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ABSTRACT

This study is a trial to produce antisera against triiodothyronine (T:) which

resulted in a poor response of sheep to immunization, since small amount of antibodies

were detected, hence the amount of T: tracer bound by the antibodies in terms of

percentage was found to be less than l}Yo with weak discrimination between zero and

high standard doses in all bleeds which does not satisfii radioimmunoassay (RIA)

technique requirements. In this study, two local males' Sudanese sheep (Ovis aries)

were immunized with T3-immunogen intramuscularly and subcutaneously in different

sites along their backs. Sheep (I) was immunized with 25Stg of antigen per Kg body

weight in first and boosting injections, while the dose was only lOpg per Kg body

weight for sheep (II). T3-immunogen was emulsified in FCA for the first injection and

in FIA for the boosting injections. The sera obtained from both sheep after each

injection were subjected to evaluation for the levels of circulating anti-T3 antibodies

through both qualitative and quantitative tests (titration test). The tests were performed

for both purified and non-purified form with different separation methods, these

methods included, precipitation by second antibody assisted by polyethylene glycol

(PEG), polystyrene beads, and liquid phase separation technique. Tests for the quality

and success of polystyrene beads coating process for the titration were done using pre

charactenzed antibodies, namely anti-progesterone antibodies and anti-thyroxine

antibodies. These tests revels that, the coating process including the activation of

polystyrene beads, was of good quality, and the results obtained was due to weak

response to T:-immunogen.

The results obtained from qualitative tests of the two sheep sera did not show

clear precipitate, inspite of the positive result obtained in a neat sera, which was an

indication for weak antibody formation. The result of the titration tests for all bleeds

(3'0,4^ , 5*, 6*, and 7ft) of the two sheep confirmed the result obtained from the

qualitative test, although the binding percentages were weak in all bleeds, sheep (II)

showed better response than sheep (I).
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 INTRODUCTION 

Production of reagent pertaining to hormonal assays, at the Sudan Atomic 

Energy Commission (SAEC) began in 1988 after along and excellent experience in 

providing service work (measurement of hormones) for Sudanese using ready made 

reagent brought from abroad. Then, assembling and production of radioimmunoassay 

(RIA) kits through the bulk reagent was in 1994 enhanced with collaboration of the 

International Atomic Energy Agency (IAEA). In 1995-1996 SAEC established trials for 

real production of antibodies (main part of the kit) in rabbits, that trials included 

production of T3, T4, and ferritin antibodies, which resulted in good quantities of ferritin 

antibodies, but failed with T3 and T4 cases. Also, at that time simultaneous iodination of 

T3 and T4 was undertaken to produce labelled antigens (tracer) as a complementally 

parts of the kits. In year 2000, using sheep, anti-T4 antibody production was successful, 

which encouraged to use the same procedure for anti-T3 production. Later on, prolactin 

(PRL) and luteinizing hormone (LH) antibodies were produced in 2001 and 2003 

respectively.  

The past thirty years have witnessed numerous goiter surveys in Sudan. Endemic 

goiter in Sudan was first reported (1952) by Woodman, who described a small area 

inhabited by the Zande group and Neur tribe in southern Sudan and around El Damer in 

northern state and in Darfur. 

Kambal (1969) surveyed different areas in Sudan. The survey revealed, goiter 

prevalence was 57.5% in Darfur and 12.6% in Khartoum. Eltom et al., in 1984 surveyed 

goiter prevalence in many areas in Sudan extending and updating the previous studies 

done by Kambal. Hence, he reported that, the prevalence of goiter was 87.1% in Darfur 

region, 74.8% in Kosti town, and 17.5% in Khartoum. He also reported that, iodine 

deficiency was the major cause underlying goiter in Darfur and Kosti regions.  

At present there is a high flow of immigrants from different parts of Sudan to 

Khartoum. Some of them might have started their lives in iodine deficient areas. 

Khartoum is also cosmopolitan city of different tribes having different types of food and 

culture. Drinking water is provided from different sources with different iodine 

concentration, under which circumstances iodine intake may be variable (Hassan, 

1992). 

There is a lot of work done by the National Endemic Goiter Control Project 

introducing iodine in different forms (iodination of sugar, iodination of drinking water 

 1



and iodized oil capsules and injections) in treatment of simple goiter and control of 

endemic goiter in different territories in Sudan (Eltom et al., 1984). Diagnosis and 

treatment of simple goiter in Sudan were usually preformed clinically without 

biochemical investigation because the thyroid hormones assays were not available.  

In 1993 Moreno et al., assessed thyroid function, iodine intake and exposure to 

dietary goitrogens of children living in an area with a high prevalence of goitre, in the 

region of Darfur, Sudan. In their study in a village where goitre affected approximately 

85% of children, a cross-sectional survey of thyroid function was performed in children 

0-7 years old. Twenty neonates and 190 patients children, aged 1 month to 7 years, were 

included. They concluded that, hypothyroidism was very frequent in each age group. 

The higher frequency of hypothyroidism observed in weaned children was attributed to 

the combined effects of iodine deficiency and goitrogens (thiocyanate and 

glycosylflavones) derived from millet.  

Diagnosis of thyroid disease for years is done using commercial (RIA) kits, 

which are very expensive due to the transportation. Now there is an increasing demand 

for production of kits locally for both routine and research work. For the last few years 

the RIA laboratory in Sudan Atomic Energy Commission (SAEC) adopted a policy for 

partial local production to achieve self sufficiency and reliance (Abbas, 2000). In 

addition to reduce cost per single test, thus improving service to patient.  

Furthermore, local materials can be optimized to fit local needs and 

circumstances i.e. magnetic kits has the advantages over the use of high capacity, high 

cost refrigerated centrifuge which will also with stand of problems of power failure. 

Objectives: 

• Production of local antibodies against triiodothyronine for self sufficiency and 

reliance for routine work, disease diagnosis, and research. 
Specific objectives: 

• Uses of the produced antibodies to develop and optimize T3-Kit reagents. 

• To compare locally produced reagents with others (imported).  
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CHAPTER ONE 
LITERATURE REVIEW 

1.1. Hormones:  
Hormones are biological substances which influence the biochemical reactions 

that occur in all body functions. The laboratory testing of endocrine function and the 

measurement of specific hormones assist in establishing a definitive diagnosis. 

Hormones can be determined by different techniques such as, Florescenceimmunoassay 

(FIA), Luminescenceimmunoassay (LIA), Enzymeimmunoassay (EIA), 

Radioimmunoassay (RIA), Enzyme-Linked Immunosorbentassay (ELISA), etc. But the 

more sensitive and reliable technique is the RIA. The rapid development of RIA and 

competitive protein binding techniques for most peptide and steroid hormones is 

making possible more precise identification of clinical endocrine abnormalities 

(Ramnik, 1999). 

Hormones can be classified in several ways. They can be classified according to 

their chemical composition, solubility properties, location of receptors, and the nature of 

the signal used to mediate the hormonal action within the cell (Murray et al., 2003).  

According to their chemical composition, hormones are divided to peptide 

hormones, amines, and steroid hormones. Peptide hormones include oligopeptide 

hormones and polypepetid hormones which synthesized as large precursor proteins and 

stored in membrane-enclosed compartments. Amine hormones derived from the amino 

acid tyrosine which includes thyroid hormones and catecholamines. Steroid hormones 

mainly are derived from cholesterol, this group includes others sex hormones from the 

gonads and placenta (Murray et al., 2003; Guyton and Hall, 1996). 

According to their solubility, hormones can be classified into lipophilic such as 

steroids and iodothyronine, and hydrophilic such as polypeptides and proteins (Murray 

et al., 2003). 

According to location of receptor and mechanism of action, i.e. the nature of 

signal or second messenger used to mediate hormone action within the cell; hormones 

are classified into two types. First type is hormones that bind to the intracellular 

receptors like thyroid hormones. Second type is hormones that bind to the cell surface 

receptors (Murray et al., 2003; Murray et al., 1999). 
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1.1.1. Normal range and action: 
Hormones’ action at the cellular level begins with the association of the 

hormone and its specific receptor (Murray et al., 1999). 

Hormones are present at very low concentrations in the extracellular fluid, 

generally in the range 10-15 to 10-9mol/L. This is a much lower concentration than that 

of the many structurally similar molecules (sterols, amino acids, peptides, and proteins) 

and other molecules that circulate at concentrations in the range 10-5 to10-3mol/L range. 

Target cells, therefore must distinguish not only between different hormones present in 

small amounts, but also between a given hormone and the 106 to 109 fold excess of 

other molecules. This high degree of discrimination is provided by receptors which are 

protein found at the surface of the target cell or intracellular in the cytoplasm. 

Hormones initiate their biological effects by binding to specific receptors, and since any 

effective control system also must provide a means of stopping a response. Hormone-

induced actions generally terminate when the effector dissociates from the receptor.  

A target cell is defined by its ability to bind selectively a given hormone via 

such a receptor, an interaction that is often quantified using radioactive ligands that 

mimic hormone binding. Several feature of this interaction are important. Firstly, the 

radioactivity must not alter the biologic activity of the ligand. Secondly, the binding 

should be specific, also, binding should be saturable. Finally, binding should occur 

within the concentration range of the expected biologic response.  

1.2. Thyroid hormones: 
 The thyroid elaborates thyroxine (T4) and 3-5,3-triiodothyronine (T3) (Fig. 1.1), 

which circulate, and thyroglobulin in colloid. T4 and T3 are iodine-containing amino 

acids. Thyroglobulin is a protein with a molecular weight of 675,000 unit. Almost all 

the iodide absorbed from the intestine into the plasma is trapped by the thyroid gland. 

The amino acid tyrosine (Fig. 1.2) is iodinated to monoiodotyrosine (MIT) and 

diiodotyrosine (DIT). Molecules of this compound coupled to form T3 and T4, which is 

stored in thyroglobulin molecule until they are released to the circulation by proteolysis 

(accelerated by TSH or cold environment and decreased by iodine). A specific plasma 

protein system binds T4 and, to a lesser extent T3. Thyroxine is also bound to thyroxine-

binding albumin and prealbumin. The residual binding capacity is decreased in 

thyrotoxicosis and nephritis and increased in myxedema (sever hypothyroidism), normal 
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pregnancy, estrogen administration, or iodide or propylthiouracil therapy of 

thyrotoxicosis. Free thyroxine is present in serum at a mean concentration of 2.76mg%. 

T3 is more potent than T4 and has more rapid onset and cessation of action. Iodine may 

be released into circulation from monoiodotyrosine and diiodotyrosine and reused in 

hormone synthesis. 

 

Figure 1.1 Thyroxine (T4) and triiodothyronine (T3). 

 

 
Figure 1.2 The amino acid tyrosine (Amersham Biosciences, 2002). 

 Antibodies to thyroglobuline have been demonstrated in the sera of patient with 

Hashimoto's thyroiditis, in about 80% of patients with primary myxedema, and in about 

60% of patients with thyrotoxicosis. Experimentally, these antibodies may result in 

direct cytotoxicity to thyroid tissue. Various types of cretinism may be traced to 

abnormalities in virtually any step of the pathway from iodide uptake to release of 

active hormone. The thyroid hormones inactivate TSH and inhibit its production by the 

anterior pituitary, possibly through neurohypophysial action, conversely, a decreased 

level of circulating thyroid hormone increases TSH production. 

Thyroid hormones affect the rate of metabolism, growth, development, and 

differentiation. The T4 effect appears in 7-12 hours after administration, is greater at 4-8 

days and disappears in 4-8 weeks. The T3 effect appears in 4-8 hours and lasts for 3 
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days. Careful adjustment of dosage may reduce hypercholesterolemia without 

increasing total body metabolism. 

1.2.1. Free thyroxine (FT4): 

Normal value of this hormone is 1-2.3mg/dl. Free thyroxine comprises a small 

fraction of the total thyroxine. The FT4 is available to the tissues and is the 

metabolically active form of this hormone. 

