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ABSTRACT

This study describes the production of antisera from sheep and its use in the

determination of thyroxine hormone (T4) level in serum using Radioimmunoassay

(RIA) technique.

In this study two local sheep (Ovis aris) were subjected to immunization

against human T4 immunogen, sera obtained from both sheep after each injection

were subjected to evaluation through titration in a purified and non-purified form.

The produced antibodies were used to assemble a kit for the determination of total

human serum thyroxine.

Different separation techniques were tried, (second antibody polyethylene

glycol (PEG) assisted precipitation, polystyrene beads and magnetisable particles

solid phases). For the PEG assisted precipitation, local antiserum and that produced

by the North East Thamus Region Immunoassay (NETRIA donkey anti-sheep serum

(DASS) as second antibodies) were tried.

The final dilutions of the anti-T4 antibody used were 1/4000 in a liquid phase

using second antibody PEG assisted separation, 1/3000 using magnetisable particles

and a dilution of 1/10,000 using polystyrene beads as solid phase for separation.

Optimization of T4 assay conditions including incubation temperature and

reaction time were done. Tests for T4 assay validation (linearity, recovery and

reproducibility) were carried out. For linearity and recovery tests, the regression
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coefficient ranges were found to be from (0.8 to 0.9) and (0.88 to 0.98) respectively.

The assay was found to be reproducible where the coefficients of variation within

and between assays were less than 10%.

The locally developed assay was found to be comparable with NETRIA assay

as a reference method with a correlation coefficient of 0.88, 0.93 and 0.87 for PEG

assisted seperation, magnetisable particles and polystyrene beads techniques

resepectively. The clinical validation tests showed a reliable sensitivity, specificity

and efficiency with values of 97%, 94% and 96% respectively.

When the T4 concentrations measured using the locally produced kit, the

overall profile of the thyroid-pituitary axis for thyroid function tests was found to be

acceptable.
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INTRODUCTION

Thyroid function is essential to normal growth and development. The

biological effects of thyroid hormones include, the increasing synthesis of cellular

proteins and the rate of mitochondrial respiration, (Murray, et al 1988).

The sensitivity of different organs to thyroid deficiency varies. At birth in

human the brain is still at stage of early maturation as indicated by having reached

less than a third of its mature weight at that stage thus it is particularly susceptible to

damage during the foetal and early postnatal period, (Basil, 1984)

Normally much more thyroxine (T4) is synthesized than tri-iodothyronine

(T3). Thyroxine acts as prohormone some of it is converted to (T3) and the other to

physiologically inactive reverse (T3) by means of selective deiodonation.

The majority of thyroxine bind to protein such as thyroid binding globulin

(TBG), thyroid binding prealbumen (TBPA) and albumin. With binding to proteins

it serves the maintenance of large pool with constant free hormone concentration,

ensuring an even distribution of hormone among peripheral cells, and minimizing

hormone loss by renal filtration, (Gosling and Basso, 1994).

Thyroid disease is highly endemic in Sudan, particularly the western part of

the country, (Woodman, 1952). According to recent reports endemicity is creeping

further towards central Sudan. Eltom et al (1985) reported a new focus of endemic

goitre at Kosti (a town lying on the white Nile in the central Sudan), where as

another study showed an increase in the percentage of goitre among students at

Omdurman school, (Hassan, 1993).



The chemical determinations of the thyroid hormones contributed to the

investigation of thyroid disease, firstly by helping to categorise patients to euthyroid,

hyperthyroid and hypothyroid, and secondly by helping in monitoring the effects of

treatment, (Whitby etal, 1984). The adopted system for the investigation of thyroid

disorders in Sudan as in many other countries is to quantify TSH, T3 and T4

hormones by using sensitive radioimmunoassay (RIA) technique, based on a

reaction between antibody as reagent and antigen as analyte.

RIA was introduced into clinical medicine by Berson and Yallow, (1959),

who first described its use as a practical method for quantitation of plasma insulin

levels, (Sttes, era/1982).

Antibodies are proteins produced by an animal as a result of the introduction

of an immunogen into its tissues. Having pure antigens provides the best case for the

production of antibodies, (Harlow and Lane, 1988). Antibodies can also be produced

against haptens, which are small molecule that will not induce antibody formation

unless they are attached to large carrier molecules.

The production of antibodies can also be increased by the injection of an

emulsion containing both an adjuvant and the antigen, (Nisonoff, 1984). Antibodies

show high specificity for the corresponding antigen, they are able to distinguish

between two molecules differing by only one amino acid residue. Thus these

properties enable them to be the major tools of trade for immunochemist, (Johnstone

and Thorpe, 1982).

Diagnosis of thyroid disease for years is done using commercial

radioimmunoassay (RIA) Kits, which are very expensive. Now there is an increasing



demand for kits both for routine and research work. For the last few years the

radioimmunoassay laboratory in Sudan atomic energy commission adopted a policy

for partial local production of RIA reagents and assembly of RIA Kits and step

towards complete local production to achieve self-sufficiency and reliance.

The objective of the present study was part of the previously mentioned

goals of local production in an attempt to improve laboratory performance and

availability of the product with the minimum cost and thus improving service to

patients.



CHAPTER ONE

LITERATURE REVIEW

1. Technical requirements of RIA:

1.1. Antibodies:

Antibodies are immunglobulins that secreted by plasma cell in the serum and

tissue fluids after introduction of an antigen in animal body based on the

physicochemical of an antigenic difference.

1.1.1. Structure of antibody:

All immunoglobulins (Ig) have the same basic structure, composed of four

polypeptide chains forming Y shape. Two heavy (H) and two light (L) chains. Each

Ig class has specific heavy chain, y-chain for IgG, u-chain for IgM, a-chain for 1 gA,

e-chain for IgE and 8-chain for IgD class. Light chain in any Ig class can be X or K,

each having a characteristic, constant sequence towards the c-terminal as well as the

heavy chain. The four chains are usually joined together by a disulfide bond, and the

two heavy chains are joined together by one to five bonds depending on the class of

the immunoglobulins.

1.1.2.Antibody binding Site:

Each antibody has two binding sites where it can bind to an antigen. The

heavy and light chains have the amino terminus at the same end, which is called the

variable region. The diversity of sequence in the variable region gives rise to the

multiplicity of specific IgG antibodies, and consequently a single antigen triggers

production of polyclonal antibodies. The sites at which the antibody binds the

antigen are located at the N-terminal ends of the variable domains of the H and L



chains. The arms of these Y-shaped molecules exhibit a great degree of flexibility

and thus allow to operate independently (Sheehan, 1997).

1.2. Antigen:

Infectious agents vary from large parasites to small viruses (e.g. poliovirus).

Any such agent presents the host with a variety of surface protein structures, termed

antigens (Ag), which are naturally foreign to the host. These structures are

recognized by the host adaptive immune system, which then mounts a response for

that antigen.

1.3. Antibodies production:

1.3.1. Cellular basis of antibodies production:

The initial step of an immune response is carried out by a group of cells

known as accessory cells or antigen presenting cells (APCs). APCs are phagocytes

which process the antigen and expose its fragments on its surface that bind to an

MHC class II protein then it release soluble mediator interlukin-I which stimulate

the antigen activated lymphocyte helper T cells (TH). The TH cells receptors

recognise the antigen fragment and the class-II protein, and it is specific for both

components. TH cells secrete interlukin-2 that leads to proliferation of helper T

cells, and help in activation of B cells. B cells also process antigens but do so in

antigenic specific manner and they proliferate giving clone of many effector cells

secreting antibodies.

For increasing the efficiency of phagocytosis an appropriate injection site on

the animal is chosen. Also use of adjuvants and altering form of antigen greatly

helps, (Cambell, et al 1996).

1.3.2. Antibody response in a whole animal:
(Primary and Secondary Response)



The quality, magnitude and tempo of an antibody response depend greatly on

the host's experience with the antigen. When the antigen is introduced to an animal

for the first time the primary response is elicited, during which a latent phase occurs,

where there is no clear circulating antibody. The length of the latent phase depends

on the host and the antigen. Latent phase is followed by gradual rise, plateau, and

final decline of the antibody. The causes of declining include the cessation of

antibody production, clearance of antibody in the form of immune complexes, and

catabolism of the antibody. The first immunoglobulin class to appear in primary

antibody response is IgM, followed by production of IgG. When the antigen is

introduced to the animal for the second time a secondary antibody response appear.

It differs from the primary response in the shortness of latent phase, the antibody

reaches higher titre, the IgG class is predominant, and the antibody response tends to

be faster, bigger and longer, (Ananthanarayan and Joyarampaniker, 1982).

1.3.3. Heterogenicity of antibodies in antisera:

When an antigen is introduced into an animal body, specific lymphocytes

will respond producing specific antibody. Sometimes, because of the multiplicity of

antigenic binding sites or impurities in the immunogen or even presence of

chemically related substances derived by metabolism, a heterogeneous mixture of

different antibodies of varying specificity and affinity may be produced. This can be

overcome by using highly purified labelled antigens. Also at a high dilution (low

concentration) of the antiserum only the antibodies with the highest affinities will,

for practical purpose, be reacting, (Edwards, 1985).

1.4.Immunization:



1.4.1. Immunogenicity:

Immunogenicity is the tendency of molecules to induce an immune response.

An immunogen is a substance that can stimulate the immune system directly when

injected into an animal. Small molecules, which have weight less than 3000 Dalton

(hapten), are not good immunogen. In order to increase their immunogenicity they

should be coupled to an immunogenic carrier (large protein molecules), (Sttes, et al

1982).

The minimum amount of antigen capable of inducing a response will depend

on nature of antigen and immunogenic carriers that require chemical activation in

the first step. The choice of the activation agent will depend on the functional groups

available on the hapten, distance from the carrier and effect of conjugation on

biological and antigenic properties.

Commonly used carriers are heteroglous gamma globulin, albumin, keyhole

limpet haemocynin (KLH), and thyroglobulin, (Catty and Raykundalia, 1989).

1.4.2. Tolerance:

Lower doses of antigen as well as higher doses of antigen may produce

tolerance, unresponsiveness to that antigen, and poor antibody production. All

animals in their normal condition have self-tolerance which is the ability of the

animal body not to respond to its own antigens (Sheehan, 1997).

Sheep respond well to intramuscular or subcutaneous injection of 20 to 50

micrograms of purified heterologous protein in Freund's Complete Adjuvant (FCA).

A rest of several months after the first injection is advised to gain the best response

to boosting injection with 250 to 500 micrograms of protein, which are given also in

FCA, (Catty and Raykundalia, 1989).



1.4.3. Adjuvant:

Adjuvants are substances that when injected together with antigen increased

antibody production. They may affect any stage in the immune response from the

initial localization of antigen to the final release of antibodies.

Adjuvants protect the antigen from rapid dispersal by trapping it in a local

depot, thus preventing its catabolism and there by maintaining it as persistent

antigenic stimulus. They contain substances that stimulate the secretion of host

factors that attract macrophages to the site of antigen deposition and increase the

local rate of phagocytosis. Adjuvants may orient antigen in a suitable physical

configuration to antigen reactive cells.

Freund's Complete Adjuvants (FCA) is the most used in experimental work.

It consists of mineral oil, an emulsifier and killed tubercle bacilli.

The main, FCA effect may be summarized as follows:

1 - Increasing the amount of the antibody produced and diminishing the amount of

antigen required for the immune response.

