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ABSTRACT
In this study twelve local rabbits and sixteen New-zealand rabbits were
subjected to immunization against T3 and T4 immunogens. Two local sheep (ovis
arts) were immunized against human liver ferritin.
The T3 and T4 immunogens were prepared by conjugation of the haptens to
carrier proteins (bovine serum albumin "BSA" and horse serum protein HSP"), using
water soluble carbodiimide as coupling agent. The local and New-Zealand rabbits
were immunized against these conjugates emulsified in Freund's complete adjuvant
(FCA) in the first and second injections, and emulsified in Freund's incomplete
adjuvant (FIA) in the following injections.
The blood samples obtained from rabbits after each injection were tested for
antibodies as well as for the effect of immunization on rabbits biochemical and
haematological parameters.
The blood samples obtained from the sheep were tested for anti-ferritin
antibodies using crude antiserum, then this antiserum was purified using ammonium
sulphate. A part of it was adsorbed physically onto polystyrene beads while the other
part was linked chemically to magnitisable particles in order to develop two IRMAs.
The purified antiferritin antibody was diluted 200,000 folds before being coated to
polystyrene beads, and different dilutions were tried with coupling to magnetic solid
phase. Optimization and validation procedures for the two IRMAs s. ferritin were
performed.
The results obtained showed poor response of rabbits to immunization against
T3 and T4 immunogen conjugates, where the percent bound (B%) of tracer with the
antibody ranged from (0.0 - 22%) for local rabbits using charcoal seperation
technique, and (0.0-2.9 %) using second antibody precipitation technique.The B% for
the antisera obtained from New Zealand rabbits ranged from (0.0-18; 1) using second
antibody precipitation technique.
Serum T3, T4 and TSH of the immunized rabbits were measured and found to
be not significantly different from the controls (p= 0.2211, 0.098 and 0.35
respectively). The body temperatures, ESR, serum albumin and basophils were found
to be significantly increased after immunization (p < 0.05), where the total proteins,

IX

globulin, TWBCs, lymphocytes, monocytes and eosinophils were not significantly
changed after immunization.
The optimization and validation steps for the two IRMAs serum ferritin
showed that, the polystyrene beads IRMA system is better than the magnitisable
particles system. It was found that the minimum detectable dose in the bead system
was 0.6 ng/ml compared to 6.6 ng/ml in the magnitisable particles one. In the beads
system the mean recovery of ferritin was found to be 98.5%, while the linearity lesls
showed a correlation coefficient of 0.996.
The comparison between the coated beads IRMA with an international
commercial product (NETRIA) serum ferritin showed a con-elation coefficient of
0.982.

x

INTRODUCTION
Antibodies are undoubtedly continue to be used in most of the assays now
being developed. It was thought that antibodies are evolved as a principle means of
defense against infections only, but it was soon revealed thai Ihc antibody response
had an apparently limitless range of specificity, which could be used to define,
isolate and measure a universe of immunogenic molecules not confined to the
products of microorganisms. Indeed most complex molecules with molecular
weights greater than 5000 dalton that are not intrinsic to the species immunized were
found to be immunogenic.
Landsteiner, in (1936) showed that smaller molecules (haptens) chemically
coupled to a larger protein carrier molecules could stimulate the immune system lo
produce antibodies with high specificity.
The ability of antisera to precipitate antigen from solution, reported by Kraus
as early as (1897) with vibrio cholerae, was shown to be a quantitative phenomenon
by Heidelberger, (1939) who developed the quantitative precipitation test and
showed that precipitation of antigen which is the basis of many forms of
immunoassays, depends upon the multi determinant specificity of antisera whose
constituent antibodies bind to a mosaic of determinants on complex antigen,
constructing a lattice of combined molecules.
A further technological breakthrough in sensitive assays using antibodies
came with the discovery of radioisotopic labeling techniques for antigens, antibodies
and small peptide hormones (Yallow and Berson, 1959).
The immunological methods usually consist either of non-competitive assays
such as immunoradiometric assays (IRMAs) and enzymoimmunoassays (EL1SA)
using labeled antibodies or of competitive assays such as radioimmunoassays (RIAs)
using labeled antigens (Arosio et al 1982).
Endemic goitre in Sudan was first reported in (1952) by Woodman, who
described a small area inhabited by the Azande group and the Neur tribe in southern
Sudan and around El Darner in the northern province and in Dar Fur.
Recently Eltom et al (1984) have shown that the incidence of endemic goitre
among school children is 85% in Dar Fur.
The direct immunoassay of T3 and T4 in human serum has been technically
difficult due to; small quantity of T3 and T4 present in the serum, the great similarity
among certain groups of hormones in the serum and the presence of thyroxine

binding globulins (TBG), a protein which has a relatively high affinity for both
hormones (T3 & T4). A radioimmunoassay appears to provide a satisfactory solution
to these problems.
The use of anti-thyroid hormones antibodies in Sudan as reagents for
measurement of thyroid hormones started in the (1970s) at Radioisotope Centre
Khartoum (RICK), using ready made commercial kits. Another big RIA laboratory
was established by International Atomic Energy Agency in (1984) at Sudan Atomic
Energy Commission, Khartoum), using bulk reagents. The reagents (antibodies) are
imported from abroad (England).
Ferritin is an iron-containing protein which is widely distributed in plants
and animals and which has been detected in all mammalian tissues examined
(Drysdale et al 1976). It is found mainly in the reticuloendothelial system of the
liver, the spleen and the bone marrow. Ferritin has long been regarded as an
essentially intracellular constituent, but, the later development of sensitive
immunoassays had revealed that, ferritin is also present in small amounts in normal
human serum.(Addison et al 1972)
In the past, iron status in Sudan was not sufficiently studied due to the lack
of affordable reagents. The increase demand for serum thyroid hormones as well as
for serum ferritin, together with the short half-life of the tracer and the limited
foreign currency resources lead to thinking of local production of such an assays.
Studies on the production of anti-thyroid hormones, and anti-ferritin
antibodies for use in RIA, and IRMA had never been practiced in Sudan.
The aim of this work is to produce reagents (anti-T3, anti-T4 and antiferritin sera) locally, for quantitation of the thyroid hormones through RIA technique
and ferritin through IRMA technique, and to develop T3, T4 radioimmunoassays and
ferritin IRMA. The possible abnormalities might be caused by immunization were
investigated throughout the study to evaluate the changes which can be produced
during immunization and how this information can be useful to detect the good
antisera producers at early stage.

LITERATURE REVIEW
1.1. General Description of Immunoassays
The (1960s) and the (1970s) have witnessed an increasing interest in
immunoassay techniques. Today immunoassays have became methods of choice for
quantitation. They have been applied in many branches and disciplines in scientific
investigation, specially in biological related subjects.
The publication of Yallow and Berson, (1959) of the first RIA did arouse
considerable interest, particularly among those actively pursuing research in the field
of endocrinology. The published RIA appeared to offer the following list of
advantages:

a-Sensitivity
The range of potential detection using RIA extended from lumoI/Lto 1
pmol/L.

b-SimpIicity
Once the reagents were prepared it seems possible to investigate small
volumes of biological fluids such as blood urine directly without prior workup like
extraction, and purification.

c-Universal Application
RIA is not restricted to a limited group of chemical substances, but capable
of almost universal application.

d-Specificity
The RIA methods have shown a high specificity e.g. relative potency of
steroid oestrone with anti-estradiol-17B serum, which has a potency of 0.5% or only
1/200 that of estradiol-17B.

1.2. Components of Radioimmunoassay (as reviewed by Edwards, 1985)
a-Antibody:
The antibody is the specific reagent in immunoassays. Antibodies are protein
molecules produced by plasma cells as a result of the interaction between antigensensitive cells (lymphocytes) and specific antigen. Antibodies are found in many
body fluids, but they are present in higher concentrations in blood serum.

Antibody Binding Site: (Immunoglobulin G)
IgG, the class of antibody used predominantly in immunoassays, is a
150,000 mol. wt glycoprotein composed of two identical heavy (H) and two identical
light polypeptide chains. The diversity of sequences in the variable regions gives rise
to the multiplicity of specific IgG antibodies. The remainder of the H chains towards
the C-terminals are generally constant within an Ig class and animal species, and the
differential functions of each Ig class are determined by structural features in their
constant regions. Light chains in any Ig class can be A or K, each having a
characteristic, constant sequence towards the C-terminal.

Antibody Diversity
The diversity in the variable region sequences of antibodies, required for the
enormous range of binding specificities observed, is generated in B cells by two
complementary mechanisms : (1) the shuffling and splicing of multiple variants of
genes coding for the segments of the variable regions of the L and H chains and (2)
facilitated mutations in the assembled variable region genes which result in the
generation of antibodies with progressively improved affinity and specificity of
binding. The assembled genes coding for H chain variable regions are initially joined
to genes coding for constant regions of u chains so that the initial immune response
is the secretion of IgM class antibodies. Subsequently, the same section of DNA that
coded for the p-chain variable region recombines with gene segments coding for y, o
, e or 8 constant regions to give rise to cell lines synthesizing IgG, IgA, IgE or IgD
class antibodies. This is called class' switching and is art essential aspect of the
tailoring of the immune response to meet different kinds of infectious threat ( Wajdi
and Gosling, 1994).
In a total polyclonal response to immunization, the proportions of the
specific IgGs belonging to different subclasses may be influenced by the type o
antigen, route of immunization, and the state of health, age and strain of the animal
The genes coding for the H chain classes and subclasses are thought to have arisei

from the gene for a common H chain, which arose in turn from duplication of the
gene for a 110 residue protoimmunoglobulin.

b-Antigen
It is a substance that react immunologically with the antibody. A distinction
can be made between the antigen and the immunogen that which stimulates immune
response. In some circumstances the same molecule may act as both antigen and
immunogen, but this is certainly not always the case.

c-Radioisotopic Label
This is used to discriminate between the antibody-bound antigen fraction
and the free antigen. A radioisotope is essentially unstable atom which at some time
or other will disintegrate and emit subatomic particles or energy, in a form of
electromagnetic wave radiation. These particles and energy can then be measured by
an appropriate detection system. The ease of detection is one of the most useful
aspects of radio iodine labels.
Iodine-125 is detected by placing the samples directly adjacent to a crystal of
sodium-iodide, containing small amount of thallium. The gamma rays from the
radioisotope are absorbed by the crystals, and the energy is then transmitted in the
form of flashes of light. The photons in the crystals are counted by conventional
photo multiplier tubes.

d-Separation System
RIA can use all types of separation techniques. The two main and most
specific methods in use are, immunoprecipitation using a second antibody reagent
and separation using solid-phase reagent.
The immunoprecipitation method require a use of an anti-Ig serum which
reacts with the Igs species of the primary antibody. The primary antibody reacts with
antigen. If the primary antibody was raised in a rabbit, then the primary antibody will
be designated as a rabbit immunoglobulin. In this case the second antibody will be
derived from another species of animals (e.g. donkeys) immunized with rabbit
primary antibody. The donkey anti-rabbit serum would react specifically with the
rabbit primary antisera leading to a precipitable complex. The use of polyethylene
glycol (molecular weight 6000) solutions, usually 4% precipitate first and second
antibody complex comprising just two or three molecules, can improve the
efficiency of the second antibody precipitation reaction.

Linking antibodies to particles or surfaces gives a solid phase reagents
which can be readily separated from all other components. Antibody can be
covalently coupled to many types of particles, such as cellulose, polyacrylamide,
polymerized dextrans and nylon. Antibodies can also be adsorbed to a plastic
surfaces. In all cases the ease of removing a solid-phase reagent from the reaction
mixture greatly enhances the potential specificity of the separation method. The
reaction between the antigen and the primary antibody take place in a liquid phase,
then solid-phase secondary antibody can be added to precipitate fraction.
Physical adsorption as separation technique is also used, but this lack
specificity and thus give rise to high blanks. Batch to batch variation are the major
difficulty in this type of separation. This type of separation disturb the equilibrium of
antigen antibody reaction, hence drive the reaction backwards.

1.3. Immunoradiometric assays
The first immunoassay sensitive enough to measure ferritin concentrations in
normal sera was the immunoradiometric (or labeled antibody) assay of Addison et al
(1972). In this technique antibodies to ferritin are extracted from rabbit antiserum
with an immnoadsorbent consisting of ferritin coupled to aminocellulose by
diazotization. The antibodies are iodinated before being released from the
immunoadsorbent. In the assay a solution containing ferritin is incubated with
labeled antibody. Antibody which has not reacted with ferritin is then removed by
adding excess immunoadsorbent. The amount of radioactivity remaining in solution
after centrifugation is related to the concentration of ferritin in the original solution.
The assay required relatively large amounts of immunoadsorbent, and horse spleen
ferritin was chosen for this reagent as it was available commercially. It was also
thought that the selection of only those antibodies able to bind to horse ferritin
would make the assay "non-specific" (at least for human ferritin) but this has not
proved to be the case. However, use of horse ferritin does provide a useful way of
purifying antibodies for the assay (Jones, et al 1980). The assay is sensitive and does
not suffer from " the high-dose-hook" effect but counting times of 5 to 10 minutes
per sample are required.
The two-site immunoradiometric assay has a number of advantages over the
original assay of Addison et al (1972): higher counting rates, less critical.reagent
quality, simpler assay technique, and at apparently greater working range.
Unfortunately the greater range can not be fully exploited as the increasing

concentrations of ferritin eventually cause a decrease in the amount of I 1 2 5 bound to
the tube (the high-dose-hook effect). The protein composition of the sample is also
critical. There are considerable differences between the binding of ferritin in dilute
bovine serum albumin solution and that in human or rabbit serum. Miles et al (1974)
have given a thorough description of the technique for assaying ferritin.
There is little doubt that the major difficulty with the two-site assay is the
high-dose-hook effect, and the possibility of false normal values may be obtained
has received some publicity. Two mechanisms seem to be important:(l)
heterogeneity of the antiserum bound to the solid phase (i.e., the presence of two or
more classes of binding sites of varying affinity constants) and (2)incomplete
washing of the solid phase after the first reaction . Practical solution to the problem
include exhaustive washing after the first reaction . This certainly moves the "hook"
to higher ferritin concentrations but does not necessarily eliminate it. Another
method would be to select only high affinity antibodies for the first reaction (Casey
et al 1979).
The isoferritin composition and immunological properties of ferritin change
in various diseases both in tissues ( Jones et al 1980, Hazard et al 1977) and in
serum ; and this affect its quantitation with antibodies of different specificity
(Hazard et al 1977). The technique used in the immunoassay might affect the
specificity of the antibody for the different isoferritins, and hence, the quantitation of
the serum ferritin in normal subjects (Arosio et al 1982, Cavanna et al 1983).