Measurement of that fraction (about 5%) of the circulatory thyroxine that exists 

in a free state, unbound to protein. It is estimated to determine thyroid status, to ruleout 

hypo – and hyperthyroidism, and to evaluate thyroid replacement therapy. This test is of 

importance in situations where total hormone levels do not correspond with 

thyrometabolic state, and there is no reason to suspect an abnormality in finding protein 

levels. However, it is also a useful tool when there are definite or probable 

abnormalities in binding levels. Demonstration of FT4 provides more accurate picture of 

the thyroid status in person with abnormal thyroxine-binding globulin (TBG) levels in 

pregnancy and in those who are on estrogen, androgens, phenytoin, and salicylates 

therapy. 

 Increased levels of FT4 are associated with Graves' disease and thyrotoxicosis 

due to T4. In contrast, decreased levels are associated with primary hypothyroidism, 

secondary hypothyroidism, tertiary hypothyroidism (hypothalamic) and thyrotoxicosis 

due to T3. Levels of hormone can be mildly increased in severe illness in nonthyroid 

disease and cirrhosis of liver. Values would be normal in T3 toxicosis, pregnancy with 

estrogen therapy, nephrosis and cirrhosis (Ramnik, 1999).  

1.2.2. Free triiodothyronine (FT3):  

Normal value of this hormone is 250 – 390pg/dl. Free hormone is ideal to assess 

thyroid function status. However, there is controversy regarding choice of FT3 versus 

the use of FT4. Unbound circulating triiodothyronine measure to ruleout T3 toxicosis, 

hypothyroidism, hyperthyroidism, to determine thyroid status, and to evaluate thyroid 

replacement therapy. But any radioactive material received by the patient earlier will 

hamper correct determination of FT3 by RIA method. 

Increase values of hormone are associated with hyperthyroidism and T3 

toxicosis. In contrast, reduced values are associated with hypothyroidism (Ramnik, 

1999). 
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1.2.3. Transportation and metabolism: 
Thyroid hormones are transported throughout the body in the bloodstream by an 

acidic glycoprotein, thyroxine-binding globulin (TBG). This bound transport prevents 

the thyroid hormones from being metabolized and excreted (Mildred et al., 2003). As 

shown in (Fig. 1.3), once these hormones reach the peripheral tissues, T4 is converted to 

the active form T3 and binds to the intracellular nuclear receptor, which, in turn, 

stimulates gene transcription (Hardman et al., 2001; Apriletti et al., 2000). The 

remaining T4, or free T4, is biologically active, exerts negative feedback (inhibition) on 

pituitary TSH secretion, and is capable of entering cells (Nelson et al., 1998). Once free 

T4 enters the cells, it is deiodinated to form T3 or reverse T3 (rT3). T3 is generally being 

produced during normal circumstances, while rT3 is generally produced during times of 

illness, starvation, or excessive endogenous catabolism (Nelson et al., 1998). 

Metabolism of T4 and T3 primarily occurs in the liver. However, local 

metabolism by target tissues, such as the brain, can also occur (Mildred et al., 2003). T4 

is metabolized in the liver by removal of the 5′ iodide, which yields T3, or by removal of 

the 5 iodide, which yields rT3 (the inactive form of T3). Once in the liver, T3 and T4 are 

combined with glucuronic and sulfuric acids via the phenolic hydroxyl group excreted 

in the bile (Hardman et al., 2001). 

 

Figure 1.3 Cellular metabolism of T3 and T4 in the peripheral tissues 

(Apriletti et al., 2000). 
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1.3. Thyroid stimulating hormone (TSH): 

The pituitary gland releases thyroid stimulating hormone (TSH) (Fig. 1.4). TSH 

stimulates thyroid hormone production and accelerates its proteolytic release from 

thyroglobulin.  

  

Figure 1.4 Thyroid gland stimulation (Boas, 2006) 

Hypothalamus produce thyrotropin releasing hormone TRH, and the pituitary 

gland manufacture TSH in response. Hypothalamic failure with lack of TRH leads to 

reduced thyroid function. T4 and/or T3 exert a negative feedback effect on pituitary 

secretion of TSH, and on the TRH, which controls the amount of TSH in the blood. 

Finally, TRH from the hypothalamus stimulates the pituitary gland to release TSH, and 

modulates the sensitivity of the pituitary gland to negative feedback by thyroid 

hormone. Thus, circulating levels of thyroid hormones, and the balance between 

different forms of these hormones, are controlled by a number of processes (Boas, 

2006). 

Normal values up to 50ng/ml for thyroglobulin (Tg). Tg is composed of 

glycoprotein and the iodinated secretion of epithelial cells of the thyroid. These 

iodinated secretions contain both the precursor of thyroxine and triiodothyronine and 

the hormones themselves (Ramnik, 1999).   

Thyroid hormones in blood are bound to protein. These thyroxine-binding 

proteins (TBG) play an important role in regulating the FT4. TBG is by far the most 
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important determinant of the overall T4 binding. Therefore, TBG is a good 

approximation of the thyroxine-binding function of the blood. Normal values for TBG 

are 12-28μg/ml (Ramnik, 1999).  

 Thyroxine binding globulin increases hereditary, with pregnancy, oestrogen 

therapy, oral contraceptive use, hypothyroidism, phenothiazines, and acute viral 

hepatitis. In contrast, it decreases hereditary, androgens, corticosteroid excess, 

thyrotoxicosis, nephritic syndrome, major illness, malnutrition, and chronic liver disease 

(Kumar and Clark, 2002). 

1.4. Measurement of hormones: 
The significant feature of the RIA with reference to other immunoassays is the 

use of a radioisotopic label to discriminate between the antibodies bound fraction and 

the free fraction of the antigen. A radioisotope is essentially an unstable atom which at 

some time or other will disintegrate and emit sub-atomic particles and/or energy in the 

form of electromagnetic wave radiation. These particles and/or the energy can then be 

measured by an appropriate detection system (Edwards, 1985). 

Immunoassays are one of the most efficient immunochemical techniques. They 

employ a wide range of methods to detect and quantitate antigens or antibodies and to 

study the structure of antigens (Champman, 1983). 

All immunoassays can be regarded as structurally specific, the antibody reacting 

specifically with elements of the analyte structure which provides a quantitative 

measurement. A simple classification system can be used to categorize all structurally 

specific immunoassays into initially label or no label techniques depending on the 

necessity to add a labelled probe, or tracer, to aid the measurement (Champman, 1983).  

  In general, those techniques without the addition of a label are the older 

techniques used for the measurement of serum proteins. These techniques are relatively 

insensitive and measuring at the g/L level. The subdivision of the labelled techniques 

into limited reagent methods and excess reagent methods based upon the fundamental 

principles of measurement (Edwards, 1985). 

1.4.1. Limited reagent methods: 
The RIA is the best example of limited reagent methods. It uses antibodies at a 

limiting (or critical) concentration. The analyte will bind to the specific antibody 

according to the law of mass action, which results in bound and free fractions. The 

bound fraction may be conveniently monitored by inclusion of a trace quantity of 
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labelled analyte which is a radioisotope in RIA. The fraction of labelled analyte bound, 

assessed following physical separation of the bound and free fractions using an 

appropriate separation system will vary inversely with respect to the total analyte 

concentration. Quantitation can be made by comparison with a set of known analyte 

calibrators, or standards, set up under identical reaction conditions (Champman, 1983). 

Conventional RIA uses a second antibody separation technique to separate the 

bound and free fractions. Here, the first antibody, specific antibody, reacts with the 

analyte forming the antibody bound and free fractions prior to the addition of a second 

antibody specific for the species of the first antibody and at carefully controlled 

concentration to affect precipitation of the first antibody. If the first antibody was raised 

in a rabbit then the second antibody would generally be a donkey anti-rabbits serum. 

Following centrifugation and decantation the bound fraction remains separated and 

ready for radioactivity counting. This technique has disadvantages which are time and 

incomplete separation. There was always some of the free fraction trapped in the bound 

precipitation pellet leading to the fact that standard calibration curves never met the 

abscissa. This led to bad precision of measurement (Champman, 1983). 

The development of solid phase RIA improves the sensitivity and precision by 

minimizing the errors of incomplete separation. Various solid phase systems were 

developed. Antibodies were either covalently linked or physically adsorbed to 

microparticulate polymers such as cellulose, agarose, polyacrylamide, polystyrene and 

polymethacrylate. Alternatively beads, fins, stars or the surface of polystyrene test tubes 

were used. In all cases, because the antibody was already insolubilised the separation 

system was simplified, since no further reagents were required, and the assay incubation 

times were shortened. The incomplete errors of separation were minimized because 

successive washings of the solid-phase could effectively remove the contaminating free 

fraction. The washing requirements were tedious and disliked by many techniquians 

particularly if multiple centrifugation was performed. So some particulate solid phase 

materials were designed to be paramagnetic (magnetic solid phase) so that separation 

was achieved by the application of a magnetic field (Champman, 1983). 

 Covalent linkage of antibodies to particulate solid-phases was widely used. 

Functional groups which are largely carbohydrate-based polymers, cellulose and 

sephadex were activated originally by cyanogen bromide and linked to IgG fractions of 

polyclonal antibodies for use in limited reagent RIA methods. Solid-phase antibodies 
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could be used as primary reagents or in the separation stage as solid-phase second 

antibodies (Champman, 1983). 

Interfering factors are evident in both limited reagent RIA and excess reagent 

IRMA techniques and should be suspected whenever there is a discrepancy between 

analytical results and clinical findings in the investigation of particular diseases. The 

overall effect of interference in immunoassay is analytical bias in result, either positive 

or negative of variable magnitude. The interference may be caused by a wide spectrum 

of factors from poor sample collection and handling, physiological factors which 

include lipaemia, autoimmune disease, and binding protein abnormalities and drug 

treatment (Champman, 1983). 

1.4.2. Excess reagent methods:  
Edwards (1985) reported that, the radioilabelled antibody immunometric assays 

or Immuno Radio Metric Assay (IRMA) is the best example of excess reagent methods. 

It uses antibodies at an excess concentration. The IRMA is frequently more precise and 

has greater sensitivity than RIA. The IRMA may also have enhanced specificity.  

In common with RIA, the IRMA assay uses radioisotopes and detection of the 

subsequent radioactivity to measure the antigen concentration.  

Immunoradiometricassay almost invariably use solid-phase separation 

techniques to distinguish between the bound antibody and the free antibody. The 

amount of antigen is measured by the binding of a radiolabelled antibody. Consequently 

as the concentration of antigen increases, so does the amount of bound radiolabelled 

antibody. 

In the basic immunometric procedure, a solid-phase antigen preparation, again in 

excess, is added to the reaction tube, where it can bind the excess radiolabelled 

antibody, or that which has not already reacted, with antigen to be measured. The solid-

phase is precipitated, usually by centrifugation, leaving the radioactivity in the 

supernatant as a direct measure of the concentration of antigen. Quantitation can be 

made by comparison with a set of known analyte calibrators or standards, set up under 

identical reaction condition.  

IRMA is also performed by the “two-site” immunometric method. In the “two-

site” immunometricassay, the complex of radiolabelled antibody and antigen is 

precipitated from the reaction mixture by the addition of a solid-phase antibody directed 
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towards the second antigenic biding site on the antigen. Because of the requirement for 

two binding sites, this refinement is termed the two-site IRMA or “sandwich assay”.  

1.5. Iodine and iodination: 
Iodine is a halogen occurs in sea water as a halide ion. Iodine is found in small 

quantities in Chile saltpeter, in under ground brines, and sea kelp. Iodine is an essential 

component of the thyroid gland. Iodine is essential for normal growth, development, 

and functioning of the body. Since only minute amounts are required each day, it is 

known as a micronutrient. Iodine is required for synthesis of the thyroid hormones, T4 

and T3, which are necessary for the regulation of body metabolism (Holtizclaw and 

Robinson, 1988). Globally, dietary iodine deficiency is a major cause of thyroid disease. 

The recommended daily intake of iodine should be at least 140µg, and dietary 

supplementation of salt and bread has reduced the number of areas where endemic 

goiter still occurs (Kumar and Clark, 2002).  

Iodination like other substitutions happened with electrophilic aromatic 

substitution mechanism. In iodination of antigens radiolabelled iodine used instead of 

normal iodine and tyrosine as an aromatic ring.  