2- Transforming the tolerogenic effect of low doses of antigen, which can induce

low-dose tolerance into an immunogenic effect, and of diminishing the amount of

antigen required for the production of high dose tolerance.

3- Inducing autoimmune responses that may result in the development of symptoms

of autoimmune diseases.

4- Inducing very aggressive and persistent granulomas where many antibodies are

synthesized and this may continues as long as the immunogen persists.

Freund's Incomplete Adjuvants (FIA) has the same constituent of FCA but

without containing killed tubercle bacilli. It is used for booster immunization. Also it



provides, long term antibody response but of less and lower order, (Stewart and

Beswick, 1977).

1.4.4. Experimental animals:

The choice of animal for immunization is subject to regulations, such as how

much serum is needed, how much antigen is available, from what species the

antigen isolated and the type of antibodies needed.

Mice, rats and rabbits are known as laboratory animals having relatively

small size and could be easily managed. For commercial purpose large animals are

used such as sheep, donkeys and horses. Sheep antibodies, like those of the rabbit,

have excellent precipitating properties. Their response is predominantly IgG, which

is stable, store well and easy to purify.

For antiglobulin production both sheep and rabbit make excellent responses

to human immunoglobulins of all classes. Sheep are easy to immunize and bleed

successfully by controlling their health and blood volume. This could be done by

routine replacement of blood cell and plasma expanders.

The best seasons for immunizations are spring and summer between April

and June months, which are ideal for immunization. Generally animals in poor

condition must be excluded as well as pregnant ones. Unless pregnancy is part of the

experiment, pregnant animal can be immunized, (Catty and Raykundalia, 1989).

1.4.5. Purification of antibodies:

Although antibodies can be used in their native form purification confirm

benefits. Purification of IgG fraction derived from different B cells by salt

precipitation is useful for preparing solid phase. But for labelling antibody an



extensive purification is necessary by chromatographic method using immobilized

antigen, (Edwards, 1996).

1.4.6. Characterization of antibodies:

Affinity, specificity and concentration of binding sites are the various

aspects, which characterize antibodies. The affinity of antibody is the strength of the

association between antibody and antigen; it is a thermodynamic expression of the

primary binding energy. The specificity describes the uniqueness of the binding site

on an antibody for an antigen.

These aspects are determined by the following practical tests:

a - Determination of titre

Titre is a measure of the amount of antiserum needed to complex a given

quantity of antigen. It is a measure of both concentration of binding site and affinity

of antibodies. In practice two antiserum dilutions in presence and absence of

minimum concentration of antigen are used to give two titration curves. A small

amount of labelled antigen is reacted with serial dilutions of antibody, as the dilution

factor increases a point is reached at which the amount of antigen bound starts to

decline. The displacement between these two curves show both sensitivity and

affinity of antibody, (Edward, 1996).

b - Schatchard analysis

This is derived from a ratio of specifically bound antigen to free antigen

(B/F) plotted against the concentration of specifically bound antigen ([B]). This plot
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is capable of giving an estimation of binding affinity from the slope of the line and

the intercept of the x-axis give the total concentration of antibody binding site.

c - Cross-reaction

This is for determining the potential specificity of antibody. Molecules

structurally related to the specific antigen are used, and this will give a relative

potency in terms of binding compared with specific antigen.

1.5. Significance of immunoassay development:

Radioimmunoassay (RIA) was introduced into clinical medicine by Berson

and Yallow, (1959), who first described its use as a practical method for the

quantitation of plasma insulin level. Since then, (RIA) has achieved wide spread use

as a sensitive and specific method for the quantitation of compounds. This method

appeared to offer the following advantages:

a- Sensitivity

Sensitivity can be defined as smallest amount of the substance being

measure, which can be distinguished from zero. RIA has the ability to measured

substances at concentrations as low aslpmol /L.

b- Specificity

The ability to discriminate between the desired substance and related

substances is known as speciality, this arises from the highly specific nature of the

antigen antibody interaction.

c- Simplicity
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Simplicity can be defined as the possibility to determine the required

substance in serum without any preliminary.

d- Applicability

The same equipment and operating systems of this technique can be used for

many different substances and can be automated to handle larger workloads.

1.6. Theory of Radioimmunoassay:

For measuring extremely low concentrations of an antigen, a highly

specific antibody for that antigen is needed. Then a limited amount of the

antibody is mixed together with a small quantity of serum containing the

antigen to be measured and a purified antigen of the same type that has been

tagged with a radioisotope element as 1 2 51. The natural antigen and the

radioactive antigen compete for the binding sites on the antibody. After the

binding has reached equilibrium, the antibody antigen complex is separated

from the remainder of the solution and radioactive counter measures the

quantity of radioactivity. The quantity of the antigen binding to the antibody

is proportional to its concentration. Different concentrations of

unlabelled antigen were used as standard solution and standard curve is

plotted. The radioactive count recorded from the original assay is compared

with the standard curve. Thus one can determine ±10 to 15% of the

concentration of the assayed hormone, (Gyton, 1986).

1.6.1. Labelled antigen:

Is a homogenous preparation of antigen that has been labelled by

radioisotope atom without any loss of affinity to the antibody being used. It is used
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to discriminate between the antibody bound antigen and the free antigen. The factors

influencing the choice of radioisotope include the ease of introducing the radiolable

into the antigen, the chemical stability and specific activity of the product, the half-

life, and the ease of counting.

125I is used for labelling thyroid antigen by substituting method the half-life

time 125I is 60 days and it emits y-rays. Gamma counters are used for counting

radioactivity, they consist of crystal scintillator with a photomultiplier tube. The

scintillator is a crystal of sodium iodide containing a trace of thallium iodide this

crystal when being excited by the y-rays from 125I emits scintillation in order to

return back to a lower level. The photomultiplier converts this energy to an electrical

pulse and this is counted electronically, (Gowanlock, et al 1988).

1.6.2. Separation techniques:

A variety of separation techniques have been developed in order to separate

the bound and free fraction since they are in solution.

Some separation techniques rely on the physical removal of the fractions. Charcoal

strongly adsorbs the free fraction allowing its removal by centrifugation. The bound

fraction may be precipitated by the addition of protein precipitants such as, alcohol,

ammonium sulphate and polyethylene glycol (PEG).Some techniques use second

antibody for precipitation, which reacts with the proteins of the first antibody. The

double antibody complex can then be separated by centrifugation using PEG.

Many solid phase systems have been developed for separating techniques

such as tube beads, and magnetisable particles. The main idea of these solid phases

is to attach the primary or secondary antibody onto the plastic surface of the solid
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phase, which can be done by simple adsorption at high pH and by covalent bonding,

(Holme and Peck, 1988).

1.6.3. Standard materials:

The measurements of antigen rely on comparison of test antigen responses

with those series of standard solution, and the type of standard solution will depend

upon the nature of the assay. The matrix of standard solution should resemble the

sample matrix as closely as possible and should be antigen free, (Holme and Peck,

1988).

1.7. Characterization of assays:

Assays are characterized by their accuracy and affinity of antibody.

Antibody affinity describes the strength of the interaction between the antigenic

determinant and the antibody binding site. Accuracy is the ability of an assay system

to generate a correct result, which is precise without bias. Bias is a measure of the

difference between the measured and a true value. Assay bias may be positive or

negative.

1.8. Development of an immunoassay:

The development of an immunoassay can be subdivided into:

1) Selection of assay methodology.

2) Selection of reagents.

3) Optimization of assay conditions.

4) Validation of assay protocol.

1.8.1. Selection of assay methodology:

The method selected has to depend on the concentration of the analyte to be

measured and whether immunoassays or immunometric assays technique is useful.
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Also it has to depend on the molecular size of method. Hence, the lower cost plays

great role in the choice of method. Hence, the lower cost and more specific method

will be selected.

1.8.2. Selection of reagents:

This depends on the selection of antibody (affinity) specificity and type of

the antibody. The standards buffers, separating reagents and

labelled tracers have to be suitable for the matrix.

1.8.3. Optimization of assay conditions:

Assays for specific antibody are normally qualitative, and therefore are

optimized to minimize false positive and negative results, as well as for a low

detection limit. This could be achieved by the following:

a- Concentration of reagents

For example concentration of antibody, less antibody concentration is used

for more sensitivity and greater precision at very low concentration while for less

sensitivity and greater precision at higher concentration more antibody concentration

is used. The volume of the test sample is adjusted to correspond to the sensitivity of

the assay.

b- Temperature of reaction

Increasing temperature of reaction increases rate of the reaction, although

low temperature can minimize interfering reactions.

c- Reaction time

To shorten reaction time it is necessary to increase temperature. Increasing

the rate of reactants shorten reaction time but the specificity potentially decreases.

15



Optimizing an immunoassay is achieved by the reduction of non-specific

binding (NSB). This is effectively done by increasing concentration of matrix, using

blocking reagents e.g. BSA, use of detergents and washing of antibody- bound

fraction.

1.8.4. Validation of assay protocol:

1.8.4.1. Analytical validation:

As mentioned by Cekan (1993), an assay is valid, if the results express the

true concentration within the limits of experimental error. The most commonly used

parameters of assay validation are recovery and parallelism tests, interassay

precision and comparison with reference method. Validation experiments are

reliable when carried out under the same assay conditions as used in the final fully

developed assay, (Micallefand Ahsan, 1994).

a- Recovery

It is an indirect assessment of accuracy, which is the fundamental ability of

any assay to measure the true value of an analyte. It is the ability of a test to recover,

or measure, a known incremental amount of an analyte from a sample matrix

(Deshpande, 1996).

Calculations of recovery should be assessed with their accompanying 95%

confidence intervals, (Davies, 1994).

b- Parallelism (dilution)

Parallelism studies the relative recovery. It is demonstrated by diluting a

sample with appropriate diluent. It can be used for assaying substances that are

16



difficult to obtain in pure form. Nonlinearity can lead to difficulties in clinical

interpretation where serial monitoring of antibody titres is performed and where the

activity of the antibody is such as to require different dilution on each occasion to

bring the results into the working range of the assay. The assay will show

parallelism only if the antibodies are of representative average affinity. The results

of diluted samples obtained can be plotted against the calculated one's in a linear

regression plot.

Between batch precision is assessed by carrying out a number of assays

including the same samples that analyzed by different operators and different batch

of reagents. Within batch precision is assessed in assays with either various samples

or quality control pools that are repeatedly analyzed throughout the assay. A

significant difference consistently raised or lowered throughout the assay would

indicate a problem.

1.8.4.2. Clinical validation;

Clinical validation of an assay is developed for achieving clinical objectives.

In this assay the percentage of patient's samples who test positive of disease is

called sensitivity of a test. Similarly, the percentage of patient's samples who test

negative of disease is called specificity of test. The overall efficiency of the test is

the proportion of all patients whose the test correctly predicts the presence or

absence of the disease, (Edwards, 1996).

1.9. Data processing (as reviewed by Edwards, 1996):

The objectives in the analysis of data from immunoassays are to determine

the concentration of the analyte in each unknown sample, to establish the reliability
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of these results, and to assess the consistency of performance of the assay

procedures over the recent past.

A RIA is complete only when standard curve is generated using the

radioactive counts from the assay tubes and concentration of analyte in the unknown

samples estimated from it. The raw count data can be grouped into three parts: 1)

counts from standard tubes; used for standard curve. 2) Counts from QC samples;

used to ascertain that the assay is acceptable and can be used for the patient samples.