1.4. Cellular Basis of Antibodies Production
Specific B-lymphocyte are stimulated by immunogen to secrete both
specific immunoglobulins (antibodies), and to multiply in large number (proliferate).
Appropriate and efficient stimulation of the B-lymphocyte is assisted by Tlymphocyte reacting with immunogen also through surface receptors. Phagocytosis
of immunogen by macrophages also stimulates specific B-lymphocytes. Foreign
antigens are engulfed non-specifically by macrophages or other cells of the
reticuloendothelial systems. Phagocytes which processed antigens and exposed its
fragments on its surface are known as antigen presenting cells (APCs). Most of the
techniques are designed to optimize immunization work by increasing the efficiency
of phagocytosis. This include choosing an appropriate injection site, altering the
form of antigen and using adjuvant. Optimal sites have high number of APCs and
low rates of antigen degradation. The efficiency of phagocytosis also depends on the

size and form of the antigen. Particulate antigens are easily phagocytosed, whereas
small soluble molecules are not. The third commonly used method to increase
phagocytosis is to mix the antigen with adjuvants. Adjuvants help in two ways. First
they protect the antigen from rapid dispersal by trapping it in a local depot. Second
they contain substances that stimulate the secretion of host factors that attract
macrophages to the site of antigen deposition, and increase the local rate of
phagocytosis.
APCs degrade the antigen and display fragments of it on the cell surface
bound to an MHC class-II protein.
Another type of lymphocytes (helper T cells) associate with APCs by
binding to the antigen fragment-class-H protein complex. The T cell receptors
recognize the antigen fragment and the class-II protein, and it is specific for both
components. T cells do not respond to free antigens or unoccupied class-II proteins.
Binding of a helper T cells to an APCs leads to proliferation of helper T cells.
B-cells also process antigens but do so in an antigen specific manner. While
antigen specific helper T cells are proliferating, similar proliferating events leading
to the division of antigen specific B-cells.
The binding of helper T cells to B cells is required for a strong antibody
response. Firstly, antigen fragments must bind to the class-II proteins. This complex
form the basis of recognition by T cells. Secondly, the antigen must bind to the
surface antibody on the B-cell. The surface antibody has the same binding sites as
the secreted antibody. Thirdly, the antigen fragment-class-II protein complex must
bind to the T cell receptor. This binding ensures that B-cells stimulation by T helper
cells is specific. The properties of these physical interactions explain why some
compounds make good antigens and others do not.
The failure to form these complexes can be caused by three mechanisms.
First, some molecules will lack one or more of the appropriate binding sites. The
best example for this is in regard to size. Small molecules frequently provide good
epitopes for binding to B-cell, but are not able to induce a response because they are
too small to contain the determinants necessary for simultaneous binding with class
II protein, and T cell receptors. Secondly, some compounds may fail to induce an
antibody response if the genetic background of the animal does not provide class IT
protein that can bind to the antigen fragments. This can often be corrected
experimentally by immunizing a different strains or species of animals. The third
way in which B cell-T cell collaboration can fail is through tolerance, if either the B

or T cell expressing the correct receptor has been eliminated during maturation of the
immune system (Marlow and Lane, 1988).
If an antigen is injected into an animal, then antibodies are produced which
can combine with that antigen. Antibodies usually only combine specially with the
antigens which stimulates their production. The antibody serves to neutralize the
antigen, so that it is no longer toxic.
It is possible to follow the time course of the immune response of the
immunized animal by bleeding it at intervals after immunization. Following a single
injection of immunogen into an animal which has never been exposed to it
previously, no response is detectable about one week after the first injection, and the
amount present in serum then climbs to reach its highest level by ten to fourteen days
before declining rapidly. In general the amount of antibody formed during the
primary response is relatively small. If some times after the first, a second dose of
immunogen is given to the same animal, the lag period tend to last for no more than
2-3 days. The amount of detectable antibody then rises rapidly to a high levels before
commencing to decline slowly. A third dose of immunogen when given to the same
animal results in an immune response characterized by an even shorter lag period
and a still higher and more prolonged antibody response (Tizard, 1977).

1.5. Ground Rules in Antibodies Production
1.5.1. The Immunogen
The immunogen is defined as a substance that can stimulate the immune
system directly when injected into animals. A protein or a peptide with a molecular
weight of 5000 or greater, will generally act as immunogen. For other molecules,
such as polysaccharides, the minimum molecular weight required to induce response
may have to be greater.
Most-applications of RIA are for measurement of small molecules at low
concentrations. For immunization, small molecules, having low intrinsic
immugenicity, require coupling to larger protein carriers. Methods of such coupling
are important considerations in determining the specificity of the response (Catty and
Raykandalia, 1989).
The antibody response will be directed towards the carrier determinants as
well so choose a carrier that irrelevant to future assays and/or that can be prepared
easily as an adsorbent. Although the use of a protein carrier from the immunized
species might seem a useful tactic, this is inadvisable as antibody responses to most
(thymus-dependent) immunogens require recognition of carrier determinants by
helper T cells. The size, charge, and polar or non-polar properties of haptens are
important in inducing the antibody responses and these properties can be influenced
by the extent of uniformity and density of conjugation of hapten to carrier and by the
choice of carrier. It may be necessary to prepare the conjugates with several carriers
and with the range of hapten-carricr coupling ratios and to try all these to find the
best constructed immunogen. In principle, antibodies to larger haptens may be
hnptcn-specific but these arc usually also heterogeneous .The choice of coupling
reliction

DIKI

to which croup ol"the haplun, is critical to lutpteii orientation, mid will

influence antibody specificity, which is usually away from the coupling site.
Antibodies to smaller haptens may incorporate specificity to the link region. It may
be necessary to conjugate using a (linker) group and in any event the anti-hapten
specificity should not be tested with the same'conjugate but with free hapten, (e. g.
RIA or haemoagglutinin inhibition HAI) or hapten conjugated in the same way to a
different carrier (Catty and Raykundalia, 1989).
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1.5.2. Foreignness
It is necessary for a molecule to be seen as foreign by the recipient animal.
Mammalian serum proteins, for instance, although in the main structurally complex,
are poor immunogens in closely-related species, requiring assistance of both
adjuvant and T helper cells to stimulate antibody production (T-dependent antigens).
The response to species-related proteins is in antibodies that recognize only the
minor structural differences that exist between the same molecule in the two species.
By contrast the broadest set of antibody specificity's to a protein is produced in
species phyllogenetically distant to the immunogen source. Both sheep and rabbits
respond well to human and other animal proteins, glycoproteins and lipoproteins and
to antigens of human and other animal pathogens (Catty and Raykurtdalia 1989).
1.5.3. Use of Adjuvants
Adjuvants (L.adjuvare—to help ) consist of a number of substances whose
physical and biological properties when applied with immunogen affect to different
degrees the antibody response in one or more of the following ways:
1- They potentiate the antibody production by increasing the efficiency of antigen
presentation and the number of collaborating and secreting cells involved, effectively
reducing the optimum required immunogen dose.
2-They enhance immugenicity, allowing antibody responses to molecules with
borderline immunogenic properties.
3- They alter the isotype pattern of antibody responses.
4-They prolong the antibody responses by an immunogen depot effect, which
protects the immunogen from rapid removal and breakdown, thereby reducing the
need for repeated injections.
5-They increase the average avidity and affinity of the antibody response.
Adjuvants find their major uses in preparing antisera to soluble thymusdependent immunogens where by their application, optimal immunizing doses may
be reduced to micrograms quantities. This complies with the rule determined from
many observations, that the smallest practicable dose of immunogen yields by patient
long term application, the best quality antiserum in terms of titer and affinity (Borek,
1977). Raising antiserum to the prolactin, the original publication on the subject in
detailed the use of 200-300 mg of prolactin in an injection schedule. Today it is
usual to inject approximately 50-100 pg per animal, two or three times a year
(Edwards, 1985).
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Types of Adjuvants for Animal Use
a-Freund's Complete Adjuvant (FCA or CFA)
This consist of a mixture of mineral oil (Bayol F ), a suspension of heat
killed Mycobacterium butyricum or Mycobact. tuberculosis and the emulsifier
Arlacel A.
Immunogens in solutions are emulsified with these components to produce
an antigen/water micro droplet phase within the oil phase. FCA greatly enhances and
prolongs the antibody response as first described by (Freunds, 1956). The_emuJsion
is stable and when injected intramuscularly forms a depot of immunogen which only
slowly becomes available. The other major attribute is related to the activity of the
mycobacterium, some of whose products act as powerful stimulants for cells of the
immune system, both at local lymph nodes and in the granuloma that formed around
the depot. M. tuberculosis is the more potent of the two mycobacterial species used.
Much antibody is synthesized within the granuloma and this activity continues so
long as immunogen persists, which may be for many years, because of granuloma
formation and the tendency for FCA to render the body's own tissues
autoimmunogenic. It can not be used in man. It is, however, by far, the most
effectively and widely used adjuvant for routine antiserum production in animals to
soluble antigens and antigens of emulsified cells. FCA induces an almost exclusive
IgG antibody response in the rabbit, a predominant IgG^ subclass response in sheep
and IgG2 antibodies in the guinea pig.

b-Freund's Incomplete Adjuvant (FIA or IFA)
Water phase immunogen can be emulsified with mineral oil without
mycobacteria, to provide a depot immunization principle. This also provides an
intense long term antibody response as there is only gradual uptake and loss of
immunogen from the injection site. However, the response with FIA is commonly
found to be less reliable and of lower order. This may be due to the fact that open
active granulomas do not develop and persist at the FIA depot side. There may also
be differences in the antibody isotype response using FIA exclusively. FIA is
commonly used for booster immunizations in subcutaneous sites because of its
reduced pathogenic effects (Freunds, 1956).
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c-Alum-Precipitated Immunogen
The use of potassium aluminum sulfate to precipitate proteins at alkaline pH
is a useful method for extending immunogen availability, and prolonging the
antibody response. When used intramuscularly it induce plasma cell accumulation at
the depot site. A commonly used strategy is to divide alum precipitates into very
small doses of a few ug and give these every few days over several weeks (Glenny et
al 1926).

d-Bordetella Pertussis
A suspension of killed B. pertussis injected jointly with immunogen is
another good method of obtaining a potentiated antibody response, particularly in
mice. The principle active components of pertussis arc the lipopolysaccharidc (LBS)
and pertussis toxin. The toxin is known to enhance both IgG and IgE antibody
production ( Munoz et al 1981).

e-Liposomes
Artificial liposomes from lecithin, cholesterol and stearylamine can be
prepared (Allison and Gregoriadis, 1974). The use of liposome-entrapped allows a
rapid localization of molecules by the spleen after intravenous injection or a
prolonged release from an intramuscular, subcutaneous or intradermal depot.

f-Muramyl Dipeptide
The adjuvant active compound of mycobacterium has been identified as a
tripeptide-monosaccharide, from which the smallest active component has been
defined as muramyl dipeptide (MDP) (Catty and Raykundalia, 1989). This can be
used to replace heat killed mycobacteria in FCA

1.5.4. Experimental Animals
1.5.4.1. Choice of Animals
The choice of animal for immunizations is determined by four points, how
much serum is needed, from what species is the antigen isolated, are monoclonal
antibodies needed and how much antigen is available.

a-Mice and Rats
These animals are the best suited to intensive husbandry. The mouse and rat
are the only two species of laboratory animals that can be utilized for in vitro cell
fusion to yield monoclonal antibody-secreting hybridomas. Inbred rats and mice
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show strain differences in response to molecules of low immugenicity, so choice of
strain may be very important.

b-Rabbits
Production of polyclonal antisera for routine immunoassay work, specially
in precipitation methods, relies upon larger animals and in particular the laboratory
rabbit. Rabbits are amenable to cage husbandry, breed well in captivity, robust, longlived and easy to handle, immunize and bleed. They make excellent-precipitating
antisera which are very stable on storage. The immunoglobulin fraction is easy to
purify. With patience, rabbits produce antibodies with high avidity/affinity
characteristics for antigen sensitive assays. At least 100 ml of antisera can be
harvested from a rabbit over several months at peak responses with the final blood
exanguination volume of up to a further 150 ml. Because they are an outbred species
rabbits respond very individually so more than one animal should be used for each
immunogen, their sera tested individually, and selected samples pooled where
maximum diversity is required. Rabbits give excellent IgG responses to a wide
variety of immunogens with long term Freund's adjuvant immunization.

c-Sheep
This species is to be thoroughly recommended for bulk production of
antisera in excess of five liters. Sheep antibodies, like those of the rabbit, have
excellent precipitating properties. With FCA, the response is predominantly IgG \
which is stable, stores well , is easy to purify. On a volume basis sheep antibodies
are the cheapest to produce. Sheep are easy to immunize and bleed and with plasma
expanders and blood cell replacement routines there is no requirement for sacrifice. Young breeding stock can be immunized over the spring and summer of their first
season and bled in the autumn and winter without prejudice to their future breeding
performance. For anti globulin production both the rabbit and sheep make excellent
responses to human immunoglobulins of all classes. It is convenient that both sheep
and rabbits make similarly good antisera against rat and mouse isotypes and in
addition, being phyllogenetically distant, they make excellent antiglobulins to each
other's molecules. Thus an assay using a primary rabbit antibody can be developed
with a labeled sheep anti-rabbit immunoglobulin and vice versa. Affinity purified
rabbit and sheep antibodies are stable on storage (Harlow and Lane, 1988).
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1.5.4.2. Guidelines on the Use of Animals
a-Number
A number of animals is used for immunization with any immunogen and
each is tested individually for response. This takes account of variation between
animals and allows pooling to provide maximum diversity where required or
selection of the highest avidity/affinity response.

b-Condition ,
Animals in poor condition or those under stress should never be used. For
laboratory animals ensure that the group is maintained under proper environmental
conditions with the minimum of noise.
c-Age and Sex:
As a general rule young adult animals are used and aged stock are avoided.
Mice and rats of 3 to 4 months of age and rabbits of 4-6 months are ideal. There is
no characteristic differences in antibody response between the sexes but pregnant
animals should never be immunized, unless this forms part of a licensed experiment
where pregnancy is part of the aim. (Catty and Raykundalia, 1989)

1.6. Preparation of Immunogen :
The production of antibodies to low molecular weight molecules requires
their chemical attachment to an immunogenic carrier which is usually a protein. This
work had been begun by LandsteinerinJ 936.The.use of a complex protein carrier
has the advantage that, being thymus-dependent, the compound immunogen involves
the induction and proliferation of T helper cells which collaborate in producing the
anti-hapten response. About 10-30 haptenic moles per one mole of carrier is
desirable to achieve a good antibody response.
Commonly used carriers are heterologous gamma globulins, albumin,
thyroglobulins, keyhole limpet haemocyanin (KLH), and maia squinada
haemocyanin (MSH).
For small molecules that do not couple spontaneously to carriers it is
necessary to perform a chemical activation or bridging step. Several alternative
approaches are available using a number of activating agents, the choice will depend
on the functional groups available on the candidate hapten; the required hapten
orientation, distance from the carrier and effect of conjugation on biological and
antigenic properties (Catty and Raykundalia, 1989).
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1.6.1. The Use of Carbodiimide in Immunogen Preparation
The use of water soluble carbodiimide reagents provided an easy and rapid
method of synthesis of the antigenic conjugates. Formation of antibodies to
substances of low molecular weight (haptens) can be stimulated by injecting
compounds containing the small molecules conjugated to proteins. Conjugation has
usually been achieved by diazotization or other organic syntheses as reviewed by
Goodfreind et al'm(\ 964).
-Carbodiimides with the R=N=R' formula can couple compounds containing
many types of functional groups, including carboxylic acids, amines, phosphates,
alcohol and thiols, with the formation of amides, esters and so forth (Goodfreind et
al 1964).
Goodfreind et al (1964) described a use of carbodiimides in immunology,
(an antibodies to bradykinin and angiotensin have been produced in rabbits by the
use of conjugates containing albumin and the hapten, covalently bound).

Carbodiimidc Reactions
The coupling of hapten to protein through an amide linkage probably
proceeds in at least two steps (Goodfreind et al 1964). Carbodiimides can add to
carboxylic acids, and by rearrangement form a stable N-substituted urea. This
addition would yield, in the case of albumin, a substituted urea bound to carboxyl
groups of protein. It is likely that both products, the hapten-protein complex and the
substituted urea-protein complex, are formed during synthesis of the immunogens
described in this way. Thus two foreign antigenic determinants are added to the
carrier protein and antibodies to both might be formed .
1.6.2. Preparation of T3-Protein Immunogen
Triiodothyronine (T3) was initially identified in human serum in (1952) by
Gross and Pitt-Rivers. It was soon recognized that this hormone was more potent
than thyroxine (T4) and had a more rapid onset of action. However, because of the
tedious methods required for its quantitation, evaluation of it's role in human thyroid
physiology and pathophysiology was not possible. In recent years less cumbersome
methods for quantitation of T3 in human serum have been developed by (Nauman et
al 1967) and (Sterling et al 1969). Although the availability of the Sterling method
has added new device to the investigation of this hormone, careful evaluation of this
technique has suggested that it may overestimate the concentration of T3 in human
serum ( Larsen, 1971; Fisher and Dussault, 1971; and Mitsuma, et al 1971). The
primary cause of this problem appears to be the unavoidable deiodination of T4 to
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T3 during the paper chromatographic separation of the two hormones after
extraction from human serum. This separation was a necessary step due to the fact
that thyroxine-binding globulins (TBG), used as the competitive binding protein, has
a higher affinity for T4 than for T3. Furthermore, relatively large quantities of serum
were required for accurate assay of T3 in normal and in hypothyroid patients. This
limits it's usefulness in physiologic studies. Because of these difficulties, there was a
need to develop an assay which could measure T3 accurately in the presence of T4 in
a small volume of serum. To this end a number of investigators have successfully
induced the formation of specific anti-T3 antibodies by immunization with various
T3-protein conjugates, thyroglobulins, and succinyl poly-L-lysine as carrier.
In (1970) Brown et al produced antibodies against T3 in rabbits. They used
succinyl poly-L-lysine as carrier to the hapten, by CDI technique. They proposed that
the use of natural protein as a carrier may be the reason for the rather low specificity
of the resulting antibody.
Larsen in (1972) used two methods for the preparation of T3 antigen. T3
was coupled first to bovine serum albumin (BSA) and then to human serum albumin
(HSA), by the use of water soluble carbodiimide method. Larsen, (1972), used the
T3-BSA in FCA for the primary immunization and T3-HSA for the boosting
injections. Antisera were harvested 10 days after the second injection.
Gharib et al (1970); Burke and Shakespear (1975); Chopra et al (1971); and
Lieblich and Utiger (1971) produced useful T3 antisera. They prepared the T3
immunogen using the HSA as carrier and CDI as coupling agent.
In 1980 Awh and Kim made studies on the preparation of T3-BSA, T4-BSA
conjugates, and RIA use of the produced antisera. They reported that the molar ratio
of the prepared conjugates, were 9:1 for T3-BSA and 5:1 for T4-BSA. The_titers of
T3 antisera were found to be higher than that of T4 antisera, and the average cross
reactivity of the T3 with T4 was lower [0.45% ] than that of T4 antibody with T3
The results revealed that the predominant causes of the lower titers and the
lower specificity of the T4 antisera comparing with those of T3 is mainly due to the
unstability of the T4-BSA and consequent degradation of the conjugate to T3-BSA ,
during preparation, purification and even during immunization.
Simultaneous production of antibodies against T3 and T4 in single animal, at
the same time using conjugates of BSA with the haptens by (CDI) method , was
reported by Mehta et al (1989). In (1985) Sakata etal reported the use of human
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thyroglobulin as immunogen for the production of anti-T3, T4 antisera in rabbits. In
the rabbits immunized, production of anti-HTg, anti-'fy and anti-T3 antibodies was
observed.
In (1990) Savin et al observed the occurrence of anti-l^ antibodies in
rabbits immunized with iodine-poor HTg (0.05%). Sera from these animals
contained antibodies against T4 but not against T3.