The high specific activity and high counting efficiency of 125I renders it the 

radionuclide of choice for the labeling of most antigens. Radioiodine readily labels the 

tyrosine or hisidine residues via a variety of methods such as the Chloramine-T 

oxidation technique (Hunter and Greenwood, 1962; Heber et al., 1978). When labeling 

of these residues is not accessible, iodine labeling of the free amino groups such as the 

terminal and έ-NH2 groups by the Bolton _ Hunter reagent is recommended (Bolton and 

Hunter, 1973).  

1.6. Normal range and disorders: 

1.6.1. T4: 
T4 is one of the thyroid function profiles tests used in evaluation of thyroid 

function. Approximately 95% of thyroxine is bound to TBG. About 5% of the 

circulating T4 is free or unbound. The normal value of hormone in serum are 5-12μg/dl. 

The test measures the level of total circulatory thyroid using RIA procedure. Treatments 

of thyroid disorders with potassium iodide can be influenced with this test and give 

incorrect results. The test is conducted to rule out hypo- or hyperthyroidism. The T4 test 

can also be used as a guide in establishing and following maintenance doses of thyroid 

in hyperthyroidism. In addition, it can also be used in hyperthyroidism to follow the 
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results of antithyroid drugs. Values are increased in hyperthyroidism, acute thyroiditis, 

subacute thyroiditis and hepatitis, early stages. Values are decreased in cretinism, 

myxoedema, chronic thyroiditis, hypothyroidism, subacute thyroiditis, summond's 

disease, nephrosis, cirrhosis, hypoproteinemia, and malnutrition (Ramnik, 1999). 

The decrease in T4 value is proportional to the decrease in thyroid function. 

Therefore, lower values will occur in cretinism and myxoedema than in mild 

hypothyroidism. Also, values are usually normal in T3 toxicosis. Not only this, but also, 

total thyroxine levels increase during the second or third month of pregnancy as a result 

of enhanced oestrogen production and with the use of drugs such as oestrogen, and 

antiovulatory drugs (Ramnik, 1999). 

1.6.2. T3:  
Normal value 110-230ng/dl. T3 is more active metabolically than T4, but its 

effect is shorter lasting. There is much less T3 than T4 in the serum, and is bound less 

firmly to thyroid-binding globulin. 

T3 measurement is a quantitative determination of the total triiodothyronine 

concentration in the blood and it is ideal test for diagnosing T3 toxicosis. It can be use in 

diagnosing hyperthyroidism. T3 thyrotoxicosis refers to a variant of hyperthyroidism in 

which a thyrotoxic patient will have elevated T3 levels and normal T4 levels.  

Increased levels of this hormone are associated with hyperthyroidism, T3 

thyrotoxicosis, daily dosage of 25μg or more of T3, idiopathic thyroid binding globulin 

TBG elevation, acute thyroiditis, and daily dosage of 300μg or more of T4. Decreased 

levels are associated with hypothyroidism, starvation, idiopathic TBG decrease, and 

acute illness. 

Values of hormone are increased in pregnancy and with use of drugs such as 

estrogen and antiovulatory compounds. In contrast, values are decreased in the use of 

drugs such as anabolic steroids, androgen, large dosage of salicylates, and phenytoin 

(Ramnik, 1999).   

The normal range of thyroxine and triiodothyronine in Sudanese people when 

using Chinese kit are 50 to 150nmol/L and 0.8 to 3.0nmol/L respectively, which were 

established in RIA laboratory of Sudan Atomic Energy Commission (SAEC) and 

Radiation and Isotopes Center Khartoum (RICK). 
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1.7. Antibody production: 
Antibodies (Fig. 1.5) are proteins produced by the B lymphocytes of the immune 

system in response to foreign proteins, called antigens. Antibodies function as markers, 

binding to the antigen so that the antigen molecules can be recognized and destroyed by 

phagocytes. The part of the antigen that the antibody binds to is called the epitope. The 

epitope is thus a short amino acid sequence that the antibody is able to recognize 

(Campbell, 1996).  

  

Figure 1.5 A typical immunoglobulin 
Antibodies are produced by the immune system of an animal in a specific 

response to a challenge by an immunogen. The immune system acts through two 

principal mechanisms: humoral type responses (production of antibodies) and cell-

mediated responses. Immunogens (antigens) are molecules which can induce a specific 

immune response and are usually foreign proteins or carbohydrates, or sometimes lipids 

and nucleic acids. Antisera are commonly produced by injection of the immunogen of 

interest into an animal, often in combination with an adjuvant to increase the immune 

response. The antibody response can be enhanced by subsequent booster injections of 

the antigen with or without adjuvant. Blood samples are obtained from the animal to 

assess the level of antibodies produced, and once a sufficiently high titre has been 

reached, the antiserum is prepared by blood collection followed by serum preparation, 

with subsequent purification of antibodies from the serum if required (CCAC, 2002). 

Antibodies or immunoglobins (Ig), because of their highly specific nature, are 

valuable tools for environmental monitoring and for in vitro and in vivo medical 

diagnosis (Templin et al., 2003). Therapies based on antibodies have also been gaining 
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momentum for the prevention and treatment of infectious diseases (Keller and Stiehm, 

2000), for protection against biological Warfare agents (Maynard et al., 2002), and as 

therapeutic agents for the treatment of diseases like cancer (Carter, 2001). 

1.7.1. Monoclonal antibody (MAb) production: 
Monoclonal antibodies (MAbs) are antibodies produced by a single clone of B 

cells (Leenaars, 2005). Köhler and Milstein (1975) discovered that these cells can be 

immortalized by fusion with myeloma cells, resulting in hybridoma cells that are able to 

produce virtually unlimited quantities of monoclonal antibodies. 

Antibodies are used in several diagnostic tests to detect small amounts of drugs, 

toxins or hormones, e.g. monoclonal antibodies to human chorionic gonadotropin 

(HCG) are used in pregnancy test kits (Biotech, 1989). Another diagnostic uses of 

antibodies is the diagnosis of acquired immunodeficiency syndrome (AIDS) by the 

ELISA test. Also, antibodies are used in the radioimmunodetection and 

radioimmunotherapy of cancer, and some new methods can even target only the cell 

membranes of cancerous cells (Chaudhuri et al., 1994). In addition to that, a new cancer 

drug based on monoclonal antibody technology is Ritoxin, approved by the Food and 

Drug Administration (FDA) in November 1997 (Orrs, 1997). In addition, monoclonal 

antibodies can be used to treat viral diseases, traditionally considered "untreatable". In 

fact, there is some evidence to suggest that antibodies may lead to a cure for AIDS. 

Monoclonal antibodies are produced by immunizing (generally) a mouse and by 

generating hybridomas from the fusion of the spleen cells with myeloma cells. Cloned 

hybridomas will produce identical copies of the same antibody (P/S/L, 1997). 

1.7.2. Polyclonal antibody (PAb) production: 
In this case, animals are given injections of antigen or antigen/adjuvant mixtures 

for the induction of effective antibody responses, and it is usually necessary to collect 

blood to monitor antibody response during the experiment and to obtain the antibodies. 

The fact that a polyclonal antiserum can be obtained within a short time (4-8 weeks) 

with little financial investment favors its use, whereas it takes about 3 to 6 months to 

produce monoclonal antibodies. Polyclonal antibodies are raised by repeated 

immunizations of a host animal (e.g. rabbit, chicken, rat, sheep) and by harvesting the 

serum that contain the antibodies table (1.1). Polyclonal antibodies can be purified from 

the serum (Leenaars et al., 2005). 
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Table 1.1 Differences between polyclonal and monoclonal antibody 

production. 

Monoclonal  Polyclonal 

Homogeneous: one antibody type, 

identical antibodies specific to only single 

epitope 

Heterogeneous: serum contains a complex 

mixture of antibodies of different affinity 

Hybridoma is immortal: constant and 

renewable source of antibody 

Cheaper and generally quicker 

 Large quantities of antibodies can be 

produced rapidly 

 Variety of hosts possible 

 

1.8. Animals' selection and health: 
The choice of experimental animals for antibodies production has been reviewed 

extensively by (Hanly, et al., 1995; Coligan, et al., 1997). They specify the nature of 

antigen to be used and the species of animals according to their phyllogenetic 

background.  

 It is important to consider the health status of animals used for the production of 

antibodies. Infectious agents may suppress, modulate, or stimulate the immune system. 

The use of disease-free animals minimizes the likelihood of cross-reactivity to other 

antigens the animal’s immune system may have encountered (Leenaars et al., 2005).  

1.9. Adjuvants: 
Adjuvant is a substance that increases the immune response to an antigen when 

it is administered at the same time and at the same site as the antigen. When adjuvants 

are used, smaller doses of the antigen are required and the antibody response persists for 

a longer period of time (CCAC, 2002). When the antigen to which antibodies are to be 

evoked is poorly immunogenic, the immune system requires a stimulus to induce an 

effective immune response. Adjuvants can be used for this purpose, and can direct an 

immune response against a more cellular or humoral response (Cox et al., 1997). 

 Adjuvant protects the antigen from both dilution and rapid degradation and 

elimination by the host. By localizing and slowly releasing intact antigen, the adjuvant 
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permits a slow, prolonged exposure of the immune system cells to a low level of 

antigen. This prolonged exposure results in continued stimulation of antibody producing 

cells, resulting in the production of high levels of antibody by the host. 

1.9.1. Freund's Complete Adjuvant (FCA): 

FCA is frequently used for the production of polyclonal antibodies because high 

antibody titres are induced to almost all types of antigens (Leenaars et al., 2005). It is 

water-in-oil emulsion of mineral oil, mannide mono-oleate, and heat-killed 

Mycobacterium tuberculosis (or M. butyricum) or components of the organism. FCA is 

a potent adjuvant that stimulates both humoral and cell-mediated immunity. FCA is 

often strongly reactive as the mineral oil cannot be metabolized and the mycobacterial 

components can elicit severe granulomatous (inflammatory) reactions (CCAC, 2002). 

The main FCA effect can 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 continue as long as the immunogen persists (Stewart 

and Beswick, 1977). 

1.9.2. Freund's Incomplete Adjuvants (FIA): 

It is the same as FCA minus the mycobacterial cells or cellular components. FIA 

is less effective than FCA for inducing high antibody titres and enhancing cell-mediated 

immunity (CCAC, 2002). It is used for booster immunization. Also, it provides long 

term antibody response but of less and lower order (Stewart and Beswick, 1977). 

In a study done in Japan in 1985, to know the effect of adjuvant in the immune 

response to human thymoglobulin (HTg) in the production of anti-thyroid hormone 

antibody. Sakata et al., (1985) divided 45 females of mice into three groups, first group 

immunized in the back with HTg emulsified with FCA. Group 2 immunized with HTg 

dissolved in BSA. Group 3 mice immunized with HTg dissolved in BSA and FCA 
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separately. The result showed that an emulsification of HTg with FCA had inhibitory 

effect on the immune response against HTg and the evidence of that group 2 and 3 gave 

more amount of antibodies than group1. But recently, Lindblad reported that, both FCA 

and FIA are very efficient adjuvants to produce a high-titre, high-affinity, and high-

avidity antibody (Lindblad, 2000). 

1.9.3. Preparation of the antigen and route of injection: 
For the production of antibodies the immunogen is administered in an emulsion 

for using adjuvants to increase the immunogenecity of the antigen and to prolong the 

antigen release to the immune system. 

 Water-in-oil emulsion doesn't dispersed when applied onto water surface, where 

oil-in-water emulsion dose. In this test vigorous mixing allow the formation of water in 

oil emulsion (Leenaars et al., 2005; Shu Q, et al., 2001). 

The thick emulsion effectively protects the antigen against a quick degradation. 

The antigen is slowly released out of this emulsion and is therefore present in a 

relatively long time for endocytosis and antigen presentation. The result is a long-lasting 

adjuvant effect (Leenaars et al., 2005). 

Before proceeding with the immunization, the investigator should consider the 

toxicity of the antigen preparation due to, for example, contamination with endotoxins 

such as lipopolysaccharide or chemical residues used to inactivate the microorganism, 

or an extreme pH level (Hendriksen and Hau 2003). The diluents should be endotoxin 

free, and the pH should be adjusted within physiological limits (Leenaars et al., 2005). 

The choice of injection route is shaped to some extent by the choice of the 

animal species and adjuvant, as well as by the character, quantity, and volume of the 

antigen. The most frequently used routes of injection for polyclonal antibody production 

(PAb) are subcutaneous (s.c.), intradermal (i.d.), intramuscular (i.m.), intraperitoneal 

(i.p.), and intravenous (i.v.) (Leenaars et al., 2005). 