3) Counts from patient samples; from these the concentration in the patient sample is

estimated.

1.9.1. Construction of the calibration curve:

It is a one of computer methods that used (1/ SD2) as a weighting factor for

calibrator. Such that replicates with large variances (CV%) will have less influence

over the final position of the curve than those with smaller variances.

The regression method considers the vertical distance between the modelled and

observed responses. It may be applied to data that has been linearized by a

transformed

Y = a + b X

Y = transformed response e.g. B/T

A = intercept on y-axis, b = gradient of the line

X = calibrator concentration

1.9.2. Assessment of quality of fit of the calibration curve:

The computer program 1) examines the size of the sum of residuals.

2) Calculate the predicted concentration from the response as if they were

unknowns. 3) Statistical variance ratio test: calculate the model variance, the
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deviation from the model average over all doses (SI). 4) Calculate the replicate

variance, the scatter of the replicate calibrators about their respective means

averaged overall doses (S2). From the variance ratio SI/ S2, this is directly

proportional to the quality fit.

1.9.3. Standard curve fit:

The counts are the measured response to concentration of the analyte in the

assay, and used to draw standard curve. However, a count is not a good parameter as

the tracer radioactivity decays with time, even in the same batch kits. It is better to

convert the counts into another response with reference to some constant factor, e.g.

the total counts. B/T VS concentration.

B/T % = [(Bound counts -NSB)*100]/T

This measures response as a function of total counts and gives you a realistic

response as it tells you what portion of tracer and antibody is reactive. Or, whether

the separation method is working well.

1.9.4. Determination of unknown concentration from the mean response:

Since the unknown mean response will fall between two calibrator responses

for which the analyte is known, the unknown concentration may be interpolated. For

computer methods, the concentration corresponding to a response can be obtained

by changing the subject of the equation from response to concentration.

Using the functional notation

Response = F (cone.)

Becomes, cone. = (Response)/F

1.9.5. Construction of the precision profile:
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The precision profile is a way of visualizing the performance of an

immunoassay over the full range of analyte concentrations. It is particularly useful

for immunoassays that are usually precise at low and high concentrations. To obtain

a precision profile in term of percentage coefficient of variation, the concentration

error is divided by the average concentration values and the results multiplied by

100 to obtain %CV then, the %CV is plotted against concentration.

The precision profile at the time assay development contains useful

information of the "working range" of the assay. The working range is that range of

analyte concentrations over which measurements are of a precision sufficient for a

given application. The minimal acceptable precision must be defined for each

immunoassay kit. The assay design, i.e., the concentration of antibody, should be

applied to result in excellent precision in these concentration ranges. Usually a CV

of 10% is obtained with current immunoassay procedure.

1.9.6. Estimation of sensitivity:

The sensitivity is defined as the lowest concentration of analyte, which can

be detected under the conditions of the assay. The minimal detectable concentration

(MDC) is calculated from the mean zero response plus a multiple of standard

deviation of the response at this level estimated from the error profile.

Precision profiles have been used directly, sensitivity being defined as the

concentration corresponding to a CV of 22%.

1.9.7. Quality control:

The estimates obtained for the QC samples should be used for decision

making to see if the assay result should be released. The concentration of the quality

control pools should correspond to normal and abnormal level of the analyte being

20



measured. Parameters available from the quality control pools are bias and

precision. Bias is a measure of how for the assay value is far from the true value,

precision is the measure of the reproducibility of the assay results.

On a QC control chart, the mean value of the quantity being monitored is

represented by a central axis. This axis is flanked on either side by a set of waning

limits placed at +/- 2SD, and then by a set of action limits placed at +/- 3SD,

sequential results are plotted progressing form left to right across the control chart.

When a point strays out side the limits, the assay is said to be out of control.

CHAPTER TWO

MATERIALS AND METHODS

2.1. Chemicals
Chemical reagents

g.anilino-1-naphthalene-sulphonic acid (ANS)

Acetone Extra pure

Source

Sigma immunochemicals

Sigma immunochemicals

21



Ammonium Sulphate

Biorad quality control

Bovine Serum Albumin (BSA)

1,1-carbonyl-diimidazole (CDI)

Disodium hydrogen phosphate

Ethanolamine-hydrochloride

Freund's adjuvant (complete) - FCA

Freund's adjuvant (incomplete) - FIA

y-Globulin Human KLH-T4 purified

Gelatin (1%)

Lactose (2 %)

Magnetisable particle

Poly Ethylene Glycol (PEG)

Polyoxyethylene sorption monolaurate (Tween20)

Radioactive thyroxine ( /5I-T4)

Radioactive Triiodothyronine ( ZDI- T3)

Sodium azide (NaN3)

Sodium chloride (0.9 %)

Sodium hydroxide

Sodium acetate

Solid-phase donkey anti-sheep serum (DASS)

Standard T3

Standard T4

Triton X-100

Sigma immunochemicals

NETRIA

Sigma immunochemicals

Sigma immunochemicals

BDH

BDH

Sigma immunochemicals

Sigma immunochemicals

NETRIA

BDH

BDH

NETRIA

Sigma immunochemicals

Sigma immunochemicals

NETRIA

NETRIA

Sigma immunochemicals

BDH

BDH

BDH

NETRIA

NETRIA

NETRIA

Sigma immunochemicals

2.2. Preparation of reagent:

Stock phosphate Buffer (A):

phosphate buffer (0.5M pH 7.4)

15.3 g NaH2PO4. 2H2O, 57.1 g Na2 HPO4. To one litre with distilled water.

Assay Buffer (B):
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100ml stock phosphate buffer (A), 5g BSA, 8.8g NaCl and O.lg NaN3.

To one litre distilled water.

Assay Buffer (C):

(Buffer BPSX)

5ml stock phosphate buffer (A), 5ml 3M NaCl, 0.1ml 10% Triton, O.lg NaN3

Make up to 100 ml with distilled water.

Assay Buffer (D):

100ml stock phosphate buffer (A)

lg BSA, lg NaN3 and 0.01%Triton. To one litre distilled water.

Assay Buffer (E):

50ml stock phosphate (A), 50ml of 3M NaCl

0.01% Triton, 0.1% NaN3, 0.1%BSA and 0.6g ANS

To one litre distilled water.

Blocking reagent (F):

100ml stock phosphate (A), 2g ANS. To one litre distilled water.

RIA Tracer (G):

Reconstitute 5uCi tracer with lml distilled water.

Add luCi 125I-T4 to 10ml Buffer (B). Check counts-approx. 15,000 counts/min.

RIA Tracer (H):

To 50ml PBSX (C) add 45mg ANS and 50mg BSA.

Reconstitute 5p.Ci tracer with lml distilled water.

Add luCi 125I-T4 to 20ml of buffer above. Check counts approx. 20,000

counts/1 OOsec.
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RIA Tracer (I):

Reconstitute 5uCi tracer with lml distilled water. Add l^iCi 125I-T4 to 10ml Buffer

(E). Check counts-approx. 15,000 counts/min.

RIA Tracer (J):

Reconstitute 5uCi tracer with lml distilled water. Add luCi 125I-T3 to 10ml Buffer

(B). Check counts-approx. 15,000 counts/min.

Wash Buffer (K):

100ml stock phosphate (A), 0.1%Triton, to one litre distilled water.

Wash Buffer (L):

0.01%Triton and 0.1% NaN3. To one litre distilled water.

Wash Buffer (M):

100ml stock phosphate (A), 0.055 Triton, 0.1% NaN3. To one litre distilled water.

PEG Separating reagent (N):

40g of polyethylene glycol dissolved in one litre distilled water to give 4% PEG.

Coating Buffer (O):

20mg/ml of sheep IgG diluted 1/2000 in 0.05M NaH2CO3, pH 9.6 and 0.1% NaN3.

Blocking solution (P):

0.05M NaH2CO3,10% hydrolyzed gelatine.

Priming Buffer (Q):

0.025M phosphate buffer, 0.15M NaCl and 0.1%NaN3.

Glazing solution (R):

1% Gelatine, 2% lactose and 0.05% NaN3.

Wash Buffer (S):

0.025M phosphate buffer, 0.15M NaCl, 0.05% NaN3 and 0.1% Triton.
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Borate Buffer (T):

3.09g of Boric acid dissolved in one litre distilled water to give 0.05M and pH8

buffer.

Ethanolamine-HCI buffer (U):

48.7g of ethanolamine-HCl dissolved in one litre distilled water to give 0.5M, pH9.5

buffer, and pH adjusted by NaOH.

Bicarbonate Buffer (V):

42g of NaBbCCb dissolved in one litre distilled water to give 0.5M, pH 8 buffer.

Acetate Buffer (W):

8.2g of CHsCOONa dissolved in one litre distilled water to giveO.lM, pH 4 buffer.

2.3. Production and evaluation of anti-T4 antisera:

2.3.1. Animals:

Two Sudanese local young sheep (Ovis aries) 5-6 months of age. One

weighs about 30Kg (sheep X) and the other about 20 Kg (sheep Y). They were kept

in the Faculty of Veterinary farm.

2.3.2. Control period:

The control period took six months, during which the sheep were bled 5

times.

2.3.3. Collection and preservation of samples:

Blood was collected by veinpuncture from the jugular vein. The collected

blood was allowed to clot for 1-2 hours at room temperature and 2-6 hours at 4°C

and then centrifuged at 3000 rpm for 30 minute. The serum was divided into small
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volumes of 5 ml in small containers with the addition of 0.1% NaN3, as

preservative, and stored at -20°C.

2.3.4. Preparation of Immunogen:

Each of the two sheep has to receive 2 mg KLH-T4 at first injection and

lmg/head at the subsequent injections.

1-The dose of immunogen was calculated putting in mind that the emulsion is not

easily drawn from the bottle, so 20% excess of all components was added for

wastage.

2-For the first injection, 4.5mg of KLH-T4 were dissolved into 2.2 ml 0.9 % NaCl.

This was mixed with an equal volume of FCA.

3-The total volume was drown in a glass syringe and injected vigorously into the

bottle many times until the white emulsion became stiff and difficult to work further.

4-A stable water in-oil emulsion formed, tested by allowing a drop of emulsion to

fall from the needle onto clean cold water, sinking briefly as a discrete drop and then

floats without any dispersion.

5-For the second injection, 2.4 mg of KLH-T4 were dissolved into 1.2 ml 0.9 %

NaCL. This was mixed with an equal volume of FCA.

6-For the third injection the same weight and volume were used except that FCA

was replaced by FIA adjuvant.

7-The immunogen dose was shifted to the half after excluding one of the sheep.

1.2 mg of KLH-T4 was dissolved into 1.2ml (0.9 %) NaCl. An equal volume FIA

was added and the total volume mixed together as in step (3) and (4).

2.3.5. Immunization of the Animals:
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Each sheep received 0.5ml of the emulsion as prepared above,

intramuscularly and 0.5ml subcutaneously in each thigh (total volume of 2ml).

Eight weeks after the first injection, each sheep received lml of the KLH-T4 in FCA

emulsion injected at multi-site of each thigh, as above.

After 12 weeks both sheep received lmg of KLH-T4 emulsified with FIA.

Beyond this sheep (Y) had been excluded from the injection program and the

subsequent injection was done for sheep (X) as shown on the table above.