1.6.3. Preparation of T4-Protein Immunogen
a-The Use of T4-BSA as Antigen
Herrmann et al (1974); Awh and Kim, (1980) were prepared T4-BSA
conjugates by the carbodiimide method. Awh and Kim, (1980) presented the molar
ratio of the conjugate. All of the groups purified the conjugates by dialysis against
distilled water for at least three days.

b-The Use of Human Thyroglobulin
The required antiserum for RIA of the thyroid hormone T4, can be
stimulated by injection of thyroglobulin into experimental animals, with a largechance of success. The frequency of occurrence of antisera with a very high strength
could perhaps be increased by suppressing the thyroid hormone production in the
animal, Dahluisen et al (1980). In (1985) Sakatae/ al immunized two rabbits with
HTg. In both rabbits the production of anti-HTg, anti-T4, and anti-T3 antibodies was
observed.

c-The Use of Different Immunogens at Different Stages
In (1976), Kruse used bovine thyroglobulins for the first immunization,
other immunogens consisted of T4 conjugated to BSA and horse serum proteins by
carbodiimide technique, were used for the subsequent injections.

d-The Use of Liposomes
The antibody response to immunogens incorporated within the artificial
liposomes is enhanced. The use of liposome-entrapped immunogen allows a rapid
localization of molecules by the spleen after intravenous injections or a prolonged
release from an intramuscular subcutaneous or intradermal depot. One of the
important applications of liposomes is its use in immunization with acutely toxic
substances such as snake venomes.
Tan et al (1981) produced specific anti-thyroxine antisera using Complete
Freund's Adjuvant with liposomes consisting of sphingomyelin, cholesterol, diacetyl

18

phosphate, and 5-N-thyroxine-2, 4-dinitrophenyl-phosphatidyl ethanol amine. (T4Dnp-PE).
1.7. Purification of Ferritin and Production of Antisera
Two properties can be exploited to affect a rapid and complete purification
of ferritin for use in immunoassays. Firstly the stability of ferritin at 70-75 C° and
secondly the high density of iron rich ferritin. Heating has almost always been
employed in the purification of ferritin but the temperature should be raised to 70 C°
as rapidly as possible to avoid proteolytic degradation. There is no evidence that the
heated protein differs immunologically from that prepared without heat treatment.
Iron-rich ferritin may be separated from other proteins by centrifugation at 100,000g
for 2 hours, as the iron content of ferritin molecules is related to the isoelectric point,
this procedure will select particular isoferritins. For iron rich ferritin it is possible to
establish purity by polyacrylamide electrophoresis; bands staining for proteins
should also stain for iron. Further examination may be carried out by isoelectric
focussing and amino acid analysis. Purification of ferritin from sourses other than
liver or spleen is more difficult (particularly if the ferritin is of low iron content) and
is dependent on effective use of techniques such as gel-filtration, an ion exchange
chromatography and preparative polyacryamide gel electrophoresis.
Production of antibodies to human ferritin may be carried out in a variety of
ways. Guinea pigs, rabbits and sheep have been successfully employed and in the
rabbit a total of lOOug to several mg ferritin may produce an adequate response.
Methods for producing high-affinity antibodies require several injections over a
period of several months and described in standard texts (Herbert, 1978).
1.8. Dose of Immunogen
Surprisingly low doses of antigen can induce antibody production.
Antiserum of high titre can be induced by immunizations of as little as 10-100 pg of
antigen/kg body weight. Higher doses may produce tolerance to the antigen and poor
antibody production. This may be due to the fact that before antibody production is
stimulated, an immunogen must bind to receptors on the lymphocytes, and when the
immunogen is at low concentrations, it is more likely to bind to a receptor of high
affinity. Antisera have the same properties as the receptor on the lymphocytes from
which they are produced, so that if only high affinity receptors are "triggered" a high
affinity antiserum will be produced (Ahsan, 1994).
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For weak immunogens it may be necessary to increase the dose of primary
and boosting injections. Satisfactory antisera for the RIA of glycocholic acid were
obtained by using 5 mg of hapten-carrier (BSA) conjugate in FCA in the first two
(i.m.) injections and 100 micrograms of conjugates in saline for six (i.d.) injections
over 4 weeks after two weeks rest (Catty and Raykundalia, 1989). Many research
group used as high as 1 nig immunogen /rabbit, e.g. Gharib etal(1970), Larsen
(1972) used a dose of 1 mg/animal for the production of anti-T3 antibodies. In 1964
Goodfriend et al used 3 mg of antigen/animal for the production of antibodies to
bradykinin.
Sheep respond well to i.m. or s.c. injections of 20-50 micrograms of purified
heterologous proteins (such as ferritin) in FCA. It is desirable to use low doses in the
primary injections and comparatively high doses in the booster injections. Lambs of
3-4 months of age can be primed. A rest of several months is advised to gain the best
response to boosting injections with 250-500 micrograms of protein, which are given
also in FCA. (Catty and Raykundalia., 1989).

1.9. Tolerance
There are three general ways in which antigen sensitive cells may respond
on exposure to antigen. These are by generating specific antibody, by generating
effector cells that participate in the cell-mediated immune response or by becoming
unresponsive to that antigen. Tolerance is the name given to this state of specific
unresponsiveness induced by an antigen and specific to that antigen (Tizard, 1977).

1.9.1. Tolerance as a Result of Inappropriate Antigen Exposure
Antigen-sensitive cells will only respond to antigen by producing antibodies
or specific effector cells if that antigen is presented to them in an appropriate dose an
manner. If the dose of antigen encountered by an antigen-sensitive cell is either
successive or inadequate, or if the antigen is presented to the cells in an
inappropriate fashion, then, instead of responding to antigen by division and
differentiation, cells may become unreactive or even be eliminated, and tolerance
therefore will result.
Because antigen-sensitive cells can respond only to antigen within a limited
dose range, tolerance may also be induced by very low doses of antigen. Only T cells
can be made unresponsive in this way, in contrast to high doses of antigen , which
may make both T and B cells unresponsive. In spite of the fact that only T cells are
affected in low-dose tolerance, the immune response to the inducing antigen is liable
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to cease entirely because of a loss of T-helper activity. It follows therefore that lowdose tolerance can not be induced to T-independcnt antigen such as the bacterial
polysaccharides (Tizard, 1977).
1.10. Purification of Antibodies:
While for some applications antiserum, ascites fluid, or culture medium
(which may contain 10% fetal bovine serum) can be used without prior fractionation,
it is necessary to purify antibodies when conjugation or immobilization is intended.
Purification is also necessary as a preliminary to the preparation of fragments such
as Fab'. For polyclonal antibodies purification of the whole IgG fraction may often
be adequate, but since specific antibody represents at best only 10% of the IgG,
affinity extraction with immobilized antigen may be describe to give a sufficient
density of antibody on a solid-phase or to obtain conjugate with a high enough
specific activity.
Recommended procedures for obtaining pure or nearly pure antibody
include (1) caprylic acid fractionation followed by ammonium sulphate fractionation,
(2) fractionation with ammonium sulphate plus DBAB ion exchange
chromatography, (3) affinity chromatography with immobilized antigen/hapten, or
anti-Ig class antibody. The precipitation and ion exchange methods are cheap and
suitable for large volumes but do not give the highest purity (Wajdi & Gosling,
1994).
1.11. Characterization of Antibodies
There are three factors necessary for judicious selection of antibodies or
antisera (1) concentration of binding sites; (2) affinity (3) specificity.
It is therefore important to detail or indicate aspects of these in order to
characterize all antibodies or antisera if they are to be used as immurioreagents.
The most practical tests are :(a)determination of titre. This is a measure of
both concentration and affinity, (b) Scatchard analysis of binding curve. This gives
details of both affinity and number of binding sites, and (c) cross-reaction studies
with structurally related molecules. This can give information to describe the type
and degree of specificity.

1.11.1 Titre
Samples of antisera are most frequently tested by measuring the titre. The
titre is given by measuring the amount of labeled antigen bound by varying the
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dilution of the antiserum. Although the titre of an antiserum will indicate the
presence of antibodies, it will say little about quality. A defined titre could result
from a high concentration of low affinity antibodies or equally from a low
concentration of high affinity antibodies. A similar titre will also arise from an
infinite combinations between these two extremes. As already stated, the quality and
in particular the affinity of the antiserum is critical in terms of the potential
performance of the assay. It thus becomes important to select an antiserum from
various test bleeds using more appropriate information. Whilst if may not be
practical to fully assess all test bleeds, it is often possible to get the necessary
information using a minimum of additional work.(Edwards, 1985)
1.11.2. Sensitivity
In RIA, information on the sensitivity may be gained by carrying out
titration of the antiserum in the presence of a minimum concentration of antigen and
then comparing it with the original titre. A reduction in titre could indicate
satisfactory sensitivity. (Edwards, 1985)
1.11.3. Specificity
Some information on specificity can also be obtained from titration curves.
For this, the titration of antiserum is carried out in the presence of a large
concentration of a known cross-reactant, or cross reactant considered to give rise to
most of the problems.(Edwards, 1985)

, 1.11.4. Equilibrium Constant (K)
Often the most useful parameter, can sometimes be assessed by the shape of
the titration curve. A steeper decline in titre, as the antiserum is diluted, indicates a
higher K value, and a more shallow decline would indicate a lower K value. The
results obtained from the titration curves are strictly relative and subjective.
Whoever, they will help in selecting the most appropriate test bleeds for the more
extensive testing, that is usually necessary before proceeding with the development
of an immunoassay.(Edwards, 1985)
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1.12. Development of an Assay for Specific Antibody
Immunoassays for specific antibody can be reagent-limited or two-site
sandwich design. The most common design is a two-site sandwich assay.
1.12.1. Analytic Validation
All assays developed for use in clinical chemistry should be validated in
accordance with the guidelines published by the International Federation of Clinical
Chemistry. (IFCC, 1980; 1983; 1984a; 1984b). The most commonly used parameters
of assay validation are assay sensitivity, specificity, within-batch and between-batch
precision, at concentrations reflecting clinical decision limits, tests of identity of
patient analyte and assay calibrant, and test for analytic recovery. Finally, patient
results must be compared with those obtained by other independent methods of
assay. Validation experiments are only reliable when carried out under the same
assay conditions as used in the final, fully developed assay. (Micallef& Ahsan,
1994).
1.12.2. Specificity
The nature of likely cross-reactants varies with the nature of the analyte.
TSH, for example is a. glycoprotein produced in the pituitary consisting of o and p
subunits. The P subunit is not unique to TSH but common to TSH, LH, FSH and
hCG. Likely cross-reactions for TSH, therefore include LH, FSH, hCG and the
unassociated o and p subunits, as well as other pituitary hormones, (e.g. prolactin
and growth hormone) which are possible contaminants of the pituitary extract
material commonly used in immunogen.
To characterize the specificity of an assay system, dose response curves are
constructed in the presence of the analyte and potential cross-reactants tested at
concentrations greater then likely pathophysiologic concentrations. These tests
should be performed using the final assay design with the intended sample matrix.
The importance of testing the effects of the interactions of cross-reactants
with analyte is even more important with two-site imniunometric assays. This is
because a cross-reactant that binds to only one of the two antibodies will prompt
little or no assay response when presented alone as a pure standard, but may
significantly reduce analyte binding if simultaneously present in sufficiently high
concentrations, causing false low results.
The assessment of the recovery of pure hormone standard from patient
samples containing pathophysiologic levels of potential cross-reacting substances is
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recommended as the most reliable indicator of cross-reaction problems. (Micallef&
Ahsan, 1994).

1.12.3. Precision & Sensitivity
Overall assay reproducibility is best derive from patient sample data or from
the analysis of control samples that resemble patient samples as closely as possible.
Most simply, it can be expressed as the coefficient of variations of the patient sample
duplicate results (within-sample, within-batch precision), but this varies markedly
with analyte concentration. Therefore sufficient duplicate data should be collected
and sorted by concentration into a number of groups, the between-replicate
coefficient of variation calculated for each group, and the resultant information
represented graphically as a plot
of coefficient of variation against analyte
concentration. Such plots are known as precision profiles and can be constructed for
other levels of reproducibility such as within-samples, between-batch precision. An
acceptable level of imprecision for assay results is dependent on the clinical
application and on intraindividual biologic variation.(Micallef & Ahsan, 1994).
1.12.3.1. Sensitivity
Clinical requirements for assay sensitivity vary widely, and for any analytes
maximizing assay sensitivity is not necessary. Other analytes ideally require
detection limits below levels achievable with current technology.
The operational definition of the sensitivity of an assay is the smallest
detectable dose at which the assay response is significantly different from zero. This
is estimated empirically as 2 or 3 times standard deviation in the measurement of
zero dose.(Micallef & Ahsan, 1994).

1.12.3.2. Tests for Analytical Recovery
To test for analytic recovery, graded doses of calibrant are added to patient
samples and allow to equilibrate with the matrix. When the samples are analyzed, the
observed results should equal the endogenous concentration plus the amounts of
calibrant added.
Recovery experiment data is analyzed by plotting for each sample the
amount of material detected on the abscissa against the amount introduced on the
ordinate and fitting the points to a straight line by regression analysis.
Analytic recoveries consistently greater or less than 100% (withinexperimental error) often result from disparity between the calibrant and patient
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sample matrices, but may have other causes, for example susceptibility of the assay
to eross-rcactants in patients samples.(Micallef & Ahsan, 1994).