Hendriksen and Hau (2003) have recently described the advantages and 

disadvantages of the different injection routes, and this information is summarized in 

table (1.2) below: 
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Table 1.2 Injection routes advantages and disadvantages 

Injection route Advantages Disadvantages 

S.C. 

 

Relatively large volumes can be 

administered. 

Inflammatory processes can be 

easily monitored. 

Slow absorption 

 

I.M. 

 

Rapid absorption, in particular, with 

muscular activity  

In large animals, relatively large 

volumes can be administrated. 

 

Injection into closed space, 

which is painful. 

 Antigen and adjuvant can 

spread along interfacial 

planes and nerve bundles 

and may damage sciatic 

nerve and have other 

serious side effects. 

Local reactions can not be 

easily overlooked 

 

 

1.10. The immunization program: 
The boosting protocol can have a decisive impact on the result of the 

immunization. The time between two immunization steps can affect both the induction 

of B memory cells and the class switch of B cells. Animals can be allowed to rest for 

long intervals (months) between boosting. In general, a booster can be considered after 

the antibody titre has reached a plateau or begins to decline. When the first 

immunization is performed without a depot-forming adjuvant, the antibody titre usually 

peaks 2 to 3 weeks after immunization. When a depot-forming adjuvant is used, a 

booster injection likely follows at least 4 weeks after the first immunization (CCAC, 

2002). 

1.11. Collection of samples:  
The standard operating procedures (SOPS) for each PAb preparation should 

include a section on blood collection (CCAC, 2002). 

As a rough guide, up to 10% of the circulating blood volume can be taken on a 

single occasion from healthy animals, and then animals need to rest for 3 to 4 weeks.  
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Maximum blood volume can be collected from sheep is 200 to 600ml (BVA, 

1993). Also, the maximum blood volume removed should not exceed 10% of the total 

blood volume of the animal, if collected every two weeks, and not more than 15% of the 

total blood volume if collected every four weeks (Morton et al., 1993; McGuill and 

Rowan, 1989; Diehl et al., 2001).  

1.12. Purification of antisera: 
Purification of antibodies presents an additional challenge due to the broad range 

of sources such as blood, milk, cell culture supernatant, low antibody concentration, 

excessive amounts of contaminating proteins, and the requirement of high purity (Jae-

Young et al., 2005). 

1.12.1. Ammonium sulfate precipitation:  

Wilbur in 2001 illustrated that, increasing the salt concentration to a very high 

level will cause proteins to precipitate from solution without denaturation if done in a 

gentle manner. A protein in a buffer solution is very highly hydrated, in other words, the 

ionic groups on the surface of the protein attract and bind many water molecules very 

tightly. 

When a lot of salt, such as ammonium sulfate (NH4)2SO4, is added to the protein 

solution, the salt ions attract the water molecules away from the protein. This is because 

the salt ions have a much greater charge density than the proteins. So, when the salt is 

added, it will bind water molecules and the protein molecules are forced to interact with 

themselves and begin to aggregate. 

So when enough salt is added, the proteins will begin to precipitate. If this is 

carried out at a low temperature like in ice, the proteins will precipitate without 

denaturation. Thus, the proteins can be collected by centrifugation and then redissolved 

in solution using a buffer with low salt content. 

1.12.2. Protein dialysis: 
In 2001 Wilbur reported: After precipitation with ammonium sulfate and 

reconstitution by a buffer the antibodies would be more concentrated than before 

precipitation, the solution would contain a lot of residual ammonium sulfate which were 

bound to the protein. One way to remove this excess salt is to dialyze the protein against 

a buffer low in salt concentration. (Fig. 1.6) illustrate the dialysis process:  
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Figure 1.6 Dialysis process 
First, the concentrated protein solution is placed in dialysis bag with small holes 

which allow water and salt to pass out of the bag while protein is retained. Next, the 

dialysis bag is placed in a large volume of buffer and stirred for many hours (16 to 24 

hours), which allow the solution inside the bag to equilibrate with the solution outside 

the bag with respect to salt concentration. When this process of equilibration is repeated 

several times, the protein solution in the bag will reach a low salt concentration; (Fig. 

1.7) illustrate the complete dialysis process: 

 

 

 

 

 

 
 

 

 

Figure 1.7 Complete dialysis process 
 But actually in this work, this process had done with normal saline (0.9% NaCl 

w/v) as a buffer instead off distilled water to prevent the protein from denaturing due to 

the fact that, distilled or deionized water is too low in salt and may have an undesirable 

pH for a protein, which may cause it to denature. 

1.12.3. Affinity Chromatography: 
Affinity chromatography based on immobilized antibody binding proteins 

(either protein A, G, or L) is a commonly used method for antibody purification 
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(Fassina et al., 2001; Huse et al., 2002). Protein G, a cell surface protein from group G 

streptococci, is a type III Fc-receptor. Protein G binds through a non-immune 

mechanism. Like protein A, protein G binds specifically to the Fc-region of IgG, but it 

binds more strongly to several polyclonal IgGs (Amersham Biosciences AB, 2002). 

1.13. Characterization of antibodies: 

1.13.1. Titre:  
 The titre is perhaps the first term commonly encountered in immunoassay 

literature to evaluate the quantities of antibody. The titre is given by measuring the 

amount of labelled antigen bound by varying dilutions of the antiserum. The suitable 

titre in RIA is defined as the dilution of antibody capable to bind 50% of the added 

tracer (Kruse, 1976). 

1.13.2. Specificity: 
The specificity of an antibody is paramount for the performance of the assay. In 

principle, a specific reaction in immunology may be defined as follows: In the presence 

of different molecules, the specific antibodies must complex only one kind of 

molecules. The probability of forming a “wrong” complex determines the specificity of 

the reaction. In other words, specificity is determined by the steric (tridimensional) 

match of antigen and antibody as well as by the number of molecular interactions taking 

place between both molecules (Fremy, 2003). 

1.13.3. Cross-reactivity: 
On a molecular basis, “specific” cross-reactivity describes the case in which at 

least two different antigens compete for the same antibody binding site. Almost 

exclusively, true cross-reactivity is observed in competitive assays using either 

monoclonal or polyclonal antibodies against low molecular weight compounds. In 

practice, this means that a high enough concentration of a truly cross-reacting substance 

gives the same result as the “right” substances in a competitive assay (Märtlbauer, 

1993). 

1.13.4. Affinity and avidity: 
Affinity and avidity are often used synonymously and both relate to the energy 

of binding of a particular antigen–antibody combination. The term avidity refers 

specifically to the properties of an antibody, and the term affinity to those of the 

antigen. Numerically, avidity of the antibody for the antigen is equal to affinity of the 

antigen for the antibody. The affinity or avidity of the antibody has a strong influence 
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on the further performance of the developed immunoassay or immuno-purification 

chromatography and may be calculated, if the equilibrium constant is known. The 

antigen–antibody reaction may be described using reaction kinetics as well as 

thermodynamic equations (Fremy, 2003). 

1.13.5. Valency: 
Antibody’s valency refers to the number of potential binding sites on an 

antibody for specific antigen (Edwards, 1985). 

1.13.6. Precision and sensitivity:  
The precision profile is away 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. Usually a CV of 10% is obtained with 

current immunoassay procedure (Edwards, 1996). 

The sensitivity of the assay is calculated from the precision profile. 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 (Edwards, 1996).  
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CHAPTER TWO 
MATERIALS AND METHODS 

2.1. Animals: 
Two apparently healthy young adults Sudanese male sheep (Ovis aries) have 

been brought from a local market (Gabra market) for this study (photograph 1 see 

appendix). Their ages were ranged between 4 to 8 months, which were suitable ages for 

immunization as reported by Hanly et al., (1995) and Hendriksen and Hau (2003), who 

reported a suitable age of 7-9 months. 

2.2. Adaptation period: 
The tow animals were allowed at adaptation period of 55 days during which they 

were housed at an animal pen-(3 X 3) meters and were fed (Lucern, Abusabeen, and 

Babekir fodder which composed of salts, vitamins and amino acids) at maintenance 

once a time per day. The animals were treated against infection, hair fall, rhinorrhea, 

and vitamins deficiency. At the beginning of the adaptation period they weighed 40kg 

and 35kg for sheep (I) and sheep (II) respectively (photograph 1 see appendix).   

2.3. Preparation of the immunogen: 
15mg of T3-immunogen (imported from NETRIA) dissolved in 1.5ml distilled 

water to have a concentration of 10mg/ml (stock solution). 

2.4. Calculation of dose:  
Two different doses of immunogen were tried in this study; 25.0µg/kg body 

weight for sheep (I) and 10.0µg/kg body weight for sheep (II).  

Doses were calculated according to animal's weight. 

To inject 1.0ml, 1.5ml of emulsion has to be prepared to compensate for the loss 

due to adsorption of immunogen onto the syringe and bottle walls. Thus, in this study, 

1.5ml of emulsion was prepared in each injection.  

2.4.1. Sheep (I) dose: 
This sheep received 25µg/kg body weight (high dose) which equivalent to 

1000µg/Head in first and boosting injections and it was calculated as follow: 

                      25 µg                            1kg body weight 

    X                                40kg   

gx μ10001
2540 == ×

 
So sheep (I) needed 1000µg. 
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M1V1 = M2V2

10mg × V1 = 1mg × 1000µl 

V1 = 100µl 

To compensate for the loss: 

10mg ×V1 = 1000µg × 1.5ml 

V1 = 150µl 

Were:  

M1 is concentration of T3-immunogen stock solution, 

V1 is volume of T3-immunogen stock solution, 

M2 is required concentration of T3-immunogen, and 

V2 is required volume of T3-immunogen.  

2.4.2. Sheep (II) dose: 
The same steps were repeated as in sheep (I) to prepare sheep (II) dose, where 

the dose equal to10µg/kg in this sheep (low dose). So, the total dose was 350µg/Head, 

because this sheep weighed 35kg, accordingly: 

M1 V1 = M2 V2

10mg x V1 = 350µg x 1.5ml 

lv μ5.5210
5.1350

1 == ×

 
Were:  

M1 is concentration of T3-immunogen stock solution, 

V1 is volume of T3-immunogen stock solution, 

M2 is required concentration of T3-immunogen, and 

V2 is required volume of T3-immunogen.  

2.5. Volume of the dose and immunization process: 
The animal received a total immunogen volume of 1ml; 0.5ml intramuscularly 

and 0.5ml administered subcutaneously at different sites along the back of the animals, 

as recommended by CCAC (2002) and Hendriksen and Hau (2003). Because of, 

injection at one site of a large injection volume might be painful, particularly if there is 

limited space, the two sheep were immunized intramuscularly (photograph 2 see 

appendix) and subcutaneously with 1ml T3-emulsion in different sites along their backs 

to avoid pain and stress of the animals. 
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2.5.1. First injection:  

2.5.1.1. Sheep (I): 

First injection was done in 19-10-2005, in which 150µl of T3-immunogen from 

the stock (10mg/ml T3-immunogen) was added to 600µl of 0.9% NaCl to give the 

required concentration of T3-immunogen. This was mixed with an equal volume of FCA 

(750µl). The total volume (1.5ml) was drawn in a sterilized glass syringe (photograph 4 

illustrates the serialization process see appendix) and injected vigorously in a glass 

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

(Alan and Robin, 1996). 

2.5.1.2. Sheep (II): 

This time, for the first injection 52.5µl from the stock (10mg/ml T3-immunogen) 

was added to 700µl of 0.9% NaCl. This was mixed with an equal volume of FCA 

(750µl). The total volume was (1.5ml). The same procedure of sheep (I) was followed 

to prepare the emulsion for this sheep [sheep (II)]. 

2.5.2. Boosting injections:  
After 30 days from the first injection both sheep received the same doses in FIA. 

Since the weights of animals were approximately constant during the whole period of 

experiment, the dose concentration was also constant.  

FCA was used only for the first injection, while FIA was used for the boosting 

injections, as reported in 2002 by CCAC. The use of FCA be avoided where possible, 

and when necessary only be used for the primary immunization, and contain less than 

0.5mg/ml mycobacteria. 

