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Chapter 16

RADIOIMMUNOASSAY IN DEVELOPING COUNTRIES
(General principles)

R.D. Piyasena

Radioimmunoassay (RIA) is probably the most commonly performed nuclear medicine
technique. It is an in vitro procedure, where no radioactivity is administered to the patient.
But this alone is not the reason for its widespread use. It provides the basis for extremely
sensitive and specific diagnostic tests, and its use in present day medicine has brought a
virtual information explosion in terms of understanding the pathophysiology of many diseases.

The fact that the technology involved is within the technical and economic capabilities
of the developing world is evident from the increasing demand for its introduction or
expansion of existing services. RIA facilities need not be restricted to urban hospitals, as in
the case of in vivo nuclear medicine techniques, but may be extended to smaller district
hospitals and other laboratories in peripheral areas. It is also possible to send blood samples
to a central laboratory so that a single centre can serve a wide geographical area. There are
many laboratories in the industrialized world that receive a major proportion of samples for
assay by mail. In recent years, substantial RIA services have been established in many of
the developing countries in Asia and Latin America. The International Atomic Energy Agency
(IAEA) and World Health Organisations (WHO) have made vital contributions to these
activities and have played a catalytic role in assisting member states to achieve realistic goals.
In the past five years, more than 250 individual RIA laboratories in developing member states
have been beneficiaries of IAEA projects.

RIA is a microanalytical technique that employs radionuclides to detect the presence (e.g.
bacterial and parasitic antigens and antibodies, hepatitis B markers) or measure the
concentration (e.g. hormones, drugs, vitamins, enzymes) of substances of interest in
biological fluids, most commonly blood serum or plasma. The discovery of immunoassay
as such may be traced back to the historical publications about 30 years ago from Soloman
Berson and Rosalyn Yalow (USA) and, independently, Roger Ekins (U.K.). Ms. Yalow from
the former group, who subsequently received the Nobel Prize in 1977, developed an assay
for insulin that employed antiinsulin antibodies. The first assay described by Ekins was for
serum thyroxine. It employed a naturally occurring binding protein (TBG) rather than an
antibody, but the basic principle is the same.

'This chapter has two layers. Text in normal type is considered essential for every one working
in nuclear medicine. The parts shown in small letters need not be read by those who are not
interested in RIA technology but reading of these portions, perhaps later, may apprise the clinician
of techniques that might have to be set up if bulk reagents or production of indigenous reagents are
substituted for the imported ready-to-use kits. Portions in the Annexes are definitely for those who
do the techniques themselves.
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Requirements of a RIA System

These are essentially a binding agent - hereafter referred to as the REAGENT - having
the capacity to combine with or bind to the substance whose detection or measurement is
required, the ANALYTE, (ligand, substance of interest). Reagents most commonly used in
practice are antibodies. Ekins (3) describes the process in a broader context as one of
progressive "saturation" (occupancy of binding sites) of a saturable reagent by the analyte and
RIA thus becomes one example, albeit the commonest one, of "Saturation Analysis" where
an antibody serves as the reagent. This broad frame can cover assay systems such as protein
binding assay, radioenzymatic assay, and radioreceptor assay (where naturally occurring
proteins, enzymes, and receptors serve as reagents).

The quantitation of analyte in RIA depends on determining the proportion bound to the
antibody and the proportion remaining free after it has been allowed to react with the
antibody under optimum conditions. The measurement of the bound and the unbound fraction
is enabled by a radioactive label (tracer) being attached either to the analyte, in case of a
RIA, or the reagent, in case of immunoradiometric assay (IRMA). In addition, most assays
in practice require a method to physically separate the free from the bound fractions so that
the radioactivity in them may be individually measured by means of a suitable counting
system.

From all of the above, therefore, it would become clear that the essential components of
a RIA or IRMA system would be,

(a) The analyte, as standard or in the "unknown" or test sample; -

(b) The reagent (antibody or other);

(c) Radiolabel, (attached to either analyte or antibody);

(d) Separation system;

(e) Device for the measurement of radioactivity.

Basic Principles

The basic principles of RIA and IRMA have been extensively described in the literature.
Immunological recognition in Immunoassays is "structurally specific" with analyte and reagent
recognizing molecular structure, in contrast to "functionally specific assays" such as bioassays
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where the end point is some biological response obtained in a whole animal or an animal
preparation, (e.g. uptake of glucose in the rat hemidiaphragm under the influence of insulin).
The activity or potency of a biological substance as assessed by bioassay and immunoassay
methods may therefore not be equivalent (e.g. in the case of hGH or TSH ).

Essential to an understanding of the difference between RIA and IRMA is the fact that,
in the former case, the reagent (antibody) is present in small amounts relative to the analyte
whereas in the latter it is present in excess. In a RIA, therefore, all available reagent binding
sites are occupied by analyte. When the analyte is present in both labelled and unlabelled
forms they would occupy identical reagent binding sites. In that case, the amount of label that
is bound will depend on the amount of unlabelled or "cold" analyte also present in the
sample. The more "cold" analyte there is, the less would be the probability of tracer being
bound. In an IRMA, on the other hand, the (labelled) reagent is in excess and all analyte
present can find binding sites available. The fractional occupancy of tracer, as determined
after the separation step, is thus between free and bound labelled analyte in the case of a RIA
and free and bound labelled reagent in that of an IRMA.

These basic principles are illustrated in Figs. 16.1 and 16.2. The figures show that,
when the radioactivity in the bound fraction (e.g. the bound counts or the normalized
counting ratio, percentage bound counts/total counts) or the degree of occupancy of binding
sites are plotted against increasing amounts of unlabelled analyte, the curve obtained, in a
RIA, would be of a descending type and, in an IRMA, of an ascending kind. Figs. 16.3 and
16.4 provide typical examples where the concentration of analyte is plotted on a logarithmic
scale.

These are "standard curves" or calibration curves which are model dose response curves
relating responses (on the y axis) to calibrators (standards) of known concentration. For each
unknown sample, the dose can be read or "backfitted" from the standard curve at the relevant
response point, provided that the assay has been done under such conditions as would make
the comparison valid. To ensure this, concentrations of all assay components, (reagent,
tracer, buffer, matrix protein etc.) are kept constant except for the one factor of analyte
concentration (dose) and all assay tubes, standards and unknowns, are processed in exactly
the same way and under the same conditions (incubation time and volume, pH, temperature,
centrifugation conditions, etc.).

Reaction between analyte and reagent is governed by the Law of Mass Action. Initially, the analyte (antigen,
Ag) reacts with the reagent (antibody, Ab) to form what is referred to as the complex.

Ab + Ag —> Ab : Ag

As this reaction is reversible, the complex, as it builds up, will also begin to dissociate.

Ab + Ag <—> Ab : Ag
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If k, refers to the forward (association) rate constant, and lc, to the backward (dissociation) rate constant, then, at
equilibrium,

k, [Ab:Ag]
K =

k2 [Ab][Ag]

where K is the equilibrium constant and the square brackets [] denote molecular concentration. The value of K is
a measure of the affinity of binding between analyte and reagent under the conditions employed.

Not only the concentration of analyte but also that of the reagent or binding agent can
be determined in a RIA system. For example, the presence and concentration of hormone
sensitive receptors in breast tissue may be determined.

Quantitation, in this case, is by means of a Scatchard Plot (8). and the equation is,

B/F = - KB + Kq

where B and F refer to the concentration of bound and free analyte respectively, K to the equilibrium constant,
and q the molar concentration of the total number of binding sites, i.e. the binding capacity.

As the above equations are of a straight line, the slope of the curve would yield the value for K.
When B/F = 0, then Kq = KB and therefore q = B. The intercept of the curve on the x-axis would thus yield the
value for q. This principle is illustrated in Fig. 16.5.

A homogenous one analyte, one reagent system reacting and reaching equilibrium under the Mass Action Law
is assumed. Scatchard Plots will not be straight lines if there is reagent heterogeneity (curve concave upwards),
analyte heterogeneity (curve concave downwards and assuming an extreme form if K for the tracer is much reduced
compared to that of the unlabelled analyte) or misclassiftcation error. In the last instance, if B is misclassified as F,
the curve will only be displaced downwards so that estimation of K (from slope) will be unaffected whereas that of
q will be reduced by the same factor as the misclassificatioo error, provided this is the same in every tube. If on
the other hand F is misclassified as B, the effect is more drastic with the curve concave upwards and K over-, and
q underestimated. Other less well understood causes of non-linearity of Scatchard plots are disequilibrium, allosteric
effects and reagent polymerisation or cross linking.

RIA Reagents

Some essential characteristics of RIA reagents need now to be dealt with particularly as
they would apply to local production of them which is to be encouraged, where technically
and economically feasible, in developing countries.

A standard is the material against which the substance being assayed (the analyte) in test
samples is being compared and is most commonly the pure analyte itself in known quantity.
Primary standard reference preparations are of known composition and high purity. Low
molecular weight substances of simple chemical structure are obtainable in pure form and
reference preparations are usually available, e.g. steroids, iodothyronines. The situation is
much less certain, however, when it comes to several other analytes which are heterogenous,
and may exist in several forms of varying biological potency. In these cases, international
agencies such as WHO or major centres such as the National Institute of Health in the
U.S.A., or the National Institute for Biological Standardisation and Control in the U.K.
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produce, calibrate, and distribute primary standards which are meant to serve as reference
materials to which secondary or working standards may be related. Common examples are
hGH, TSH, PRL, LH, hCG, Insulin, Pro-insulin, PTH, etc.

Most immunoassays are now performed in "neat" or unextracted serum or plasma and
it thus becomes necessary to have supplies of this material "analyte free" in which the
standard may be made up, so as to avoid matrix effects.

Analyte free serum may be prepared by:

(a) Immunoadsorption with a specific antibody on a solid phase. This method has the disadvantage
that any antibody that may break free and spill over from the column into the serum will cause
interference.

(b) By physiological manipulation of normal subjects, e.g. cortisol free plasma following administration of
dexamethasone.

(c) Physical adsorption. Charcoal is most commonly used but the method is technically demanding:
charcoal is difficult to remove from serum, and may also remove other naturally occurring
substances, besides the analyte in question, including potential cross reactants that may be present
in the test samples. Nevertheless, physical adsorption remains a convenient method for obtaining
analyte free serum, especially in developing countries, and recent developments have resulted in
evolution of a method which, although still using charcoal as adsorbent, is much less drastic and
also less wasteful of primary material. The protocol for this procedure, which has come into
increasing usage recently, is given in detail in Annex I. Devised at the North East Thomas
Regional Immunoassay Service (NETRIA) in the U.K., the method has been taught at almost all
IAEA organized training courses over the past 4 to 5 years. A further protocol for preparation
of the analyte free serum using an anion exchange resin is provided in Annex LA.

Working standards may be prepared in analyte free serum obtained as described above.
They need to be calibrated over as wide a range of working conditions as possible, and where
practical, by different operators in many laboratories. Working standards may not be as
stable as primary ones (e.g. AFP, TSH, LH, FSH). After calibration, the working standards
are diluted to appropriate concentration in analyte free serum and stored in lyophilized form
or at subzero temperatures; (-70°C is better than -40°C and this in turn is better than -20°C).
A typical protocol for preparation of thyroxine and triiodothyronine standards is given in
Annex II.

Antibodies are immunoglobulins (mostly IgG) capable of combining with a defined
antigenic determinant. An antigen is a substance that can produce an immune response (i.e.
it is immunogenic). Haptens are small molecules not immunogenic in themselves but capable
of being made so by combination with carriers such as bovine or human serum albumin (e.g.
Cortisol, Thyroxine). They react with their corresponding antibodies.

Antibodies are conventionally produced by injection of immunogen into an experimental
animal (rabbit, sheep, guinea pig). It is preferable that the animal has not had any previous
immunisation. The immune response depends, amongst other factors, on the species of
animal selected, the nature and amount of immunogen, and the route of immunisation.
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Antibody production is considered as much an art as a science. Immunisation schedules
are variable and depend on experience and personal preference. A typical and convenient
schedule is given in Annex III.

Antibodies need to be characterized and evaluated prior to use in a bulk reagent based
RIA system. The practical features that need to be looked into in this regard are:

(a) Titre

(b) Avidity

(c) Specificity.

Titre is the apparent dilution of antiserum to be used, determined by the construction of antisemm dilution
curves. Generally, a single curve may be constructed relating percentage bound tracer to antiserum dilution (on a
log scale) and that dilution yielding 50% displacement of tracer selected. A better approach, however, would be to
construct two curves, one with tracer alone and the other containing some amount (say, the first or mid concentration
of the proposed standard curve) and select that dilution of antibody at which the maximum displacement between the
two curves is seen. The principle is illustrated in Fig. 16.6. The mass of tracer used should always be stated in
tracer studies. Titre is a function of both the avidity of the antiserum and its binding capacity.

Avidity, determined by construction of a Scatchard Plot as described above, is a measure
of the strength of binding between antibody and antigen. It is one of the two main
determinants of the precision and sensitivity of an assay, the other being experimental error.