The injection program was as follows:

Time of
Injection

0

After 2 weeks

After 4 weeks

After 8 weeks

After 10 weeks

After 12 weeks

Dose of Immunogen
Per head

First injection
2mg KLH-T4/Head

-

Second injection
lmgKLH-T4/Head

Third injection

Adjuvant

FCA

-

FCA

FIA

Bleed samples

Neat
10 ml/Head

-

First Bleed
10 ml/Head

-

Second bleed
50ml/Head

-
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After 14 weeks

After 16 weeks

After 18 weeks

After 20 weeks

After 22 weeks

lmg KLH-T4/Head

Fourth injection
lmg KLH-T4/Head

Fifth injection
lmg KLH-T4/Head

FIA

FIA

Third bleed
150/ml

-

Fourth bleed
300ml/Head

Fifth bleed
300ml/Head

2.3.6. Collection and preservation of samples:

Blood samples were taken from jugular vein before immunization and 14

days after each injection. The serum was separated at 4°C, and preserved at -20°C

with the addition of NaN3 (0.1%).

2.4. Evaluation of antisera:

2.4.1. Cross reaction Test:

Each cross reactant will give a relative potency in terms of binding %

compared with the specific antigen. A cross-reaction test was done against T3 in two

different tests using suitable titre of local anti-T4 antibody and non-specific binding.

Test (a), in this test we use T3 labelled antigen and a very high dose of T3 cold

antigen. The addition of reagent was as follows:

- 50ul of T3 antigen (lOOnmol/L)

- lOOul of blocking reagent (F)

- lOOul of RIA tracer (J)

- lOOul of anti-T4 (1/4000) titre

- lOOul of second antibody DASS

- All the tubes were vortexed and incubated for two hours at 37°C (water bath).

- One ml of wash buffer (K) was added to all tubes except that of the total count.
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- All the tubes were centrifuged at 3000 rpm for 7-10 minutes at 15°C.

- The supernatant was decanted and the deposit was counted for 60 seconds in

Gamma counter.

- The results were analyzed using the WHO Immunoassay Program (A5.2) software

prepared by Edwards (1988).

* All reagents were added to the NSB tube except the anti-T4 antibody that was

replaced by addition of lOOjul of buffer (B).

Test (b), the same procedure as above were followed except that 50ul of zero dose

T3 antigen (human serum diluent) were used instead of high dose T3 antigen.

2.4.2. Purification and dialysis of anti-T4 antibody:

The immunoglobulin (IgG) fraction was obtained by the precipitation of the

serum with 27% or 40% saturated ammonium sulphate (Anaokar, et al 1979).

Protocol:

1) The sheep antisera obtained from both sheep were added to 0.9% NaCl (saline)

(1:1, v/v)

2) 2.7g and 4.0g of ammonium sulphate were added to 10 ml of the diluted sera.

3) then, mixed in a rotatory mixer for 75 minutes.

4) centrifuged at 3000 rpm for 1 hour at 4°C.

5) the supernatant was decanted, and the precipitate was reconstituted in 0.2M

phosphate buffer to the same volume.
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6) the antisera were transferred to dialysis tubing and dialysis versus distilled water

overnight.

7) the antisera were removed from the tubing, stored in the presence of 0.02% NaN3.

2.4.3. Titration of local Anti-T4 antibody:

Antibody Dilution Curves (Titration curves):

A titration curve test was done for each sample taken after each injection to

see the suitable antibody dilution, which gives the best displacement, maximum

binding and minimum cost possible. With these objectives in mind only zero and

high standard doses were used (zero and 300nmol/l T4 antigen respectively). The

crude antiserum was diluted serially using assay buffer (B) to give the following

titre: 1/1000, 1/2000, 1/4000, 1/8000, 1/16000, 1/32000 and 1/64000 fold. The

titration was done according to WHO T4 RIA protocol as follows:

Two sets of duplicate titration tubes were prepared for zero and high dose standards,

labelled with the corresponding dilution. The addition of the reagents was as follows:

50ulofT4 standard

lOOul blocking reagent (F)

- lOOul of RIA Tracer (G)

lOOul of different titres of the locally produced anti T4 (First antibody) were

added to the correspondingly labelled tube.

lOOul of the NETRIA second antibody DASS (donkey anti sheep serum)

All tubes were incubated for 2 hours in the water bath at 37°C, at which a

competition reaction between the labelled and cold antigen took place, RIA reaction.

- One ml of wash buffer (K) was added to all tubes except that of the total count.

All the tubes were centrifuged at 3000 rpm for 7-10 minutes at 15°C.
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- The supernatant was decanted and the deposit was counted for 60 seconds in

Gamma counter.

The results were analyzed using the WHO Immunoassay Program (A5.2)

soft ware prepared by Edwards (1988).

When using local second antibody DASS, 0.5ml of separating enhancer (PEG) were

added after the incubation time, then centrifuge decant and count.

2.4.4. Standard curves using local Anti-T^antibody Liquid phase system:

Standard curves were done for the bleed antisera several time to obtain the

suitable binding, sensitivity, total count/sec and a clear displacement between the

standard reading.

The T4 high standard dose (300nmol/l) was serially diluted with T4 zero

standard dose (human serum diluent) to obtain the standard concentrations:

Standard 1 0.000 nmol/1 T4 (serum diluent)

Standard 2 18.75 nmol/1 T4

Standard 3 37.50 nmol/1 T4

Standard 4 75.00 nmol/1 T4

Standard 5 150.0 nmol/1 T4

Standard 6 300.0 nmol/1 T4 (high standard).

Biorad Quality Controls were used (low, normal and high). Three sets of tubes were

prepared, triplicate for standard and duplicate for quality control and NSB.

The addition of reagent was as follows:

- 50ul of T4 standard and quality control.

- 100 ju.1 of blocking reagent (F)

- lOOul of RIA tracer (J)
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- lOOul of anti-T4 antibody (desired titre)

- 1 OOul of second antibody DASS

- All the tubes were vortexed and incubated for two hours at 37°C (water bath).

- One ml of wash buffer (K) was added to all tubes except that of the total count.

- All the tubes were centrifuged at 3000 rpm for 7-10 minutes at 15°C.

- The supernatant was decanted and the deposit was counted for 60 seconds in

Gamma counter.

- The results were analyzed using the WHO Immunoassay Program (A5.2) software

prepared by Edwards (1988).

• All reagents were added to the NSB tube except the anti-T4 antibody that was

replaced by addition of lOOul of buffer (B).

2.5. Coupling of anti-T4 antisera to different solid phases:

2.5.1. Coatation of anti-T4 antibody to Polystyrene Beads solid phase:

Coating of anti-T4 antibody to polystyrene beads is indirect, first the beads

were coupled to the IgG, then to the second antibody DASS and lastly to the local

anti-T4 antibody.

Protocol:

1) 125 ml of buffer (O) were added to 1000 beads in 250 ml bottle.

2) The bottle was placed on a rotatory mixer at 25-37C° overnight (NB.2 nights for

maximum coating).
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3) Solution (O) was poured off, and the remaining liquid was aspirated.

4) 125 ml of solution (P) were add, left for 2-4 hours at 25C° and aspirated.

5) 125 ml of wash buffer (S) was added, shaked gently and aspirated. The wash step

was repeated two times (total no of washes = 3).

6) Purified NETRIA DASS was diluted 1/20 in buffer (Q) with addition of 0.1%

BSA. 125 ml of solution above were adding, and left overnight at 25C (ambient

temperature). Then aspirated.

7) 125 ml of wash buffer was added, shaked gently and aspirated. The wash step

was repeated two times (total no of washes = 3).

8) Anti-T4 antibody was diluted in buffer (Q) to give 1/10000 titre.125 ml of

solution above were add, left overnight, aspirated and washed 3 times.

9) 125 ml of glazing solution (R) was added, left for 30 minutes and aspirated.

10) The beads were allowed to dry at 37° C for two days.

2.5.2.Titration of Anti-T4 antibody Using Polystyrene Beads as solid phase:

The anti-T4 antibody was diluted 1/1000, 1/5000, 1/10,000 and 1/15,000.

Using these dilutions, different batches of beads were coated as mentioned in step

(8). Two sets of duplicate titration tubes were prepared for zero and high dose

standards labelled with the corresponding dilution. The addition of the reagents was

as follows:

- 25 ul of T4 standard

-200ul of RIA Tracer (H)

- Vortex well

- Add one bead/tube
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- Rotating two hours

- Add 2ml wash buffer (L), decant. This was repeated two times.

- The beads were counted for 100 seconds using gamma counter.

- The results were analyzed using the WHO Immunoassay Program (A5.2) software

prepared by Edwards (1988).

2.5.3. Standard curve of anti-T4 antibody coated bead system:

The T4 high standard dose (250nmol/l) was serially diluted with T4 zero

standard doses (human serum diluent) to obtain the standard concentrations:

Standard 1 0.000 nmol/1 T4 (serum diluent)

Standard 2 15.65 nmol/1 T4

Standard 3 31.25 nmol/1 T4

Standard 4 62.50 nmol/1 T4

Standard 5 125.0 nmol/1 T4

Standard 6 250.0 nmol/1 T4 (high standard).

Biorad Quality Controls were used (low, normal and high). Three sets of tubes were

prepared, triplicate for standard and duplicate for quality control and NSB.

Protocol:

- 25 ul of T4 standard and quality control

-200ul of RIA Tracer (H)

- Vortex well

- Add one bead/tube

- Rotating two hours

- Add 2ml wash buffer (L), decant. This was repeated two times.

- The beads were counted for 100 seconds using gamma counter.
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- The results were analyzed using the WHO Immunoassay Program (A5.2) software

prepared by Edwards (1988).

2.5.4. Coupling of anti-T4 antibody to Magnetisable particles;

Activated magnetic particles (MN 124 CDI Scipac ltd.U.K) were used for

the preparation of solid-phase antibody.

2.5.4.1. Magnetic Particles-Activation with Carbonyl Diimidazole:

As described by Chapman, and Ratcliffe, (1982).

Procedure of Activation of the Magnetic Particles:

1) Magnetic particles in aqueous suspension (H2O) were dispersed in the container

using a roller mixer.

2) 20 ml of the suspension containing l.Og particles transferred to a 250 ml screw

cap bottle, separated magnetically for 10 minutes, and the supernatant removed by

aspiration.

3) 20 ml of distilled water was added and again particles were dispersed by placing

them on a roller mixer, separated magnetically, and the supernatant removed by

aspiration. This step was done twice.

4) 20 ml of Acetone was added, and the particles were dispersed for 20 minutes,

separated magnetically as above. Acetone wash was done 5 times.

5) 10 ml of acetone was added, and then 0.25g of CDI was also added. Shacked and

placed on a roller mixer for 1 hr at room temperature.

6) 20 ml of acetone was added, mixed and separated as above. This step was done 4

times.

7) Particles were collected on filter paper (size 40) in Buchner funnel. Then the

screw cap bottle was rinsed with acetone.

35



8) The funnel inverted over a glass dish and the particles were shaked out.

9) The dried cake was powdered by crushing, using spatula.

The activated particles were ready to be used for coupling antibody.

2.5.4.2. Procedure of Coupling of Anti-T4 to Activated Magnetic Particles:

Activated magnetic particles were coupled to 0.5ml of crude anti-T4

anti serum.

1) 15 ml of borate buffer (T) were added to l.Og activated magnetic particles, 0.5ml

of anti-T4 antibody were then added.