2.5.3. Quality of the emulsion: 
Test for the quality of emulsion was done by allowing a drop of emulsion to fall 

from the needle onto surface of cold water as described by Leenaars et al., (2005). 

2.5.4. The immunization program: 
The immunization program, amount of dose, type of adjuvant, and volume of 

blood collected were shown in table (2.1): 
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Table 2.1 Immunization program, amount of dose, type of adjuvant, 
and volume of blood collected 
 

Dose of immunogen in 

µg/kg body weight  
  Blood volume 

in ml/Head  
Adjuvant  

Sheep (II) Sheep (I
 

)

Time of 

Injection in 

weeks  

10 

(Neat) 
FCA 350 

First 

injection 

1000 

 

 
0 

 

 10 

(First bleed) 
3 - - -

FIA 350 

Second 

injection 

1000 

4 -

10 

(Second bleed) 
7 - - -

10 

(Third bleed) 
FIA 350 

Third 

injection 

1000 

9 

10 

(Fourth bleed) 
11 - - -

10 

(Fifth bleed) 
FIA 350 

Fourth 

injection 

1000 

14 

17 

(Sixth bleed) 
18 - - -

10 

(Seven bleed) 
- - -22 

2.6. Collection of samples: 
The selection of blood collection procedure should aim to minimize stress for 

the animal (CCAC, 2002). After the adaptation period, blood samples and bleeding 

were done using the jugular veins of the sheep. Before immunization control samples 

(zero samples) have been collected, and every 15-20 days after each injection, except in 

the 4th injection where samples were collected after a month. The maximum blood 
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volume taken from animals did not exceed 17ml/Head, and about 4ml of serum were 

obtained in most bleeds. 

2.6.1. Separation and preservation of the collected blood samples: 
The most common problem of storing antibody solutions is the microbial 

contamination. Contamination can be avoided by the addition of the preservative such 

as sodium azide (NaN3) [0.1%]. It is recommended that NaN3 to be added for long-term 

storage of sera. Serum containing antibodies were stored at -20°C (Sigma-Genosys, 

2000). Accordingly, a 10ml syringes were used for blood samples collection. The 

collected blood was allowed to clot at room temperature for overnight (24 hours) and 

the serum was allowed to separate in sterilized glass bottles (photograph 4 see 

appendix) with addition of 0.1% NaN3 as preservative, and stored at -20°C till the time 

of the analysis.  

2.7. Animals health: 
In (10.3.2006) the animals have been visited by a veterinarian and checked for 

any bacterial or viral infection or any type of diseases. It was found that, both sheep 

affected with Rhinorrhea, vitamins deficiency, hair fall, and infection and they were 

treated. Their temperature as normal and their weight were constant (approximately 

41kg)    

2.8. Qualitative and quantitative tests for antibody: 
A qualitative test (precipitation method) is a test that gives an idea about any 

antibody formation by a turbidity appearance.  

Serum samples from both sheep were diluted 1/2, 1/4, 1/8, 1/16, and 1/32 in 

normal saline, 0.5ml of each of these dilutions was incubated for overnight (24 hours) 

with the same volume of 0.5mg/ml T3-immunogen. 

 This test was done for the sera collected after 6 (2nd bleed) and 9 weeks (3rd 

bleed) from first injection i. e. 15 and 30 days from the second injection. After the 

incubation time precipitates appeared with the neat samples of both sheep. The turbidity 

that was seen by naked eyes was a complex formed between an Ag and Ab, which was 

an indication of animal response. Since the complex appeared only in the neat samples, 

this may be an indication for a weak response.  

Determining optimal titres is not difficult, but it involves some work as well as 

awareness of the features of a "true positive" and a "false positive" immunization 

(Miller, 1993). 
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A titration test was done to check the antibody formation and to determine the 

suitable antibody dilution, which gives the best discrimination between low and high 

standard doses, maximum binding, and minimize the cost as much as possible. With 

these objectives in mind, only zero and high standard doses were used (zero and 12.3 

nmol/L T3 antigen respectively). 

2.9. Separation techniques:  

2.9.1. China T3-RIA kit: 

This test was done for the 4th bleed in which blood samples were collected after 

11 weeks from the first injection (19 days after the second injection), and also for the 5th 

bleed [the sheep sera that have been collected after 14 weeks from the first injection (20 

days after the third injection)]. Precipitating agent of the T3-RIA China kit was used to 

separate the complex formed between T3 antigen and antibody. 

The 4th bleed T3-antisera was diluted to 1/1000, 1/2000, 1/4000, and 1/8000. The 

5th one was diluted 1/100, 1/1000, 1/2000, 1/4000, 1/8000, 1/16000, and 1/32000. 

Priming buffer "appendix 5" was used to dilute the antisera as follow: 

10μl from neat antisera + 990μl priming buffer to give 1ml of 1/100 dilution. 

200μl from 1/100 + 1800μl priming buffer to get 2ml of 1/1000. 

1ml from 1/1000 + 1ml priming buffer to give 1/2000 (2ml) 

1ml from 1/2000 + 1ml priming buffer to give 1/4000 (2ml) 

1ml from 1/4000 + 1ml priming buffer to give 1/8000 (2ml) 

And so on. 

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

labelled with corresponding dilutions. 50μl of zero and high standard were added to 

each tube with corresponding labels, then, 100μl T3-RIA tracer were added followed by 

100μl antisera. The tubes containing the mixture were vortexed and incubated at 37°C 

for 60 minutes. After the incubation time, 250μl from precipitant agent of the China kit 

was added to each tube. The tubes were centrifuged for 30 minutes at 2000rpm. The 

supernatant was decanted, the precipitate read in gamma counter for 60seconds. 
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2.9.2. Donkey anti-sheep serum "DASS" and polyethylene glycol 

(PEG): 

Titration of anti-T3 antibody raised in both sheep using second precipitating 

agent was done for the blood samples collected after the 4th injection. This technique 

was described by Larsen (1978).  

The T3-antisera were diluted 1/1000, 1/2000, 1/4000, and 1/18000. Two sets of 

duplicate titration tubes were prepared for zero and high standards, labelled with 

corresponding dilutions. 50μl of zero and high standards, 100μl T3 RIA tracer, 100μl 

antisera were added to the two sets of tubes, then 100μl of DASS (second antibody) 

with a dilution of 1/30 (1ml + 29ml phosphate buffer) was added to the last mixture 

which was vortexed, then, incubated for two hours at 37°C. Then, 1ml PEG (4g in 

100ml distilled water) was added to the assay tubes followed by centrifugation at 

2000rpm for 30 minutes. Separation of undesired solution was performed via 

decantation. Gamma counter was used for counting the radioactivity of the resulting 

precipitate (photograph 5 see appendix). 

2.9.3. Polystyrene beads: 

Polystyrene balls with a diameter of 6.4mm were used. Coating of T3-antisera to 

polystyrene beads is an indirect process. First, the beads were coupled to the sheep IgG 

as first antibody. Then, to donkey and sheep serum (DASS) as second antibody, and 

lastly, to the local T3-antisera.  

Sheep IgG solution with the concentration of 200μg/ml (stock) (coating 

enhancing solution “appendix 5”) was prepared to coat 500 beads as follow:  

Sheep IgG: Stock 200μg/ml 

mlX
Xbeads

mlbeads

5.62
500

1251000

1000
125500 ==

→
→

×

 

M1V1 = M2V2

200μg/ml X V1 = 10μg X 62.5ml 

:. V1 = 3.125ml 

Were:  

M1 is concentration of sheep IgG (stock), 

V1 is volume of sheep IgG, 
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M2 is required concentration of sheep IgG, and 

V2 is required volume of sheep IgG 

Thus, 3.125ml from stock solution was taken and completed to 62.5ml with 

0.5M NaHCO3, pH 9.6 solution (the pH was adjusted by 5M NaOH and 5M HCl), then, 

62.5ml of coating solution were added to 500 beads in 250ml bottle which was placed 

on a roller mixer at 25-37°C for two nights. Then, the coating solution was poured off 

and 62.5ml of blocking solution were added, left for 3 hours at 25°C. The beads were 

washed three times by 62.5ml of wash buffer (A) “appendix 5”. The first antibody was 

supposed to be bound to the beads, so, 62.5ml of purified locally donkey anti-sheep 

serum (DASS) was diluted 1/30 in a priming buffer with addition of NaN3 (0.1%) and 

added to the beads, left for overnight, then aspirated. The beads were washed again 

three times with wash buffer (A). To preserve the beads for long time, glazing solution 

“appendix 5” was added (62.5ml), left for 30min and aspirated. Lastly, the beads 

allowed to dry at 37°C for two days. 

By finishing the previous steps, the beads were ready to be coated with any 

antisera, and some of them were coated with T3-antisera.   

2.9.3.1. Beads coating: 
Anti-T3 antibody was diluted to 1/100, 1/1000, 1/2000, 1/4000, 1/8000, 1/16000, 

and 1/32000 in priming buffer, using these dilutions, different batches of beads were 

coated (each batch contained 4 beads) as:  

mlX
Xbeads

mlbeads

5.0
4

1251000

1000
1254 ==

→
→

×

 

To cover the 4 beads, a volume of 600μl was used instead of 500μl. 

The beads were placed on roller mixture for overnight, aspirated and washed 

three times (2ml each time) with wash buffer (A). 

2.9.3.2. Titration procedure:  
Two sets of duplicate titration test tubes were prepared for zero and high 

standards, labelled with the corresponding dilutions. Then, 50μl of standard (25μl in the 

T4 case) was added to the tubes followed by 200μl of RIA tracer. Then, the tubes 

containing the mixture were vortexed by a multi-tube vortexer, and one coated bead per 

tube was added. Following rotating for two hours, the beads were washed three times 
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(2ml each time) with wash buffer (B) “appendix 5”. Finally, the activity measured by a 

gamma counter as done for any titration test. 

2.9.3.3. Beads quality testing:  
A titration test using solid phase was done for most samples. Two types of 

beads; new beads (activated in February 2006) and old beads (activated in 2003) as a 

solid phase were used with two known working antibodies [anti-T4 and anti-

progesterone (anti-PG)] to check for the beads activation reliability, and by other hand 

to determine the antibodies titres (antibody quantity). Thus, anti-PG, and anti-T4 

antibodies were diluted 1/2000, 1/4000, and 1/8000 with priming buffer “appendix 5”. 

This test was performed in order to exclude the beads as a cause of poor binding 

and to check its quality and activity.  

Table (2.2) shows the titration of anti-PG antibody using newly activated beads 

(in February 2006) and old beads (activated in 2003) as a solid phase separation 

technique. 

Note: The tracer was diluted (1: 2.5) with assay buffer "appendix 5" because its 

volume was little. However, the activity of the tracer was very high and the dilution did 

not affect the binding percentages.   

Table (2.3) shows the titration of anti-T4 antibody using new beads (activated in 

February 2006) and old beads (activated in 2003) as a solid phase.  

From the tables (2.2) and (2.3), it was found that, the beads were well activated, 

because the binding percentages in the titration test of anti-PG antibody by the two 

types of beads (old 2003 and new 2006) was approximately the same. Also, from these 

results it was clear that the activated beads can be stored for long periods. The binding 

percentages for anti-T4 antibodies was also the same when using the two types of beads 

although it was very weak, which means the titre in anti-T4 antibody is low. 

For anti-T3, most of the samples were diluted 1000, 2000, 4000, 8000, 16000 

and 32000 folds as 1/1000, 1/2000, 1/4000, 1/8000, 1/16000, and 1/32000. In addition, 

one of the titration tests was done with variation in incubation time 2 hours, 4 hours and 

overnight. In all cases, four beads were coated with the corresponding dilution. 

The titration tests were performed for purified and non-purified T3-antisera. 
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Table 2.2 
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Table 2.3 
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2.10. Purification of antisera: 

2.10.1. Ammonium sulfate precipitation:  
Purification of antisera was done by using ammonium sulfate {(NH4)2SO4} salt 

which when added in large amounts at low temperature will cause protein precipitation.   

The sheep (II) samples (from second to seven bleeds), were pooled. Then, 6.21g 

(NH4)2SO4 was added to 23ml antisera {27% (NH4)2SO4} and mixed well with a rod in 

a round bottom flask, centrifuged at 2600rpm for 30min at 12°C, the supernatant was 

decanted, and the precipitate was reconstituted in 0.2M phosphate buffer to 10ml. 