1.12.3.3. Tests for Identity of Analyte and Calibrant
In the validation of any assay, it is essential to demonstrate that the calibrant
and unknown materials produce parallel assay response curves. The usual tests for
parallelism is linearity of results of patients samples with dilution. To set up a
linearity test, patient samples are progressively diluted in samples ,or calibrant
matrix, and analyzed to calculate the apparent amount of material present.(Micallef
& Ahsan, 1994)

1.12.3.4. Comparison With Independent Methods
Immunoassays should produce patient results similar to those of other
reliable immunoassays as well as independent methods of assay. Samples from a
variety of clinical conditions are analyzed by both methods and the results compared.
Statistically significant number of varied patient and normal samples (30 at least)
must be used. Disagreement, and whether or not it is concentration dependent, is
better assessed by plots of difference in the two assay results against the mean result
(Micallef & Ahsan, 1994)

1.12.3.5. Clinical Validation
When an immunoassay is developed for a specified clinical purpose the
effectiveness of the assay in achieving clinical objectives must be assessed.
!
With respect to clinical validation, the percentage of patients known to have
the disease who test positive is called the "sensitivity" of a test. Similarly, the
percentage of patients known to be free of the disease who test negative is called the
"specificity" of the test. Clinical sensitivity and specificity are quite different from
analytic sensitivity and specificity. The overall efficiency of the test is the proportion
of all patients for whom the test correctly predicts the presence or absence of the
disease. For qualitative tests the proportion of false positive results can usually be
minimized at the expense of an increase in false negative results and vice versa by
changing the diagnostic cutoff limits. Assessment of the clinical validity of an assay
is made by mathematical evaluation of these parameters in light of clinical
requirements and by comparison with other tests for the diagnosis of the same
disease.
For quantitative assays the same principles apply but numeric results can
indicate the probability of disease being absent or present. Normal and diagnostic
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ranges must be established by analysis of a large number of patient samples with
verified normal or pathologic conditions. Patient samples verified as free of disease
should include as wide a variety of types as possible.
Occasional or abnormal states that may affect the interpretation of results
include pregnancy, confinement to bed, hyperthyroidism, liver disease and
treatments with any of a wide variety of drugs. Diagnostic ranges are calculated by
standard epidemiologic methods and may vary between populations because of
genetic, dietary, or environmental factors or within population groups because of
additional factors such as age, sex, body weight, lifestyle, occupation and previous
clinical history. Inadequate or inappropriate reference ranges constitute a very
serious deficiency in some areas of clinical immunoanalysis.(Micallef & Ahsan,
1994)

1.13. Clinical and Laboratory Effects of immunization
1.13.1. Thyroid Function
Studies performed by Nieschlag et al (1973) and Herrmann etal{ 1975),
revealed that the rabbits and sheep which were immunized to produce antibodies
against T4 and T3 exhibited several abnormalities in their thyroid function and
thyroid hormone kinetics.
Joseph et al (1987) extracted T3, T4 and reverse T3 (1T3) using ethanol
amine. Levels of total thyroid hormone in serum which were determined by RIA had
increased several fold, particularly the hormone against which the animals were
immunized. Serum T3 concentrations in immunized animals exceeding from 280 to
2000 times the normal serum T3 concentration. Serum T4 and TSH had increased
several fold. Despite these extremely elevated serum T3, T4 and TSH concentrations
the animals were in good health without any manifestations of thyrotoxicosis
throughout the course of the investigation as judged by their weight pattern, food
intake and behavior, in comparison to normal rabbits. Such an enormous increase in
the concentration of thyroid hormones in blood was due to the hyperactivity of the
gland itself, and was not entirely due to the external administration of the respective
hormones in the form of their albumin conjugate.
These studies proved that anti-T3 antibodies effectively block the biological
effects of T3.
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1.13.2. Plasma Proteins
The plasma proteins are mostly synthesized in the hepatocytes, except for
the immunoglobulins which are synthesized in the lymphoreticular system. The
principal functions of the plasma proteins are:
1- maintenance of colloid oncotic pressure
2- transport of metabolites e. g. lipids, hormones (thyroxine, cortisol), metal
(calcium, copper, iron), excretory products (bilirubin, drugs and various toxic
ingested substances).
3- defense reactions, functions which depends on : (a) immunoglobulins
(b) the complement system.
4- coagulation and fibrinolysis.
5-buffering of H + .
6- specialized functions including (a) lecithin cholesterol acyl transferase (b)
proteinase inhibitors e.g. ol-anti-trypsin, 02- macroglobulin. (c) renin-angiotensin
system.
The concentrations of proteins, may be altered both in diseases that primarily
affected protein metabolism and in diseases where there is dehydration or
overhydration. Most diseases that alter plasma [ protein] affect the synthesis of
proteins in the liver or the distribution of proteins or the rate of catabolism or rate of
excretion.(Whitby, 1984).
1.13.3. Albumin
Albumin is quantitatively the most important of the plasma proteins, and has
a low molecular mass compared with most of the other proteins. These facts account
for the importance of albumins contribution towards maintaining the colloid oncotic
pressure of plasma. Albumin is synthesized by the hepatocytes. Its half life in plasma
is 20 days. Synthesis of albumin may be reduced in the following:
1- Hereditary defects. Symptoms even oedema, may be absent due to compensatory
increases in plasma globulins concentration.
2- Liver disease, both acute and chronic.
3- Malnutrition.
4- Malabsorptive disease.
Albumin acts as a non-specific transport vehicle for a large number of
endogenous substances. These includes fatty acids, calcium, unconjugated bilirubin,
thyroxine and urates. In addition, many drugs are transported bound to
albumin.(Whitby, 1984).
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1.13.4. Globulins
Electrophoresis on cellulose acetate separates the serum proteins into five
' distinct fractions: ol, o2, P and y- globulins.
| ol-globulins
This fraction contain proteins which functions in the binding of cationic
drugs, and act as deproteinase, in the blood clotting, and in the transport of cortisol
and vitamin D .
o2- globulins
This group is function in the transport of T3, T4, copper, retinol and in the
... binding of haemoglobin.
•' p- globulins

This group function in the iron transport and fibrinolysis
y- globulins
This contains the immunoglobulins which acts as antibodies.
i

; 1.13.5. Body Temperature
h•
For centuries fever has been recognized as a cardinal sign of disease, and
;,• more recently as a sign of infection. The assumption that fever is somehow
\- beneficial to as in overcoming infections had led in years past to the use of induced
\l fever as effective therapy of questionable value for a variety of other conditions
„ (Bennet and Nicastri, 1960). The belief that fever can aid the host in killing germs
|y has been supported by the observation that a few bacteria such as gonococci survive
|, poorly at temperatures above 37 C° (Carbenter et al 1933). In addition to detrimental
| | effect on a few bacteria it has also seemed possible that fever may enhanced the
% body's defense mechanisms. For example antibody production may be more effective
" at higher body temperature, in cold blooded animals such as frogs (Bisset, 1948) and
| in mice (Ispen, 1952) also as early as 1908 there were data reported by Ledingham
suggesting that phagocytic activity was enhanced by hyperthermia, and this was
again described by Ellingson and Clark, in. (1942) for the phagocytosis of
staphyllococci by both guinea pig and human leukocytes. However, contrary
evidence suggests that fever may be detrimental. Fever increases the rate at which
passively infused antibodies disappears in rabbits (Ellingson and Clark, 1942). Thus
it is not clear whether fever is more beneficial or detrimental to an infected host.
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1.14. Removal of an Endogenous Antigen From an Antibody to Increase
its Effective Affinity Constant
The development of RIA and IRMA techniques over the last several years
has enabled investigators to detect and measure analytes that are present in very low
concentrations in body fluids. Sensitivity is one of the major attractions of RIA, and
the further lowering of detection limits is the goal of much research in clinical
chemistry.
Limits of detection in a RIA are governed by many interacting variables,
including amount, affinity, and specificity of the antibody, mass and specific activity
of the label, and efficiency of separation of antibody-bound label from free. The
antibody affinity has generally been considered to be a primary physicochemical
constant for each antibody and hence not subject to modification (increase) by
normal chemical manipulations. It has been presumed that once the effective affinity
constant is maximized by appropriate dilution, it can not be increased further (Oliver
and Cano, 1977).
Animals immunized to produce antibodies to endogenous antigens may
produce extraordinarily high concentrations of those antigens in their own
circulation. Fyhrquist, and Wallenius, (1975) reported a 48 h dialysis procedure
which removed bound vasopressin and angiotensin-2 from their respective
antibodies. They observed a marked increase in the affinity constant and a
corresponding improvement in assay sensitivity, which they attributed to the
unmasking of high-affinity binding sites.
Oliver and Cano, (1977) reported an extraction method of T3 from the
antiserum with alkaline ethanol which yielded an antibody of increased affinity. Use
of this antibody in a RIA resulted in a four fold increase in sensitivity as compared
with the unextracted material.
It was possible to remove T3 to an extent of 77% by alcohol extraction and
60% by dialysis, but the resultant antisera will fail to demonstrate any increase in the
titer. However the assay become more sensitive and it was possible to detect T3
concentrations as low as 6.25 pg.
The affinity constants of these antisera calculated from the respective
schatchard plots were found to have increased after both dialysis treatment as well as
alcohol extraction. This was thought to be due to rendering some of the high affinity
binding sites on the antibodies free of antigen after treatment (Joseph et al 1987).
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1.15. Data Processing as reviewed by Edwards, (1996)
Any processing of complex data, such as: curve fitting to the dose-response
coordinates for a number of replicated standards or calibration curve; precision
profiling; interpolation of unknown values; statistical calculation of quality control
parameters, etc. is best achieved using one of several computer programs.
Data processing for quantitative immunoassays is considered to consist of
the following steps:
a) calculation of mean response from replicates.
b) construction of the calibration curve.
c) assessment of quality of fit of the calibration curve.
d) determination of unknown concentration from the mean response.
e) construction of the precision profile.
f) estimation of sensitivity.
g) quality control.
1.15.1. Construction of the Calibration Curve (computer methods)
Both radioimmunoassay (RIA) and immunoradiometric assay (IRMA)
response curves suffer from non-uniformity of variance of the response variable
with analyte concentration, this is known as heteroscedacity. A weighing function
should be used to accommodate this non-uniformity of variance. It is common to use
(1/SD2) as a weighing factor for each calibrator such that replicates with larger
variances will have less influence over the final position of the curve than those of
smaller variances.
1.15.2 Assessment of Quality of Fit of the Calibration Curve
The computer program 1) examine the size of the sum of residuals (the
distance between the modeled and observed responses), this is directly proportional
to the quality of fit. 2) Calculate the predicted concentration of the calibrators from
the response as if they were unknowns. 3) statistical variance ratio test: calculate the
model variance, the deviation from the model average over all doses (si). 4)
calculate the replicate variance, the scatter of the replicate calibrators about their
respective means averaged overall doses(s2). From the variance ratio sl/s2, this is
directly proportional to the quality of fit.
1.15.3. Determination of Unknown Concentration from the Mean Response
Since the unknown mean response will fall between two calibrator responses
for which the analyte concentration is known, the unknown concentration may be
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interpolated. For computer methods, the concentration corresponding to a response
can be obtained by changing the subject of the equation from response to
concentration. Using the 'functional notation'
Response = f(conc.)
becomes,
Cone.
= f(Response)
1.15.4. Construction of the Precision Profile
The sum of errors associated with measured responses are a function of
concentration. This is illustrated by expressing the response error as an equivalent
concentration error and plotting against concentration. To obtain a precision profile
in term of % coefficient of variation (%CV), the concentration error is divided by the
average concentration values and the results multiplied by 100 to 6btain %CV. Then,
the %CV is plotted against concentration.
1.15.5. Estimation of Sensitivity
The sensitivity is defined as the lowest concentration of analyte which can
be distinguished from zero. The minimal detectable concentration (MDC) is
calculated from the mean zero response plus a multiple of standard deviation of the
response at this level estimated from the error profile. Precision profiles have been
used directly, sensitivity being defined as the concentration corresponding to a CV of
22%.
1.15.6. Quality Control
• a) Parameters Available from the Calibrators
Maximum response (Bmax). In 'RIA type assays' this will be the binding in
the absence of the analyte (Bo). In 'IRMA type assays' this will be the binding of the
most concentrated calibrator.
Minimum response (Bmin). In 'RIA type assays' this will be the nonspecific
binding (NSB). In
TRMA type assays' this will be the nonspecific binding
associated with the zero analyte calibrator.
b) Parameters Available from the Precision Profile
The 'working range' can be identified from the precision profile as the range
over which the assay has acceptable precision. 10% is frequently chosen to define
the working range of the assay.
c) Parameters Available from the Quality Control Pools
The concentration of the quality control pools should correspond to normal
and abnormal levels of the analyte being measured. Bias is a measure of how far the

31

assay value is from the 'true' value; precision is the measure of the reproducibility of
the assay results.
On a control chart, the mean value of the quantity being monitored is
represented by a central axis. This axis is flanked on either side by a set of warning
limits placed at +/- 2SD, and then by a set of action limits placed at +/- 3SD.
Sequential results are plotted progressing from left to right across the control chart.
When a point strays outside the limits, the assay is said to be out of control.
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MATERIALS AND METHODS
The study was conducted at the Department of Biochemistry, Faculty of
Veterinary Science, University of Khartoum, and the Radio Immuno Assay
laboratory (RIA) in Sudan Atomic Energy Commission (SAEC), Khartoum.

2.1. Chemicals
Chemicals

Source

Freund's adjuvant (complete)
Freund's adjuvant (incomplete)
Sodium chloride (0.9 %)
Bovine serum albumin (BSA)
3,3',5-triiodothyronine (T3)
L-thyroxine (T4)
Horse serum protein (HSP)
1,1-carbonyl-diimidazole (CDI)
Ethanol (absolute)
Ammonium hydroxide
Hydrochloric acid
Dimethyl formamide (DMF)
Radioactive Triiodothyronine (T3-1125)
Radioactive thyroxine (T4-1125)
Sodium hydroxide
Sodium dihydrogen phosphate
Disodium hydrogen phosphate
Standard T4
Standard T3
Standard TSH
8-anilino-l-naphthaline-sulphonic acid (ANS)
Sheep anti-T4 antiserum
Solid-phase donkey anti-sheep serum (DASS)
Potassium sodium tartarate
Copper sulphate
Potassium iodide
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Sigma immunochemicals
Balsampharmaceutical co
Sigma

S.A.E.C
Sigma
BDH
Baker analyzed
Sigma
S.A.E.C
BDH
LOBA CHEMIE
>i

S.A.E.Q.

Sigma
NETRIA
JJ

BDH
BDH

Sodium citrate
Citric acid
Bromocresol green
Glacial acetic acid
Gentian violet
Leishman stain
Methanol
Sodium azide (NaN3)
Ethylene diamine tetra acetic acid
Polyoxy ethylene sorbitan monolaurate (Tween 20)
Triton X-100
Diethyl barbituric acid (Barbitone)
Barbitone sodium

»
„
Hopkins&Williams
BDH
t
„
METLAB
Riedel-DE Haenag
Sigma
„
„
„ •
BDH
„

2.2. Production and Evaluation of Anti-thyroid Hormones
2.2.1. Animals
Sixteen New Zealand rabbits were brought from Balsam pharmaceutical
company, and twelve local breeds were brought from the local market in Omdurman.
All animals used in this study were males, healthy, and of average age of six months.
The rabbits were housed together in an indoor pens. The animals were kept for 3
weeks as an adaptation period, during which they were watered and they were fed on
i sorghum and Lucerne.

2.2.2. Control Period
The control period started after the adaptation period, and it lasted for three
weeks. During this period, the animals were bled three times. Each time 4-5 ml of
blood were collected from the rear marginal ear vein of each rabbit, and this was
facilitated by the use of xyline which always applied on the tip of the ear.

2.2.3. Collection and Preservation of Samples
The collected blood was divided into two containers, one contained EDTA
anticoagulant and was used for the measurement of ESR, TWBC, and differential
leukocyte count. The other containers were anticoagulant-free, and the blood was
allowed to clot for 1-2 hours at room temperature and 2-6 hours at 4°C and then .
centrifuged at 3000 rpm for 15 minute. The serum was divided into small volumes
0.5 ml in eppendorf containers with the addition of 0.1% NaN3, as preservative, and
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stored at -20°. The serum was used for the determination of total protein, albumin,
titration of antibodies, total T4, T3 , and serum TSH.

2.2.4. Preparation of T3 and T4-Protein Conjugates
Thyroxine (T4) and 3,5,3'-triiodo-L-thyronine (T3) themselves were not
immunogenic and considered as haptens. Three methods were used for the
conjugation of these haptens to carrier proteins (bovine serum albumin "BSA" and
horse serum protein "HSP") in order to render them immunogenic. •

2.2.4.1. The First Method
Immunogen conjugates were prepared according to Oliver, et al (1968) as
modified by Gharib, et al (1970).
Procedure
1) 50 mg of (BSA) was dissolved in 25 ml distilled water.
2) To this solution 30 mg of 1,1 -carbonyl-diimidazole (CDI) was slowly added as
coupling agent.