2) The bottle was sealed and put on the rotator for 48 hour in room temperature.

3) The bottle was then transferred to magnet sheet and, when the magnetic particles

were settled down, the supernatant was aspirated.

4) 20 ml of ethanolamine-HCl buffer (U) were added to the particles and rotated for

lh, then it was returned back to the magnetic sheet and the supernatant was

aspirated.

5) 20 ml of bicarbonate buffer (V) was then added and rotated for 20 min. and the

supernatant was aspirated. This was done 3 times.

6) After that 20ml of acetate buffer (W) were added and rotated for lh, and the

supernatant was aspirated.

7) 20 ml of phosphate buffer were added and rotated for 20 min and the supernatant

was aspirated. This was done 3 times.

8) Then 20 ml of phosphate buffer (D) were added, the solution was kept overnight

at 4°C.

2.5.5. Titration of Anti-T4 Coupled to Magnetic Particles:
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To select suitable titre for anti-T4 magnetisable particles serial dilutions for

the magnetic particles were made using assay buffer (D) to give neat, 1/2, 1/4, 1/8,

1/16, 1/32 and 1/64. Two sets of duplicate tubes were prepared for T4 standards

(zero and 250 nmol/1).

Protocol:

- 50 ul of T4 standards

- 50 ul out of each antibody dilution in the corresponding tubes

- 200ul of RIA T4 tracer (I)

- The tubes were placed for 2 hours at room temperature

- 2 ml of wash buffer (M) were added, vortexed and placed on a magnetic rack for

5-10 minutes. Then the supernatant was decanted. This step was done twice.

The tubes were counted for 60 seconds in gamma counter. The titration

curve was plotted and the suitable titre was selected which is defined as the

minimum concentration of the antibody capable to discriminate between different

concentrations of the standards (antigen).

2.5.6. Standard curves of anti-Tj magnetisable particles:

Standard curves were done using the selected titre of anti-T4, T4 high dose

standard, human serum diluent, quality controls and RIA tracer (I). The standard

was diluted to give, 0.00, 15.62, 31.25,62.5, 125 and 250 nmol/1. The test was

carried out as above and the data obtained was analyzed using WHO Immunoassay

software program.

2.6. Optimization of assay condition:

T4 assay was optimized for different assay conditions, as temperature,

reaction time using of NETRIA or local DASS in the liquid phase system. These
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conditions were optimized through different standard curves, which were set as

mentioned above.

2.7. Analytical validation of assay:

Validation tests were done for different T4 assay, liquid phase, coated beads

and magnetisable particles solid phase system. Different standard curves were done

using T4 suitable standard, quality control and known concentration samples.

2.7.1. Recovery tests;

In experiments for analytical recovery of T4 different assays, samples of

known T4 concentration mixed together or mixed with standard T4 antigen (zero,

300nmol/l). The samples were assayed to give the measured values and the expected

values were calculated statistically as follows:

(Si+S2)/2 = S3

Where, Si: sample (1) concentration, S2: sample (2) concentration

S3: expected average concentration

Mi Vi= M2 V2

Where, Ml and M2 are molar concentration of sample before and after dilution.

Vi and V2 is volume of sample before and after dilution.

The measured and calculated values were correlated with each other using

regression analysis.

2.7.2. Linearity tests:

Linearity tests for T4 different assays were accomplished by diluting

different samples of known concentration, neat, 2, 4, and 8 fold using zero dose T4

standard as a diluent solution. Standard curves were done, the measured values were
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obtained and the expected one was calculated. Lastly, the two values were correlated

with each other using regression analysis.

2.7.3. Reproducibility tests (Within and Between Assays):

The within-assay reproducibility was assessed from the difference among

several determinations (10 is acceptable) on unknown sera or quality control

performed on the same assay.

The between assay variation for the method was assessed by performing

measurements of unknown sera or quality control in consecutive assays.

The mean of measured samples calculated from the different assays, the

standard deviation (SD) and the correlation of variation (CV %).

CV % = SD/Mean *100%

2.7.4. Comparison:

The comparison between the developed T4 different assays and the NETRIA

T4 assay has been done using 50 samples. The data obtained were correlated by

regression analysis.

All the above data were entered in an electronic spread sheet and analyzed

using Statistical Package for Social Sciences (SPSS, version 6).
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CHAPTER THREE

RESULTS

As the principle of radioimmunoassay based on the specific reaction of the

antigen antibody to form antigen-antibody complex, the development of the

antibody as well as the antigen must be established to improve RIA technique.

In this chapter the characterization of the locally produced antibody, i.e. it's

specificity (cross reaction) and sensitivity (minimal detectable dose and working

range) were described.

Optimal parameters for the experimental conditions were defined (incubation

time, temperature of reaction, antibody titre and purification and using of different

solid-phases).

Test for imprecision (within and between assay reproducibility), analytical

validation (comparability, linearity and recovery) and clinical validations

(specificity, sensitivity and efficiency) were also described.

3. Characterization of Antibody:

3.1. Cross Reaction Test:

Two tests were done for cross reactivity against Triiodothyronine (T3). The

(1/4000) titre of the local anti-T4 antibody harvested from the second and third

bleeds of sheep (X) were used.

1) The first test was done by using a very high dose of T3 antigen (100 nmol/L), T3

labelled antigen (tracer) and local anti-T4 antibody. The results obtained are shown

in table (1). The binding % of anti-T4 antibody (1.6%) was found to be similar to the

non-specific binding percentage (NSB), namely 1.6 %.
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2) The second test employed human serum diluent, serum containing zero nmol/1

antigen, T3 tracer, and the locally produced anti-T4 antibody. This test confirmed the

purity of the anti-T4 antibody because the binding percentage it returned (4%) was

again similar to the 4% result found for NSB (table 1).

3.2. Titration of Anti-T4 antibody:

Serum samples collected from both sheep (X) & (Y) were tested for suitable

titre with dilutions ranging from 1/1000 to 1/32000. Fig (1) shows the immune

response, which appears as binding % of the labelled antigen bound to the anti-T4 of

sheep (X), and (Y). The immune response represented as binding % for sheep (X)

was 5%. However no clear response was evident for sheep (Y).

Fig (2) shows the binding % of the labelled antigen for sheep (X) & (Y) after

4 weeks from the first injection. The binding percentage doubled to 10% in the case

of sheep (X) indicating the long time taken by the immune system to respond to the

antigen. This was very clear in sheep (X) whereas for sheep (Y) the response was

poor.

The titration curves for sheep (X) & (Y) are shown in fig (3). The maximum

binding percentage (33%) for sheep (X) was found at a dilution of 1/1000, where the

maximum binding percentage of sheep (Y) at the same dilution was only 15 %. The

displacement between zero and the highest standard doses was about 28% and 10%

for sheep (X) and (Y) respectively.
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Table (1), Cross reaction Test of Anti-T4 antibody using T3 cold and
labelled (Tracer) Antigen

TEST (No)

TEST (a)
Using high dose of T3

antigen
TEST (b)

Using zero dose of T3
antigen

Binding
{%!

ofNSB

1.6%

4.0%

Binding % of Labelled T3 bound To
Anti-T4Antibody

(Second bleed)

1.6%

4.0%

(Third bleed)

1.6%

4.0%
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2) The second test employed human serum diluent, serum containing zero nmol/1

antigen, T3 tracer, and the locally produced anti-T4 antibody. This test confirmed

the purity of the anti-T4 antibody because the binding percentage it returned

(4%) was again similar to the 4% result found for NSB (table 1).

3.2. Titration of Anti-T4 antibody:

Serum samples collected from both sheep (X) & (Y) were tested for suitable

titre with dilutions ranging from 1/1000 to 1/32000. Fig (1) shows the immune

response, which appears as binding % of the labelled antigen bound to the anti-T4 of

sheep (X), and (Y). The immune response represented as binding % for sheep (X)

was 5%. How ever no clear response was evident for sheep (Y).

Fig (2) shows the binding % of the labelled antigen for sheep (X) & (Y) after

4 weeks from the first injection. The binding percentage doubled to 10% in the case

of sheep (X) indicating the long time taken by the immune system to respond to the

antigen. This was very clear in sheep (X) whereas for sheep (Y) the response was

poor.

The titration curves for sheep (X) & (Y) are shown in fig (3). The maximum

binding percentage (33%) for sheep (X) was found at a dilution of 1/1000, where the

maximum binding percentage of sheep (Y) at the same dilution was only 15 %. The

displacement between zero and the highest standard doses was about 28% and 10%

for sheep (X) and (Y) respectively.
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Fig(l) Titration curves for T4 antisera of sheep (X) & (Y)
two weeks from 1st injection
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-V-- high standard dose of sheep X
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Fig (2) Titration curves of T4 antisera of sheep (X) & (Y)
four weeks from 1st injection
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Fig(3)Titration Curves for T4 antisera of sheep
(X) & (Y) (2 weeks from 2nd injection)
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Two weeks after the third injection, serum samples were collected from both sheep

(X) and (Y) and tested for anti-T4 concentrations in different dilutions.

Fig (4) shows that the binding percentage of 50% for sheep (X) occurred at a

dilution of 1/1000, while the binding was around 16% for sheep (Y), which was

relatively low, compared to sheep (X).

Fig (5) shows the immune response as a binding percentage of the labelled

antigen bound to the anti-T4 of sheep (Y) from the first bleeding up to the third

bleeding. Fig (5) shows the binding between the labelled antigen and the anti-T4 of

sheep (Y) as percent. It could be seen from the fig. that the binding percentage for

sheep (Y) increased progressively but did not exceed the 16% level, while in sheep

(X) it reached 50% binding (fig4). Due to this weak response of sheep (Y) it was

decided to exclude it from the study.

3.3. Purification of antibody:

Purification of antibody was tried in an attempt to improve the working titre.

Fig (6) shows the titration curves of the purified and native antiserum at the 4th

bleeding by using a concentration of 27% ammonium sulphate as a purifying agent.

The native antiserum showed higher binding % in all dilutions when compared with

the purified one.

In another trial the effect of raising the concentration of the purifying agent

was investigated. Fig (7) shows that increasing the concentration of the purifying

agent (40% ammonium sulphate) decreases the binding % of the labelled bound

antigen.
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Fig(4) Titration Curves for T4 antisra of sheep (X) & (Y)
(2 weeks from 3rd injection)
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four weeks from first injection
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Fig (6) Titratiion curve for T4 antisera Crude & purified
(with 27% Ammonium sulphate) of sheep (X) after 4th injection
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Fig(7) Titration Curve of T4 antisera crude & purified of sheep (X)
(with 27% & 40% Ammonium sulphate) after 4th injection
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Dialysis was tried on the purified antibody in order to remove the purifying

agent (ammonium sulphate). Fig (8) shows a decrease in the binding % with the

removal of the purifying agent by dialysis.

In order to confirm the effect of antibody purification, another two tests were

done on the third and fifth bleeds. The same result was obtained as shown in fig (9)

and (10) respectively.

In the light of the above results obtained from different purification methods,

it was decided to exclude the purification technique and use native antisera like

other immuonreagents, which are used in their native form.

3.4. Titration Curve of local second antibody (DASS):

The titre 1/4000 of the local anti- T4 has been used as a primary antibody. A

titration curve was obtained for the local donkey anti-sheep serum (DASS) as a

secondary antibody with dilutions 1/4, 1/8, 1/16, 1/32, and 1/64 fig (11). It could be

seen from the plot that the secondary antibody (DASS) could be utilised till a

dilution of 1/40 beyond which the curve dropped.