In addition, (NH4)2SO4 precipitation was performed for bleed 6th of the sheep (I) 

serum. 

2.10.2. Removal of excess salts (protein dialysis): 
To remove excess salts bound to the protein, dialysis process was performed. 

The concentrated protein solution (10ml antisera) were placed in dialysis bag which 

placed in a large volume of buffer (normal saline) for three nights, changing the buffer 

everyday, and allowing for equilibrium. Finally, the antisera were removed from the 

dialysis bag, stored at -20°C. 

2.10.3. Affinity chromatography: 
10ml of partially purified (by (NH4)2SO4 precipitation and dialyzing) antisera 

were applied in protein-G column of MAbTrapTM Kit for affinity chromatography 

purification of antibodies. At beginning, the antisera were filtered through a 0.2µm filter 

before loading into protein-G column which on turn was equilibrated with binding 

buffer [0.02M NaH2PO4 (pH 7.0), 1.38g/500ml]. Before injecting the antisera throw the 

column, it was diluted in binding buffer (v/v).  

Then, the absorption of collected fractions (2ml) were read at a wavelength 

280nm in UV-Spectrophotometer (photograph 6 see appendix). Continuing UV-

Spectrophotometer reading and washing non-bound proteins took place till reaching a 

read less than 0.1. 

Table (2.4) shows the absorption of the fractions collected after washing with 

binding buffer. 
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Table 2.4 Washing non-bound protein. 
 

Fraction A280

1 > 1.990 

2 1.064 

3 1.200 

4 1.100 

5 0.551 

6 0.517 

7 0.371 

8 0.288 

9 0273 

10 0.276 

11 0.200 

12 0.145 

13 0153 

14 0.129 

15 0.124 

16 0.106 

17 0.080 

 

A280 : Absorption at 280nm 

To collect the antibodies, the column was eluted with elution buffer [100mM 

glycine (pH 2.7), 3.75g/500ml] many times and the eluent (IgGS) fractions (2ml) were 

collected in glass tubes each containing 100µl neutralization buffer [1M Tris-Base (pH 

9.0) 12.1g/100ml] to neutralizes the acidic elution buffer soon after the protein is eluted. 

The absorption of the collected fractions were read at the same wavelength, its 

absorption are illustrated in table (2.5). 
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Table 2.5 Absorption after elution.  
 

Fraction A280

1 > 1.990 

2 1.64 

3 0.353 

4 0.242 

5 0.106 

6 0.101 

 

The appropriate fractions (1 and 2) had the most concentrated protein were 

pooled together read again; it gave an optical density of 1.901. 

The concentration of the antibodies could be calculated by using the following 

equation: 

10)/( %1
280

280 ×=
E
AmlmgionConcentrat  

Where  is a constant = 13.6 
%1

289E

and A280  = 1.901 

                                             Thus: 

mlmgmlmgionConcentrat /4.110)/( 6.13
96.1 =×=  

The precipitated, dialyzed, and purified with affinity chromatography IgGS were 

titrated using polystyrene beads as a solid phase separation technique. The remaining 

antisera stored at -20°C with addition of NaN3 (0.1%). 
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CHAPTER THREE 
RESULTS 

The results obtained from qualitative tests did not show clear precipitate. 

Theoretically, presence of antibodies (IgG) began to appear after the second injection, 

thus, qualitative test applied from second bleed and not for first bleed. In addition, it 

was noticed that, positive result had been found only in a neat sera and disappeared after 

any dilution; this was an indication for antibody presence but in a very small amount. 

The turbidity obtained with the neat sera of both sheep did not confirm presence or 

absence of antibodies formation, so quantitative tests were conducted to detect the 

presence of antibodies. Quantitative tests required very strong concentration of 

antibodies and immunogen. 

3.1. Titration of T3 antisera using liquid phase separation technique of 

China kit for the 4th bleed of the two sheep: 
Table (3.1) shows the titration of anti-T3 antibody raised in both; sheep (I) and 

sheep (II), these sera (4th bleed) were collected after 11 weeks from first injection (19 

days after the  second injection), precipitating agent of the China RIA T3-kit was used to 

separate the complex formed between T3-tracer and antibodies. 

%100
.

..% ×
−

=
totalCount

NSBCounttestCountB  

From the table (3.1) it was found that, the counts of high standards and low 

standards and their binding percentages in all dilutions were found to be very weak 

since it did not exceed 10% (the above equation where used to calculate the binding 

percentages) and it could be concluded that no antibody was collected after 19 days 

from second injection. 
3.2. Titration of T3 antisera using liquid phase separation technique of 

China kit for the 5th bleed: 
For the sheep sera that have been collected 14 weeks after the first injection (20 

days after the third injection, i. e. 5th bleed), results were shown in table (3.2) sheep (I) 

and sheep (II).  

It was clear from the table (3.2) that, the counts of zero STDs are always greater 

than the high STDs doses, which were expected if there were antibody formation, but 

actually it was not great enough to make a good displacement between the standards 

 39



(zero and high) to satisfy RIA requirement. Furthermore, binding percentages were 

found to be very weak. In addition to that, there was a doubt whether China 

precipitating agent: was raised in sheep or not.  

3.3. Titration of local T3 antisera using polystyrene beads as a solid 

phase separation technique.  
Table (3.3) shows the titration of anti-T3 antibody raised in the sheep (I) and 

sheep (II), for the sera which were collected after14 weeks from the first injection (20 

days from the third injection, i. e. the 5th bleed).  

It was observed from the table (3.3) that, the binding percentages in the two 

sheep were found to be very weak, and that mean no antibody was formed after the third 

immunization.  

Also, it was noticed that the C.V. % was very high, which would have to be less 

than 10% for good assessment. 
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Table 3.1 
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Table 3.2
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 Table 3.3 
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3.4. Titration of T3 antisera using polystyrene beads as a solid phase 

separation technique for the 6th bleed (month after the 4th injection): 
Always blood samples collected after approximately 15 days after each 

injection. This time, animals were allowed for a month after injection without taking 

blood and then blood samples collected to make variation in time of collecting samples. 

Table (3.4) shows the titration of anti-T3 antibody raised in sheep (I) and sheep (II). 

Table 3.4 Titration of T3 antisera using polystyrene beads as a solid 

phase separation technique for 6th bleeds (month after 4th injection). 

ً  Sheep (II) ًSheep (I) 

B% Zero  B%H  B% Zero  B%H  
Titre 

1/1000 0.50 1.20 1.40 1.50 

1/2000 0.50 1.20 1.60 1.20 

1/4000 0.40 1.20 1.30 2.00 

1/8000 0.40 1.10 1.50 1.50 

1/16000 0.40 2.00 1.40 1.30 

1/32000 0.10 1.30 1.80 2.00 

 

Total count = 12566cpm 

NSB = 255cpm 

NSB B% = 2.1 

It is observed from table (3.4) that, the binding percentages in all titres were less 

than the binding percentages of non-specific binding (2.1), and this confirms complete 

absent of antibodies in this bleed.  

3.5. Titration of 14 weeks bleeds (20 days after third injection, i. e. 5th 

bleed "solid phase") with variation in incubation time 2 hours, 4 hours 

and overnight (24 hours): 
 This time titration tests have been done in different incubation times [2 hours, 4 

hours, and overnight (24 hours)] to study the effect of time in binding percentages.  
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 Table (3.5) shows titration tests for two sheep (II) sera. The total count was 

found to be 13956cpm, and the binding percentage of NSB was found to be 0.47. 

Maximum count for zero standard was 225cpm which equivalent to B% of 1.2 found in 

sheep (II) serum in 1/1000 titre with incubation time 2 hours, and the minimum count in 

high standard was 52cpm which equivalent to B% of 0.1 found in 1/2000 titre, also with 

2 hours incubation time in sheep (II) serum. 

 In general, the binding percentages in the two types of serum were 

approximately the same in different incubation times. These results indicated for weak 

antibody obtained and weak responsiveness of animals towards T3-immunogen.  
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Table 3.5  
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3.6. Titration of antisera collected after five months from first injection 

(30 days from 4th injection) using second precipitating antibody 

(donkey anti-sheep serum "DASS") and 4% PEG: 
Table (3.6) shows the titration of anti-T3 antibody raised in both sheep. Second 

precipitating agent was used. The table shows very low binding percentages between 

the tracer and the antibody. These results confirm the formation of very few amounts of 

T3 antibodies due to weak response of sheep to immunization.  

Table 3.6 Titration of antisera collected after five months from first 

injection (30 days from 4th injection) using second precipitating 

antibody (donkey anti-sheep serum "DASS") and 4% PEG. 

 
ً Sheep (II) Sheep (I) 

B% Zero  B%H  B% Zero  B%H  
Titre 

1/100 1.80 1.00 1.10 0.60 

1/1000 3.60 0.40 0.50 0.10 

1/2000 4.50 0.80 0.10 1.50 

1/4000 3.10 1.60 0.50 0.00 

1/8000 1.80 0.80 0.10 0.80 

1/16000 0.60 1.00 1.50 0.80 

1/32000 1.50 0.50 0.30 0.80 

 

Total count = 6242cpm 

NSB = 159cpm 

B% for NSB = 2.5 

Very small amount of antibodies were detected in the two sheep sera as shown 

in table (3.6), where there were no significant differences between the binding 

percentages in all dilutions of the two sheep sera.  
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3.7. Titration of partially purified [with hydrated ammonium sulfate 

(NH4)2SO4] T3 antisera using polystyrene beads as solid phase 

separation technique for samples collected after five months from first 

injection (30 days from 4th injection): 
This was a trial to analyze the partially purified antisera to increase antibodies 

binding percentages by concentrating the antibodies. However, as expected, the binding 

percentages still nearly as it were before purification as shown in table (3.7). 

Table 3.7 Titration of partially purified [with hydrated ammonium 

sulfate] T3 antisera using polystyrene beads as solid phase separation 

technique for samples collected after five months from first injection 

(30 days from 4th injection):  

Sًheep (II)Sheep (I) 

B% Zero  B%H  B% Zero  B%H  
Titre 

1/1000 2.70 0.60 0.00 0.00 

1/2000 2.40 0.60 0.00 0.10 

1/4000 1.40 0.30 0.00 0.10 

1/8000 0.90 0.40 0.20 0.10 

  

3.8. Titration of T3 antisera using polystyrene beads as solid phase 

separation technique for the 7th bleed [samples collected after six 

months from first injection (60 days from the 4th injection)]: 
Table (3.8) shows antibody concentration as a result of using polystyrene beads 

as a solid phase separation techniques. Both sheep antisera gave nearly similar result 

that indicating weak antibody formation.  
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Table 3.8 Titration of T3 antisera using polystyrene beads as solid 

phase separation technique for 7th bleed [samples collected after six 

months from first injection (60 days from 4th injection)]: 

Sheep (II) Sًheep (I)
Titre 

B% Zero  B%H  B% Zero  B%H  

1/1000 0.80 0.50 0.40 0.80 

1/2000 1.60 0.90 0.80 0.40 

1/4000 1.10 0.50 0.60 0.40 

1/8000 0.70 0.50 0.50 0.70 

 

Total count = 8094cpm 

B% for NSB = 0.12 

3.9. Titration of complete purified {(NH4)2SO4, dialysis, and affinity 

chromatography} T3 antisera of sheep (II): 
The use of affinity chromatography allows the purification of IgG. Protein G 

column was used for affinity chromatography. 