3) The pH was adjusted to 5.5 using HCL (1M).
4) 20 mg of (T3) or T4 were dissolved in 5 ml of dilute NaOH.
5) Suitable amount ofT3-I 125 or'fy-I 125 were added to the hormones solutions, to
give 150,000 cpm, using automatic pipette in order to quantitate the amount of
hormone bound covalently to the carrier protein.
6) The hormone solution was added dropwise to the BSA solution with continuous
stirring and the pH was adjusted to 5.5 using HCL (1M).
7) The solutions were rotated for 10 minutes, using rotatory mixer and then more 10
mg of CDI was added.
8) The reactants were left overnight under stirring at 4°C, using ice bath and
magnetic stirrer.
9) Then they were dialyzed against phosphate buffer (0.05M) and pH 7.4 for 48
hours, to remove the free hormone and CDI from the protein conjugates.
10) After dialysis the immunogens were divided into one ml volumes, of:
1.72 mg for T4-BSA and, 2.65 mg for T3-BSA

11) A blank solution was prepared, which contain the protein carrier and the
radioactive hormone only. i.e. no coupling agent.
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2.2.4.2. The Second Method
The second batch of immunogen conjugates (T3-BSA, T3-HSP, T4-BSA,
and T4-HSP) were prepared according to Gharib, et al method (1970) as modified
by Burke and Shakespear, (1975).
This method is similar to the first method, except in steps,
3) The pH of the reaction media was adjusted to 7.0 by using dilute NaOH and HCL
(1M).
4) T3 dissolved in 5ml (ethanol: NH4OH, 25 :1 v/v ), and T4 wds dissolved in 5ml
N,N-dimethyl formamide (DMF ). (DMF : water =1:1).
8) The reactants were left overnight at room temperature.
9) The immunogens conjugates of this batch were purified using Sephadex G-25
column and eluted with 0.05 M sodium phosphate pH 7.4.
10) The immunogens were divided into 1 ml volumes with the following
concentrations:
T3-BSA immunogen = 2.62 mg/ml
T3-HSP
„
=3.18 mg/ml
T4-BSA
„
=2.56 mg/ml
T4-HSP
„
=3.0 mg/ml
2.2.4.3. The Third Method
The third batch of immunogen conjugates (T3-BSA, T4-BSA ) were
prepared according to the method of Goodfriend, etal. ( 1964).
Procedure
1) 10 mg of T3 or T4 was dissolved in NaOH (0.1N) and T3-1 1 2 5 or T4-I 125 were
then added.
2) 30 mg of BSA was dissolved in 2 ml distilled water.
3) 100 mg of CDI was added to the BSA solution, then the hormone preparation was
slowly added.
4) The pH was adjusted to 7.0, using dilute NaOH and HCL (1M).
5) The reactant were left overnight at room temp.
6) Then purified by extensive dialysis for one week against approximately 25 liters
of 0.1M phosphate buffer pH 7.4 at room temperature.
7) The immunogens were divided into 1 ml volumes with the following
concentrations:
T3-BSA
=3.57 mg/ml
T4-BSA
=3.86 mg/ml
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2.2.5. Determination of the Molar Ratio of the Conjugates
The quantity of the residual bound T3-I 125 and T4-I 125 to the protein carrier
were estimated as described by Larsen, (1972). Using the original specific activity of
the T3-I 125 and T4-I 125 , the number of moles of T3 or T4 covalently bound to one
mole of either BSA or HSP, was calculated as follows:
The initial count of the reactants (before purification) = X cpm/ml
The initial count of the blank solution „
= X' „
The count of the reactants after purification
=Y cpm/ml
The count of the blank solution after purification
=Y'
1
Then the reacted percentage of the hormone = [(Y-Y ) IX ] x 100% = Z%
If we have 20 mg of the hormone e.g. T3, then Z% is equal to : *
(Z/100) X20
= Nmg
1 mmole T3
=651 mg
N mg
= N / 651 mmole T3
1 mmole of protein carrier e.g. BSA
= 70000 mg
50mg(BSA)
= 50 / 70000 mmole
The molar ratio is the number of moles of hormone (n) reacted with one mole of the
protein ( N / 6 5 1 )/(50/70000) = n : l .
2.2.6. Preparation of Immunogen- Adjuvant Emulsion for Injections
1) The weight of the rabbits is determined each time before injections.
2) The dose of immunogen was calculated as follows:
Rabbit number
4

5
6
10
11
12
Total weight
=
Mean weight =8190/6 =1365g.

Weights re)
1500
1750
1340
1240'
1000
1360
8190
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As cited by Ahsan, (1994), animals can be immunized with 10-100 ug/Kg body
weight, and by Catty and Raykundalia, (1989), hapten-carrier immunogens is used
with a dose up to 5mg per head.
The first dose in all groups is calculated to be around 50 pg immunogen/Kg animal
body weight.
50 pg T4-BSA
/
1000 g (animal body weight)
x pg
/
1365 g
„ .
x = 50 x 1365 / 1000 = 68.25 ug (for each rabbit) "
Then the 6 rabbits will receive 409.5(jg
Each vial of immuonogen contain 1 ml (e.g. 1 ml of T4-BSA contain 2560 ug)
1000 pi contain 2560 pg
xpl
„
409.5 pg
x
=
160 pi
3) The 160 pi of the immunogen was completed to 6 ml by 0.9 % NaCl for
injection.
4) To the 6 ml of the immunogen solution, an equal volume of adjuvant was added,
then the total volume was drown in a glass syringe and injected vigorously into the
bottle many times until the white emulsion became stiff and difficult to work further.
5) Since the emulsion is not easily drawn from the bottle, 20% excess of all
components was added for wastage.
6) A stable water-in-oil emulsions formed, tested by allowing a drop of emulsion to
fall from the needle onto clean cold water, sinking briefly as a discrete drop and
then floats without any dispersion.
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2.2.7. Immunization of the Animals
All the rabbits were exposed to an immunogcn in the first injection, then
other exposure is held in the subsequent injections.
1) The local breed rabbits were divided into four groups, each composed of three
animals. Group (I) and (II) received the first and subsequent injections of T3-BSA
conjugate, and T4-BSA conjugate respectively. Group (III) and (IV) received the
first injection of T3-HSP and T4-HSP conjugates and subsequent injections of T3BSA and T4-BSA conjugates respectively.
2) The New Zealand rabbits were divided into tow groups, each was of 8 animals
and received the first and subsequent injections of T3-BSA conjugate and T4-BSA
conjugate respectively.
3) The animals received 2 ml of the emulsion. I ml along the back and neck s.c. and
0.5 ml in each thigh i.m.
4) The rabbits received from 22.2-97 jj,g of immunogen / Kg body weight, when the
calculated dose of the immunogen e.g. 68.25|j.g is related to the actual weight of the
rabbit, in (FCA) as primary injections
5) Immunization was repeated using (FCA) after 6-8 weeks.
6) Four weeks after the second injections, the animals received another injections in
Freund's Incomplete Adjuvants (FIA).
7) Immunizations were repeated every 4 weeks in FIA
8) Blood samples were collected 2 weeks after each injection, to test for antibody
binding.
The immunization regime for all rabbits in all groups is presented in tables 1,2,3
and 4.
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Table 1. Immunization Regime for New Zealand Rabbits With T4-BSA
Dose of immunogen (T4- BSA) in pg / Kg body weight
Rabbit
number
1
2
'
3
4
5
6
7
8

1st Inj.
FCA
54
55
died
36.6
69.5
46.3
54
74

2nd Inj.
FIA
died
48.7
died
38.7
65.4
41.3
57.7
65.6

7th lnj.
FIA
died
100
died

3rd Inj.
FIA
died
50
died

4th Inj.
FIA
died
55.5
died

55

55

55

59

55

5J

55

»3

55

99

55

>5

55

53.9
46.5

45.4
died

5th Inj.
FIA
died
100 died
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This group received all of the injections from the first immunogen prepared as
method (1).

Table 2. Immunization Regime for New Zealand Rabbits with T3-BSA
Dose of immunogen (T3-BSA) in ug /Kg body weight
Rabbit
Number
1
2
3
4
5
6
7

8

1st Inj.
(FCA)
41.7
59.5
48
53
40.7
56
22.2
27.2

2nd Inj. FCA

3rd Inj. (FIA)

4th Inj. (FIA)

50.6
died
47.3
54.8
42
58.6
died
died

50
died
died
died
45
58.6
died
died

died
55
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?3

?>

?J

M

This group recieved all of the injections from the first immunogen prepared as
method (1).
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Table 3. Immunization Regime for the Local Rabbits With T3-BSA &
T3-HSP
Dose of immunogen in pg /Kg body weight
Rabbit
number
1
2
3
7
8
9

1st Inj.
FCA
70.7
76

97
74.4
85.8
70.8

2nd Inj.
FCA
57.4
38
58.6
41
58.6
50.4

3rd Inj. 4th Inj. 5th Inj.
FIA
FIA
FIA
96.2
84
96.8
70.4
92.7
91.6
100
125
84.3
94
98
72.3
100
89.2
86.3
100
84
110

6th Inj.
FIA
.96
92 •
112
86.6
82
108

7th Inj.
FIA
120
116
130
102
98
126

The 1st, 2nd, and 3rd doses of immunogen were given from the first preparation'
(method 1), the 4th and 5th were from the second preparation (method 2), and the
last two were from the third preparation (method 3)

Table 4. Immunization Regime for The Local Rabbits With T4-BSA &
T4-HSP
Dose of immunogen in pg/ Kg body weight
Rabbit
number
4
5
6
10
11

1st Inj.
FCA
86
69.6
83.7
81.9
78.8

12

76

2nd Inj. 3rd Inj.
FCA
FIA
44
77.7
38
66.3
49.6
75.2
53.6
88.8
66.5
86.7
48.8
76.2

4th Inj.
FIA
101
80.6
88
113.6
111.9
98.6

5th Inj.
FIA
99
81.8
92.6
113.6
113.9
91.4

6th Inj.
FIA
107
96.8
103
96
96.7
93.5

7th Inj.
FIA
214
194.8
206
192
193.4

186

The 1st, 2nd and 3rd doses were given from the 1st immunogen (method 1), the 4th
and 5th were from the 2nd immunogen (method 2) and the two last doses were
given from the 3rd immunogen (method 3).
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2.2.8. Evaluation of Antisera
2.2.8.1. Titration of T3 and T4 Antisera
For RIA the titre is defined as a factor with which the antiserum must be
diluted to bind 50% of the labeled antigen (tracer) with a stated concentration of
tracer and with the described techniques. High liters means large amount of
antibodies available for use.
Three methods were used in the present work for the titration of T3 and T4
antisera.
1. The first method was described by Binoux and Odell, (1973).

Principle
When an antiserum incubated with a radioactive antigen (tracer); a complex
of antigen-antibody is formed. The unbound (free) antigen is separated from the
mixture by adsorption on dextran charcoal. After centrifugation, the bound fraction
which is suspended in the supernatant, is counted for radioactivity in gamma counter.

Reagents S Equipments
1-Barbital Azide Buffer (0.075M, pH = 8.6 ): was prepared by;
a- adding 2.763g of barbitone (5.5-diethyl barbituric acid) to distilled water heated to
98°C, mixed and cooled, then,
b- 15.462 g of sodium barbiturate was added, and,
c- lg of bovine serum albumin (BSA) was added to the buffer solution to minimize
the non-specific binding (NSB).
d- 2 g of 8- anilinonaphthalene-1-sulphonic acid (ANS), was added to the mixture to
displace the hormone (antigen ) from thyroxine binding globulins (TBG) in the
serum, and
e- then lg of sodium azide (NaN3) was added as preservative.
f- All these components were completed to one liter.
2- Barbital Azide buffer With tracer:
About 0.25 nmol of T3-I I2 5 or T4-I125 was added to 1 litre of barbital azide buffer to
give a total radioactivity count of about 20,000 c/m/500 ul.
3-Antiserum diluted 1/10, 1/100,1/1000, 1/10,000 in barbital buffer.
4- 2g of charcoal dissolved in barbital buffer.
5- Gamma counter (OAKFIELD, health care products).
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Procedure
1- 500 pi of reagent 2 was added to all tubes (sample, blank, and tube of total
radioactivity)
2- 500 |i of antiserum diluted in barbital buffer was added to sample tubes.
3- 500 ul of barbital buffer was added to the blank tube
4- All the tubes were incubated overnight at room temperature
5- lml charcoal solution was added to all tubes except to ones prepared for total
radioactivity, in order to separate the bound from the free fraction of the radioactive
hormone.
6- After 20 minutes, the tubes were centrifuged at room temp, for 10 min.
7- The supernatant was immediately decanted into counting tubes and counted for 60
seconds in gamma counter.
Calculation
The percent bound (B%) was calculated after correction for non- specific binding
(NSB) as follows:
(B%) = (sample counts - NSB) / (Total counts) x 100
2. The second method described by Larsen, (1978).
Principle
The principle is the same as that of the first method, but the separation of the
antibody-antigen complex from the mixture is done by a second precipitating
antibody. The second precipitating antibody is raised in a goat injected with rabbit
[gG. The second antibody reacts with the primary antibody (antigen) to form a
preciptable complex which sink faster to the bottom of the tube with the aid of
polyethylene glycol (PEG). Then after centrifugation the precipitate is counted for
radioactivity.
Reagents
1 -Phosphate buffer:
0.05M phosphate buffer pH 7.4 contained 0.1% BSA, 0.2% (ANS) and 0.1% NaN3.
2- Second Precipitating Antibody "Goat Anti-Rabbit Serum" (GARS), which contain
polyethylene glycol (4% PEG) to enhance precipitation.
3-Serum with increasing dilutions, 1/10, 1/100, 1/1000, 1/10,000.
4-T3 and T4 tracers
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Procedure
1- To all tube, 100 pi of tracer was added.
2- To the sample tubes, 100 pi of serum, and 100 pi of phosphate buffer was added.
3- 200 pi of buffer was added to the blank tube (NSB). The tubes were vortexed and
allowed to stand for 2 hours at 37°C
4- 500 pi of the separating agent (goat anti-rabbit antiserum + 4% PEG) was added
to all tubes except that of the total count.
5- The tubes were vortexed and allowed to stand for 30 minutes.
6-Then centrifuged for 30 minutes at 4°C at 3000 rpm.
7- The supernatant was decanted and the tubes were counted in 5-counter for 60
seconds.

Calculation
B% = (sample counts- NSB) / (Total counts) x 100
3. The third method described by Larsen, (1978).
The only difference from the second method is the separating agent, which was
donkey anti-rabbit serum (DARS).
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2.3. Clinical and Laboratory Investigations
2.3.1. Determination of Serum Total T3, T4 and TSII
T3, T4 and TSH reagents and quality control sera were supplied by Sudan
Atomic Energy Commission (SAEC), Khartoum. Total T3 and T4 were measured by
radioimmunoassay (RIA) technique (Larsen, 1978) and TSII by immunoradiometric
(IRMA) technique.
2.3.1.1. Thyroid Hormones Extraction Procedure
To 0.5 ml of rabbit serum, 4.5 ml of absolute ethanol was added gradually
with continuous mixing using vortex mixer. Then 0.1 ml of 15.9 mol/1 (30%)
ammonium hydroxide was added, mixed and centrifuged for 5, minutes at 2000 x g.
The supernatant was evaporated, and the residue was dissolved in assay phosphate
buffer and T3, T4 levels were measured. This procedure was described by Oliver and
Cano,(1977).

2.3.1.2. Serum Total T4
Principle
Antigen (Ag) and tracer (Ag*) compete with a limited amount of antibody
(Ab) to form Ab-Ag or Ab-Ag* complexes. When this reaction reached an
equilibrium, the free fraction of both antigen and tracer are removed using
appropriate separating agent, then the Ab-Ag* complex is counted for radioactivity
using appropriate gamma counter.
Ag + Ab +Ag* < Ab-Ag (complex) + Ab-Ag* (complex) + Ag* + Ag
^separation
supernatant containing Ag* + Ag, deposit containing {Ab-Ag +Ab-Ag*}

Standard Ag concentrations
concentration.

\)
1}
decanted
counted in 5 counter
is always used as calibrator to calculate antigens

Reagents
1) Assay phosphate buffer (0.05M, pH 7.4): 5.71g Na2HPO4.2H2O and 1.53g
NaH2PO4.2H2O were dissolved in 1 liter of distilled water and stored at 4°C with
the addition of 0.1 % NaN3.
2) Wash buffer: 0.1% Triton x-100 in 0.05 M phosphate buffer.
3) I 125 -T4: The highly radioactive hormone was diluted by addition of assay buffer
to give a solution of 20,000 cpm
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4) Quality control sera (Q.C.): Provided by SAEC, and labeled (A) high, (B) normal
and (C) low.
5) Standards: Reconstitution of T4 standards gives concentrations of (300, 150, 75,
37.5, 18.75 and 0.0 nmol / I).
6) Donkey Anti-Sheep Scrum (DASS).
7) Sheep anti-T4 antiserum.
8) 4g of 8-anilinonaphthalene-l-sulphonic acid (ANS) dissolved in 100 ml assay
buffer..