3.5. Optimization of Assay Conditions:

Optimization or development of assay conditions deals with factors that

govern the reaction's sensitivity and specificity. Some of these factors were studied

. e.g. temperature, antibody concentration and reaction (or incubation) time.

To select a suitable titre for assay design, three standard curves of the local

anti-T4 with dilutions 1/4000, 1/6000 and 1/8000 were done using a secondary

antibody from North East Thamus Region Immunoassay (NETRIA).
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(27% with ammonium sulphate)compared with
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Fig(9) Titration Curve for T4 antisera of sheep (X) Crude & Purified
with ammonium sulphate (2 weeks after 3rd injection)
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Fig(lO) Titration curve for T4 antisera of sheep (X) crude and purified
(with 27% ammonium sulphate) after 5th injection
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Fig (11) Titration curve for local DASS Secondary antibody
using 1/4000 dilution anti-T4 (4th bleed) as first antibody

30

25 -

c

I 20
•a

J§ 15
o

=5 10
a

m

O - - - - O ' - '
.. • o •o-

o

0.00 0.05 0.10 0.15 0.20

Dilutions of T4 antisera

0.25 0.30

-•— Zero standard dose
•O • • high standard dose

56



The variation of the binding % in relevance to the different titre of anti-T4

antibody is illustrated in fig (12). The minimum detectable dose obtained from these

assays were 1.03, 0.99 and 1.36 nmol/L for anti-T4 1/4000, 1/6000 and 1/8000

dilutions respectively. Therefore dilution 1/4000 was selected as the choice titre

suitable for developing and designing an assay.

Two standard curves were done using 1/32 and 1/40 titre local Donkey Anti-

Sheep Serum (DASS) as a secondary antibody, fig (13). The curve shows that the

1/32 titre has a high binding % compared to the 1/40 titre. On the other hand a more

precise and sensitive assay was established using the 1/32 dilution as is shown in fig

(14). The precision profile showed that the assay was precise over the range of 20 to

245 nmol/L.

Studies of the reaction time variation were done using NETRIA and the local

DASS second antibody. One and two hour's incubation times in water bath (37C°)

were used in the test and the results are shown in fig (15). The results showed that,

increasing the reaction time increased, to some extent, the binding percentage and

the sensitivity of the assay.

The effect of varying the temperature during the assay's incubation was

examined. Two assays were performed, one at room temperature and the other in a

water bath at 37C°. The results are presented in fig (16) and showed no significant

differences between the two temperatures.
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Fig(12) Standard Curves for T4 Assay using 1/4000,1/6000,1/8000

anti-T4 and NETRIA DASS as second antibody
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Fig(13 )Standard Curve for T4 Assay using 1/4000 anti-T4 first
antibody after 3rd injection and local DASS (1/40 & 1/32 dilution)
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Fig (14) PRECISION PROFILE. Plots shows CV between sample
replicates in % agiants dose for each sample
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Fig (15) Variation in incubation time (1 & 2 hours) of T4
PEG liquid phase system
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Fig(16) Effect of incubation temperature (37 C & room temp.)
on T4 assay PEG liquid phase system
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3.6. Analytical Validation:

This was done to establish the assays overall suitability before

attempting any practical applications. Tests for the linearity, analytical

recovery, reproducibility and comparability were studied for anti- T4 liquid

phase assay.

3.6.1. Linearity test (parallelism);

This test is normally performed to study the parallelism of an assay i.e.

whether the assay gives parallels responses. The test was done by taking a sample of

known concentration (expected) which was then repeatedly diluted several times and

subsequently measured. The expected and measured values were plotted against

each other. The linear regression coefficient (R) was found from the straight line

obtained, Y = mX + C, where C is the y-intercept, m the slope of the curve and Y

and X are the measured and expected values. The test is normally considered

acceptable when the result shows a negligible intercept, a regression coefficient that

is close to unity, and a significance level equal or more than 0.05.

The linearity test was done using 3 patient's samples with concentrations of

108, 144 and 185 nmol/L. These were diluted to 0.6 and 0.5 of their initial

concentrations. The measured values were plotted against the expected values. The

correlation coefficient (R) between the measured and expected values for the first

sample (108 nmol/1) was 0.9992 and the linear regression equation was

Y = 0.8656 + 0.9324*X, with a p-value of 0.0252, fig (17a).

For the second sample (144 nmol/1) the linear regression equation was,
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Y = - 6.6469 + 1.04*X, with a p-value of 0.0047 and a correlation coefficient

(R) of 0.9952, fig (17b).

For the third sample (185 nmol/1) the regression coefficient was found to be

0.9965 at a p-value of 0.0528 and an equation, Y = -5.0051 + 0.9776*X, fig (17c).

3.6.2. Analytical Recovery;

This was done by adding known amounts of a zero and of a 300nmol/L T4

standard to 5 different patient samples that ranged from 34 to 185 nmol/L. The

measured values were plotted against the expected T4 values, fig (18). The

correlation coefficient between the two values was found to be R = 0.9966, at a p-

value of 0.000 from the equation, Y = 0.7759 + 0.9777*X,

Both linearity and recovery checked assay calibration.

3.6.3. Reproducibility:

This test is intended to study between-assay and within-assay reproducibility.

It is usually used to check the drift of one assay relative to other assays. It can

sometimes reveal problems that may arise as a result of human (operator) errors, bad

reagents, or the reaction's conditions.

Quality control pools were used as the tested samples for the between-assay

reproducibility test whereas patient samples were used for the within assay

reproducibility test.
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Fig(17a) Linearity test for serum thyroxine using local anti-T4
PEG liquid phase system
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Fig (17b) Linearity test for serum thyroxine using local
anti-T4 PEG liquid phase system
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Fig (17c) Linearity test for serum thyroxine using local anti-T4
PEG liquid phase system
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Fig (18) Analytical Recovery test for serum thyroxine using
anti-T4 PEG liquid phase system
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Three different samples were used in the assays, table (2) shows the

measurement of the mean, standard deviation and coefficient of variation (CV) of

three samples A, B and C in four different assays (within assays reproducibility) and

9 different assays (between assays reproducibility). Quality control (A) had a mean

concentration of 31.8 nmol/L and a standard deviation of 3.04 with a coefficient of

variation of 9%. For quality control (B) the mean concentration was 93.8 nmol/L,

the standard deviation was 7.3 and the correlation of variation was 7.8%. Quality

control (C) had a mean of 216.1 nmol/L with standard deviation 16.5 and a CV of

7.4%.

In RIA techniques, any duplicate determinations with a CV of 10% or less is

usually considered of acceptable precision. Determinations with a CV% greater than

10% are rejected.

3.6.4. Comparability:

In order to compare our method with an established reference method, results

from the liquid phase T4-assay were compared with the results obtained from the

same samples using NETRIA's solid phase bead assay method as a reference

method. As shown in fig (19) the correlation coefficient between the two methods

was R = 0.93. And the straight line had an intercept of (-1.24), which meant that the

local T4 assay tends to underestimates serum thyroxine by 1.24 nmol/L which does

not affect the values of thyroxine concentration statistically or clinically.
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Fig(19) Comparison between serum thyroxine measured with NETRIA
anti-T4 coated beads & Local anti-T4 Liquid phase system
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Table (2): Reproducibility, Serum Thyroxine Assay using
Anti-T4 antibodies PEG Liquid phase System.

Reproducibility

1- Within assay
Sample 1
Sample 2
Sample 3

2- Between assay
Sample A
Sample B
Sample C

Number of
assays

4
4
4

9
9
9

Thyroxine (nmol/1)
(Mean ± SD)

89.0 ± 3.5
42.5 ± 3.6
22.5 ± 1.29

31.87 ±3.04
93.80 ±7.3
216.1 ±16.5

CV%

4.0%
8.0%
5.0%

9.0%
7.8%
7.4%
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3.7. Anti- T4 antibodies Coated to Polystyrene beads as a separating solid
phase agent:

After the optimization and validation of the anti-T4 antibodies liquid phase

assay, a trial was made for the development of a solid phase separating agent using

Polystyrene Beads and Magnetisable Particles.

A titration curve of anti-T4 coated to polystyrene beads was constructed.

Anti-T4 from the fourth bleed was diluted 1/1000, 1/5000, 1/10000, 1/15000 and

1/20000. Each dilution was physically adsorbed onto separate beads, and a titration

curve test was done. The results obtained are plotted as shown in fig (20). It showed

a 33% binding % at a dilution of 1/1000 while the curve, at a dilution of 1/15000,

dropped to a binding % of 25%.

The titration curve revealed that, the anti-T4 antibodies can be used with

either the 1/10000 or the 1/15000 titre which are high titre.

Then, standard curves of T4 serum using 1/10000 and 1/15000 dilution anti-T4

antibodies coated beads were done the NETRIA protocol was followed except that

the sample volume (cold antigen and standard) was changed from lOul to 25 ul.

This tended to affect the binding % by lowering it by some 10%, but there were no

clear effects observed on the sensitivity, fig (21). Thus 25ul sample volume was

selected because it is easy to handle which in turn will reduce operator's errors.

Two standard curves were done using 1/10000 & 1/15000 anti-T4 titre. Titre

1/10000 showed high binding % and a minimum detectable dose of 2.4 nmol/L. On

the other hand, the 1/15000 titre showed a sensitivity of 4.8 nmol/L, fig (22).
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Fig(20) Titration curve of local Anti-T4 physically adsorbed onto
Polystyrene Beads solid phase.

1/1000 1/5000 1/10000 1/15000

Dilutions of T4 antisera

1/20000

Zero standard dose
High standard dose

73



Fig(21) Standard curves for T4 assay using anti-T4 coated beads
system using serum volume 25ul and lOul
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Fig (22) Standard Curve for T4 assay Coated Beads using anti-T4
diluted 1/10000 & 1/15000

100 150 200

T4 standard doses (nmol/1)

250 300

•— stndard using 1/10000
O • - standard using 1/15000

75



3.8. Analytical Validation:

3.8.1. Linearity Test:

Linearity tests were done for serum thyroxine using anti-T4 (1/10000) coated

beads. Three patient samples 220, 72 and 50nmol/l were used and diluted 2, 4 and 8

times. The measured values were plotted against the calculated ones on the straight

line of the linear equation.

For the first sample (220 nmol/1), the equation was, Y = 3.4294 + 1.0494*X.

The linear regression coefficient (R) was found to be 0.9990 at a p-value of 0.0009,

fig (23a).

For the second sample (72 nmol/1), the equation was,

Y = 0.0073 + 0.9616*X

with R equal to 0.9999 and a p-value of 0.0084, fig (23b).

For the third sample (50 nmol/1) the linear regression equation was,

Y = 3.4294+1.0494*X,

with a p-value 0.0009 and a regression coefficient of 0.9990, fig (23c).

3.8.2. Recovery Test:

Analytical recovery tests were done by mixing equal volumes of patients'

samples of known concentration and later determining the T4 concentration of the

"mixed" sample, fig (24). The expected values were calculated and the measured

values were then obtained from the assay. The two values were plotted against each

other on the linear equation, Y = 3.1999 + 0.9419*X
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Fig(23a) Linearity test of serum thyroxine using local
anti-T4 coated beads solid phase system
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Fig(23b) Linearity test of serum thyroxine using local anti-T4
Coated Beads system
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Fig (23c) Linearity test of serum thyroxine using local anti-T4
Coated Beads solid phase system
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Fig (24) Analytical Recovery test for serum thyroxine using
anti-T4 Coated Beads system
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The correlation coefficient between the measured and calculated values was,

R = 0.9992 at a p-value of 0.0007.