Table (3.9) illustrates the titration of pooled samples (from second to seven 

bleed) of sheep (II) using polystyrene beads as a solid phase separation technique, it is 

obvious that, there were no increase in the binding percentages after purification, due to 

the poor antibodies in the original sera (before purification). The binding percentages 

have to be at least 30% which is acceptable to satisfy RIA requirements, but good and 

more sensitive results are always associated with binding percentages 50% or more. 
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Table 3.9 Titration of complete purified {with hydrated ammonium 

sulfate, dialysis, and affinity chromatography} T3 antisera of sheep (II) 

using polystyrene beads as a solid phase separation technique: 

Titre High STD 

cpm 

Zero STD 

cpm 
B% H B% Zero 

1/100 109 132 0.56 0.73 

1/1000 53 120 0.14 0.64 

1/2000 58 72 0.18 0.28 

1/4000 32 63 0.01 0.22 

1/8000 42 449 0.06 3.11 

1/16000 51 59 0.13 0.19 

1/32000 68 56 0.05 0.16 

 

Total count = 13338cpm 

NSB = 34cpm 

B% for NSB = 0.25% 
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CHAPTER FOUR 
DISCUSSION 

It is clear that the animals did not respond well to immunization and this lead to 

weak antibody formation. There are a lot of factors which could affect the antibody 

production. Going through these factors, in this study some factors were satisfactory, 

these factors can be summarized as follows: 

Dose and site of injection: A dose response study had shown that relatively large 

amounts (100 micrograms) of ovine immunoglobulin G must be injected to evoke a 

maximum response (Cartledge et al., 1992). They found that, only a single 

immunization site is required, since no higher antibody titres are obtained using those 

combinations. By making a comparison with our study, the site of injection was not a 

critical point in animals’ responsenes although it was reported in 1996 by Alan and 

Robin that, immunization by intramuscular, intradermal and subcutaneous injection is 

better in several sites, rather than a single large injection in one site.  

Other study illustrates that, sheep responded well to intramuscular or 

subcutaneous injection of 20 to 50 micrograms of purified heterologous protein in FCA 

(Osman, 2003). Also, Hanly et al., (1995) have reported, the usual dose of a soluble 

protein administered with Freund’s adjuvant for rabbits is in the range of 50 to 1000µg; 

for mice, 10 to 200µg; for goats and sheep, 250 to 5000µg. It obvious, there were a 

disagreement among the scientists about the amount of dose for polyclonal antibody 

production, but according to our results, small doses are better than big doses as sheep 

(II) [received small dose] responded better than sheep (I) [received big dose]. 

Not only this, but also, in other study it was found that, lower doses 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 antigens (Sheehan, 1997). 

Furthermore, it was reported that, the quantity of injected antigen determines the 

immune response that is evoked. Too much or too little antigen may induce suppression, 

sensitization, tolerance, or other unwanted immunomodulation (Hanly et al., 1995).  

The age of the animals is another important consideration because this factor can 

influence the outcome of the immunization. It is important to use young adults, for 

whom the immune response is fairly robust and not affected by previous immune 

challenges. The robustness of the immune response decreases with age after the period 
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of young adulthood (Leenaars et al., 2005). Recommended age of sheep for polyclonal 

antibody production is 7-9 months (Hanly et al., 1995; Hendriksen and Hau, 2003). The 

ages of the sheep in this study were ranged between 4 to 8 months which were suitable 

ages for immunization. 

Adjuvant: Compared to injection of Ag alone, injection of Ag plus an adjuvant 

generally permits use of a much smaller quantity of the Ag and greatly enhances the Ab 

titre (Kaeberle, 1986). The emulsion was made up using FCA in the first injection and 

FIA in booster injections, and this was not the reason for failure in producing high 

concentration of antibodies for T3, because FCA and FIA are the best adjuvants in 

polyclonal antibodies production as cited in January 2001 by Shu Q, et al., where they 

found that FIA and QuilA were effective at inducing high levels of antibody responses 

to Streptococcus bovis. In their study, they compared the antibody responses to S. bovis 

in a practically acceptable adjuvant (FIA; QuilA; dextran sulphate (Dex); Imject Alum; 

or Gerbu; and in FCA) and they reached to: the immunization with FCA, FIA and 

QuilA induced the highest saliva and serum antibody responses in sheep. 

 The best seasons for immunizations are spring and summer, which are ideal for 

immunization. Generally, animals in poor condition must be excluded as well as 

pregnant ones (Catty and Raykundalia, 1989). In this study, the animals immunized on 

October which was suitable month for immunization.  

In contrast, in some factors there were some disagreement with what was 

reported in the literature review and to explain this we consider the following: 

Time interval between the first injection and the booster injections: In this study, 

the second injection took place after 4 weeks from the first injection and the optimum 

time interval between first and second injection had to be 8 weeks as reported by 

Bernath et al., in 2004 on their study to determine of optimum time interval between the 

first and second vaccination of sheep against Clostridium perfringens type D with 

aluminium hydroxide-adjuvanted monovalent vaccine. Where they classified 24 sheep 

in three groups, in group A the time interval between first and second injection was 8 

weeks, in group B the time was 4 weeks and 2 weeks in group C, and they found that 

the highest antibody level was found in group A were the animals were revaccinated 8 

weeks later. 

Emulsion preparation: The emulsion may not be prepared well which made the 

adjuvant ineffective. Water-in-oil emulsions that are not properly prepared are 

ineffective as adjuvants (Hendriksen and Hau 2003). 
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Animals needed further doses: The two sheep immunized four times and this 

number of injections might not be enough to make the animals responded to an 

immunogen because of antigen suppression as presented by Hanne R. et al., in 2003. 

The response suppression tended to decline with increasing numbers of immunizations 

suggesting that the suppression could be overcome by multiple immunizations.  

The method of isolation of the serum from blood may be one of the reasons of 

getting poor quantity of antibodies as reported by Alan and Robin (1996) that antibodies 

are present in the serum fraction of blood. Serum should be separated from cells as soon 

as possible after the collection of the blood; otherwise cells lysis and release 

contaminating proteins including protolytic enzymes which will degrade the antibodies. 

In this experimental study, the collected blood had been allowed to clot for overnight 

(24 hours) and degradation of antibodies by protolytic enzymes may have occurred.  

Movement of the animals: The experimental animals were in animal house most 

of the time, and it was better to allow them to move from time to time for good 

response. 

Sexual stability: The two experimental sheep were males alone for whole period 

of experiment (13 months) without females and physiologically it was better to be with 

females to apply the sexual process because it is vital for stablity and normal life which 

was needed for good response. 

Contamination of emulsion with bacteria or other microorganism tend the 

immune system of animals be attention towards the contaminant and neglect the main 

antigen of interest, this might have occurred in this work, although there were a lot of 

careful to avoid contamination, since syringes and other material required have been 

sterilized before each immunization process (photograph 4 see appendix). As it was 

reported that, the specificity of the immune response obtained depends on the purity of 

the antigen applied. Minute impurities (<1%) may prove to be immunodominant (e.g., 

with many bacterial antigens) and may result in antibodies that have more activity 

against the impurity than against the antigen of interest (Leenaars et al., 2005). 

4.1. Conclusions: 

• This is an attempt to produce antisera against T3 resulted in the production of 

small amount of antibodies since the binding percentage was found to be less 

than 10% with poor discrimination between high and zero doses in all bleeds 

which does not satisfy RIA requirements. In other words, the two sheep didn't 
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respond well to immunization with T3-immunogen, although the result of assays 

showed small differences between zero and high standards binding percentages 

in some bleeds, but these differences were not significant. 

• The produced antibodies (very low concentration) can not be used for the 

development of T3-RIA kit. Moreover, there was no difference between pre- and 

post-purified antisera.    

4.2. Recommendations: 
1. Local T3-antisera need further work to be useful in the determination of human 

serum T3 hormone using RIA technique. 

2. This experimental study has to be repeated avoiding the faults which occurred in 

this study to obtain high concentration of antibodies. Because local anti-T3 

antibodies will reduce the cost of the test and it make the basic components of 

the kit available which will satisfy the local needs. 
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APPENDIX 1 
Photographs 

 

Photograph 1: The two sheep at the beginning of experiment. Soba, 
South of Khartoum, Sudan. 

 

 
Photograph 2: The immunization process, Soba. 
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Photograph 3: RIA Lab (SAEC) in which some of practical tests took 

place, Bury, Khartoum city, Sudan.  

 

Photograph 4: Sterilization processes, Soba. 
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Photograph 5: Gamma counter and counting, Bury. 

 

 
Photograph 6: The UV-Spectrophotometer, used in affinity 

chromatography purification, Bury. 
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APPENDIX 2 
Protocols 

Protocol 1 

Coating of antisera to polystyrene beads as solid phase: 
Coating of antisera to polystyrene beads is indirect process, first the beads will 

coupled to the IgG, then to the second antibody DASS and lastly to the antisera. 

Activation of (1000) beads: 
1. Add 125ml of coating buffer (coating enhancing solution) to 1000 beads in 

250ml bottle. 

2. Place the bottle on a roller mixer at 25 – 37°C overnight (24 hours)(NB. 2 nights 

for maximum coating). 

3. Pour off the coating buffer, and aspirate the remaining liquid. 

4. Add 125ml of blocking solution, leave for 2 – 4 hours at 25°C and aspirate. 

5. Add 125ml of wash buffer (A), shack gently and aspirate. Repeat the wash step 

two times (total no of washes = 3). 

6. Dilute purified DASS 1/30 in priming buffer with addition of 0.1% BSA. Add 

125ml of solution above, and leave overnight (24 hours) at 25°C, then aspirate. 

7. Add 125ml of wash buffer (S), shack gently and aspirate. Repeat the wash step 

two times (total no of washes = 3). 

8. Dilute the antisera in priming buffer to give stable titer. Add 125ml of solution 

above, leave overnight, aspirate and wash three times with wash buffer (A). 

9. Add 125ml of glazing solution, leave for 30 minutes and aspirate. 

10. Allow the beads to dry at 37°C for two days. 

11. Store the beads at 4°C. 

 

Protocol 2 

Coupling of beads with antisera and titration protocol: 
1. Dilute the antisera deferent dilutions in priming buffer for example: 1/1000, 

1/2,000, 1/4,000, 1/8,000, and 1/16,000 using these dilutions coat different 

batches of beads. 
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2. Prepare two sets of duplicate titration tubes for zero and high standard doses, 

labelled with corresponding dilution. The addition of the reagents using 

NETRIA protocol as follow:  

• 50 µl of antigen standard (only highest and low standards).  

• 200 µl of tracer 125I - antisera  

• Vortex well.  

• Add one bead/tube.  

• Rotate for 2 hours. 

• Wash with 2ml wash buffer (B), decant. Repeat washing two times.  

• Count for 60 seconds using gamma counter.  

3. Choose the best titre 

4. Add 125ml of the best titre of antisera to 1000 beads (activated), leave 

overnight, aspirate and wash three times with wash buffer (A). 

5. Add 125ml of glazing solution, leave for 30 minutes and aspirate. 

6. Allow the beads to dry at 37oC for two days. 

 

Protocol 3 

Purification of antibodies by ammonium sulfate (NH4)2SO4: 
1. Add 27% (NH4)2SO4 to the serum i.e. 27g to each 100ml sera. 

2. Mix well. 

3. Rotate in roller mixture for hour. 

4. Centrifuge at 2600rpm for 30 min at 10°C. 

5. Decant the supernatant. 

6. Resuspend the pellet in a minimum volume of 0.2M phosphate buffer. 

 

Protocol 4 

Dialysis: 
1. Activate the dialysis bag by boiling water for 30 min. 

2. Put the partially purified antibodies (purified by ammonium sulfate) in dialysis 

bag. 

3. Hang the bag in a beaker filled with normal saline {0.9% (w/v) NaCl} as a 

buffer. 
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4. Put the beaker on magnetic stirrer for three nights. 

5. Change the normal saline every day for three nights. 

Protocol 5 

Purification of antibodies by affinity chromatography: 
1. Filter the antisera through a 0.2µm filter before loading into protein A or G 

column. 

2. Wash the column with binding buffer {0.02M NaH2PO4 (pH 7.0) 1.38g/500ml}. 

3. Dilute the sample with binding buffer (v/v). 

4. Inject the sample through the column. 

5. Wash the column with binding buffer. 

6. Read the absorption of collected fractions (2ml) at UV-Spectrophotometer at 

wave length 280nm. 

7. Continue reading and washing till reach reading less than 0.05. 

8. Elute the antibodies with elution buffer [100mM glycine (pH 2.7) 3.75g/500]. 

9. Collect the eluant (IgGs) fractions (2ml) in a glass tubes each contain 100µl 

neutralization buffer (1 M Tris-Base (pH 9.0) 12.1g/100ml). 