Procedure
The assay was carried by using tubes containing the following: sample,
standard, quality control (Q.C.), non-specific binding (NSB),which contain no
antibody and the total count tube which contain lOOjul of tracer only and kept away
for reading in gamma counter.
1- To all tubes 100 pi of ANS (0.4%), 100 pi of DASS and 100 pi of T4-I 125 were
added.
2- 50 pi of sample or standard or Q.C.was added.
3- 100 pi of sheep anti-T4 antiserum were added to the tubes of sample, standard and
Q.C. tubes.
4- All the tubes were well vortexed and incubated for one hour at 37°C (water bath).
5- One ml of wash buffer was added to all tubes except that of the total count.
6- All the tubes were centrifuged at 3000 rpm for 5 minutes at room temperature
(20-26°C).
7- The supernatant was decanted and the deposit was counted for 60 seconds in
gamma counter.
8- The results were analyzed using the WHO IMMUNOASSAY PROGRAM (A5.2)
soft ware prepared by Edwards, (1988).
All tubes were prepared in duplicates and they were well mixed after each
addition.

2.3.1.3. Serum Total T3
The principle is the same as that described for the determination of total T4.

Reagents
1- The stock and assay buffers and quality control sera were the same as those used
for T4 protocol.
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2- T3-I 125 : The highly radioactive hormone was diluted by addition of assay buffer
to give a 12000 cpm in gamma counter.
3- Standards: T3 standards were reconstituted with distilled water to give (0.0,0.6,
1.25,2.5, 5 and 10nmol/l).
4- Donkey anti-rabbit serum (DASS)
5- Sheep anti-T3 antiserum
6- 2g of 8-anilinonaphthalene-l-sulphonic acid (ANS) dissolved in 100 ml assay
buffer..

Procedure
The assay was carried by using tubes containing the following: sample,
standard, quality control (Q.C.), non-specific binding (NSB),which contain no
antibody and the total count tube which contain lOOul of tracer only and kept away
for reading in gamma counter.
1- To all tubes 100 pi of ANS (0.2%), 100 pi of DASS and 100 pi of T3-Il25 were
added.
2- 50 pi of sample or standard or Q.C. was added.
3- 100 pi of sheep anti-T3 antiserum were added to the tubes of sample, standard and
Q.C. tubes.
4- All the tubes were well vortexed and incubated for one hour at 37°C (water bath).
5- One ml of wash buffer was added to all tubes except that of the total count.
6- All the tubes were centrifuged at 3000 rpm for 5 minutes at room temperature
(20-26°C).
Ik The supernatant was decanted and the deposit was counted for 60 seconds in
gamma counter.
8- The results were analyzed using the WHO IMMUNOASSAY PROGRAM (A5.2)
soft ware prepared by Edwards, (1988).
All tubes were prepared in duplicates and they were well mixed after each
addition.
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2 PAGES ARE MISSING IN
THE ORIGINAL DOCUMENT

2.3.3. Serum Albumin
'
Determined by' the method of Bartholomew and Delaney, (1966). The
standard was prepared by adding 4g of BSA to 100 ml of distilled water.
Serum Albumin Colour Reagent
(1) A molar solution ofsodium citrate (14.7g of sodium citrate dissolved in 50 ml
distilled water),
(2) 17.3 ml of the molar solution ofsodium citrate was taken and added to 32.9 ml of
molar citric acid.
(3) Stock bromocresol green (BCG) was prepared by adding 0.174 g BCG to 2.5 ml
of NaOH (0.1N), then made up to 25 ml with distilled water.
(4) Solution (2) was added to 6 ml of stock bromocresol green solution (3).
(5) Solution (4) was made up to a liter with distilled water.
Principle
The bromocresol green (BCG) solution (buffer indicator) reacts with the
serum albumin producing a green colour. The colour intensity is proportional to the
concentration of albumin present.
Procedure
4 ml of BCG was added to the tubes of samples, blank and standard
albumin. Serum and standard albumin (4g/dl) were added in 0.02 ml volumes. The
tubes were mixed, and immediately read in colorimeter at 600 nm.
calculation
(CD. of sample / O.D. of standard) x 4

= sample cone. (g/dl).

2.3.4. Serum Total Globulins
This was determined by substraction of albumin value from total protein value .
2.3.5. Erythrocyte Sedimentation Rate (ESR)
/
The ESR test was carried out according to'Westergren method (1921) at a
morning room temperature (22-25)°C.
109 mmol/1 trisodium citrate (32g/l Na3C6H5O7.2H2O) was used as
anticoagulant. It was filtered through a micropore filter paper into a sterile bottle.
The test was performed on venous blood diluted accurately in the proportion
of 1 volume of citrate to 4 volumes of blood, mixed thoroughly and drawn up into
Westergren tube to the (0 mm mark). The lubes were placed vertically and left for
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60 minutes. Then the hight of the clear plasma above the upper limit of the column
of sedimenting cells was recorded and expressed in mm/1 hour.

2.3.6. Differential White Cell Count
Thin blood films were made on glass slides, allowed to dry in the air, and
flooded with Leishman's stain (0.15 grams of Leishman stain dissolved in 100 ml of
absolute methanol, and left overnight before use.). After 2 minutes, double volume
of water was added and stained for 5 minutes. Then the films Were washed in a
stream of buffered water, and were set upright to dry. At least 100 leucocytes were
counted in every blood smear (Jain, 1986), and the % of each cell type was recorded.

2.3.7. Total White Blood Cells (TWBC) Count
Blood was diluted 20 folds with diluting fluid (2% acetic acid coloured
pale violet with gentian violet) in a 75x10 mm glass or plastic tubes, mixed for at
least 1 minute. The improved Neubauer haemocytometer was filled using a Pasteur
pipette. The preparation was viewed using a 10 mm objective and x 7 eye piece. The
4 peripheral ruled area were counted as described by Jain (1986).

Calculation
number of cells counted x dilution factor (20) x 10 = cells / cmm.

2.3.8. Body Temperature
Because of the variation in the temperature in different parts of the body or
at the same part during a day, morning rectal temperature was determine, 2 days, 1
week and 2 weeks after each injected dose, using mercury thermometer.
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2.4. Production and Evaluation of Anti-Ferritin Serum
Ferritin is a protein with a high molecular weight, and by itself can act as an
immunogen when injected into animal body, so it need not be conjugated to carrier
protein. This large molecule possess multi-antigenic determinants which acts as long
arms and can associate immunologically with two anti-ferritin antibodies at the same
time. This characteristic is a base of IRMA used for ferritin measurement, where two
antibodies are used.
2.4.1. Animals
Two Sudanese local sheep (ovis aries) were kept in an open natural farm
(Elsagai- Khartoum North). They were of about 6 -7 months in age.
2.4.2. Immunization
Fifty ug of purified human liver ferritin (h. L. ferritin) provided by
NETRIA, was added to 0.5 ml NaCl (0.9% w/v) and emulsified in an equal volume
of Freund's complete adjuvant in a same way as that done for the thyroid hormones.
Each sheep received 0.5 ml of the emulsion intramuscularly in each thigh (total
volume of 1 ml). Two months after the first injection, they received lml of h. L.
ferritin-FCA emulsion containing 400 \xg ferritin subcutaneously at multisites. Three
months after the first injection, they received an additional injection of 400 ug of h.
L. ferritin in Freund's incomplete adjuvant (FIA).

2.4.3. Collection and Preservation of Samples
Blood samples were taken from the jugular vein before immunization and
ten days after each injection. The serum v/as separated at. 4°C, and preserved at -20°
C with the addition of NaN3 (0.1%).

2.4.4. Purification of Antibody
The immunoglobulin (IgG) fraction was obtained by precipitation of the
serum with 27% saturated ammonium sulphate (Anaokar, et al 1979).
Procedure
1) The sheep antiserum obtained from sheep (1) was added to 0.9% saline (1:1, v/v)
2) 27g of ammonium sulphate was added to 100 ml of the diluted serum.
3) then, mixed in a rotatory mixer for 75 min., and,
4) centrifuged at 3000 rpm for 1 hour at 4°C.
5) the supernatant was decanted, and the precipitate was reconstituted in 0.2M
phosphate buffer to the same volume (100 ml).
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2.4.5. Coatation of Beads With Anti-ferritin
This was done before and after IgG purification, using polystyrene balls, of
6.4 mm diameter as solid phase for the separation.

Reagents
1-Coating Buffer Solution (A):
20 mg/ml of sheep IgG (coating enhancing solution) diluted 1/2000 in
convol buffer or (0.05M) Na-bicarbonate buffer pH 9.6 with 0.1% Na N3 to give a
concentration of 10 ug /ml.
2- Blocking solution (B):
10% Byco A dissolved in diluted convol buffer or (10% of hydrolyzed gelatin in
0.05M NaHCO3 buffer pH 9.6 to give a final concentration of 1% hydrolyzed
gelatin.)
3-Priming buffer :
- 25 mm phosphate buffer
- 150mmNaCl
-0.1%NaN3
4-Priming buffer with affinity DASS (C):
NETRIA's purified donkey anti-sheep serum. 1/20 dilution , 0.1% BSA . Diluted
with priming buffer
5-Priming buffer with anti-Ferritin (D):
Anti-Ferritin antibody diluted in priming buffer, 1/10, 1:100, 1:1000, 1/5000,
1/10,000, 1/50,000 and 1/100,000).
6-Glazing Solution (E):
1 % Byco A (or 1 % Gelatin)
2% Mannitol (or lactose)
0.05% NaN3
Dissolved in high quality water.
7-Wash buffer:
- 25 mm phosphate buffer
- 150mmNaCl
- 0.05 % NaN 3
- O.r/oTriton-xlOO
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Protocol for Beads Coatation
1) 125 ml of (NETRIA) protein enhancer (A) was added to 1000 beads in 250 ml
bottle.
2) The bottle was placed on a rotatory mixer at 25-37C° overnight (NB 2 nights for
maximum coating).
3) Solution (A) was poured off, and the remaining liquid was aspirated.
4) 125 ml of solution (B) was add, left for 2-4 hours at 25C° and aspirated.
5) 125 ml of wash buffer was added, shaked gently and aspirated. TheAvash step was
repeated two times (total no of washes = 3).
6) 125 ml of solution (C) was add, and left overnight at 25C (ambient temperature).
Then aspirated.
7) 125 ml of wash buffer was added, shaked gently and aspirated. The wash step was
repeated two times (total no of washes = 3).
8) 125 ml of solution (D) was add, left overnight, aspirated and washed 3 times.
9) 125 ml of glazing solution (E) was added, left for 30 minutes and aspirate.
10) The beads were allowed to dry at 37° C for two days.
2.4.6. Titration of Anti-Ferritin Serum Using Polystyrene Beads
1) The anti-ferritin serum was diluted 1/10, 1:100, 1/1000, 1/5000, 1/10,000,
1/50,000 and 1/100,000. Using these dilutions, different batches of beads were
coated as mentioned in step (8).
2) 20 pi of standard ferritin (high = 2000 ng/ml & low = zero ng/ml) were added to a
polystyrene bead in each antibody dilution.
3) Then 300 ul of assay buffer which is composed of (1% of BSA added to the wash
buffer) was added.
4) The tubes were incubated for two hours.
5) The beads were washed using 1 ml wash buffer (100 ml 0.5M phosph. buffer +10
ml 10% Na N3 + 50 ml 10 % Tween 20 completed to one litre with distilled water)
6) 100 ul tracer (mouse anti-ferritin 125I-labeled antibody) diluted in assay buffer to
give activity of 60,000 cpm was added, and incubated for 3 hours then washed and
aspirated twice.
7) The tubes were counted in gamma counter for 100 seconds. The titre is defined as
the minimum concentration of the antibody capable to discriminate between different
concentrations of the standard (antigen).
All of the tubes were run in triplicates.
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2.4.7. Coupling of Anti-Ferritin Serum to Magnetic Particles
This method was also made by using the magnetic particles for the
preparation of solid-phase antibody, and it was done for purified and non-purified
antiserum.

2.4.7.1. Magnetic Particles-Activation with Carbonyl diimidazole
as described by Chapman, and Ratcliffe, (1982).
Materials
1) 1, l'-carbonyldiimidazole (CDI).
2) Magnetic Particles (MN 124 CDI Scipac ltd.)
3) Acetone.
4) Anti-ferritin Serum produced in sheep.
The Activation of the Magnetic Particles Procedure
1) Magnetic particles in aqueous suspension (H2O) were dispersed in the container
using a roller mixer.
2) 100 ml of the suspension containing 5g particles transferred to a 250 ml screw cap
bottle, separated magnetically for 10 minutes, and the supernatant removed by
aspiration.
3) 100 ml of distilled water was added and again particles were dispersed by placing1
them on a roller mixer, separated magnetically, and the supernatant removed by
aspiration. This step was done twice.
4) 100 ml of acetone was added, and the particles were dispersed for 20 minutes,
separated magnetically as above. Acetone wash was done 5 times.
5) 50 ml of acetone were added, and then 1.25g of CDI was also added. Shaked and
placed on a roller mixer for 1 hr at room temperature.
6) 100 ml of acetone was added, mixed and separated as above. This step was done 4
times.
7) Particles were collected on filter paper (size 40) in Buchner funnel. Then the
screw cap bottle was rinsed with acetone.
8) The funnel inverted over a glass dish and the particles were shaked out.
9) The dried cake were powdered by crushing, using spatula
The activated particles were ready to be used for coupling antibody.
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2.4.7.2. The Protocol of Coupling of Anti-ferritin to Magnetic Particles
Materials
1- Activated magnetic particles and Anti-ferritin antiserum (crude and purified IgG).
2- Borate buffer ( 0.05M, pH 8): 3.09 g of boric acid dissolved in litre D.W., and pH
was adjusted by NaOH
3- EthanoIamine-HCl (0.5M, pH 9.5): 48.77g of ethanolamine-HCl dissolved in litre
D.W., and the pH was adjusted by NaOH.
4- Bicarbonate buffer (0.5 M, pH 8): 42g of Na-bicarbonate dissolved* in litre D.W.
5- Acetate buffer (0.1 M, pH 4): 8.2g C^COONa dissolved in litre D.W. and the
pH was adjusted by acetic acid.
6- Phosphate buffer (0.05M, pH 7.4): 7.65g of sodium dihydrogen orthophosphate
(NaH2PO4.2H2O),
and 28.5 lg of disodium hydrogen orthophosphate
(Na2HPO4.2H2O) were dissolved in litre D.W.
7- Beaker or bottle.
8- Pipettes, magnet sheet, stop watch, glass rod.
9- Antiserum diluted 50, 3000, and 5000 folds.
Method
(1) 30 ml of borate buffer and 2 ml of anti-ferritin (diluted 50 or 3000, or 5000 folds
with 0.015 M phosphate buffer) were added to 2 g activated magnetic particles.
(2) The bottle was sealed and put on the rotator for 48 hour.
(3) The bottle then transferred to magnet sheet and, when the magnetic particles
were settled down, the supernatant was aspirated.
(4) 40 ml of ethanolamine-HCl were added to the particles and rotated for lhr, then
tt was returned back to the magnetic sheet and the supernatant was aspirated.
(5) 40 ml of bicarbonate buffer was then added and rotated for 20 min. and the
supernatant was aspirated. This addition was done 3 times.
(6) After that 40 ml of acetate buffer were added and rotated for lhr, and the
supernatant was aspirated.
(7) Then 40 ml of phosphate buffer were added and rotated for 20 min and the
supernatant was aspirated. This addition was done 3 times.
(8) Then 20 ml of phosphate buffer with 0.1% NaN3 were added to obtain a final
antibody dilution of 1/500 for the antibody which diluted initially 50 folds.
(9) 20 ml of buffer was added to the antibodies containers diluted initially 3000, and
5000 folds to obtain antibodies dilutions of 1/30,000 and 1/50,000 respectively. The
solutions were stored at 4°C.
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2.4.7.3. Titration of Anti-ferritin Coupled to Magnetic Particles
-After coupling the antibody coupled to the activated magnetic particles was
diluted 10 times further by the addition of 20 ml buffer in step (8) and (9).
Protocol
1) Serial dilutions for the magnetic particles were made using the 0.05M P.B. (neat,
1/2, 1/4, 1/8, 1/16, etc)
2) 50 ul out of each dilution were added to assay tubes.
3) 20 pi of high (2000 ng/ml) and zero (diluent) ferritin standards-were used with
each dilution.
4) Then 200 pi of assay buffer was added (0.05M phosphate buffer + 0.05% Triton
x-100 +0.1 % NaN3 +1 % BSA).
5) The tubes were placed on a rotatory mixer for 1 hour at room temperature.
6) 2 ml of wash buffer (0.05M phosphate buffer + 0.05% Triton x-100 +0.1% NaN3)
was added, vortexed and placed on a magnetic rack for 5-10 minutes. Then the
supernatant was decanted. This step was done twice.
7) 200 pi of anti-ferrilin-I125 (of a radioactivity of 60,000 cpm) was then added,
vortexed and placed on a rotatory mixer for 2 hours.
8) The tubes were washed as in step (6), and counted for 100 seconds in gamma
counter.
All of the tubes were in triplicates. The titre was determined as in the case of
antibody coated beads.