Specificity indicates the ability of an antibody to distinguish one particular analyte from
several closely related substances including metabolites, subunits, and analogues. The
specificity of an RIA is improved by:

(a) The use of pure immunogens or conjugates;

(b) Pure labelled compounds;

(c) Pure analyte for assay, pre-extracted and purified if needed.

(d) Immunisation with specific subunits, e.g. b-hCG;

(e) Saturation with cross reactants, e.g. TSH antibody
with hCG;

(f) Use of monoclonal antibodies of high specificity.

Cross reactivity curves are a series of standard curves, one with the specific analyte and others with increasing
amounts of possible cross reactants. The amounts of antibody and tracer are kept constant. Cross reactants usually
have lower K values towards the reagent than the analyte itself and an observed cross reactivity may also be reduced
when the specific analyte is present, which is usually the case. The bias caused by a cross reaciant may be assessed
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and sometimes corrected by construction of a "Cross Reactivity Profile" which is a plot relating the absolute or
fractional bias caused by the cross reactant to analyte concentration at several levels and not only at the EDM response
point, at which this is most usually assessed. Typical cross reactivity curves are illustrated in Fig. 16.7.

As second antibody is one of the commonest separation methods used for RIA in
developing countries, a brief discussion on its character and mode of production will now
follow. Polyethylene glycol is usually added with the second antibody to facilitate separation.
Second antibody is made by immunising a different animal species with pure IgG from the
species in which the first antibody was raised. The antiserum precipitates the first antibody
complex in insoluble form. Non-immune serum from the first antibody species is added to
increase the bulk of the precipitate.

Second antibody is used at low titre, generally less than 1:50, so larger animals are used
for production. The immunogen is purified IgG (caprylic acid fractionation, DEAE ion
exchange, immunoelectrophoresis) from the first animal species and the immunisation
schedule is essentially similar to that used for first antibody production although booster doses
may be higher.

Second antibody (as in the case of first antibody) should be tested against a reference
serum. Dilutions of 1:5 to 1:25 may be used with a 1:400 dilution of normal serum. The
point of maximum precipitation and the width of the precipitation plateau are assessed. The
latter is less secure with decreased dilution of normal serum. Choose the best combination
of concentrations of second antibody (maximum precipitation) and carrier serum (widest
plateau) and test under different conditions of pH, temperature, etc. The principle is
illustrated in Fig. 16.8. Accelerated second antibody precipitation is achieved by inclusion
of Polyethylene glycol (PEG), M.W. 6000, 2-4%.

In a RIA for low molecular weight analytes, first and second antibody may be added
together. Better sensitivity may be obtained by delaying the addition of tracer until the
primary reaction is complete in the case of higher molecular weight analytes.

Haptens need to be initially activated and then linked to carrier protein by peptide
linkage. The commonest such carrier used, Bovine serum albumin (BSA) which contains 59
lysine units, is antigenic, and readily available in pure form. A typical protocol for
producing an immunogen from a steroid hapten, using the mixed anhydride reaction is given
in Annex IV.

Peptide haptens may be directly coupled on to carrier protein via amino or carboxyl
groups. A typical protocol for the conjugation of thyroxine (T4) to BSA using the
carbodiimide reaction is given in Annex V. In either case, direct or following activation, the
carrier protein should be attached to the hapten at a site remote from the characteristic
functional group of the latter substance.

Antibodies, particularly when they are intended for coating on to solid phases or labelling
for IRMAs, need to be purified. Crude IgG fractions may be obtained by precipitation using
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either ammonium sulphate or caprylic acid. Such crude fractions, containing IgA and
ceruloplasmin besides IgG, may be used for labelling but not for coating.

Further purification can then be achieved using DEAE, Protein A or affinity chromatography. Of these, the
last is probably the best but is not applicable in all cases as supplies of pure antigen for preparation of the column
are required and this can be very expensive. DEAE cellulose ion exchange chromatography will yield very pure IgG
but has the disadvantage that large sample volumes (at least 5 ml) are required. Where sample sizes are small,
Protein A purification is more suitable and is therefore commonly applied to the purification of monoclonal
antibodies. Recommended practical protocols for the purification of antibodies using ammonium sulphate, caprylic
acid, and DEAE cellulose are given in Annex VI.

Antibodies coated on to solid phases are increasingly used in developing countries where
solid phase separation methods, particularly those avoiding centrifugation, are sometimes the
most convenient technique. The methods for immobilization of antibodies are described
below, under separation systems.

The final RIA reagent that needs to be considered is the tracer. In RIA, the label is
attached to pure analyte which is then made to participate in the reaction in the same way as
the unknown. Labelled and cold analyte need to be identical only if recovery studies are
needed, not necessarily for estimation of distribution between free and bound moieties.

125I is being increasingly used for preparation of label even for compounds with no
tyrosine or similar radicles (steroids, drugs, prostaglandins). It has several advantages over
other radionuclides that may be incorporated into antigen or antibody molecules. It is also
readily available with virtually 100% radiochemical purity, and is readily introduced into
many proteins and other organic molecules that contain a suitable aromatic ring by a mild
oxidation reaction. Direct substitution or replacement of naturally occurring 127I is also
possible as in the common examples of T3 and T4. It is a gamma emitter and is therefore
detectable without the need for special sample preparation. Incorporation of radioactive
iodine generally does not make significant alteration to the shape of proteins on the
recognition of which immunoreactivity depends. However, it should not be lost sight of that
iodine is rarely found naturally in proteins and that incorporation of an iodine atom (which
is as large as a benzene ring) can change physiological and immunological properties,
particularly in regard to stability.

Iodination methods are of two general types, direct and indirect. In either case, an
oxidising agent is used to convert Sodium 125Iodide to reactive 125I+iodinium ion. At mildly
alkaline pH (7.5) this reacts with tyrosine and tyrosyl residues on phenolic benzene rings.
It is essential that oxidising conditions should be as mild as possible to avoid oxidation
damage and cleavage of the polypeptide chain.

Direct iodination of soluble proteins is inexpensive, simple, and can yield tracers of high
specific activity. The commonest oxidising agents employed are chloramine T,
lactoperoxidose, and iodogen.
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Chloramine T is the sodium salt of n-tnonochlorotoluene sulphonamide which yields hypochlorous acid in
aqueous solution. Sodium metabisulphite is used to terminate the reaction. A typical protocol for iodination by this
method is given in Annex VII. Lactoperoxidose (10] is an enzyme that catalyses the oxidation of Na m I in the
presence of the oxidising agents hydrogen peroxide or glucose oxidase. Iodination by this method is considered to
be milder and the tracers are more stable than those prepared using chloramine T. It has a distinct practical
advantage in that lactoperoxidose can be attached to a solid phase (cellulose) and the reaction can be terminated by
centrifugation. The reaction may also be terminated by 0.1 % sodium azide, 100 fi\, but in this case it is important
to ensure that no sodium azide, which is a strong enzyme inhibitor, is added until the iodination reaction is complete.
It must be noted, therefore, that this substance should not be present in buffers used for the iodination reaction. A
protocol for iodination using lactoperoxidase on a solid phase is given in the Annex VIII.

A third method of direct iodination is by Iodogen, which is 1,3,4,6, Tetrachloro-3a, 6a-Diphenylglycouril. It
is also a mild oxidising agent useful for the iodination of labile proteins. No reducing agent is required. The oxidation
and iodination reactions take place slowly and maximum iodine incorporation with minimum chemical damage is thus
achieved. The reagent is slightly more expensive than chloramine T, the technique is simpler, and is therefore
gaining in popularity. However, it has the disadvantage that it is not suitable for iodination of peptides less than 20
000 Daltons, a notable example being Prolactin. Note also, that iodogen coated on iodination tubes is not stable.
A typical protocol for iodination by the Iodogen method is given in Annex DC.

The three methods of direct iodination mentioned above are only applicable where the
radioiodine can be incorporated into a part of the molecule far removed from the
characteristic binding site so that immunoreactivity is unimpaired, where direct substitution
for a naturally occurring 127I atom is possible, and when the substance to be iodinated contains
tyrosine, histidine, tryptophan, or sulphydryl groups. Where these conditions are not present
indirect or conjugation iodination provides a suitable alternative for tracer preparation.

Here, a phenyl group on a small molecule such as tyrosine is iodinated and this is then coupled onto the antigen,
after activation, via a free amino group. The antigen itself is therefore spared from exposure to an oxidising agent.
One of the commonest reagents used for conjugation labelling is the Bolton and Hunter reagent, named after the
workers who devised the method, which is commercially available in a pre-iodinated and purified form. Another
example would be diazo or isothiocyanate derivates of iodinated sulphanilic acid or aniline. A typical protocol is
provided in Annex X.

When labelled hapten conjugates are prepared, the conjugation reactions should not be the same as those used
in the preparation of hapten-carrier protein conjugates for antibody production. The antibody may recognize the
bridge as well as the hapten and, if the bridge structure on the tracer is identical, the tracer may have a different
affinity for the antibody than the analyte. This problem of "bridge binding" can be avoided by attaching the
conjugates to different sites on the hapten for preparation of immunogen conjugates and tracer conjugates respectively.

A good method for the iodination of antibodies is to use N-bromosuccinamide which is a mild oxidising agent.
The method is essentially similar to that used with Chloramine T except that the reaction is terminated by dilution
of the reaction mixture with buffer or addition of excess tyrosine or potassium iodide. A protocol is provided in
Annex XI

Ideally, a radiolabelled tracer for use in a RIA should be a homogenous preparation of
labelled antigen exhibiting the same affinity for antibody as the unlabelled analyte. The
quality of tracer affects specificity and sensitivity of the assay, which will be reduced if the
K value of the tracer is less than that of the analyte. The iodination reaction is reversible and
"free" radioiodine will be released from the iodinated protein. In addition to free radioiodine,
other impurities present in the original material may also be labelled and these labelled
impurities can interfere.
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Of several alternative methods available for obtaining the required labelled material in
pure form (e.g. ion exchange, adsorption, electrophoresis), the commonest is gel filtration.
Practical details of a typical method, using Sephadex G25, are included in the protocols
describing the preparation of 125I tracers for T3 and T4. This method of separation is
generally adequate when the material being iodinated is pure but where this is heterogenous
or may have deteriorated on storage, purification is better achieved by thin layer
chromatography (TLC) or high performance liquid chromatography (HPLC). The latter
method is becoming more widely available in developing countries due to decreasing
equipment cost and a typical protocol is given in Annex XII. Note that heterogeneity of an
antigen may only be revealed after labelling by the presence of peaks of radioactivity distinct
from those due to the labelled moiety and free iodine.

In theory, two mIodine atoms can be incorporated into each tyrosyl group and, where
several such groups are available, the potential specific activity of tracer can be very high.
Use of such high specific activity tracers may serve to improve sensitivity but there is the
danger that excess 125I labelling may alter immunoreactivity. Also, high specific activity
tracers tend to be less stable. Therefore, as a general rule, the inclusion of just one atom of
iodine per molecule of protein is preferred. Preparations of Na125I for protein iodination from
commercial sources usually have a specific activity of about lmCi/0.5 nmol of iodine. Thus,
reaction of one mCi of 125I with 0.5 nmol of the substance to be iodinated will yield tracer
with the desired incorporation of one iodine atom per molecule.

The calculation of specific activity of tracers is fairly simple where there is one primary iodinated product. As
an example, if 10 fig of protein is reacted with 1 mCi of ml and if 80% of the iodine is uniformly incorporated into
the protein, the specific activity of the tracer will be 80 mCi/ug. However, when two tracers are obtained from a
single starting material, as in the example in Annex VII where both 12iI T4 and I23I T3 are obtained by iodination of
Tj, the calculation of specific activity is more difficult as it depends on the quantity of radioiodine incorporated into
each tracer which has to be determined independently.

When the mass of tracer is known, an experiment should be performed to check that its
immunoreactivity is the same as that of the "cold" native antigen. This is done by
construction of two standard curves, one containing the native antigen (the same as was used
for labelling) and the other the same amounts of tracer only with no native antigen. If the
two curves, plotted as % bound vs mass of antigen are superimposable, then
immunoreactivity is unimpaired [15]. If the curves are parallel, though not superimposable,
excess free I25I is present. Non-parallelism, however, indicates alteration of immunoreactivity
and an alternative iodination procedure should be considered.

125Iodinated peptide tracers may be stored lyophilised, if necessary, with addition of
carrier protein. Stock solutions of 125I T3 and T4 tracers may be stored in 75% ethanol, at
low temperature. When stored at low concentrations, apparent losses may be due to
adsorption on the walls of the container.

Special safety precautions become necessary as iodinations are carried out using 1 mCi
(37 MBq) or more of radioactive iodine. For the handling of this amount of radioactivity,
a special "hot" laboratory, well ventilated, and equipped with a fume cupboard is essential.
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I25I in the free state is volatile and is easily ingested. Protective clothing (laboratory coat and
gloves) must be worn. The iodination should be performed in a fume cupboard and the
equipment needed for purification of the tracer should also be located in the hot laboratory.
Chromatography columns, fraction collectors, etc. used for tracer purification are very likely
to be contaminated with residual radioactivity and will not be suitable for other uses. A
radiation monitor for checking of all work surfaces and floors should be available and all such
surfaces should be continuous and of material that is easily wiped clean.

