lahore 3 
Ars Polona-Ruch, Céntrala Handlu Zagranlcznego, 
Krakowskie Przedmiescie 7, PL-00-068 Warsaw 
llexim, P.O. Box 136-137, Bucharest 
Mezhdunarodnaya Kniga, Smolenskaya-Sennaya 32-34, Moscow G-200 
Van Schaik Bookstore (Pty) Ltd, P.O. Box 724, Pretoria 0001 
Diaz de Santos, Lagasca 95, E-28006 Madrid 
Diaz de Santos, Balmes 417, E-08022 Barcelona 
AB Fritzes Kungl. Hovbokhandel, Fredsgatan 2, P.O. Box 16356, 
S-103 27 Stockholm 
HMSO, Publications Centre, Agency Section, 
51 Nine Elms Lane, London SW8 5DR 
Jugoslavenska Knjiga, Terazije 27, P.O. Box 36, YU-11001 Belgrade 

Orders from countries where sales agents have not yet been appointed and 
requests for information should be addressed directly to: 

^ Division of Publications 
I International Atomic Energy Agency 

Wagramerstrasse 5, P.O. Box 100, A-1400 Vienna, Austria 



о о 
о 
N О) 





INTERNATIONAL ATOMIC ENERGY AGENCY 
VIENNA 

ISBN 92-0-000392-3 