2.4.8. Recovery Tests
In experiments for analytical recovery of ferritin in IRMA serum ferritin,
five subjects serum samples containing endogenous ferritin were assayed with and
without added ferritin standard (10 ng/ml, 20 ng/ml) and the recovery was calculated
from the standard curve.

2.4.9. Linearity Tests
Linearity tests for IRMA serum ferritin were accomplished by diluting 2
different samples neat, 2, 4, and 8 fold and evaluating the ferritin concentration in
these samples.

2.4.10. The Reproducibilities Within and Between Assays
The within-assay reproducibility was assessed from the difference among
triplicate determinations on unknown sera performed on the same assay.
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The between assay variation for the method was assessed by performing
triplicate measurements in three consecutive assays on the three sera included in
each assay for quality control.

2.4.11. Estimation of Sensitivity of the Assay
The sensitivity of an assay (the lowest concentration of analyte which can be
distinguished from zero concentrations is a function of the s'ope of the calibration
curve and the precision at each dose (Edwards, 1996). Precision profiles have been
used directly, sensitivity being defined as the concentration corresponding to a CV of
22%.
The working range can be identified from the precision profile as the range
over which the assay has acceptable precision. CV of 10% is frequently chosen to
define the working range of the assay.

2.5. Statistical Analysis
Data was entered in an electronic spread sheet and analyzed using SAS
statistical package (SAS, 1990). The comparison between the two IRMAs serum
ferritin we developed and the IRMA serum ferritin of NETRIA has been done by
regression analysis. The recovery and the linearity of the two systems has been
studied using regression analysis.
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RESULTS & DISCUSSION
3.1. Antibodies Against Thyroxine(T4) and Triiodothyronine(T3)
3.1.1. Preparation of T3, T4-Protein Conjugates
While antigens must be large molecules with a molecular weight greater
than 5000 daltons, it has been pointed out that antigenic determinants are relatively
small. It is therefore possible to generate artificial antigenic determinants by
chemically linking small organic compounds to macromolecules (Tizard, 1977).
Conjugation has usually been achieved by diazotization or by use of watersoluble carbodiimides coupling reagents (Goodfreind et al 1964).
In this study we have used water-soluble carbodiimides coupling reagents
to synthesize immunogenic conjugates of protein and biologically active haptens (T3
and T4). It has been shown that carbodiimides can couple compounds with many
different types of functional groups such as -OH, -SH, -COOH, and -NH2
(Goodfreind etal 1964).
To produce good antisera against haptens, it is important to gain satisfactory
molar ratio of conjugated hapten to the carrier protein, which is at least 10:1 for
BSA, as cited by (Edwards, 1996).
Goodfreind et al in 1964 prepared a conjugate of bradykinin and BSA with a molar
; ratio of 12:1. Larsen (1972) conjugate T3 to BSA and obtained a molar ratio of 3:1,
and Gharib, et al (1970) reported a molar ratio of conjugated T3 to BSA of 13
residues per 1 mole of BSA. All these ratios were successfully used to produce
antisera for RIAs.
The molar ratios of conjugated T4 and T3 to protein carriers prepared for
this study is presented in table (5) which shows, molar ratios of T3 conjugated to
BSA, T3 to HSP, T4 to BSA and T4 to HSP. These values compared very favorably
with that of Larsen, (1972) Goodfriend et al (1964) and Gharib et al (1970).
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Table 5. Molar Ratios of Conjugated Haptens to Carrier Proteins.
Hapten

Protein
Carrier

Molar Ratio

Method of
Conjugation

T3
T3
T3

BSA
BSA
HSP
BSA
BSA
BSA
HSP
BSA

32:1
14:1
34:1
19:1
16:1
14:1
30:1
20:1

Method 1
2

T3
T4
T4
T4
T4
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3
1
» .
„ '

2

2
3

3.1.2. Evaluation of Anti-T3, Anti-T4 Antisera
The litre is perhups the first term commonly encountered in immunoassay
literature to evaluate the quality of the antibody. The titre is given by measuring the
amount of labeled antigen bound by varying the dilution of the antiserum. The
suitable titre in radioimmunoassay (RJA) is defined as the dilution of antibody
capable to bind 50% of the added tracer (Kruse, 1976).

3.1.2.1. Titration of Anti-T3 Serum Raised in Local Rabbits
(a) Using Charcoal Separation Technique
Table (6) shows the titration of anti-T3 serum raised in local rabbits at all
stages of immunization, using the method described by Binoux and Odell, (1973).
As the titre in RIA is defined as the dilution of the antibody which bind 50%
of the added tracer, it is observed from table (6) that, the antisera obtained in all
stages of immunization and with different dilutions did not bind 50% of the tracer.
This means that, anti-T3 serum raised in local rabbits and titrated with radioactive
T3, using charcoal separating technique is not of applicable value in RIA, as the B%
ranged from (0-18%).
(b) Using Second Precipitating Antibody(Donkey Anti-Rabbit Serum,
"DARS" or Goat Anti-Rabbit Serum "GARS").
Tables (7) shows the titration of anti-T3 sertim raised in local rabbits and
using second precipitating antibody as separating agent the technique described by
Larsen, (1978). This technique resulted in a very low percentage of the binding of
the tracer to the antibody compared to charcoal separation technique and the range
was between (0-1%).

3.1.2.2. Titration of Anti-T4 Serum Raised in Local Rabbits
(a) Using Charcoal Separation Technique
Table (8) shows the titration of anti-T4 serum raised in local rabbits, using
charcoal separation technique. The percentage of the tracer bound by the antibody
throughout the immunization period and with different dilutions ranged from (022%).
(b) Using second precipitating antibody As Separating Agent
Table (9) shows the titration of anti-T4 serum raised in local rabbits, using
second precipitating antibody as separating agent. The percentage of the tracer
bound by the antibody throughout the immunization period and with different
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dilutions is also decreased in compare to the titration done using T4-I 125 and
charcoal as separating technique and ranged from (0-2.9 %).
Since the charcoal separation technique is considered to be not specific, and
may have many disadvantages, such as giving high background (NSB), after
separation the equilibrium in the aqueous layer shift to the left, i.e. affect the
equilibrium constant (Edwards, 1985), the titration of anti-T3 and anti-T4 sera raised
in New Zealand rabbits was done using second precipitating antibody as separating
technique.

3.1.2.3. Titration of Anti-T3 Serum Raised in New Zealand Rabbits
Table (10) shows the titration of anti-T3 serum raised in New Zealand
rabbits. The percentage of the bound tracer with antiserum ranged from (0-3%).

3.1.2.4. Titration of Anti-T4 Serum Raised in New Zealand Rabbits
Table (11) shows the titration of anti-T4 serum raised in New Zealand
rabbits. The percentage of the bound tracer to the antiserum ranged from (1.2-18.1).
From the titration tests (tables 6, 7, 8,9, 10, 11), it is clear that all of the
dilutions at all stages of immunization period failed to reach the 50% binding. This
means that, the produced antisera against both T3 and T4 are very small in quantity
and even some animals showed no response to the immunization. ,—
— "
The maximum binding percent observed throughout the titration tests was
22.8% which was found in the titration of anti-T4 serum raised in local rabbits after
the first injection (table 8), with a dilution of 1/10,000 using charcoal separation
technique which was described by Binoux and Odell, (1973). All of the titres
including this one are not of applicable value.
The titration of anri-T3 and anti-T4 sera was done through 3 techniques. The
techniques differ from each other in the separation system (the separation of the free
fractions of antigen from the fraction bound to the antibody). The technique which
was described by Binoux and Odell, (1973) depends on the adsorption of the free
hormone onto the surface of the charcoal particles, then after centrifugation the
supernatant which contain the bound fraction is counted. The non-specific binding
(NSB) of this technique was found to be high compared to the NSB of the other
techniques (second precipitating antibody techniques). This is caused by the
incomplete adsorption of the free tracer onto the surface of the charcoal particles.
While the second and the third techniques (Larsen, 1978) depends on the use of
second precipitating antibody, which is specific to the primary antibody. In this
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technique the NSB was found to be low. This is due to the specificity of the reaction
between the primary antibody and the second precipitating antibody.
The New Zealand rabbits which immunized with T4-BSA immunogen,
respond well, and during the immunization, they gave antisera which bind from 4.318.1% of the added tracer (table 11). The local breed immunized with the same
immunogen, gave antisera which bound from (0-2.9%) of the added tracer (table 9).
The New Zealand rabbits might produce good antisera if they were survive, but
unfortunately, all of the animals of this group were infected with different types of
diseases at different intervals during the immunization, (mange, pneumonia,
cocccidiosis) and died.
Animals may fail to produce antisera against hapten-protein carrier
immunogens. This failure may be due to (a) the dose of the immunogen, as cited by
Tizard, (1977) immunogen-sensitive cells can respond only to immunogen within a
limited dose range, and tolerance may be induced by very low doses of immunogen.
Only T cells can be made unresponsive in this way, in contrast to high doses of
immunogen , which may make both T and B cells unresponsive, (b) The genetic
background of the animal which lack MHC class-II protein, and (c) the quality of
immunogen, and this include the molecular weight, the solubility of immunogen, the
conjugation procedure and the molar ratio of the conjugates.
Many research groups used a dose of 1 mg/animal in each injection for the
production of anti-T3 and anti-T4 antisera, and they succeed in obtaining good
antisera. In this study we followed the protocol cited by Ahsan, (1994) which
describe the use of 10-100 [ig/kg body weight of the animal.
The high number of animals and the different breeds used in this study,
excludes the genetic background to be the cause of the failure of antibody response.
The molar ratio of the conjugates obtained excludes the cause of immunogen quality,
so the animals may be tolerated against small dose of antigen. Also there may be
other causes, which includes the health status and heat stress upon animals, where
the whether was very hot and the ambient temperature reaches sometimes 43 C°.
Other causes which affect the production of antibodies may be due to the noisy
surroundings. Since there was other animals e.g. dogs, cats goats and chickens
around the pens of the experimental animals, and this cause great inconvenience to
them. All these reasons together might be a cause of the failure of the animals not to
produce valuable antibodies.
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The change of canier used here might have a beneficial effect if the dose of
the immunogen increased. Others have found that a change of carrier during
immunization with the hapten-protein conjugate gives better immune response than
immunizations where the same carrier was used throughout the immunization period
(Kruse, 1976).
All animals in this study were allowed to have a period of rest of 2-3 months
during immunization. This was suggested by Burke and Shakespear, (1975) to give a
progressive improvement in antibody titre after a resting period.

64

Table 6. titration of Anti-T3 Serum Raised in Local Breeds: "Charcoal Separation
Technique".
rabbit's
number
1
1
1
1
2
2

2
2
3

3
3
3
7
7
7
7
8
8
8
8
9
9
9
9

antiserum
dilution
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000

B%
B%
after
after
1st inj. 2nd inj.
3.2
3.0
0.1
0.0
3.9
3.6
2.8
0.0
4.0
3.1
0.0
0.0
3.0
2.9
0.0
0.0
4.6
4.0
0.6
0.0
3.2
3.1
0.1
0.0

14

12.5

B%
after
3rd inj.
14.2
13.9

8.9

9.7
5.6

4

11.2
10.5

10
8.4
6.4
4.8

6.9

2.3
12.1
10.7
7.1

14.3

11.9
13.1
8.8
8.1
7.3
3.8
4

10.7
9
6.2
6.2

5.6
12

11.4
7.4
6.0

12.7
12.4
8.3
5.0

B%
B%
B%
after
after
after
4th inj. 5th inj. •6th inj.
12.4
18
12
10.6
14.2
6.3
7.2
' 14
1.9
4.1
14.5
1
9.1
13.4
12
8.8
15.9
4.8
4.7
16.7
1.7
2.4
15.4
1.2
11.4
13.1
12.3
9.4
,16.3
7.3
6.1
16.1
.5
3.7
14.9
1.4
10.6
16.9
12.9
8
13.9
5.7
2.9
12.4
.7
2

12

11.5

12.5
15.3
15.9
16.4
12.3
16.3
16.9
15.9

11
6.9
3.9
11

10.9
10.9

11.9
11.5

10.6

6.6
5.3

7.4
4.8

6.3
5.6

B%
after
7th inj.

2
12
6.6
1
1.1

12.1
6.1
1.5
1.5

B % = the bound percent of tracer by antibody at each dilution.
•Total radioactivity added to each tube was 15600 cpm and the NSB = 2700 cpm
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6.2
0.0
0.0

0.0
9.4
4.7
1.8
0

10.8
3.7
1.8
1.6

15.1
5.7
1.5
1.8

13.9
5.4
1.1
1.3
18.
8.2
0
1.2

Table 7. Titration of Anti-T3 Serum Raised in Local Breeds. "2nd Precipitating
Antibody Separation Technique"
Rabbit's
Number
1
J
1

1
2
2
2
2
3
3
3
3
7
7
7
7
8
8
8
8
9
9
9
9

Dilution of
Anti serum
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000

B% After 3rd
Injection

B% After
5th Injection

B% After
7th Injection

0.4
0.2
0.1
0.0
0.5
0.7
0.0
0.1
0.4
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.8
0.4
0.1
0.0

0.1
0.0
0.0
0.0

1.0

0.4

0.3
0.3
0.1
0.4
0.2
0.1

0.2
0.0
0.2
0.1
0.0
0.4

0.4
0.0

0.1
0.2

0.0
0.0
0.3
0.2
0.0
0.4
0.3
0.1
0.0
0.1
0.0

0.2
0.1
0.3
0.1
0.1
0.0
0.2
0.0
0.0
0.1
0.0

B % = the bound percent of tracer by antibody at each dilution.
*Total radioactivity added to each tube was 8760 cpm and the NSB = 180 cpm
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Table 8. Titration of Anti-T4 Serum Raised in Local Breeds "Charcoal Separation
Technique".
rabbit's
number

dilution of
antiserum

B% atter
1st inj.

B% after

4

1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000
1/10
1/100
1/1000
1/10000

15.3

12.1
13.2
12
12.7
10.7
13.5
12.0

4
4
4
5

5
5
5
6

6
6
6
10
10

10
10
11
11
11

11
12
12
12
12

15

14.8
13.9
12

12.4
12.2
11.9
13.9
8.7
11.1
13.1
11.9
12.9
13.9
13.2
16.3
16.3
16.3
16.4
15.6
16.4
16

22.8

2nd inj.

9.7

12.6
12.4
14
13.4
15.8
24
12
12.9
11.1
11.6

B% after
3rd inj.

B%

15.5

after 4th
inj.
13.4

4.2

6

1
0.61
13.6
11.3
15.9
15.3
9

2
1.7
11.3

8

9.3

7.2
1
-

•-

1.2

8.5
8.9

-

18.4
16.2
10.6
10.3

16.3
10.7
5.9
2

1

15
13.6
11.9
11.5
16.7
15.8

11

12.2
12.2
10.7
11.4
12.6

B% after
5th inj.

B% after
7th inj.