Phase Separation

The major problem in a RIA does not concern the availability of reagents or the hazards
of using radioactivity but the requirement that a physical separation of reactants to free and
bound moieties is necessary before the final measurement of radioactivity can be made. This
is in fact one of the main reasons why RIAs are difficult to automate while certain
non-isotopic methods, which do not need a separation step, can be automated. Although often
regarded as the weakest link in a RIA, the basic requirements of a separation step are, at least
in theory, fairly straight forward. It needs to be efficient, practical, and not too expensive.
In practice, however, this ideal is difficult to realise. Systems commonly used are generally
divided into four types.

(a) Physical (solid adsorbents, protein A, sucrose)

(b) Chemical precipitation (PEG, Et.OH, ammonium sulphate)

(c) Immunological precipitation (2nd antibody)

(d) Solid phase systems, with antibodies on solid support or
matrix.

Physical separation: Common reagents for physical separation are:

(a) Charcoal (Norit A), usually coated with dextran or albumin.
Acts as a molecular sieve that removes free analyte and
excludes the bound.

(b) Protein A, prepared from killed Staph. aureus, binds to IgG
and thus removes the bound moiety.

(c) Sucrose. Antibody on a dense solid phase such as Sephacryl
is made to gravitate down a 10% solution of sucrose.

Chemical precipitation: This is most commonly done by PEG 6000. Used by itself, the
method is sensitive to protein concentration in the incubation mixture, and is prone to be
erratic. Many of these problems are overcome by use of PEG in association with second
antibody.
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Other chemical precipitants of the bound fraction such as Ethanol and Ammonium
sulphate are now very rarely used.

Immunological separation: As the molecular weight of the first antigen-antibody complex
is small, a larger micelle is needed for precipitation. Precipitation depends on concentration
which is why the first complex does not precipitate. The first antibody (with bound analyte)
acts as antigen for a second reaction with an antibody from a different species. The method
is less time consuming when used with PEG, is not affected by protein concentrations and is
suitable for use with antibody of relatively low K value. Incubation time is reduced by
inclusion of PEG, and addition of carrier serum increases the bulk of the precipitate. Excess
of 2nd antibody may redissolve the first antibody/antigen complex (Prozone effect), and
therefore the minimum concentration of second antibody corresponding to the precipitation
plateau is chosen. Interference from complement is avoided by addition of a chelating agent
such as EDTA, if required, to the 2nd antibody buffer. Lastly, the price of second antibody
which was relatively high, has been decreasing in recent years.

Solid phase separation: Antibody is adsorbed or chemically bound via glutaraldehyde to a
solid matrix. This may be a solid support such as glass or polystyrene in which case
centrifugation is not required. Alternatively, insoluble particles such as cellulose, sepharose,
or magnetisable cellulose may be used and the separation completed by centrifugation or use
of a magnetic separator. Second antibodies are commonly linked to solid phases.

Practical protocols for the immobilisation of antibodies on to tubes or wells, cellulose,
and magnetisable cellulose are given in Annexes XIII, XIV and XV.

QUALITY CONTROL IN RIA

Despite the advantages of sensitivity (limit of detection) and specificity (the ability to
recognize a particular analyte in the presence of other substances) RIA, as a microanalytical
technique, has an inbuilt fragility that derives from the nature of the reagents used, which are
biological materials and radiolabelled compounds of limited stability. In addition, the
separation step is rather difficult to reproduce or standardize, For these reasons, quality
control(QC) becomes very essential in RIA in order that results can be interpreted with
confidence.

QC procedures are not ends in themselves but means towards improving the standard of
the RIA service being delivered, by identification and quantification of errors that affect assay
validity.

The number of Errors that could occur in RIA are, in theory, probably infinite, and some
of them, e.g. the so called "blunders", cannot be quantified. For purposes of statistical
analysis, however, Errors in RIA are of two broad types. Systematic errors (bias) displace
results in one direction only, either up or down. Random errors, on the other hand, cause
imprecision, which can displace results in either direction.
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Precision is the reproducibility of a measurement as calculated from the "scatter" of
replicate estimations. It may be expressed in absolute (Mean and S.D.) or in relative (CV %)
units. Bias is the systematic displacement of measurements from the "true" value and can also
be expressed in relative terms, (% Bias). No measurement is exact, repeated measurements
will yield different results due to random errors.

Random Error or Imprecision:

(a) Counting: from counting statistics,

(b) Non Counting: These are sometimes referred to as
manipulation errors and are primarily derived from the
pipetting and separation steps.

The counting error (S) is readily calculated from a knowledge of the total number of
counts accumulated (n) (NOT the counting rate) using the formula

100
s = — %

Vn

Errors add in quadrature (which means that the squares of the individual components add up)
and therefore

Total error2 = S2 + R2

where S = counting error and R = non-counting error.

Similarly, the accuracy of a result, which is taken to mean the degree to which it
corresponds to the "true" value is a function of both bias and precision, and thus

Accuracy2 = Precision2 + Bias2

Replicate estimations (at least two) of samples are necessary in order to assess within
batch reproducibility (precision) and also to recognize outlier samples. An outlier is defined
as a sample with measurement error too large to be accounted for by normal scatter among
replicates.

Within Batch Errors:

These are either due to imprecision or to bias. Imprecision results in poor agreement
between pairs of replicates and is derived primarily from the pipetting and separation steps.
Bias, on the other hand, results in poor agreement between sets of replicates.
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There are several ways by which within batch imprecision may be estimated. An
optimum condition variance may be determined by measurement of aliquots from the same
sample many times (say 10 or 20) in a single assay. This may be done at more than one
level of analyte concentration and a Mean and S.D. calculated in each case. The value may
not be an accurate reflection of reproducibility under routine conditions where a sample is not
likely to be measured in as many replicates.

An average batch coefficient of variation (ABCV) may be calculated from the slope of the Response Error
Relationship (RER) plot. An RER is a plot of the error in the response vs. the mean response and may be constructed
by plotting the standard deviation of replicate responses (counts) vs. the mean to yield a "snowstorm" of points as
illustrated in Fig. 16.9. A smooth curve drawn through the points in this figure provides an estimate of the RER,
as illustrated in Fie. 16.10. In this case, the CV is seen to be about 3 % where the counts are lowest, declining
slightly as the counts increase. The general RER equation, which will be used in the discussion on data processing
that appears below is,

R = A + BP,

where R = CV of replicate estimations of response
P = the mean response
A = the intercept on the y axis
B = the slope of the curve.

Different values of A and B may be found for different analytes and procedures. However, once a method has
been well standardized, the values of A and B tend to be stable over a long period of time. It is this feature of the
RER that makes it very useful.

Manual construction of RER plots from data obtained in one or several assays is a useful practical exercise but
is not at present necessary in most laboratories because computer programs that automatically calculate the RER
parameters are readily available. These will be further discussed below.

Where special QC samples have been included in an assay the CV derived from these may be compared with
the ABCV. The two values should be nearly the same.

The weakness in the above approaches is due to the phenomenon of heteroscedasticity,
which means that precision depends on and varies with analyte concentration, being poorer
at the lower and upper limits of the standard curve. The construction of an Imprecision
Profile (IP) [24] corrects for this and enables the precision associated with any analyte
concentration to be more satisfactorily determined, as also to decide on the range of analyte
concentrations within which results would be acceptable (the working range) at any desired
level of precision, e.g. a CV of 10%.

A typical IP is illustrated in Fig. 16.11 from which it would be seen that it is a plot of
the error (as CV) associated with the estimation of any particular analyte concentration or
dose. Like the RER, the IP in a tabular or a graphical form is automatically generated by
modern computer data processing programs.
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Within Batch Bias:

This is also called within batch Drift. It refers to a systematic (usually unidirectional)
change in responses from identical samples repeated at different locations within a single
assay batch. Special QC specimens are used to verify drift. However, it is also believed that
a more powerful check for within assay drift is provided by the inclusion of two complete
standard curves, at the beginning and the end of the batch.

Drift may be present if the variance between sets of replicates is more than twice the
variance between individual pairs. It may be quantified as the % change from one group of
(QC) specimens to another, within a batch.

The selection of individual specimens from a batch for rejection and reassay can only be
done by identification of poor agreement between replicates. Empirical criteria on which this
is sometimes done (e.g. CV more than 10%) form an inflexible approach that does not take
into consideration heteroscedasticity or that criteria may need to be stricter in the "grey areas"
or decision making ranges between normal and abnormal values. The application of statistical
criteria would be more satisfactory. Sometimes, a sample is rejected if the CV of its
replicates is more than the ABCV by a fixed amount (say 2 or 3 times) but the approach
would fail if there is a significant number of samples with poor replicates in a particular
batch. A better method would be to consider the error observed in a particular measurement
in relation to that expected, from previous experience, under similar conditions. The ratio of
observed to expected error is calculated and it is then determined whether any departure from
unity is significant or not. This method is used in the IAEA designed RIA/PC data
processing programs and will be dealt with in further detail below.

Between Batch Variation:

The concern is to investigate reproducibility of results on equivalent specimens assayed
in different batches and to identify batches with bias significantly different to that expected
from previous experience.

Within batch imprecision forms one component of the imprecision seen between batches.
However, the main source of between batch variation is a change in reagents (standards,
tracer, antiserum), or assay conditions (time, temperature, incubation volume). The
separation step is often difficult to standardize. Other factors would be a change of technician
and of course "blunders" or "catastrophic errors" that may occur.

Batch to batch variation is usually worse in RIA than in other biochemical techniques and
its measurement is a vital function of quality control. QC specimens obtained from specially
prepared OC serum pools are generally used to assess between batch variation. They may
be used to estimate assay precision as well as drift. It is also sometimes recommended that,
in addition, randomly selected test samples be assayed in successive batches. They may be
more representative of the patient material itself and probably stored for a shorter time than
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the QC pools. QC material should resemble test samples in an assay as closely as possible,
(e.g. same matrix) and should contain analyte concentrations that cover the working range.
They should be prepared in sufficient quantity to suffice for a long period (say, at least 20
assays) and free from any microbiological hazards.

There are several possible sources of QC material:

(a) Residual patient samples. After pooling, these should if
possible be filtered or at least centrifuged to remove debris
and a suitable preservative such as 0.1% sodium azide
added.

(b) Serum from a single or a few individuals who may be
specially selected (e.g. post menopausal women) or specially
treated (e.g. with T3 or TRH) if required to provide a
particular kind of pool.

(c) "Spiked" serum, where known amounts of analyte are added
to untreated base material usually of low or normal analyte
concentration.

(d) Serum rendered analyte free ("stripped") and then "spiked"
to the desired dose levels. Treatment with charcoal itself is
too drastic a method of rendering serum analyte free, and
may even remove cross reactants that would be present in
the other test samples. The milder technique as described in
Annex I is preferred. It has also been found that the use of
ion exchangers have produced spurious results.

(e) Commercial material. QC sera are cheaper to make than to
buy, except in exceptional circumstances, but there are many
commercial sources from which they may be obtained.

Stored in suitable aliquots at -20°C or lower, QC sera is stable for at least 2 years. For
routine use, three pools of QC material are used. They should contain low, medium, and high
analyte concentrations to cover the working range. Each pool should be contained in 3
separate groups in a typical 100 tube assay batch with each pool prepared for assay
individually and not together. A number of preliminary assays (at least 5-10) would be
needed to establish the target Mean and S.D. for each batch, (outliers excluded). Individual
results from subsequent batches may then be analyzed, either manually or by means of a
computer program, and the results displayed on typical Shewart (Levy-Jennings) QC charts.
A typical example is seen in Fig. 16.12.

QC data may be so analyzed that drift, (the % change from one QC group to another)
may be evaluated with respect to one QC pool in one batch, all QC pools in one batch, one
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QC pool in many batches, or all QC pools in many batches. Modern computer programs
allow for analysis of IQC data from as many as 100 batches or more. In addition, other
parameters generated by analysis of RIA data may be maintained on control charts. These
would include the % Bound/Total at zero dose, the % NSB, the 20, 50 and 80 %
displacement (ED) points, the slope of the standard curve, ABCV, the RER parameters and
sometimes the mean patient value. These often prove useful in assay troubleshooting as
changes in some parameters may indicate tracer or antiserum deterioration or problems in the
pipetting or separation steps. For example, a lowered Bo and decreased slope with no change
in the ED50 may mean that the tracer is damaged. If only the Bo falls but both slope and EDS0

remain unchanged, this may mean that the tracer is old, with much free m I .

As in the case where an individual specimen from an assay batch was selected for
rejection and reassay on the basis of imprecision or bias, the same criteria may be applied
to the selection of entire batches for rejection. On the basis of imprecision, an ABCV which
is more than three times the mean of the previous ten batches may qualify a batch for
rejection. On the basis of bias, it is often suggested that if all three QC pool results are
outside one S.D. of the target mean, or 2/3 are outside two S.Ds, or even if a single pool
result is outside 3 S.Ds, the batch should be considered for rejection. There are objections
to this kind of stringency and sometimes (as in the RIA/PC program), non-statistical
parameters of 10, 15 and 20% of normalized target Mean values are substituted for the
respective S.D. points. Whatever criterion is adopted, it is essential that the limits of
tolerance or acceptability of the results need to be consistent and well-defined.