10. Read the absorption of collected fractions at wave length 280nm. 

11. Pool the high readings fractions together  

12. Read the absorption of the pooled fractions again. 

13. Use the following equation to calculate the IgGs concentration of the pooled 

fractions:  

10)/( %1
280

280 ×=
E
AmlmgionConcentrat  

                              Were: 
%1

289E  is a constant = 13.6 

 

Protocol 6 

Titration of T3 liquid phase: 
1. 50μl (zero and high standards). 

2. 100μl RIA tracer. 

3. 100μl antisera. 

4. 100μl DASS (second antibody) 1/30 (1ml + 29ml P.B). 

5. Vortex. 
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6. Incubate for 2h in roller mixture at 37°C. 

7. Add 1ml PEG (Polyethylene glycol) 4% (4g in 100ml distilled water). 

8. Centrifuge at 3000rpm for 15 – 20 minutes. 

9. Decant and read at gamma counter for 60 seconds. 

 

Protocol 7 

Titration T3 liquid phase using liquid phase separation technique of 

China kit: 
1. 50μl zero and high standard. 

2. 100μl RIA tracer 

3. 100μl antisera. 

4. Vortex. 

5. Incubate at 37°C for 60 minutes. 

6. 250μl precipitant. 

7. Centrifuge the tubes for 30 minutes at 2000rpm. 

8. Count all tubes in gamma counter for 60 seconds. 
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APPENDIX 3 
Reagents 

1. Ammonium sulphate (NH4)2SO4, SigmaR lot 57H-0469. 

2. Bovine serum albumin BSA lot F-5881, Sigma chemical company. 

3. Disodium hydrogen-ortho-phosphate anhydrous Na2HPO4 = 141.96 BDH 

ANALAR lot. A 791081 421. 

4. Freund's Complete Adjuvant FCA, Sigma Immuno-chemicals F-5881, 0631H-

8800. Sigma chemical company, P.O. Box 14508. St louis, MO, 63178. Each ml 

contains 1mg of Mycobacterium tuberculosis (H37Ra, ATCC 25177), heat 

killed and dried, 0.85ml paraffin oil and 0.15ml mannide monooleate. 

5. Freund's Incomplete Adjuvant FIA, sigma immunochemicals. Lot. No 014 H-

8800. Each ml contains 0.85ml paraffin oil and 0.15ml mannide monooleate. 

6. Gelatin 1% -BDH.  

7. Lactose 1% -BDH. 

8. MAbTrapTM Kit, for purification of antibodies, American Pharmacia, Biotech 

AB, SE-751 84 Uppsala Sweden, Lot No. 294450, Made in Sweden. 

9. Mono-sodium dihydrogen-ortho-phosphate dihydrates NaH2PO4 2H2O = 156.01 

BDH ANALAR lot 31503. 

10. Normal saline 0.9% w/v. Batch No. P2104223, AIN Medicare SUD, BHD.  

11. Polyethylene glycol (PEG) 6000, DDH lot 9883992F, HO(CH2-CH2)n-CH2-

CH2OH n = 130-170 M. Wt = 6000-7500. 

12. Polystyrene beads, NETRIA. 

13. Progesterone IRMA Kit, Izotope, REF PK-760M, Lot No. 50465A Hungaria. 

14. Sheep IgG, Ahsan Consultancy Limited Cod No. A102-2, Lot No. 11857. 

15. Sodium azid NaN3 = 65, lot 46H0306, SigmaR. 

16. Sodium bicarbonate NaHCO3 = 84.01, SigmaR lot 125 H 0369. 

17. Sodium chloride NaCl = 58,44, SigmaR lot 105h02501  

18. Sodium hydroxide NaOH = 40, Batch No. 3431. 

19. T3-Immunogen, NETRIA, Batch No. 023. 

20. T3-Radioimmunoassay kit IMK-482 China. 

21. T4-Radioimmunoassay kit IMK-482 China. 

22. Triton X-100, Skybo 010, United Kingdom. 

23. 0.5M Phosphate buffer, Skybo 010, United Kingdom. 
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APPENDIX 4 
Instruments 

1. Elico ®SL 150, UV-VIS Spectrophotometer, Type 118, SL. No. 0595/AE/10. 

2. IEC Centra-7R, Refrigerated centrifuge, International Equipment Company 

USA, FDL LABELLER CODE No 36980-46927. 

3. Multimix Major, Luckam, Serial No. 424, Model No. MMF. 

4. Multi-tube vortexer SMIR, ALPHA laboratories, Serial No. 093647 Cat. No.  

2601. 

5. PG-RIA.MAS Stratec (Gamma Counter), Stratec Biochemical System AG, SN. 

2486000052. 

6. pH meter. Elico LIT, LI 120. 

7. Sartorius (Sensitive balance), Type 1801, Faber-Nr. 3504069. Germany.  

8. STUART Scientific, magnetic stirrer Cat. No. SM1 made in U.K. Serial No. 

13746.  

9. Vortex-2 genie, Scientific Industries, INC. Model G-560E, Serial No.2-84J. 

72.  

10. Water Still (Double distiller), J. Bibby Science Products Limited, Model A4D, 

Serial No. 89/5/1595.  

11. Well equipped RIA Lab. 

12. Whatman®, Solvent IFDTM, Filter 0.2µm pore size, catalog No. 6725-5002A, 

Lot No.A546. 
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APPENDIX 5 

Buffers 

Stock phosphate buffer:  
Phosphate buffer (0.5M, pH 7.4).  

• 15.39g NaH2PO4. 2H2O 

•  57.19g Na2HPO4 

To one liter with distilled water.  

Assay buffer: 

• 100ml stock phosphate buffer  

• 5g BSA 

• 8.8g NaCl 

• 0.1g NaN3 as preservative.  

Up to one liter with distilled water. 

Wash buffer (A):  

• 0.025M phosphate buffer 

• 0.15M NaCl 

• 0.05% NaN3  

• 0.1% Triton-X100.  

Wash buffer (B):  

• 0.01% triton  

• 0.1% NaN3 

Coating buffer (coating enhancing solution):  
Sheep IgG solution (coating enhancing solution) 0.002g of sheep IgG dissolved 

in 10ml 0.05M NaHCO3 buffer (pH 9.6) with 0.1% NaN3 to give a concentration of 

200μg/ml (stock). 

Blocking solution:  

• 0.05M NaHCO3 

• 10% Hydrolyzed gelatin  

Priming buffer:  

• 0.025M phosphate buffer 

• 0.15M NaCl 
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• 0.1% NaN3 
• 1% BSA 

 Glazing solution:  

• 1% Gelatin 

• 2% lactose  

• 0.05% NaN3 

 

 

 

 

 

 

 

 

 

 

 70



 

 

 

Table 2.2 Titration of anti-PG antibody using newly activated beads (in 2006) and old activated beads (in 2003) as a 

solid phase separation techniques. 

 

New beads (2006) Old beads (2003) 
Titre High STD 

cpm 
Zero STD 

cpm 
B% H B% Zero High STD 

cpm 
Zero STD 

cpm 
B% H B% Zero 

1/2000 6862 10833 34 54 9697 12440 48 62 

1/4000 6951 11102 35 56 7116 12164 35 61 

1/8000 6683 10920 33 55 nt nt nt nt 

 

Total count = 19881cpm 

PG = Proesterone 

NSB = 66cpm  

B% for NSB was 0.30 
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Table 2.3 Titration of anti-T4 antibody using newly activated beads (in 2006) and old activated beads (in 2003) as a 

solid phase separation techniques. 

 

New beads (2006) Old beads (2003) 
Titre High STD 

cpm 
Zero STD 

cpm 
B% H B% Zero High STD 

cpm 
Zero STD 

cpm 
B% H B% Zero 

1/2000 329 1738 2.00 10.80 464 2425 3.00 15.40 

1/4000 251 1645 1.20 10.20 304 1851 2.00 11.80 

1/8000 210 1481 1.30 9.20 273 1549 1.70 9.80 

 

Total count = 15751 and 16146cpm in old new beads respectively 

High standard = 309nmol/l 

NSB = 54cpm 

NSB B% = 0.3 
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Table 3.1 Titration of T3 antisera using liquid phase separation technique of China kit for the 4th bleed of the 

two sheep sera. 

Sheep (I) Sheep (II) 

Titre 
High STD 

cpm 
Zero STD 

cpm 
B%H B%Z High STD 

cpm 
Zero STD 

cpm 
B%H B%Z 

1/1000 1182 1319 5.70 6.40 1446 1794 7.60 8.80 

1/2000 1148 1209 5.60 5.90 1347 1413 6.50 7.00 

1/4000 1033 1299 5.00 6.30 1158 1291 5.60 6.30 

1/8000 1315 1060 6.40 5.10 1094 1373 5.30 7.00 

 

Total count = 20469cpm 

B%H = Binding percentages of high standard (8ng/ml or 12.3nmol/L) 

B%Z = Binding percentages of zero standard 

STD = Standard 

cpm = Count per mint   
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Table 3.2 Titration of T3 antisera using liquid phase separation technique of China kit for the 5th bleed of the 

two sheep sera. 

Sheep (I) Sheep (II) 

Titre 
High STD 

cpm 
Zero STD 

cpm 
B%H B%Z High STD 

cpm 
Zero STD 

cpm 
B%H B%Z 

1/100 1620 1590 8.40 8.20 2926 6329 15.30 32.70 

1/1000 911 866 5.00 4.50 1357 2155 7.10 11.10 

1/2000 989 1163 5.00 6.000 835 1398 4.30 7.20 

1/4000 1757 2202 9.10 11.40 819 1126 4.20 5.80 

1/8000 881 832 4.50 4.30 916 805 6.70 4.20 

1/16000 781 925 4.00 4.80 756 774 4.00 4.00 

1/32000 797 1730 4.10 8.90 1135 901 5.80 4.70 

 

Total count = 19374cpm 
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Table 3.3 Titration of local T3 antisera using polystyrene beads as a solid phase separation technique for the 

two sheep sera. 

Sheep (I) Sheep (II) 

Titre 
High STD 

cpm 
Zero STD B%H B%Z High STD 

cpm 
Zero STD 

cpm cpm 
B%H B%Z 

1/100 nt 84 nt nt 150 211 1.60 2.20 

1/1000 81 106 0.80 0.80 188 187 2.00 2.00 

1/2000 120 136 1.20 1.40 78 179 0.80 1.80 

1/4000 144 104 1.50 1.00 107 273 1.10 2.80 

1/8000 66 90 0.60 0.90 86 156 0.90 1.60 

1/16000 81 101 0.80 1.00 66 147 0.60 1.50 

1/32000 204 252 2.10 2.60 114 164 1.10 1.70 

 

Total count = 9524cpm 

NSB (non-specific binding) = 5cpm 

B% for NSB was 0.05 

nt = not tested 
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Table 3.5 Titration of T3 antisera for the samples collected after 14 weeks (20 days after third injection, i. e. 

5th bleed "solid phase") with incubation times 2 hours, 4 hours, and overnight (24 hours), in the two sheep 

sera. 

 

Sheep (I) Sheep (II) 

2 hours 4 hours Overnight 
(24 hours) 2 hours 4 hours Overnight 

        (24 hours) Titre 

B%H B% 
Zero B%H B% 

Zero B%H B% 
Zero B%H B% 

Zero B%H B% 
Zero B%H B% Zero

1/100 0.40 0.10 0.00 0.20 0.10 0.00 0.20 0.70 0.30 nt 0.10 0.80 

1/1000 0.50 0.00 0.30 0.30 0.80 0.40 0.10 1.20 0.30 nt 0.30 0.60 

1/2000 0.10 0.10 0.20 0.30 0.30 0.10 0.30 0.70 0.20 nt 0.20 0.95 

1/4000 0.00 0.10 0.10 0.30 0.00 0.10 0.10 0.70 0.00 nt 0.40 0.95 

1/8000 0.40 0.10 0.10 0.50 0.10 0.20 0.20 0.70 0.10 nt 0.00 0.90 

1/16000 0.50 0.00 0.10 0.90 0.60 0.10 0.10 0.70 0.20 1.10 0.10 0.99 

1/32000 0.20 0.10 0.30 0.30 0.00 0.20 0.00 0.20 0.50 0.50 0.40 0.50 

Total count = 13956cpm 

NSB = 65cpm 

NSB B% = 0.47 
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