3.8.3. Reproducibility:

The within-assay reproducibility was assessed from the difference found in 4

determinations of three unknown sera performed in the same assay. The results are

shown in table (3). The within-assay reproducibility was also assessed according to

Micalf and Ahsan (1994) from patients' samples duplicate results as coefficient of

variation (CV) between each replicate. These CVs were represented graphically

(as y-axis) against analyte concentration (as x-axis) as a precision profile, fig (25).

From the graph, the assay was found to be precise over a range of 20 to 250nmol/L.

The between assays variation was assessed by performing triplicate

measurements in 8 assays on three sera included in each assay, table (3). The CVs

were found to be under 10%.

3.8.4. Comparison:

Local anti- T4 antibodies coated beads were compared with NETRIA anti-T4

antibodies by measuring serum thyroxine of 40 patient samples. The correlation

coefficient between the two methods was found to be (R = 0.8848), fig (26). From

the linear regression equation, the locally developed anti-T4 coated bead assay

tended to overestimate NETRIA's coated beads assay by 4.6nmol/l thyroxine

concentration.
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Table (3): Reproducibility, Serum Thyroxine Assay using Anti-T4
Antibodies Coated Beads Solid Phase System

Reproducibility

1- Within assay
Sample 1
Sample 2
Sample 3
Sample 4

2- Between assay
Sample A
Sample B
Sample C

Number of
Assays

4
4
4
4

8
8
8

Thyroxine
nmol/1)

(Mean ± SD)

95 ±12.6
91 ±4.27
23 ±1.25
100 ±7.5

40.43 ± 3.7
95.25 ±5.3
199.8 ±7.3

CV%

12%
4.6%
5.2%
7.5%

9.0%
9.0%
3.6%
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Fig(25) Precision Profile of T4 assay Coated Beads system. Plot shows
CV between sample replicates in % against dose for each sample
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Thyroxine dose (nmol/l)
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CV%
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Fig(26) Comparison between serum Thyroxine measured with NETRIA
anti-T4 Coated Beads and local anti-T4 Coated Beads solid phase

50 100 150

NETOIA anti-T4 Coated Beads

Y = 4.618 + 0.8861*X

R = 0.8848

84



However, a comparison between local anti-T4 coated beads and liquid

phase system revealed no observed differences between the two methods,

since the correlation coefficient was found to be R = 0.8785 and the intercept

was 1.8, fig (27).

3.9. Anti-T4 Coupled to Magnetisable particles:

Anti-T4 antibodies (0.5ml of crude antiserum) were coupled to 1 gram of Sci-

pac magnetic particles.

Anti-T4 antibodies magnetisable particles were sequentially diluted into XA,

lA, 1/8, 1/16, 1/32 and 1/64 titre. A titration curve was performed and fig (28) was

obtained. Revising the curve, we found that titre (1/3) bears an acceptable binding %

and a wide range of displacement between the zero and the high standard, 19% and

5% respectively. Thus the 1/3 dilution was selected for assay development.

A standard curve using 1/3 titre of anti-T4 coupled to magnetisable particles

was done fig (29). That was equivalent to 1/3000 titre coupled to magnetisable

particles. The assay showed a high binding % (34%) with a sensitivity of 1.8 nmol/L

and a precision under 10% that covers the range 48 to 140 nmol/1.

3.9.1. Analytical Validation:

Validation tests were done for the magnetic system because of its

acceptable binding % and sensitive assay for the measurement of serum Throxine.
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Fig(27) Comparison between serum Thyroxine samples measured
with local anti-T4 Coated Beads and PEG liquid phase
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Fig(28) Titration curve for T4 antisera coupled

to Magnatisable particles solid phase.
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Fig(29) Standard curve for local T4 assay Magnetisable particles
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3.9.1.1. Linearity Tests:

The test was done using four patient samples, which were serially diluted to

2, 4 and 8 times. For the first sample whose concentration was 24nmol/l, fig (30a),

the calculated values were plotted against the measured values where linear

regression analysis gave a regression coefficient (R) of 0.9986 at a p-value of 0.0333

based on the equation, Y = 1.307 + 0.6346*X.

As for the second sample whose concentration was 83 nmol/1, the linear

equation was Y = 0.8611 + 0.0185*X. Yielding a regression coefficient of 0.9996 at

a significance of 0.0003, fig (30b).

3.9.3.2. Recovery Test:

From a set of six patient samples of known concentration that ranged

between 48 and 186 nmol/L, "composite" samples were prepared by mixing known

volumes of these samples together and then determining their concentrations. The

expected values were calculated and plotted against the measured ones, fig (31). The

mean recovery was found to be 98.5% at a p-value of 0.000 and mostly all of the

points fall on the straight line (Y = 5.4278 + 0.0701 *X).

3.9.3.3. Reproducibility:

The within assay reproducibility was assessed from the difference among 5

unknown sera. The results are shown in table (4) as variation coefficient in

percentage. One sample showed a CV of 12%, which is also clearly shown in Fig

(32). The between assays variation was assessed by performing 4 measurements in 5

different assays. The results showed CVs under 10% which are highly acceptable,

table (4).
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Fig(30a) Linearity test for serum thyroxine using local
anti-T4 magnetisable particles solid phase system
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Fig ( 30b) Linearity test for serum thyroxine using local
anti-T4 magnetisable particls solid phase system
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Table(4) Reproducibility, Serum Thyroxine Assay Using Anti-T4
Antibodies Coupled to Magnetisable Particle.

Reproducibility

1-Within assay
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5

2-Between assay
Sample A
Sample B
Sample C
Sample D

Number of
assays

5
5
5
5
5

5
5
5
5

Thyroxine
nmol/1)

(Mean ± SD)

100.8 ±12.6
68.6 ± 5.02

102 ±8.9
112±7.5
89.5± 8.5

40.14 ±4.8
76.8 ±7.1
134.5 ±2.5
64.8 ± 1.3

CV%

12%
7.3%
8.7%
6.6%
9.4%

9%
9%

3.6%
2.1%
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Fig(32) Precison profile. A Plot shows CV between sample
replicates in % against dose foreach sample
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3.10. Clinical Validation:
Clinical validation studies determine the effectiveness of an immunoassay

technique for clinical purposes.

Sensitivity and specificity tests are used to asses the ability of a specific

procedure to correctly classify an individual's appropriate disease status,

(Krickwood, 2000). Patients' samples of known T4 concentration were tested for

their T4 concentration using local T4 PEG liquid phase system. Data were collected

from 10 different assays of about 50 samples each. The results were found to be as

follows:

Clinical Sensitivity = [TP/(TP + FN)]*100%

= [28/(28+l)]*100 = 97%

Clinical Specificity = [TN/(TN + FP)]*100%

= [15/(15+ l)]*100 = 94%

Efficiency = [(TP + TN)/(TP + FP + TN + FN)]* 100

= [(28 + 15)/(28 +1 +15 + l)]*100 = 96%

Where, TP (True positive) = true positive patient whose result is positive

FP (False positive) = true negative patient whose result is positive,

TN (True negative) = true negative patient whose result is negative and

FN (False negative) = true positive patient whose result is negative
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Thyroxine hormone, which is one of the thyroid hormones, could also be

clinically validated by correlating it's level to the levels of Triiodothyronine (T3) and

Thyroid Stimulating Hormones (TSH) in a patient's sample.

Patients are categorized into hyperthyroidism, hypothyroidism and

euthyroidism patients. The hyperthyroidism patients have high T4, high T3, and low

TSH levels. On the other hand, hypothyroidism patients have low T4, low T3 and

high TSH levels. Table (5) presents the relationship between the thyroid hormones

of different patients, whose thyroxine levels were tested by the local anti-T4 liquid

phase and their T3, TSH levels were tested by NETRIA kits.

The normal ranges for T4 and T3 are 50 to 150 and 0.8 to 3.0 nmol/L

respectively. The normal range of TSH goes from 0.4 to 4 mu/1. Patients with T4

greater than 150 nmol/1 were considered as hyper cases while those with T4 less than

50 nmol/1 were considered as hypothyroidism cases. From the results in table (5),

one can observed that locally produced anti-T4 is clinically valid.

3.11. Quality control pools:

Quality assurance is an essential function of every laboratory and

manufacturing process. It is an objective way of evaluating assay systems against

clinical requirement. Biorad quality control pools were used throughout the testing

procedures for the different assays of local T4 systems were also tested using WHO

and NETRIA RIA T4 kits. The results obtained were shown in table (6).
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Table(5): Clinical Validation of Thyroxine Assay Using
Local Anti-T4 Antibodies Coated Beads system

Hyperthyroidism Patient Samples (T4 > 150 nmol/1)
Thyroxine T4

(nmol/L)
162.00
212.00
296.00
165.00
169.00
187.00
172.00
232.00
213.00

Triiodo-thyronine T3
(nmol/L)

1.40
5.70
12.00
3.30
3.00
7.00
4.10
8.00
8.00

Thyroid stimulating hormone
TSH (mu/L)

0.20
0.02
0.03
0.10
0.40
0.30
0.10
0.40
0.08

Euthyroid Patient Samples (150 <T4> 50noml/l)
Thyroxine T4

(nmol/L)
100.00
98.00
88.00
115.00
76.00
74.00
99.00
134.00
125.00

Triiodo-thyronine T3
(nmol/L)

109.00
1.80
2.00
2.50
1.20
0.90
1.00
2.00
1.20

Thyroid stimulating hormone
TSH(mu/L)

3.00
1.00
1.50
3.00
2.30
2.00
3.00
3.50
1.90

Hypothyroidism Patients Samples (T4 <50nmol/L)
Thyroxine T4

(nmol/1)
34.00
22.00
23.00
0.86

45.00

Triiodo-thyronineTs
(nmol/L)

1.00
0.50
0.10
0.00
0.08

Thyroid stimulating hormone
TSH (mu/L)

6.00
15.00
7.50
8.00
4.50
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Table (6): Comparison Between Quality Control pools measured
with WHO, NETRIA RIA systems & Local T4 different systems

Local T4 Coated
beads

36

92

236

WHO
T4kit

49

97

236

NETRIA
T4kit
39.8

117.8

203.8

local T4 liquid
phase

47

85

192
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CHAPTER FOUR

DISCUSSION

The objective of this study was an attempt to produce T4-antibodies with

acceptable binding percentage to be used in developing a T4-radioimmunoassay kit.

The first trial was carried out by using rabbits (local & New Zealand) as

experimental animals but the experiments failed to produce a satisfactory binding

percentage between labelled T4 antigen and T4 antibody that can be used for

developing a T4 Radioimmunoassay kit. The reason for the failure of the

experiments might have been either the poor adaptation of rabbits to the hot dry

weather or low dose of immunogen that has been used in the experiments, (Abdalla,

1998).

On the basis of these observations and findings it was decided to experiment

with sheep in an attempt to overcome problems faced with rabbits and to get good

quality and quantity of T4-antibdies to be used for developing local RIA kits for the

determination of human thyroid statutes. On the other hand, large animals are easy

to immunize and bleed and do provide large volume of antisera, (Catty and

Raykundalia, 1989).