In summary, the essence of IQC is the evidence from replicates (which provides data on
precision) and the evidence from the IQC samples (which provide data on within assay drift
and between assay variability). Whatever may be the contingencies, there is no excuse for
avoiding replicates or for excluding QC sera from an assay batch.

External Quality Assessment will not be dealt here at length. A laboratory may consider
participation in an EQA scheme when it has firmly established IQC practices. EQA is no
substitute for IQC but provides an independent assessment of laboratory performance with
samples of unknown analyte concentration. Its main purpose is the recognition of individual
laboratory bias against a peer group. It provides little information on within laboratory
precision. EQAS may be able to detect method bias if a sufficient number of laboratories in
the scheme use the same method or kit and is useful in multicentre research studies where
results need to be comparable. However, the real role of EQA may be its educational
function, the promotion and monitoring of IQC itself, and in providing a means of contact
and communication between different groups of workers.

The Golden Rule in RIA is to find a good method and persist with it. QC is not merely
for surveillance but plays an important part in assay design, in choosing reagents and
protocols that are optimum but, even in an optimized system, reagents and conditions may
change. QC must therefore be a continuous activity always as a priority in a RIA laboratory.
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Assay design and validation:

It is desirable that developing countries establish "in house" RIAs using locally produced
reagents as far as possible. Following production and characterization of such reagents, as
described above, they need to be put together so as to produce an assay that would serve the
purpose for which it is intended. Good RIA is not possible without good reagents but "even
if good parts are haphazardly assembled, the result will be a ramshackle one" [18].

An assay should be designed to measure the concentration of analyte accurately,
conveniently and at an acceptable cost.

The main factors that come into consideration are:

(a) The nature of the analyte

(b) The form in which it is present

(c) Its concentration

(d) The nature of the matrix in which the analyte is present

(e) The presence of cross reacting substances.

The factors that are aimed for in designing an assay are that the RIA should,

(a) be sensitive;

(b) cover the required working range;

(c) yield good precision over the required range of analyte
concentrations;

(d) be practical and not too tedious or cumbersome;

(e) not be too expensive.

In sum, reagent (antibody, tracer, separating agent) concentrations and assay conditions
(pH, temperature, incubation volume and time) should be so matched as to provide a practical
and economical assay with required sensitivity and acceptable precision over the desired
working range.

Assay optimization is a process in the course of which reagents and procedures are
explored in order to arrive at a satisfactory design. Compromises will be unavoidable, as
changes causing improvement in one area may be deleterious in another. For example,
reducing tracer concentration would improve sensitivity but counting times may have to be
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increased to reduce the counting error. Good assays are not designed on an "ad hoc" basis
and some understanding of RIA theory is required.

Ekins has proposed a theory of RIA which is widely appreciated. Optimization of conditions is done in terms
of parameters K (equilibrium constant), S (specific activity of tracer in cpm per unit mass), V (incubation volume),
T (counting time), and E (experimental error). According to this theory, in an RIA where the bound fraction is
counted, the optimal antibody concentration is given by 3/K, the optimal tracer concentration by 4/K, and the
theoretical sensitivity, assuming no experimental error by 4 x V 2 / V STVK.

All theoretical models make certain assumptions, the most important being the following:

(a) Identical behaviour of labelled and unlabelled antigen towards antibody;

(b) A univalent reaction to equilibrium;

(c) Complete separation of free from bound fractions;

(d) A constant experimental error, or experimental error minimum
when F/B = 1;

(e) the equations depend on which fraction is counted, free, bound, or both.

For a theoretical approach proposed by Ekins, values for K, V, T or parameters derived from a Response Error
Relationship (RER) or Imprecision Profile (IP) plot need to be known, but they cannot be known until sufficient data
has been generated. On account of this dilemma, many assayists prefer to adopt a pragmatic approach. However,
there is no substitute for two things. First, an understanding of theoretical principles, and second, experimental work.

Experts recommend that, for many analytes, it would be a good idea to optimise an assay
for sensitivity first and then make amendments as dictated by practical considerations.
Sensitivity in RIA means the limit of detection, i.e. the smallest amount that can be
distinguished from zero concentration. In theory, this is given for RIA by E/K and for an
IRMA by E x NSB / k where E is the experimental error, k the equilibriuirfconstant and
NSB is the non-specific binding. NSB can be as low as 0.01 % which is a reason why,
theoretically speaking, IRMAs have the advantage of sensitivity over RIAs. In practice,
sensitivity is about equal to mass of tracer used, so this quantity can be used for construction
of antiserum dilution curves. An idea of the concentration of antibody required may thus be
obtained. Alternatively, a series of curves may be constructed with decreasing amounts of
tracer. It may be found that decreasing the amount of tracer beyond a certain point may have
little effect, thus providing a clue to optimum antibody and tracer concentrations.

Attention may now be directed to incubation time. To begin with, a time of 24-48 hours
at 4°C may be used to ensure equilibrium, and other time and temperature conditions then
tried out to access the effect on Bo, ED^, slope etc. of standard curves over the working
range.

A separation system is then chosen and optimized for maximum precipitation and widest
plateau, as illustrated in Fig. 16.6.
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Delayed addition of tracer may improve sensitivity in assays for proteins of high
molecular weight, but not usually for hapten assays.

Finally, using all information available as a working basis, the assay could be optimized
using criteria such as the IP. Decisions should be made according to requirements, good
precision at low dose or in the areas of most diagnostic interest, widest working range, etc.

The first principle of assay validation, irrespective of whether locally produced reagents
or commercial kits are used, is that this should be done in one's own laboratory under the
usual conditions of work. Validation procedures are fairly standard and consist of the
following experiments:

(a) Cross reactivity studies

(b) Parallelism tests

(c) Estimation of bias at zero dose

(d) Recovery studies with unlabelled analyte

(e) Reproducibility studies within and between batches

(f) Comparison with accepted reference method if possible.

Cross reactivity studies have been dealt with previously and illustrated in Fig. 16.7.

Parallelism testing (sometimes called "dilution down a standard curve") is done to
establish the identity of standard with unknown analyte in the RIA system. Note that, if
parallelism is found, this does not mean that standard and unknown are certainly identical,
only that the probability of this being so is high. On the other hand, lack of parallelism
almost certainly indicates that standard and unknown are not the same, or a matrix effect, i.e.
the diluent does not behave as analyte free serum.

Testing for bias at zero dose is useful because, as previously mentioned, cross reactants
may exert a greater effect at zero or low concentrations of the specific analyte. Samples
known to contain zero analyte concentrations are more suitable for this purpose than serum
artificially rendered hormone free.

Untreated or naturally analyte free serum is also preferable to treated analyte free serum
for experiments that estimate the recovery of unlabelled added analyte. Recovery experiments
are carried out at low, medium, and high analyte concentrations and the accepted recovery
range is 90-110%.

The question of assessment of within and between batch variability has been discussed
in the section dealing with Quality Control.
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In the case of IRMAs, the theoretical models proposed by various groups are rather more
complicated than in the case of RIAs but the effect of critical factors such as NSB,
experimental error, and background on assay sensitivity may be predicted. Without dwelling
on any of the mathematical approaches it may be stated, from a practical point of view, that
sensitivity in an IRMA depends on the "blank" or binding at zero standard, the equilibrium
constant of the antibodies used and the specific activity of the tracer. The latter, however,
has the least effect in situations where the greatest contribution to the total error is from
experimental error.

Data Processing in RIA:

In parallel with methodological developments, advances in data processing (DP)
techniques have also made very significant contributions towards realization of the full
potential of RIA. One factor above all else that has enabled DP to play this role has been
the virtual "explosion" that has occurred in computer technology that has placed
programmable calculators and computers of impressive capabilities available at a fraction of
the cost of less powerful machines of the past.

One of the obvious advantage of modern computer assisted DP lies in its contribution to
time and personnel management in RIA laboratories. Added to this would be the advantages
of speed, accuracy, and reliability over manual methods which are much more prone to
operator error. Important though all these factors may be, they do not constitute the most
significant benefit that a modern computer based DP system provides, which is the possibility
of a detailed statistical analysis of assay results, thus enabling the establishment of confidence
limits on dose estimations, the identification of "outlier" specimens, and a general assessment
of assay quality and performance. It provides the radioimmunoassayist with the ability to store
and to retrieve data for computation of composite results on assay performance.

Some initial resistance to the idea of computer based DP was encountered on the grounds
that detailed statistical analysis was a prerogative of, and could only be understood by, trained
statisticians only, and also that such analysis was not needed by workers with backgrounds
in medicine, biochemistry etc. who were using RIA for clinical service or research. The
opinion of most experts, however, was that the converse was nearer to the truth. The clinical
biochemist "is less well equipped for statistical computations and needs the protection of a
sophisticated program".

Objectives of Data Processing:

Analysis of RIA data has three objectives. First, it enables the computation of the
concentration of the analyte concerned in test samples. Second, it informs on the degree of
validity of the results by providing an estimate of error; and third, the capability to retrieve
stored information permits the comparison of current with previous results, thus assessing the
consistency of the assay procedure over a period of time. Modern DP techniques are geared
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to deal with all of these issues, in such a way that all that is required of the analyst is
sufficient understanding of the basic statistical and mathematical concepts to appreciate and
use the information that the computer provides. There is no dearth of DP packages from both
commercial and non-commercial sources, so that "it makes no more sense to write one's own
program than to build one's own computer".

A misconception common to beginners in the field needs to be removed at this stage.
No computer program can make up for defects inherent in a badly designed assay or an
imperfect technique; no DP package can provide good answers from bad results.

Basic Steps in Data Processing of RIA:

Put in its simplest form, all that is required in order to determine the concentration of
the analyte in an unknown specimen is to compare the corresponding response against those
obtained from specimens of known concentration (standards), under conditions that would
make such a comparison legitimate. What one has at the end of a RIA procedure is not a
measurement of analyte concentration but of radioactivity (counts). These results need to be
calibrated so that a relationship is established between what is available (the measurement of
radioactivity) and what is needed (the measurement of analyte concentration). The first step
in this process would be to contract a standard curve. The responses may be "scaled" (e.g.
as B/T, F/T, B/Bo etc.) or "transformed" (e.g. logit, reciprocals, etc.) and plotted as
dependent variables (on the y-axis) against independent variables (standard concentrations)
on the x-axis. Once the dose response relationship has been plotted in this way, the several
data points are then "fitted" to produce the final dose response curve derived from the data
from all standards. Data on measured responses from the unknown specimens is then
processed and the concentrations of analyte calculated by interpolation on the standard curve.
The final result is corrected for any dilution or recovery factors, blanks, isotope spill over,
etc., if required.

Construction of Standard Curves:

In RIA as generally practised the measured response is counts in the bound fraction. A dose response curve
relating bound counts (B) (or other direct responses such as 1/B, 1/F, B/F etc.) to analyte concentration is not linear,
but hyperbolic or sigmoidal depending on whether dose or log dose is plotted on the x-axis. In IRMAs, the curves
would be reversed. Design of a computer model to fit the various data points would require an equation, derived from
the standard curve data, that would relate responses to doses. It is of vital importance that due consideration be paid
to the errors (variance) in the response measurements and the fact that this error is not constant but varies with the
concentration of analyte; - the phenomenon known as "heteroscedasticity". Allowance is made for this in curve
fitting procedures, (e.g. by the introduction of "weighting" factors).

Calibration curves must be monotonic, uniformly ascending or descending with a positive or a negative slope.
Each response must correspond to one and only one dose level. Numerous methods have been developed for the
fitting of curves to experimental data. No single one of them is yet accepted as unequivocally superior to all others
and applicable in all circumstances. The choice of a particular system may be based on several considerations but
it must never be lost sight of that the DP technique should suit the RIA, and not the other way around. The number
of standards, for example, and their spacing, should be decided upon clinical grounds and not for satisfying the
requirements of a curve fitting program.
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Methods of construction of standard curves are basically of 2 types:

(a) Interpolation methods

(b) Regression methods.

In interpolation methods the responses corresponding to the standard points are treated with a confidence that
does not extend to the areas in between. Many methods have been used to connect these standard points, but all of
them are considered merely to imitate what could be done manually with a ruler or a flexicure. In regression
methods, on the other hand, the analysis is based on a statistical model so that a derived function is compared with
a measured value and adjusted so that the quotient of distance of the fitted to the experimental point divided by the
S.D. of the experimental point becomes a minimum. This is done for each standard point and the final curve drawn
when the sum of the squared ratios for all the points is the smallest (least squares fit).

Interpolation DP methods such as linear, polygonal, or spline, are now of only historical interest. They suffer
from the general disadvantage of dependence on the number and accuracy of the standards used. In addition, no good
mathematical method is available for the rejection of outliers or bad points. These factors make all such methods
unsatisfactory for RIA data processing purposes.

Regression methods:

These are of two general types as:

(a) Based on theoretical models and

(b) based on empirical models.

Theoretical models are based on equations derived from the Mass Action Law and use physical parameters
obtained by this application; e.g. values for equilibrium content (K), for both labelled and unlabelled analyte,
concentration of antibody, concentration of tracer, NSB etc. In practice, these values are not known, and have to
be calculated. Although the computation procedures are complex, the non-linear methods are resistant to error
because the deviant points would have a minimum effect. The selection of a proper model to suit a particular assay
or a given set of data is difficult and the technique does not have the flexibility or universality of application that,
for example, a spline technique would allow.

Empirical models have found more favour as regression based methods for DP because of the complexity of
the mathematical equations needed for the theoretical ones. Many of these empirical models use transformations
(reciprocals, logit-log etc.) in an attempt to linearise the curve, but, as pointed out earlier, such transformations
introduce or exaggerate heteroscedasticity to compensate for which weighting factors have also to be included.
Furthermore, many of the assumptions made when these models are used, for example, that there is only one species
of binding site, full equilibrium is achieved, complete separation of free and bound fraction,etc., do not apply in
actual RIA practice, and may result in atypical curves.

Logit log transformation:

This was probably the most popular method of plotting of RIA data until the advent of the four parameter
logistic log plot. Statisticians were using it over 50 years ago to linearize sigmoid shaped curves and the technique
was extended to linearize RIA curves from equilibrium but not non-equilibrium or "two site" assays.

y
logit y = log, where y = B/Bo , corrected for NSB;

100-y

or logit y = a + b log x
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x = dose and a and b are calculated by the method of least squares, i.e. where the sum of the squares of the
y residuals is a minimum.

Transformation along the y axis scale introduces heteroscedasticity and weighing should therefore be applied,
complicating the regression process. Also, the zero point is lost and the standard curve is usable only to the first
(lowest) definitive standard concentration although the sensitivity of the assay may in fact be much better.

The four parameter logistic method:

The two parameter logit log method may not always linearize the standard curve at its extremes, i.e. in the low
and high concentration regions. The problem may be dealt with by introducing two additional parameters
representing binding at zero and at infinite doses. The four parameter logistic log equation is:

a - d
y = + d

1+ (x/c)b

where y = response
a = binding at zero dose, i.e. the highest normalized counting

ratio in a typical RIA where fraction bound is counted
b = slope of the logit-log curve
c = ED,, point; (a+d)/2
d = the lowest normalized counting ratio
x = analyte concentration

Although alternative methods exist for computing the values of a, b, c and d, the one generally employed is
successive iteration of b and c followed by a and d until the best fit is obtained, (the 2+2 method).

The four parameter logistic log plot is a non-linear empirical regression method of curve fitting suited to most
symmetrical dose response curves. Rather than truncate the curve at an useful area, - (at low dose levels) - it enables
values for the Bo and NSB points to be adjusted using other experimental evidence available. As many parameters
are used the curve becomes quite resistant to error, and outlier points, which are readily recognized, have a minimum
effect on the calculation of final results.

The logistic model has the advantage of almost universal applicability. It does not depend on whether bound
or free fractions, or both, are counted and enables a choice of response variable, although counts are usually
preferred; (cf. in the logit log plot, y is always B/BJ. Furthermore, the method is applicable to many types of
immunoassays irrespective of the label used, whether a radioisotope, enzyme, fluorescent or chemiluminescent
marker, etc. It is thus an improvement of the logit log method which is more flexible and adapted to more general
use.

The method may be extended by the addition of more parameters in cases where asymmetry of the curve is still
encountered. In IRMA assays, for example, the addition of a 5th parameter correct for asymmetry of the curve.

a - d
y = + d

[1 + (x/c)b ]•

The 5th parameter, e, of this "powered logistic" is calculated on the basis of experimental evidence from several
assay batches. It is generally < 1 and its introduction causes the point of inflection of an IRMA curve to be above
its mid point.

Sixth and seventh parameters may also be introduced, if required, but those would require quite considerable
computing power and involve additional time and expense.
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From the review of curve fitting methods given above, it would be clear that there is no really universal, best,
or "right" method which may be recommended to the exclusion of all others. A fitting technique that best suits the
assay requirements should be selected with regard to such factors as assay kinetics, assay sensitivity and ability to
exclude deviant values. The four parameter or five parameter logistic model appears to be the most flexible and
versatile presently available.

IAEA Data Processing Programmes (RIA/PC):

The Nuclear Medicine Section of IAEA has recently developed a set of DP programmes
that would handle RIA and IQC results, for use on IBM PC or compatible computers. The
diskettes and instruction manual (IAEA-TECDOC-509), available free of cost on request, are
already in use in over 150 laboratories. The programs use the four parameter logistic model
and represent an advance over a previous version (IAEA-TECDOC-346) which, although
using the same approach, was for an HP41C programmable calculator. Utilizing the greater
computing power of the IBM PC, the programs can provide composite analysis (RER
parameters, between batch QC analysis, etc.) for 40 assays, and enable hard copies of
standard curves, precision profiles, and Levy-Jennings QC charts to be readily obtained.
These interested in obtaining copies of the program and TECDOC should apply to the Head,
Nuclear Medicine Section, P.O. Box 100, A-1400 Vienna.
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SETTING UP A RIA LABORATORY.

Equipment requirements for a Radioimmunoassay Laboratory

This list assumes that the laboratory concerned uses bulk reagent based methodology and
prepares at least some of its own reagents on a small scale. Ordinary laboratory glassware,
test tubes, stationary, etc. are not mentioned.

1. Counters

1.1 A 8-12 well multiwell (multiple manual) gamma counter, preferably with
on-board computer and printer and "on line" data processing possibility
for RIA and IQC results. Modern machines make it possible to obtain
composite results (RER parameters, BBCV etc.) from 100 batches or
more. "Automatic" counters with moving platforms are not
recommended as the mechanical components are more likely to break
down.

1.2 A back-up single well manual counter. This is an essential item for the
counting of iodination fractions in laboratories that prepare their own
tracers. Most multiwell counters are not suitable for counting of high
activity iodination fractions.

1.3 A liquid scintillation counter is only needed if 3H, 14C, 32P, or similar
radionuclides are used; e.g. in methods using DNA probes. However,
likely future innovations make the use of I23I possible in liquid phase
DNA probe systems.

2. Centrifuge

2.1 A RIA centrifuge with swing out head and adapters and carriers to take
at least 100 LP3 (75 mm x 12 mm) tubes. Refrigeration is preferable
but is becoming less important as most assays are now carried out at
ambient temperature. However, centrifugation at 4°C may be needed
as in certain protocols for the purification of antibodies. A speed of up
to 4 000 rpm is sufficient except for special purposes.

2.2 A clinical centrifugation for the preparation of serum samples.

3. Hand held semiautomatic RIA pipettes

Two to three sets covering the range 25-1,000 ml. Note that the tips used with many
RIA pipettes are generally re-usable provided they are washed after treatment with a suitable
radioactive decontaminant solution and carefully dried at no more than 50°C.
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4. An analytical balance

5. A pH meter, analogue or digital type, with one set of spare electrodes.

6. Rotary mixer capable of taking 120 LP3 tubes

7. Magnetic separators, 2

8. Magnetic stirrers, of which one should be of large capacity (1-2 litres) with hot plate,
and 2 others small to mid size.

9. A set of stirring bars

10. Vortex mixers, 2, for mixing small samples in test tubes

11. A water bath, minimum 6 litre capacity, with thermostatic control

12. A distilled water still

13. A portable radiation monitor

14. A general purpose laboratory deep freezer, preferably upright model, about 750 litre
capacity

15. One refrigerator, at least 300 litre capacity

16. A desk top computer, minimum 640 KB RAM with hard disk and printer

17. Voltage stabilizers, at least for the counter, deep freezer, and computer.

More advanced laboratories making up their own reagents such as tracers would
also need:

18. A fume hood, preferably with laminar flow

19. A fraction collector or HPLC equipment. Moderately priced HPLC equipment is now
available and is preferred for separation of iodination fractions.

20 Chromatography coloumns

21. An ultrasonic cleaner

22. A small refrigerator in the "hot" laboratory.

219



CHAPTER 16

CLINICAL APPLICATIONS OF RIA PROCEDURES

Introduction

In developing countries, RIA procedures find their widest application in the detection and
measurement of hormones, vitamins, drugs, tumour markers, and bacterial, parasitic and viral
antigens and antibodies. Information about Radioimmunoassay (RIA) in bacterial and
parasitic disorders and on viral hepatitis will be found in other chapters of this book. The
clinical relevance of measurement of the thyroid related hormones T3, T4 and TSH, probably
the commonest procedures in RIA laboratories in developing countries, is also described in
another chapter. This section will describe clinical applications of a few of the other RIA
tests, common in developing countries, and amenable to bulk reagent based methodology.
However, when referral is limited for a particular assay and as a result, the work load is
small, use of ready made kits is more practical and economical (for example PTH, GH).

No special patient preparation is required before withdrawal of a specimen of venous
blood for a routine RIA test. Separated serum is most commonly used though heparinized
plasma is employed for estimation of cortisol, or renin. Most RIAs are at present
"non-extraction" assays and care should therefore be taken to avoid haemolysis especially if
3H or 14C tracers and liquid scintillation counting are used. Unless variations of analyte
concentration with time of day are known to exist, such as the diurnal rhythm of cortisol,
basal samples may be taken in the morning. Patients need not be fasting but high fat meals
which may make serum lipaemic, are better avoided. Instructions for this may become
confusing to the patient. A sound principle, in this respect, is to draw basal blood samples
in the morning before the first solid meal of the day. This practice would also result in
uniform instructions to all patients.

It is important that, before embarking on a clinical service, each laboratory establishes
its own normal or reference ranges. Due consideration should be given to the fact that
normal values may depend on age ( e.g. sex hormones ), sex, diet ( e.g. Vit B12 levels are
lower in vegetarians as compared to non-vegetarians ), ethnicity, and even socio-economic
factors. Where normal values follow a Gaussian distribution, the mean and + or - 2 S.D.
may be appropriate to define a normal range but this will not apply when the distribution is
skewed ( e.g. TSH ). Establishment of normal ranges is a more difficult exercise than
normally realized. The practice of taking medical students or staff members to determine the
normal ranges does not lead to accurate estimation of normal ranges suitable for the
population under study. Advice of a statistician on population sampling techniques is
worthwhile in establishing representative normal ranges.

In the case of hormones, assay of a single basal blood sample may not always provide
adequate information about the functional status of an endocrine gland. Significant functional
impairment may not be reflected in a single random sample because physiological
compensatory mechanisms come into play. So called "stimulation tests" (challenge tests or
dynamic tests) serve an important role of determining functional reserve of the endocrine

220



RA.DIOIMMUNOASSAY IN DEVELOPING COUNTRIES

gland. Some of them are described below. These tests also help to establish a site of the
lesion, whether in the gland or higher up in the pituitary or hypothalamus. Conversely, when
the endocrine function is excessive and the basal levels high, suppression tests are useful in
finding out whether the endocrine gland is behaving autonomously or whether it is still under
the control of normal feed-back mechanisms. Suppression tests may also help in
differentiating 'hyperplasia' from neoplastic conditions of the gland. This kind of functional
tests bring the in vitro tests in line with the general overall thrust of nuclear medicine that it
is more concerned with function than with a static study.

Growth Hormone

Human Growth Hormone (hGH) levels may be low or undetectable in normal subjects.
In gigantism and acromegaly, levels of this hormone will be high and the diagnosis is
confirmed by levels of more than 2 ng/ml in males and 5 ng/ml hGH in females 60 minutes
after a oral glucose load of 100 grams. hGH deficiency needs to be confirmed by
measurement 60 minutes after onset of nocturnal sleep (a value of > 10 ng/ml will exclude
the condition) and an abnormal response to at least two provocative tests such as exercise,
arginine, L-Dopa, or glucagon administration, and insulin induced hypoglycemia. A single
value of more than 9 ng/ml at any point during the studies excludes the condition. In the
arginine stimulation test, a control sample is drawn and 0.5 g/kg body weight arginine infused
over a period of 30 minutes. Blood samples are taken at 0, and every 15 minutes thereafter
for 1 hour. For the L-Dopa stimulation test, the patient needs to be fasting. L-Dopa is given
orally depending on body weight (125 mg if < 15 kg, 250 mg if between 15 and 30 kg and
500 mg if over 30 kg) and blood drawn at 0, 20, 40, 60, 90 and 120 minutes. For a
glucagon stimulation test, a control sample is drawn, 0.1 mg/kg glucagon given i.m. and
blood drawn at 15, 30, 45, 60, 90, 120, 150 and 180 minutes. Reactive hypoglycemia should
be watched for during this test.

Cortisol

Normal values for plasma cortisol, as measured by a specific RIA, would be 7-15 /xg/100
ml at 8.00 a.m., falling to at least half that value towards midnight. If this diurnal rhythm
is disturbed (midnight value high), then hypercorticalism should be suspected and a
dexamethasone test performed. For this procedure, 1 mg of dexamethasone is administered
at midnight and plasma cortisol measured in a sample taken the next morning. If the value
is over 5 /xg/100 ml, then 8 mg dexamethasone may be given at midnight and the test
repeated. If the cortisol level is above 50% of baseline, then primary adenoma or carcinoma
of the adrenal should be suspected. However, malignancy may not be completely excluded
by this test because elevated basal cortisol levels due to some ACTH secreting lung or thymic
tumours may also be suppressed with 8 mg dexamethasone.