This study followed the immunization protocol based on the use of 1 to 2

mg/head of KLH-T4 purified human antigen provided by NETRIA.

The structural similarity of different antigen will create a true site-specific

competition between these antigens and the trace-labelled analyte used in the assay,

(Deshpande, 1996).
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Triiodothyronine (T3) antigen and labelled T3 antigen were used to

determine the potential specificity of anti-T4 antibody as a cross reactant. T4

antisera used for these tests were collected after the third injection. The

binding % between labelled T3 and anti-T4 antibody was equal to the binding

% of the NSB (1.2 - 4.1%), which is indicative of minimal cross reaction

between the produced T4 antibody and T3 antigen. These results were found to

be comparable to those obtained by commercial manufacturers like CIS (CIS

Biointernational. B.P.32. F91192 GIF-SUR-Yvette Cedex. France) or

NETRIA (NETRIA, ST Partholomew Hospital 51-53, London, ENGLAND)

whose kits showed figures of 4.5% and 1% respectively.

Characterization of Antibody

The antiserum quality is more important in immunoassays than in other

qualitative immunological techniques. The antiserum needs to be screened for

antibody titre, i.e., the concentration of antibody present, its affinity and avidity, and

its specificity for the target analyte.

In this study a full characterization was done for the antibody produced and

the titre was found to be acceptably high, with adequate affinity and specificity for

the analyte and passed all the cross reactivity tests.

The titre in RIA is defined as the dilution of antibody capable to bind 50% of

the added tracer (Kruse, 1976 & Edwards, 1985). It can be seen that, in all titration

curves, the binding % for the different bleeds of sheep (X) reached 50% after the

third injection (fig 4) and tended to saturate for further injections. The titre of sheep
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(Y) is not as high as that of sheep (X). The highest titre it reached was 16% (fig 5), a

possible result of its illness and weight loss during the experiment that might have

affected the immune response of the animal as previously observed and reported by

Harlow and Lane, (1988). Sheep (Y) was eventually excluded from the experiment.

The titration curves of anti-T4 antibodies were done using three different

separation techniques: the first of which was PEG liquid phase, the second

magnetisable particles solid phase and the third polystyrene coated beads solid

phase. The different techniques showed high titres ranging from 1/4000 (PEG liquid

phase), 1/3000 (magnetisable particles) to 1/10000 (coated beads solid phase). This

is taken as an indication of the high affinity of anti-T4 antibodies produced since

antisera with high titre usually exhibit high binding affinities (Edwards, 1996).

In the titration curves, the variable to be considered is the amount of

antibody to be added, which depends on how much antigen will be precipitated. This

can be determined by titration the antibody versus a constant amount of antigen

(Harlow & Lane, 1988). The purpose of such a procedure is to determine the

optimum concentration of the antibody to be used in radioimmunoassay and to

determine the most economic antibody dilution as well, therefore, one can produce

the maximum possible number of tubes with minimal antibody consumption and

optimum performance. A wide displacement in the titration curves of the selected

titre, between the zero standard dose and the high standard dose was observed in this

study. This usually enables the antibody to cover all normal physiological and

diagnostic levels of thyroxine concentration without interference. This is

substantiated by Hermann's observations on his antibody and generally allows for
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accurate measurements over a wide range from the first attempt (Hermann, et al

1974).

Optimization of Assay Conditions

The effects of reaction temperature and incubation time as to the effect of

reaction sensitivity and specificity were both studied. It was found that assay

performance was not affected by temperature, whether the assay is done in water

bath at 37°C or at room temperature. At any rate, these temperatures were usually

close to each other during the hot season in Sudan. Although elevation in

temperature is known to accelerate the rate of the chemical reactions and

consequently shorten incubation times, and although antibodies are very stable even

at elevated temperature, 37 °C is preferred as it is the physiological temperature of

the human body. Irrespective of this, our assay was found to perform perfectly nice

even at higher temperatures and therefore our assay was optimised to work at

ambient temperature which in our hot weather is not by far different from 37 °C.

Edwards (1996) mentioned that ambient temperature (20-30°C) is often adequate

while 37°C increases rate of reaction. Therefore, optimizing at our ambient

temperature accelerates the rate of reaction and shortens the incubation time and

consequently the time required for assay completion, which is a favour and

conforms with our short working hours per day (from 8-14) to complete the assay.

Purification of Antibody

Antibody purification was also studied and results revealed that the

unextracted antisera showed high binding % compared to the purified ones (fig 6).

This finding contradicts what is mentioned by Edwards (1996) who emphasized

extensive purification of the antigen inorder to increase the binding percentage. This
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contradiction could be explained by the fact that precipitation by ammonium

sulphate (27 and 40%) in this study reduces the activity and the stability of the

antibody. Antibodies purified or concentrated using precipitation methods tend to

form aggregates more readily particularly during lyophilization or wet storage

(Grandics, 1994), and this may probably explain what happened in this study. This

in addition to the fact that ammonium sulphate as a strong alkali tends to shift the

pH of the precipitation medium to high extremes and this is known to affect the

antibody's integrity and consequently its activity as observed by Deshpande (1996).

When dialysis was tried after purification, the binding percentage of labelled

antigen dropped by 40% (fig40), this might have been due to osmotic pressure

causing dilution of antisera.

Seperation techniques and the binding %

A T4 antibody was coupled to different solid phases (magnetisable particles

and polystyrene beads).

The mean binding percentage obtained in the case of the liquid phase system

(PEG) was found to be 34% (fig29) the same as for magnetisable particles and 30%

for polystyrene beads. Those values are comparable to the binding % obtained by

many commercial manufacturers, e.g., it was found to be 39% for a kit produced by

CIS-Biointernational in France, 35% for a kit produced by WHO (WHO. CCR,

Collaborative Centre For Reproductive. Hammersith Hospital. London, W12,

OHS), collaborative centre for Immunoassays in London, and 75% for a kit

produced by NETRJA.

The results obtained from the magnetisable particles and polystyrene beads

solid phases and PEG liquid phase were convincing in the production of antibody
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that can be applied in the determination of thyroxine. However, levels with a

minimum detectable dose of 1.8, 2.4 and 0.78 nmol/L for magnetisable particles,

polystyrene beads and PEG separation systems respectively were obtained in this

study. While the minimum detectable dose of thyroxine level obtained by other

commercial manufacturers was found to be 3.5 nmol/1 for a kit produced by WHO

collaborative centre for reproductive hormones and reference services in London,

5.0nmol/l for a commercial kit produced by CIS-Biointernational in France and

2.1nmol/l for a kit produced by NETRIA. It could be concluded from the above

mentioned results that the values obtained in this study seem to be, by and large,

comparable to those obtained by the international commercial manufacturers.

Upon drawing the precision profiles the working range at 10% CV was

found to cover nicely the clinical range of interest when using beads and PEG as

separation systems. The working range when using magnetisable particles was too

narrow (40-140 nmol/1) and it does not cover the clinical range of interest (50-150

nmol/1) therefore, magnetisable particles as a separation method in this study was

rejected. The reason for this may be the low loading capacity of these particles for

our antibody as they were stored activated for more than a year, then reactivated and

used for coupling, which violates the recommendations of the manufacturers not to

store activated particles for more than six month.

Validation Tests

All the validation tests whether biochemical or clinical were performed for

the locally produced kit in this study. The ability of the kit to recover the added
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amount of analyte was 99% (fig31) therefore, it can be concluded that our test is

considered reasonably valid to be used for the measurement of serum T4 as far as

recovery test is concerned.

As mentioned by, Davies (1994), the assay will show parallelism only if the

antibodies are of representative average affinity i.e., they are not of high affinity to

show over-recovery on dilution or of low affinity to show low-recovery on dilution.

This could be shown in the locally developed assays in this study, where in the PEG

liquid phase system, the confidence limits for tested samples range from 0.0047 to

0.0528 which are less than p-values 0.05 and the correlation between the measured

values and the expected one was 0.99. Both confidence and correlation indicate that

there is no difference between measured and expected values statistically and thus

the assay is found to be parallel. This could also be seen in the Beads and

Magnetisable solid phase system.

In comparing the methods utilized in this study with those of NETRIA as a

reference method, the locally produced anti-T4 antibodies bear over and under

estimation of thyroxine level by 1 to 4 nmol/L. Such a difference is not significant

from a clinical point of view. However, this was confirmed by the clinical validation

test, which showed 97% sensitivity, 94% specificity and 96% assay efficiency.

Another clinical validation test showed that T4 values observed in normal, hypo and

measured by a radioimmunoassay.

BioRad international quality control pools have been used in the present

assays, and the results obtained from the locally produced T4 were found to be
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compatible with the results obtained by different techniques shown by NETRIA or

WHO (table 6).

From the results discussed, it is clear that the specifications of the locally

produced T4-radioimmunoassay kits are comparable with the kits produced by

international manufactures like NETRIA and WHO. Although further research is

needed to perfect these locally produced kits, but we think they are quite save and

reliable to be used in clinical diagnosis.
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CHAPTER FIVE

CONCLUSIONS

The production of anti-T4 antiserum was successfully done. This

success was greatly relying on different factors. The greatest was the health of the

experimental animals, where it was reflected in the performance of sheep (X), which

produce good quality antiserum compared to sheep (Y).

Local anti- T4 antibodies were used in a liquid phase assay as well as in

different solid phases and it succeed to give acceptable T4 assays.

The liquid phase assay worked with a dilution of 1/4000 and it showed a

sensitivity of 1.08 nmol/1. Analytical recovery and linearity tests showed a reliable

system property where a mean recovery was found to be 98%, and the linear

regression coefficient for linearity was around 0.98.

The T4 liquid phase assays showed an acceptable reproducibility. Concerning

between and within assay reproducibility the CVs were found to be less than 10%.

The liquid phase system was compared with NETRIA bead system and the

correlation obtained was 92%. The developed system underestimates the T4 values

by 1.24 nmol/1 compared to NETRIA system values.

The anti-T4 antibody with a dilution of 1/10,000 was used to coat

polystyrene beads, in order to prepare a solid phase system. The minimum

detectable dose showed by the system was 2.4 nmol/1. The linearity tested through

different samples was quite adequate where R was 0.99. The mean recovery was 99

% and the reproducibility showed CVs less than 10% over the range from 20 to

250nmol/l. The comparison between the locally developed system and NETRIA
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beads system showed correlation coefficient of 0.88, and it overestimate T4 level by

4.6 nmol/1 compared to NETRIA beads system.

Coupling to magnetisable particles was done using anti-T4 antibody with a

dilution of 1/3000. The minimum detectable dose was 5.4nmol/l and the CV under

10% cover the range from 48 to 140 nmol/1. The analytical validation (linearity)

showed a linear regression of 96 % and a mean recovery of 97 %. Within and

between assay reproducibility showed a CV less than 10 %.

The locally produced assay was found to be clinically valid, where the

clinical sensitivity was 96% and specificity was 94%. When the T4 values were

measured using local liquid phase system the results of T4 was found to be clinically

acceptable compared with T3 and TSH.

From what is mentioned above it is obvious that, the production of local

reagents is quite possible. The produced reagent can be able to meet all the

requirements of the ideal system for different analyte measurements. In addition to

that local production of antibodies will provide a large quantity for use, which

results in minimizing the assay cost by less than one tenth of it's price now.

So we encourage those who work in this field to produce more and more

antibodies for different analyte.
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