Adrenal reserve capacity in hypocorticalism is determined by an ACTH stimulation test.
0.25 mg synthetic ACTH is given i.m and blood taken at 0, 30, 60, 90 and 120 minutes.
Normally, cortisol levels would rise by at least 10 ptg/100 ml, at 60 or 90 minutes. A lack
of response is suggestive but not diagnostic of primary adrenal disease. An exaggerated
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response is seen in bilateral adrenal hyperplasia but a normal response does not exclude the
condition. If an exaggerated response is seen in Cushings Syndrome, an adrenal carcinoma
should be suspected.

Pituitary reserve ACTH capacity is most often tested by i.v. insulin stimulation test. The
patient must be fasting. 0.1 units/kg body weight insulin is given i.v. and plasma cortisol
measured at 0, 30, 60, and 90 minutes. Normally, an increment by at least 5 /xg/100 ml and
a maximal level of more than 20 /xg/100 ml would be seen. Blood glucose concentration is
also measured to ensure that hypoglycemia below 40 mg/100 ml has been induced. Patients
with primary adrenocortical insufficiency (Addisons Disease) are very sensitive to insulin and
the test should be performed, if at all, with great caution in these patients. In any event, the
test should be terminated at any point if there are signs of severe hypoglycemia.

Metyrapone is a 11-hydroxylase inhibitor and therefore blocks the final stage in the
synthesis of cortisol. If the pituitary is normal, lowered cortisol concentration would promote
secretion of ACTH and thus increase in the cortisol precursor 11-deoxy cortisol. For the test,
medication is withdrawn for 2 days and 30 mg metyrapone given as a single dose orally at
midnight. Cortisol and 11-deoxy cortisol are measured the next morning. In a normal
response, a marked fall in cortisol and increase of 11-deoxy cortisol in plasma would be seen.
This test should not be performed in cases of primary adrenal insufficiency unless a response
to ACTH stimulation has previously been obtained.

Certain adrenal enzyme defects such as 21- and 11-hydroxylase deficiency would cause
an increase in basal plasma levels of 17 alpha OH progesterone, which is now directly
measurable by RIA. ACTH stimulation may be needed in mild cases. An overnight
dexamethasone suppression test would exclude adrenal neoplasm.

Aldosterone

In so far as analytes measurable by RIA are concerned, primary hyperaldosteronism is
characterized by increase of aldosterone and lowered plasma renin activity (PRA). A 24 hour
sample of urine is collected 4 days after the patient has been on a high sodium (120 mEq/day)
intake. The collected urine should be stored at pH 5.0. A hormone level over 17 ng/24
hours is suggestive of this condition. Measurement of aldosterone (and PRA) at 8.00 a.m.
is useful for distinguishing adenomas from hyperplasia. With adenomas, plasma aldosterone
is in excess of 20 ng/100 ml and decreases following 4 hours of normal ambulatory posture.
In hyperplasia, on the other hand, it is usually less than 20 ng/ml and increases on 4 hours
of ambulant posture. In adrenal carcinoma, plasma aldosterone values may exceed 100
ng/ml.

Parathyroid Hormone

Low parathormone plasma concentrations, also measurable by RIA, are found in "true"
hypoparathyroidism and high values in pseudohypoparathyroidism. Hypocalcaemia is found
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in both conditions. The diagnosis of hyperparathyroidism is confirmed by the presence of
high plasma PTH and hypercalcaemia.

Gonadotrophins

The pituitary gonadotrophins, FSH and LH, are readily measurable by RIA in serum.
In combination with estimations of sex hormones (oestrogen and testosterone) they serve to
discriminate between primary and secondary hypogonadism. In the former condition, (e.g.
Turner's Syndrome), gonadotrophin levels will be high and sex hormones low, whereas the
latter is characterized by low sex hormone levels without gonadotrophin (especially FSH)
elevation. A luteotrophin stimulation test can also distinguish between primary and secondary
hypogonadism. Here, LH-RH is injected i.v. and blood for gonadotrophin assay taken at 0,
30, 60 and 90 minutes thereafter. In a normal response, which indicates that the
hypogonadism is not secondary or due to a pituitary defect, LH and FSH levels rise at 30
minutes and 60 minutes respectively. Normal values for these hormones in prepubertal
children would be less than 100 ng/ml FSH and 20 ng/ml LH. In adult males, they would
range from 120-250 ng/ml FSH and 30-70 ng/ml LH. In adult females in the reproductive
age, values in the follicular and late luteal phases of the menstrual cycle would be about the
same or slightly higher than in males with marked variations at mid-cycle.

Combined measurements of sex hormones and gonadotrophins (and stimulation tests when
indicated) are commonly employed in investigations of infertility to establish whether the
primary defect lies in the gonads or in the brain. However, endocrine studies are seldom
front-line investigations in infertility as hardly 10% of the couples are likely to have this kind
of etiology.

Sex Hormones

In primary male hypogonadism, if mild, testosterone levels may be normal or slightly
low and measurement of free testosterone is more useful. High testosterone levels are found
in testicular feminization in women. In the polycystic ovary syndrome an LH:FSH ratio of
more than 2.5 is considered to be characteristic, while oestrone and testosterone levels may
also be elevated. Measurement of testosterone and dihydrotestesterone play some role in the
diagnostic protocols of children with various abnormalities of the external genitalia (female
or male pseudohermaphroditism, etc.) but chromosome studies are more vital in these
conditions.

Progesterone levels in normal females during the follicular phase of the menstrual cycle
would be less than 2.0 ng/ml, rising to 12-24 ng/ml one week after ovulation.

Prolactin

Normal levels of Prolactin are usually less than 20 ng/ml. Mild to moderate elevations
may be found in many conditions but a level of over 200 ng/ml is considered diagnostic of
pituitary adenoma. In doubtful cases, a provocative TRH (500 mg IV) test may serve to
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exclude a tumour. If a tumour is present, prolactin levels would not rise to more than twice
the basal level.

Insulin and diabetes mellitus

RIA measurements of insulin, combined with glucose estimations, can diagnose
hyperinsulinism due to insulin secreting tumours of the pancreas. Insulin (in micro units
per ml) to glucose (in mg/100 ml) ratios of more than 0.30 is indicative of this condition.

Measurement of insulin and C-peptide concentrations following arginine stimulation are
useful in Type II diabetes mellitus. In this test, 300 ml of a 10% solution of arginine is
infused into a fasting patient who has not had insulin, over a period of 30 minutes and blood
taken at -15, 0, 15, 30, 45, 60 and 90 minutes. In Type I, insulin dependent diabetes, basal
levels of C-peptide would be less than 0.3 ng/ml and there would be no response to arginine.
If basal C-peptide is low, say 0.3-1.0 ng/ml, and there is some response to arginine (a 100%
rise), the patient is still insulin deficient. In typical Type II diabetes, basal levels would be
2.5 ng/ml or over, and a 100% rise on stimulation would be seen.

RIA for microalbuminuria is becoming popular as a predictor of the development of
clinical nephropathy in diabetics.

Tumour markers

Assays for tumour marker detection are likely to become more popular in developing
countries as reagents become more freely available but, at present, they consist mainly of
measurement of thyroglobulin, hCG, AFP and CEA in a few laboratories. However, certain
"eutopic" markers such as calcitonin in medullary carcinoma of the thyroid and ACTH in
carcinoma of the bronchus and some other organs may also be included as tumour markers.
The value of thyroglobulin measurements by RIA is dealt with in another chapter.

hGG, undetectable in normal circumstances rises to a value, in serum, of 90-2000 miu/ml
in the 4th week of pregnancy to 10 000 - 100 000 miu/ml in the 12th week. The hormone
is also secreted by trophoblastic tumours and is useful to monitor choriocarcinoma during
chemotherapy and to detect the development of this condition in patients who have hydatiform
mole.

Elevated AFP levels are found in neural tube defects, in late stage breast carcinoma with
metastases and in hepatocellular carcinoma where the values may be grossly elevated,
sometimes to over 500 000 mg/ml. Combined measurements of hCG and AFP are useful in
the staging of testicular neoplasms.

CEA values would be from 3-10 ng/mg in normal subjects with a mean of about 5 ng/ml.
Elevated levels are found in about 50% of cases of colorectal cancer and, to a lesser extent,
in breast and lung cancer, and in ulcerative colitis.
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RIAs for hCG, AFP, and even CEA are now possible using bulk reagents. Assays for
other tumour associated antigens such as OC-125 in ovarian cancer and CA-153 in breast
cancer will no doubt become more available to developing countries in time. At present,
however, the reagents needed are expensive and not freely available, and their wider use in
developing countries awaits an improvement in the situation.
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Annex I

THE PREPARATION OF HORMONE (T4/T3) FREE SERUM

Collect a pool of human serum, preferably from many donors. Each donation
must be individually tested for Hepatitis B markers and anti-HIV, (antibody to
the AIDS virus). Sera found positive should not be used. Note that serum
pools may yield false results when tested for virus.

ALTERNATIVELY, donor horse serum may be used. This avoids the potential
infection risk.

Filter the serum through a coarse filter (e.g. glass wool), to remove coarse
particles.

Add 125I-T4 to give approximately 2000 cpm/ml. Allow time for equilibration
and remove 1 ml for counting. This yields the initial counts needed to monitor
the removal of endogenous hormone.

Assemble a 50 ml disposable syringe to serve as a column as illustrated below:

"*I-U

all <*|1>
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5. Weigh out Celite (Celite Hyflo-Super-Cel, Koch Light) and charcoal (Norit
PN5) in the ratio 1:4. Typically, with a 50 ml syringe used, 2 g of celite and
8 g of charcoal would be used.

6. Mix the charcoal and celite in a (covered) beaker or screw cap bottle and add
about 25 ml distilled water. Continue to add water in small amounts until a
thick slurry just able to be poured into the column is obtained.

7. Using a Pasture pipette, add the charcoal celite mixture to the column and
allow to settle until the water is just visible at the top. Do not allow to
run dry.

8. Gradually add the serum (approximately 50 ml) to the column.

9. Allow the column to run under gravity and discard the water void volume.
The first 1 ml or so of the serum may also need to be discarded.

10. Collect the serum that has passed through the column. When all the serum has
entered the column, more water may be added to the top to facilitate the
passage of the serum down the column.

11. Count a 1 ml aliquot of the serum to monitor the removal of T4 and T3.
Normally, about 98% or more of endogenous hormone is removed by this
process.
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Annex IA

PREPARATION OF HORMONE FREE SERUM

Adsorption by anion-exchange resin

stripping efficiency

- add 125I T3/T4 1000-2000 cpm/100 /d of serum
- incubate 30 min for equilibration
- count an aliquot before addition of Resin

1
add AGI-X8 200-400 mesh (Cl Anion-Exchange Resin (Bio-Rad No. 140-1451)

in the labelled serum (300 mg/ml), stir at 37°C for three hours

1
filter the serum (coarse glass microfibre filter paper GF/D)

I
count an aliquot of serum to monitor the stripping efficiency

I
add further Resin in the same proportions

and repeat the operation for another three hours

1
filter the serum after 2 days incubation with resin, followed by

- coarse filter (GF/D)
- finer filter (GF/B)

1
add 1:100 dilution of 10% sodium azide, store at -20°C

I
wash the used resin 2 L of double distilled H2O
soak the washed resin in double distilled H2O

I
check stripping efficiency

- count 100 n\ serum for one minute
- repeat the procedure if more than 5 % of radioactivity
- stripping efficiency should be more than 95 %
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Annex II

PREPARATION T3/T4 STANDARD

standard T3 standard T4
- weigh T3 3.255 mg - weigh T4 2.223 mg

(Triiodothyronine, free acid, sigma) (L-thyroxine free acid, sigma)

dissolve with a little (up to 0.5 ml) of ammonical (2N)-ethanol
and dilute in 10 ml volumetric flask with 50% propylene glycol aqueous

spectrophotometric check

For T3 For T4

- dilute stock standard with propylene glycol aqueous

T3 1:10 T4 1:10

- check absorbence

320 nm 325 nm

- molar concentration (jxM)

OD/4658 = X OD/6210

I I
- dilute solution X to 1:20 with 0.05 M - dilute stock T4 1:100 with 0.05 M

phosphate buffer and 1:50 in hormone free phosphate buffer and 1:10 in hormone free
serum serum

1 I
- Final dilute working solution to 1, 2, 4, - Final dilute working solution to 10, 50,

6, 10 nM 100, 150, 300 nM
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REGENERATION OF RESIN

Rinse the resin with double distilled water

1
stir with 1 N NaOH (1 L NaOH : 300 g resin) 2 hrs., room temp.

I
filter, discard NaOH , rinse resin until the pH of water returns to 7.0

1
stir with 1 M HC1 (1 L HC1 : 300 g resin) for two hours at room temperature

1
filter, discard HC1, rinse until pH of water returns to 7.0

I
store the resin dry in a suitable container
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Annex III

TYPICAL IMMUNISATION SCHEDULE FOR PRODUCTION OF
POLYCLONAL ANTIBODIES TO ANTIGENS

1. The antigen should be as pure as possible as any impurities present may also
produce antibodies. This is specially important if the impurities are
structurally similar to the primary antigen (e.g. many steroids) or if the tracer
or standard used for the assay is likely to contain the same impurities.

2. High doses of antigen used for immunisation may induce tolerance and a poor
antibody response. Do not exceed 100 ^g/kg body weight of the animal.

3. The first, and sometimes the second, immunisation is given in Freunds
complete adjuvant. Subsequent secondary immunisations are given in Freunds
incomplete adjuvant. The complete adjuvant contains inactive TB and other
bacteria which are highly immunogenic. To make up the suspension, mix
1 ml of adjuvant and antigen solution in buffer in a syringe. Connect this
syringe to another via a three way tap and pass the mixture several times from
one syringe to the other until completely emulsified. Good emulsion formation
is seen when a drop "floats", rather than disperses, on the surface of the
water.

4. Immunogens are always administered subcutaneously or intradermally, never
intravenously. The multisite injection technique is preferred. For s.c.
injection, 1 ml of emulsion at four to six sites along the back and neck is used.
Abscesses may form and, if these are causing great inconvenience, the animal
may need to be sacrificed. Where the intrademal route is used, the back of the
animal is shaved and 25 - 50 ^1 of emulsion injected at multiple sites (10 -
100).

5. The more animals immunised, the greater the chances of obtaining antisera.
Generally, where rabbits are used, immunising four to six animals may yield
at least two good antibody producers.

6. A small test bleed (about 2 ml from an ear vein in the case of rabbits or
guinea pigs) is taken two to four weeks after the first injection of immunogen.
If three test bleeds betweeen four to twelve weeks do not provide any evidence
of antibody formation, it may not be worthwhile to continue and the animal
may be discarded.
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7. Animals producing good antisera may be bled regularly, at twice weekly
intervals. About 20 ml can be collected from the ear vein of a rabbit but, with
guinea pigs, cardiac puncture will be necessary. Characteristics of antibodies
can change with time and each bleed needs to be separately tested.

8. If an animal producing good antibodies were to become ill, it should be
carefully observed and, where there is any possibility of it dying, it should be
sacrificed by exsanguination under anaesthesia.

9. At each bleed, blood should be collected in glass tubes and allowed to clot for
one to two hours at room temperature and two to six hours at 4°C. The tubes
should not be disturbed during the clothing process as haemolysis may result.
Centrifuge at 1500 g for 15 minutes, preferably at 4°C. If the clot is then left
for a further period, (e.g. overnight) at 4°C, it may further retract and more
antiserum may be collected.

Immunisation Protocol

1. For primary immunisation, use 50 - 100 /xg/kg antigen in Freunds complete
adjuvant. Inject subcutaneously or intradermally as described above.

2. Wait for two to four weeks.

3. First test bleed, taking 2 ml blood and testing for binding activity.

4. First secondary immunisation using same quantity of antigen in Freunds
complete adjuvant as before.

5. Wait six to eight weeks, but carry out test bleeds at two to four week intervals
as before.

6. Repeat secondary immunisation as in step 4 but using Freunds incomplete
adjuvant.

7. Wait two to four weeks.

8. Repeat test bleed.

9. Repeat secondary immunisation and bleeding (20 ml) every two weeks for as
long as needed.
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Storage of Antisera

1. If a preservative such as 0.1% sodium azide (but not merthiolate) is added,
antisera may be stored at 4°C for several years.

2. Antisera are also stable for many years stored forzen at -20°C or -40°C.
Rapid (snap) freezing using a mixture of CO2 and acetone is preferred. The
storage should be in aliquots that can be reconstituted just prior to use. Where
storage at -20°C is convenient, the antiserum may be diluted 1:10 in buffer
containing 0.1 % sodium azide before aliquotting. At this temperature, diluted
antiserum is more stable.

3. If freeze drying equipment is available, antisera may be lyophylised and stored
in aliquots for reconstitution immediately before use.
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Annex IV

PROTOCOL FOR PRODUCTION OF IMMUNOGENS FROM HAPTENS
USING THE MIXED ANHYDRIDE REACTION

Activation of Hapten (steroid')

1. Add 40 jzmol (5 ml) of N-methylmorpholine to 40 /xmol of the steroid derivate
in 250 fx\ non aqueous solvent (e.g. N, N- Dimethylformamid, DMF or
Dioxane).

2. Cool to -15°C. (+ 10°C if using Dioxane).

3. Add 40 jxmol (6^1) isobutylchloroformate.

4. React for three minutes at -15°C.

Conjugation to BSA

1. Add the activated steroid prepared as above slowly to 20 mg (0.3 /*mol) BSA
in 800 fi\ DMF.

2. React at -15°C for one hour and then at 0°C for three hours.

3. Dialyse the product.
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Annex V

CONJUGATION OF T4 TO BSA, USING CARBODIIMIDE

1. Dissolve 20 mg T4 in 5 ml of N, N- Dimethylformamid (DMF).

2. Dissolve 50 mg BSA in 25 ml distilled water.

3. Add 30 mg of carbodiimide derivate (CDI) to the BSA solution and adjust pH
to 5.5 with NaOH.

4. Allow to react for ten minutes.

5. Add 10 mg more of CDI, adjust pH to 5.5, if necessary.

6. React overnight at room temperature in the dark.

7. Dialyse and lyophylise product.
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Annex VI

ANTIBODY PURIFICATION METHODS

A. Using Ammonium Sulphate

1. Dilute 3 ml of antiserum to 10 ml with 0.9% saline.

2. Add 2.7 g ammonium sulphate with gradual stirring (45% saturation).

3. Mix for one hour at room temperature.

4. Centrifuge at 2000 rpm for 30 minutes at room temperature.

5. Re-dissolve the pellet in the minimum amount of phosphate buffer, pH 7.4, (or
other buffer as may be used for antibody coating).

6. Dialyse against phosphate (or other coating) buffer.

B. Using Caprylic Acid (n. Qctanoic acid)

1. Dilute 2 ml antiserum to 6 ml with 60 mM acetate buffer, pH 4.

2. Adjust pH to 4.8 using NaOH/HCl.

3. Add 1 ml caprylic acid (= 136 mg) and stir continuosuly for 30 minutes at
room temperature.

4. Centrifuge at 3000 rpm for 45 minutes at 20°C.

5. Adjust pH of supernatent to 5.7 using NaOH.

6. Dialyse against three changes of 15 mM acetate buffer pH 5.7 to remove the
caprylic acid.
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C. Using DEAE-Cellulose Chromatography

1. First prepare purified antibody using ammonium sulphate precipitation as
described in A. above.

2. Load the DEAE cellulose column with phosphate buffer pH 6.

3. Add 2 ml of antibody solution in phosphate buffer pH 6.

4. Run column with phosphate buffer, pH 6 and collect 1 ml fractions.

5. The fractions containing purified antibody are located by UV spectroscopy at
280 nM.
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Annex VII

DIRECT IODINATION OF PROTEIN USING CHLORAMINE T.

Preparation of 125I-T4 and I2SI-T3

1. Suspend 2 mg of T3 in a few ml of phosphate buffer pH 7.4 and add N.
NaOH dropwise until the T3 is dissolved. Transfer to a 20 ml flask and make
up to volume with phosphate buffer.

2. For iodination, aliquot in 15 ml (1.5 mg) volumes and store at -20°C, in
polypropylene vials.

3. To a vial containing 15 ml of T3, add:

20 fil 0.5 M phosphate buffer, pH 7.4.
10 n\ (1 mCi) of sodium I25I iodine,
10 ix\ Chloramine T solution in 50 mM phosphate buffer pH 7.4.

4. Mix for 20 seconds.

5. Add 10 fx\ (10 fig) of sodium metabisulphite in 50 mM phosphate, pH 7.4, and
100 fil potassium iodide (10 mg/ml) containing 1% BSA.

6. Vortex mix and count vial with contents.

7. Transfer contents to column and count empty vial.

8. The separation column is Sephadex G-25 Fine (approx. 2 g Sephadex) in a
column 15 cm x 0.9 cm. Equlibrate and elute with 50 mM NaHCO3, pH 9.0
at a flow rate of 10 - 15 ml per hour.

9. Collect ten minute fractions. Count each fraction and plot counts against fraction
number, to yield the chrometagraphic profile. Calculate proportion of radioactivity
in each peak eluted: (see examples in Figure).
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10. Pool the desired fractions containing T3 and T4 and adjust pH of each of them to
7.5 by dropwise addition of NaHCl. Dilute each to a radioactive concentration of
5 - 10 /xCi/ml adding also phosphate buffer (pH 7.4), cysteine hydrochloride and
mannitol to give final concentration of 50 mM phosphate buffer,
4% (w/v) mannitol and 0.1% systeine.

11. Aliquot 0.5 ml volumes and freeze dry.

12. Store at 4°C. The product is stable for at least 4 weeks.

Notes The procedure described above incorporates 40-60% of the initial 125I into T4 and
25 - 40% into T3 with only about 5% of the m I remaining unreacted. Specific
activities are about 600-1000 ^Ci/^g for T4 and 200 - 400 /iCi/jxg for T3.
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ERN OF IODINATED T3, T4
Sephadax G-25 Column

T4

10 20 30 40 60 60 70 80 80 100 110 120 130 MO.

TUBE NO.

Tube

no.

1

5

10

20

Cp/lOsec

124
lit
133
212
283
549
2819

47929

4248

678

Tube

no.

21

30

40

Cp/lOsec

413
607
1444

1249

728
707
378
246
188
200
197
215
223
149
175
178

158
169
156
188

Tube

no.

41

50

60

Cp/lOsec

174
241
360
320
335
288
209
191
199
175
179
168
148
174
166
181
181
212
188
182

Tube

no.

61

70

80

Cp/lOsec

155
191
178
137
143
145
152
177
172
186
205
257
309
524
824
1312

2314

3881

5730

7541

Tube

no.

81

90

100

Cp/lOsec

11352

15306

19015

21577

22831

27370

25986

24897

24763

21496

19154

15487

13337

10527

8359

6172

4827

3304

2687

2442

Tube

no.

101

110

120

Cp/lOsec

2193

2182

2405

3533

4254

5068

6289

7969

9257

10065

11860

13550

14171

15590

15707

16780

16368

15852

14720

13920

Tube

no.

121

130

140

Cp/lOsec

12503

10503

9677

8327

7216

6088

5145

4233

3291

2574

2004

1480

1181

1074

806
745
545
489
419
341
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Annex VIII

PROTOCOL FOR RADIOIODINATION USING
SOLED PHASE LACTOPEROXIDASE

1. To 10 mg antigen in iodination vial as in Annex VII, add:

10 Ail 0.5 M phosphate buffer pH 7.4
1 mCi sodium I25I iodide.

2. Add 10 ml (10-20 ng) solid phase lactoperoxidase, and 5 ^1 H2O2 (0.5 nM).

3. React for ten minutes.

4. Add 5 /xl more of H2O2 (0.5nM).

5. React 20 minutes.

6. Add 100 pi 0.1% sodium azide.

7. Purify products as in Annex VII.
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Annex IX

IODINATION OF PEPTIDES BY IODOGEN METHOD

A. Preparation of Ultrogel column

1. Fill column with water or buffer.

2. Pour in correct amount of swollen Ultrogel using reservoir.

3. Allow column to settle whilst running with water or buffer.

4. Equilibrate column with buffer using high enough reservoir for it to compact.

5. After use store in buffer or water with bacteriostat. Stable at least six months.

B. Preparation of iodogen coated tube

1. Make up a 20 ^1 solution of iodogen in chloroform or dichloromethane (e.g.
by making up a 1 mg/ml solution and diluting 1:50).

2. Pipette 100 /xl of the iodogen solution into the bottom of a glass tube (e.g. a
glass LP4 tube cut to approx. 4.5 cm deep).

3. Allow to dry in a fume cupboard. This takes approx. two hours.

C. Iodination

1. Mark test-tubes for collection of 400 p.\ fractions.
Number the tubes.

2. Set Ultrogel column reservoir at height which gives flow rates of N6 ml/hour.

3. Add 20 fj.i of peptide solution in 0.05 M phosphate buffer pH 7.2 to the
iodogen coated tube.

4. Add 10 fxl of low activity Nal25I.
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5. Leave to react for 20 minutes with occasional gentle shaking.

6. Transfer the reaction mixture into another tube containing 200 fi\ phosphate
buffer pH 7.2 and leave for five minutes.

7. Place diluted reaction mixture onto 60 x 0.9 cm column of Ultrogel ACA 54
and run column slowly (6 ml/hr) using Phosphate Buffer containing BSA).
Collect about 50 fractions of about 400 jd each.

8. Count fractions and plot elution profile.
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Annex X

TYPICAL PROTOCOL FOR CONJUGATE IODINATION OF STEROID

Activation of steroid derivative

2.4 mg steroid in 50 ftl dioxane
10 /xl 1/5 solution of tri-n-butylamine in dioxane
10 pi 1/10 solution of isobutylchloroformate in dioxane
React 20 minutes 10°C.
3.5 ml dioxane to stop reaction.

Iodination of histamine

220 ng histamine in 10 îl phosphate buffer
0.5 mCi Na12jl (5 fx\)
50 fig chloramine- T in 10 t̂l phosphate buffer
React for ~ 30 seconds
300 ^g sodium metabisulphite to stop reaction

Conjugation
Add 50 fi\ activated steroid to iodinated histamine
10/d 0.1 MNaOH
React one hour on ice
10 ml 0.1M NaOH
React 1 hour on ice
Acidify 1 ml O.IM HCI
Extract excess histamine etc. with 1 ml toluene/ethyl acetate
Neutralise with 1 ml 0.1M NaOH
Add 1 ml Phosphate buffer
Extract product with 1 ml toluene/ethyl acetate

Purify on TLC

Develop with chloroform/methanol/acetic acid (90/10/1)
Localise by autoradiography and scrape off product band
Dissolve in ethanol.
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Annex XI

IODINATION OF ANTIBODY (RABBIT IgG) BY
N-BROMOSUCCINIMIDE METHOD

The antibody must be pure for iodination. Purification can be done by ammonium
sulphate or caprylic acid precipitation, followed by isolation of IgG using a protein-A
sepharose column or DEAE chromatography.

The optimal specific activity for iodinated IgG is approx. 12 fid/fjig. The final specific
activity of the product can be altered by adjusting the amount of protein added, the amount
of Nal25I added, the amount of N-bromosuccinimide added, and the time of reaction.

1. Equilibrate a small Sephadex G25 column with 0.05M phosphate buffer.

2. Make up a solution of N-bromosuccinimide (200 ng/ ml) in 0.05 M phosphate
buffer.

3. To a small tube (eg. an Eppendorf tube) add:

10 fig IgG (eg. 10 /xl of a 1 mg/ml solution)
10 n\ of 0.5 M phosphate buffer
10 /xl of the low activity Na125I provided.

4. Add 5 jtl of N-bromosuccinimide solution, mix and react for 20 seconds.

5. Add 200 y\ 0.05 M phosphate buffer to dilute reaction mixture (some workers
add excess tyrosine to, in effect, stop reaction).

6. Immediately apply the mixture to the chromatography column and run with
0.05M phosphate buffer. Collect about 30 fractions of ten drops each.

7. Count each fraction for one second. Plot elution profile.

8. Add about 5 - 10 mg of BSA to the fractions saved (eg. 20 fx\ of 30% BSA).

9. Calculate specific activity of label:

specific activity = labelled counts x /*Ci Nal23I fid/fig.
(labelled + free counts) x mass
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Annex XII

PREPARATION OF I2SI THYROXINE WITH PRODUCT SEPARATION BY HPLC

Note: This is a typical protocol, obtained through the courtesy of Dr. R. Edwards, Director,
NETRIA, St. Bartholomews Hospital, London, U.K. which describes the preparation of 125I
Thyroxine including details of the HPLC procedure.

A. Apparatus & Procedure

High pressure pump, e.g. Altex model 110A, Rheodyne no. 7125 syringe loading
injector, flow through radioactivity detector, and recorder, fraction collector, column,
ultrasphere 5m ODS, 4.6 mm x 4.5 cm (Beckman), 1.5 ml conical microfuge tubes, snap
top volumetric glassware, pipettes and tips, disposable plastic ware.

A manual (e.g. Mini-assay type 6-20) counter is used for radioactive counting; the
bottom of the sample holder should be 17 cm above the bottom of the well.

Assemble the column and detector into the HPLC system, pump water through the
system for 15 minutes at 1 ml/min., open the sample loop so this is also washed through.

THIS WATER WASH IS MOST IMPORTANT

Transfer to pumping the eluant for a further ten minutes, including the sample loop,
then reduce flow to 0.5 ml/min and leave running to waste.

Load the fraction collector with tubes, set to collect 30 drop fractions, switch on
and bring arm to start position, set the ratemeter to 3 x 104 cps, linear, time constant 3.3
sec and the recorder to 15 cm/hr.

B. Perform the iodination (using chloramine T), as described in Annex VII, using T3, free
acid, as the starting material for iodination.

C. Purification

1. Insert the column outlet into the fraction collector drophead, start the eluant flow
at 0.5 ml/min and observe the fraction collector to see if it is operating correctly,

2. switch on the chart recorder and check that it is operating,
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3. load approx. 0.2 ml of eluant buffer into a 1 ml disposable syringe fitted with the
injection needle, followed by the iodination mixture and another 0.2 ml (approx.)
of eluant,

4. with the sample loop injector in the inject position, slowly load the sample from
the syringe into the sample loop,

5. count the vial again to check residual activity and record the counts,

6. mark the chart recorder and turn the injection valve to the load position, watch for
the first peak to appear on the chart recorder, then turn the loop back to the inject
position, leave the pump running,

7. using a Pasteur pipette, rinse the vial with water into the disposal sink and again
count the vial for recording solid waste activity,

8. after 20-30 minutes when all product peaks should have been eluted, stop the
pump. Transfer the column outlet back to waste and the eluant back to water,
continue washing with water for at least 30 minutes, open the sample loop so this
is also washed,

9. remove the syringe and injection needle, wash with water, also wash through the
channels of the injection valve,

10. transfer the column wash to methanol, wash for 15 minutes before switching off.

D. Dispensing and drying

1. Count each of the collected fractions for 1 sec. in the holder of the mini-assay,
calculate the percentage of radioactivity in the iodine, T3, T4 peaks,

2. for pooling, use the fractions corresponding to T4 but omit one fraction from the
beginning and one from the end of the peak. Calculate the total activity,

3. pool the selected T4 fractions into diluent buffer and dilute to give a radioactive
concentration of lOmCi/ml,

4. count 10 ml of the diluted T4 solution for 10 seconds in the well of the mini-assay.
There should be approx. 25,000 counts/10 sec./lO ml (= 10 mCi/ml at 70%
efficiency) but no less than 20,000 counts.

E. Aliquot into 0.5 ml or 1.0 ml fractions (5-10 mCi) and freeze dry.
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Annex XIII

ANTIBODY COATED TUBES/WELLS

1. Dispense 300 /xl/tube or 200 /il/well of a ~ 1, 10, 100 /<g/ml IgG solution in
phosphate buffer pH 7.4. For blanks dispense 300 /zl/tube or 200 ^I/well of
buffer.

2. Enclose in a container in a humid atmosphere and leave at 4°C overnight.

3. Aspirate IgG solution from tubes/wells.

4. Dispense 500 ^I/tube or 250 //I/well wash buffer, and aspirate again.

5. Dispense 500 ^I/tube or 250 ^I/well 1% BSA solution to block remaining
binding sites. Two hours at room temperature is sufficient time for blocking,
but for convenience leave the tubes/wells containing 1% BSA overnight
at 4°C.

6. Aspirate or decant the 1% BSA solution.

7. Add 300 /il/tube or 200 /il/well iodinated rabbit IgG in assay buffer and
incubate at room temperature for 2 hours.

8. Aspirate and wash with 1 ml assay buffer.

9. Count.
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Annex XIV

ANTIBODY COATED CELLULOSE

The Activation procedure

5 gm of Sigmacell is weighed into a 50 ml conical flask fitted with a ground glass
stopper. 0.61 gm 1,1' -Carbonyldiimidazole (CDI) and 25 ml acetone is added and
the mixture left to react one hour at room temperature with shaking. The activated
imidazole-carbamate, cellulose is recovered by filtration over a glass microfibre
filter, washed with three 100 ml aliquots of acetone, and allowed to air dry. The
cellulose may be used immediately or stored dry at -20°C.

1. Weigh 200 mg activated cellulose into a polystyrene tube

2. Add 1 ml of N10 mg/ml IgG solution in barbitone buffer pH 8, and vortex
briefly to form a slurry

3. Leave tube rotating overnight at room temperature

4. Centrifuge at 2500 rpm for five minutes at room temperature

5. Retain the supernatent for use again and to test for protein concentration

6. Resuspend the cellulose in 10 ml 0.5 M bicarbonate buffer
pH 8 and rotate for 20 minutes

7. Centrifuge at 2500 rpm for five minutes at room temperature

8. Resuspend the cellulose in 10 ml 0.5 M bicarbonate buffer pH 8 and rotate for
20 minutes

9. Centrifuge at 2500 rpm for five minutes at room temperature

10. Resuspend the cellulose in 10 ml 0.1M acetate buffer pH 4 and rotate for 60
minutes

11. Centrifuge at 2500 rpm for 5 minutes at room temperature

12. Resuspend the cellulose in 10 ml 0.1 M acetate buffer pH 4, sonicate for 30
seconds and rotate for overnight at room temperature.
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13. Centrifuge at 2500 rpm for five minutes at room temperature (adding assay
buffer for constant volume)

14. Resuspend the cellulose in five ml assay buffer

15. Pipette 5,10, 20, 50, 100, 200 fil cellulose in duplicate into assay tubes

16. Add 100 /xl labelled rabbit IgG solution and leave at room temperature for 2
hours with occasional shaking to keep the cellulose in suspension.

17. Add 1 ml wash solution, centrifuge at 2500 rpm for five minutes at room
temperature, decant the supernatent and count the cellulose pellet.

18. Plot a dilution curve for the solid-phase antibody.
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Annex XV

ANTIBODY COATED MAGNETIC PARTICLES

The Activation procedure

Roll the bottle containing the magnetic particles for 30 minutes at room temperature at
N30 rpm. Pipette or pour out the required amount (20 ml = 1 g = sufficient for IgG
isolated from ~ lml serum). Sediment the particles on a magnetic block and aspirate
the supernatent. Wash the particles three times with 20 ml water, by mixing gently with
water, sedimenting, and aspirating the supernatent. Wash the particles five times with
acetone. Adjust volume to 10 ml with acetone and add 0.12g 1,1' -carbonyliimidazole
(CDI). Mix gently by rolling one hour at room temperature. Sediment the particles and
wash four times with 40 ml acetone, four times with 40 ml water and four times with 40
ml bicarbonate buffer pH 8.

1. Dispense 0.5 g magnetic cellulose into a polystyrene tube

2. Add 0.5 ml — 10 mg/ ml IgG solution in barbitone buffer pH 8, and adjust
volume to 10 ml with bicarbonate buffer pH 8.

3. Leave tube rolling overnight at room temperature

Day 2

4. Sediment the particles and wash twice with 20 ml bicarbonate buffer

5. Sediment the particles and wash with 20 ml bicarbonate buffer containing
3 ml/L ethanolamine

6. Sediment the particles and resuspend in 20 ml bicarbonate buffer containing
3 ml/1 ethanolamine and roll for 30 minutes at room temperature

7. Sediment the particles and resuspend in 20 ml acetate buffer pH 4 and roll for
30 minutes at room temperature

8. Sediment the particles and wash twice with 20 ml assay buffer
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Day 3

9. Pipette 5, 10, 20, 50, 100, 200 ml magnetic cellulose suspension in duplicate
into assay tubes (adding assay buffer for constant volume)

15. Add 100 ml labelled rabbit IgG solution and leave at room temperature for two
hours with occasional shaking to keep the particles in suspension

16. Add 1 ml wash solution, sediment the particles and aspirate the supernatent.
Wash the particles with a further 1 ml wash solution and count the magnetic
pellet.

17. Plot a dilution curve for the solid-phase antibody.
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Fig. 16.1 "Limited" reagent RIA. Increasing concentrations of analyte give rise to
increasing proportions of analyte in the free fraction.
(Taken from Edwards R.: Immunoassay; An Introduction. See ref. [4])
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Fig. 16.2 "Excess" reagent IRMA. Increasing concentrations of analyte give rise to
a corresponding increase in bound antibody.
(Taken from Edwards R.: Immunoassay; An Introduction. See ref. [4])
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Fig. 16.3 A typical RIA standard curve for T4.
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Fig. 16.4 A typical IRMA standard curve for TSH.
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Fig. 16.5 A Scatchard Plot, relating analyte concentrations B/F vs. total bound. The
slope yields the value of K and the intercept on the x-axis the concentration
of binding sites, q.
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Fig. 16.6 Antibody dilution curves. The upper curve is with tracer only (A) while
the lower is with tracer plus unlabelled analyte (dA). That dilution of
antiserum at which there is maximal displacement between the two curves
is chosen.
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Fig. 16.7 The specificity of an LH assay as assessed by cross reactivity curves.
(Taken from Laboratory Training Manual on RIA in Animal Reproduction.
IAEA Technical Report Series 233.)
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V40

Fig. 16.8 Precipitation characteristics of a second antibody used with non-immune
serum. A 1:30 dilution of second antibody and a 1:200 to 1:400 dilution
of non-immune serum yields maximal precipitation and a wide plateau.
(Taken from "Immunoassays for Clinical Chemistry", ed. W.M. Hunter
and J.E.T. Come, 1983, pg. 463. Churchill Livingstone.)
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Fig. 16.9 A response error relationship (RER). The error (as CV) at each response
point is plotted against the mean response to yield a "snowstorm" of points
through which a smooth curve may be drawn.
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Fig. 16.10 A final RER curve, as error in the response vs. Mean Response.
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Fig. 16.11 An imprecision profile relating error (as CV) to analyte concentration.
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Digoxin QCfi Plot
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Fig. 16.12 A typical Shewhart (Levy-Jennings) laboratory internal quality control
chart.
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