6
0
0

12.4

0
11.3
4
0
0

12.5

6

2
1.7
10.3
9.3

7.2
1.0
-

0

-

0

-

0

-

16.4
0
0
0

10.5
0.4
0
0

-

-

-

-

-

-

-

11.9
0

16.3
10.7

0
0

5.9
2.0

B % = the bound percent of tracer by antibody at each dilution.
*Total radioactivity added to each tube was 23500 cpm and the NSB = 3060 cpm
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Table 9. Titration of Anti-T4 Serum Raised in Local Breeds. "2nd Precipitating
Antibody Separation Technique"
Rabbit's
Number
4
4
4
4

5
5
5
5
6
6
6
6

10
10
10
10
11
11
11
11
12

12
12
12

Dilution of
Anti serum
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/1.00
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000

B% After 3rd
Injection

B% After 5th
Injection

B% After 7th
Injection

1.1
1.5
1.2
2.9
2.8
1.2
1.8
2.1
2.5
2.1
1.6
1.5

0.4
0.2
0.0

0.4
0.3
0.2
0.1
0.0

1.5
1.3
2.0
1.8

1.2
1.1
1.7
0.5
1.8
1.3
1.2
1.2

' 0.6
0.0

0.5
0.2
0.3
0.2
0.0
0.2
0.1
0.6

1.3
0.2
0.0
0.9

1.3
0.6
0.2
0.1
0.0
0.0
0.1

0.2
0.1
0.2
0.2
0.4
0.2
0.0

0.1
0.0
0.3
0.3
0.0
0.2
0.1
0.0
0.5
0.0
0.1
0.2

B % = the bound percent of tracer by antibody at each dilution.
•Total radioactivity added to each tube was 7650 cpm and the NSB = 22 cpm
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Table 10. Titration of Anti-T3 Serimi Raised in New Zealand Breeds. "2nd
Precipitating Antibody Separation Technique".

I

1

1

B% After 2nd
Injection
0.4
0.3 '
0.1
0.0

.
,
,
,

1
1
1
1
3
3
3
3
4
4
4
4
5
5
5
5
6
6
6
6

B% After 1st
Injection
1.9
1.3
0.8
0.4
0.0
1.0
0.6
0.2
1.6
1.2
1.1
0.5
1.4
0.9
0.6
0.5
1.9
1.3
0.7
0.2

Dilution of
Anti serum
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000

I

Rabbit's Number

0.0
1.8
0.4
0.0
3.0
1.8
1.3
0.3

B % = the bound percent of tracer by antibody at each dilution.
•Total radioactivity added to each tube was 18000 cpm and the NSB = 80 cpm
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Table 11. Titration of Anti-T4 Antiserum Raised in New Zealand Breeds
"2nd Precipitating Antibody Separation Technique".
Rabbit's
Number
2
2
2
2
5
5
5

. 5
6
6

6
6

7
7
7
7
8
8
8
8

Dilution of
Antiserum
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000
1/10
1/100
1/1000
1/10,000

B% After 1st
Inj.
13.2
12.6
9.1

10.2
4.3
2.0
1.4
1.6

14.7
13.3
8.9
1.2

B% After 2nd
Inj.
11.8
10.7
12.9
10.6
14.5
13.3
12.2
7.8

12.1
10.1

14.8
12.8

9.2
7.2

8.9
5.6

12.8
10.0

13.5
10.1

9.5
4.3

6.3
6.1

B% After 3rd
* Inj.
16.5
18.1
12.6
11.9
13.6
16.0
13.6
11.9
_
_
-

B % = the bound percent of tracer by antibody at each dilution.
Total radioactivity added to each tube was, 18720 cpm and the NSB = 360 cpm
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3.1.3. Comparison Between the Local and the New Zealand Rabbits
A wide range of vertebrate species can be used for the production of
antisera. For practical reasons, rabbits represent a good choice for the routine
production of polycional sera. Although in a genetically identical animals, a single
preparation of antigen will elicit different antibodies, (Harlow and Lane, 1988) in
this study we tried to compare between the responses of the two studied breeds to
immunization. So a comparison between the means of the responses of antisera
obtained from the New Zealand rabbits to labeled antigen [expressed as binding
percentage (B%)] and that of the local rabbits Was made, table (12), and table (13).
The means of all B% obtained from the titration of anti-T3 serum from the
local breed were compared with that from the New Zealand breed regardless of the
technique used in the titration. The local breeds showed significantly high B% over
the New Zealand breeds in the first and second injections, table (12).
The same comparison was made with anti-T4 serum, where the New
Zealand showed significantly higher B% at the 0.05 level, table (13).
Although all of the experimental animals (rabbits) were not produced good
and valuable antisera for use in RIA, the results indicate that, the use of either of the
breeds does not affect the experiment. Because, while the local breeds gave better
response to immunization with T3-immunogen, the New Zealand rabbits respond
better than the local breed with the T4-immunogen.
Generally, the local breeds were found to be more resistant to the climatic
changes and environmental hard condition, and they were more robust than the New
Zealand rabbits. This was observed during the experimental period, where, the
mortality among the New Zealand rabbits was greater than that among the local
rabbits. The starting number of the New Zealand rabbits engaged in the experiment,
was 16. Fourteen out of these died within the first 3 months of the experiment which
was expected to be lasted for 2 years at least. The local rabbits were survived until
the end of the experiment.(Table 1-4).
The comparison was done in regard to-the order of immunization i.e. by time
and the immune response was expressed as binding percentage which is equivalent
to the amount of radioactive antigen bound to the antibody and in turn equivalent to
the concentration of the antibody.
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Table 12. Comparison Between the Local and the New Zealand Rabbits In Their
Response Towards Injection With T3-Immunogen.
Time

Species (means of the B%)
Local breed

After 1st
Injection
After 2nd
injection

8.075 A

New Zealand breed
*
0.905 B

10.742 A

0.783 B

At the same row, means with the same letters are not significantly (p < 0.05)
different

Table 13. Comparison Between the Local and the New Zealand Rabbits In Their
Response Towards Injection With T4-Immunogen.
Time
After 2nd
Injection
After 3rd
Injection
After 5th
Injection

Species (means of the B%)
New Zealand
local breed
0.768 B

10.28 A

0.867 B

10.025 A

0.281 B

4.725 A

At the same row, means with the same letters are not significantly (p<0.05)
different
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3.1.4. Clinical and Laboratory Effects of Immunization
The possible abnormalities might be caused by immunization were
investigated throughout this study to evaluate the changes which can be produced
during immunization and how this information can be useful to detect the good
antibody producers at early stages of immunization. The effect of immunization on
rabbit was studied with regard to the time of injection (after 1st, 2nd, 3rd, 4th, 5th,
6th and 7th injection.).

3.1.4.1. Effect of Immunization of Rabbits against T3 an(TT4 on the
Thyroid-Pituitary Axis
Studies performed by Nieschlag, Herrmann, Usadel, Schwedes, Schofling
and Kruskemper, (1973) and Herrmann, Rusche, Berger and Kmskemper, (1975)
revealed that the rabbits which were immunized to produce antibodies against T4
and T3 exhibited several abnormalities in their thyroid hormone kinetics. Joseph et
al (1987), carried out an investigation to study the level ofT3, T4 and TSH in
animals immunized to produce antibodies against T3 and T4. They reported an
increase in serum T3 level in animals immunized against T3 by 38 to 125 times,
levels of TSH also showed a significant rise (7.4+ 1.2 Vs 28 ± 9 ng/ml), rabbits
immunized against T4 also showed a similar pattern. Despite significant increases in
amount of total and free thyroid hormones in circulation, the animals were found to
be eumetabolic. The authors concluded that the excess hormone was antibody-bound
and not available in active form.
In this study the levels of T3, T4 and TSH of the tocal rabbits were
measured in control rabbits and in rabbits after the 4th injection of either T3 or T4
immnuogen. Results are shown in table (14). The results obtained indicated that, r
there was no significant change in the level of T3, T4 and TSH in rabbits serum after,'
immunization.
As mentioned above the increase in serum level of hormone is due to the
hyperactivity of the gland itself and not due to the administration of the respective
hormone.
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( Table 14). Serum Thyroid Hormones, and TSH Levels in Immunized Local
Rabbits in Comparison to Controls, (n = 12)
Investigation

Control (normal)
(mean±SD)

Immunized Rabbits
(mean±SD)

P. value

Total T3 (nmol/1)
-Total T4 (nrhol/1)
-TSH (mu/1)

1.383±0.351
22.167+15.3
0.233±0.065

1.842±1.211
13.33±8.907
0.342±0.385

0.2211
0.098
0.35

;-

3.1.4.2. Body Temperature
Bisset, (1948) and Ispen, (1952) reported that fever may enhance the body's
defense mechanisms. For example antibody production may be more effective at
higher body temperature. Also as early as (1908) there were data reported by
Ledingham, suggesting that phagocytic activity was enhanced by hypothermia. For
these reasons the determination of body temperature in local rabbits was carried out
after each injection, and the results were shown in table (15).
As observed in the table the body temperature was increased significantly
after immunization at all stages. Although the rabbits did not highly responding to
immunization to produce anti-T3 or anti-T4 antibodies, but the response may be
mounted against the carrier protein (BSA and HSP).

3.1.4.3 Serum Total protein, Albumin, & Globulins
One of the major functions of the plasma protein is the defense function
which depend on the immunoglobulins, and the complement system (Whitby, 1984).
Quantitative analysis of the serum total protein, albumin and globulins were
performed in control local rabbits as well as in treated (immunized) one.
The results were shown in table (15). The serum total proteins and globulins
levels in immunized and control rabbits showed no significant change, while the
levels of serum albumin in controls was increased significantly after the 1st, 2nd and
3rd injections of immunogens and decreased after the 4th, 5th, 6th and 7th injections
to the levels of the controls serum albumin.
The serum protein is composed of albumin and globulins. The globulins
contain immunoglobulins as well as non-immunoglobulins. The immunoglobulins
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(IgGs) are present in serum with the level of (0.9-1.3 g/100 ml). The antibodies
represents only about 7% of the immunoglobulin G (IgG) (Tizard, 1977), which is a
small amount and which does not affect the measurement of serum total protein
using Biuret method even in animals producing antibodies with high titre.
In the present work the level of the total globulins started to increase
gradually after the 5th injection until it reached 3.91 g/dl compared to 3.58 g/dl in
the control group. The difference was not significant but it gives an indication that
the composition of the plasma proteins is altered and this observation can also be
supported by the elevated level of the ESR. Detailed investigations on the individual
immunoglobulins might give a clear picture about the effects of immunization on the
various plasma proteins.
The alteration in the levels of rabbit serum albumin, starting with a low level
in controls, increasing after the 1st, 2nd, 3rd injections and again dropped to the
control level after the 4th, 6th and 7th injections, was difficult to be explained, and
how this is related to immunization may be need more investigations.

3.1.4.4. Effect of Immunization on ESR in Rabbits Immunized to
Produce Antibodies Against T3 and T4
Erythrocyte sedimentation rate (ESR) is the measure of the rate of fall of red
cells in the plasma. The rate is influenced by a number of factors, mainly is due to
the rate at which the cells will aggregate to form rouleaux; the formation of rouleaux
depends on the concentration of globulins and fibrinogen in the plasma, and when
these are increased, the ESR is raised. A raised ESR is found in a wide range of
disorders such as chronic or acute infections, renal disease and neoplastic and
degenerative disorders, all of which involve changes in the plasma proteins (Dacie,
1993).
In this study the ESR tests were done with the control local rabbits as well
as with the immunized rabbits and the results were presented in table (16). The
results indicated a significant elevation in the ESR after the first injection of
immunogens, and a gradual declining in ESR after the subsequent injections which \
are not differ significantly from the controls.
The elevation of the ESR after the first injection may be relevant to changes
in the plasma proteins.
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3.1.4.5. Effect of Immunization of Rabbits Against T3 and T4 on Blood
Leukocytes (Total and Differential Count)
To the best of my Knowledge, there is no data available regarding the
leukocytes status in immunized rabbits. However, Hoffbrand and Lewis, (1972)
cited that, following intradermal introduction of antigen into a previous sensitized
host, histologically there is an accumulation of lymphocytes accompanied by
macrophages, polymorphnuclear cells and plasma cells. The presence of
Hi.

macrophages in the lesion is crucial and they fffhetion by- processing and
presentation of antigen in an acceptable form to lymphocytes. The lymphocytes in
turn stimulated to undergo a mitotic transformation to a larger cell with prominent
nuclei and abundant pyroninophilic cytoplasm. This cell is often referred to as
lymphoplastoid and it or its progeny produce a variety of substances that are
regarded as the mediators of cellular immunity.
Hoffbrand and Lewis, (1972) also cited that; the increase in neutrophil
number in blood (neutrophilia) is due to acute infection when caused by pyogenic
bacteria and such infections may be localized in the form of abscesses or generalized
as in septicemia, and also neutrophil leukocytosis is seen where is inflammation
produced either by toxins or infectious agents neoplasms or burns.
A basophilic leukocytosis is often present in myxoedema, and less
frequently in chickenpox, smallpox and chronic ulcerative colitis.
The increase in eosinophils is present specially in bronchial asthma and
parasitic infections.
Monocytes form an important component of the cellular reaction to the
presence of mycobacteria in the tissues, and monocytes are therefore increased in the
peripheral blood in tuberculosis.
Lymphocytes raising above the normal level is due to acute and chronic
infections, thyrotoxicosis and chronic lymphocytic leukemia.
The results of the investigations of the leukocytes are presented in table
(16). The total white blood cells (TWBCs), lymphocytes, monocytes and eosinophils
in immunized local rabbits were not differ significantly from the controls. The
neutrophil % in control rabbits was significantly higher than that of the immunized
animals at all stages of immunization. The basophil % increased after the 3rd, 4th,
and 7th injections.
Increasing in the total white blood cells in the peripheral blood is a result of
increasing in the individual types of the white cells, and when the animals were
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injected with the immunogen, the expected result is the formation of granulomas,
towards which, neutrophils, monocytes and lymphocytes will move, and as a result
of this inflammation the peripheral blood neutrophil and lymphocytes will increase.
This will happen if the animal recognize the injected immunogen as foreign, but the
reaction towards the injected immunogen was minor and that was obvious as the
response and the granulomas formed were so small and healed after a short period of
time. This is reflected in the level of the leukocytes. The basophil significant
elevation during the period of immunization and the changes in various leukocytes
percentage related to immunization needs more investigations in the experimental
animals subjected to tieatment with conjugated haptens and the nature of the hapten
might be also considered.
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Table 15. Biochemical Determinations and Body Temperature in Immunized Local Rabbits in Comparison
to Controls in Mean ± SD

variable

controls

after 1st
inj.

after 2nd
inj.

37.310.2 38.5±0.79 38.5 ±0.5
Body
temperature
C
AB
A
Serum total 7.410.48 7.79±1.16 8.1±0.43
protein
A
A
A
3.8 ±0.5 4.39±0.43 4.45±0.2
Serum
1 albumin
C
A
AB
3.58 ±0.5 3.4 ±1.26 3.68±0.5
Serum
globulins
A
A
A

• after 3rd
inj.
38.7±0.45
AB
7.7±0.46
A
4.75±0.3
A
3.25±0.4
A

Time
after 4th
inj.

39± 0
A
7.8610.4
A
4.3 10.4
ABC
3.5610.6
A

Means with the same letter(s) are not significantly (p < 0.05) different.

after 5th
inj.

after 6th
inj.
38.2±0.5
39 ± 0
A
B
7.79±0.37 7.76±0.2
"~ A
A
3.94±0.3 3.9+0.27
ABC
BC
3.85 ±0.4 3.89±0.3
A
A

after 7th
inj.
38.8±0.3
AB
7.87±0.4
A
3.95±0.3
ABC
3.9±0.38
A

Table 16. Haematological Determinations in Immunized Local Rabbits in Comparison to Controls in Mean 1 SD

variable
ESR
TWBCs
) neutrophil
%
lymphocyte
%
monocyte

1 %"
basophil
|
%
eosinophil

1

°b

after 3rd
after 1st
after 2nd
inj.
inj.
inj.
1.1610.57 3.8312.97 2.1612.08 1.4110.9
o
A
AB
B
57991
52751
64081
56661
926 A
1493 A
1527 A
2361 A
52.115.77 49.5819.8 43.7519.6 42.4218.04
A
B
B
B
46.815.39
47.0+9.57 52.417.76
47.01
A
11.07 A
A
A
0.7510.86 2.814.98
0.7511.05 2.4111.67
A
A
A
A
0.2510.45 0.510.52
1.3311.23
2.5+1.78
!
B
B
B
AB
0.010.0
0.010.0
o.oio.o ! o.oio.o
A
A
|
A
control

Time
after 5th
after 4th
inj.
inj.
1.1610.38 1.3310.49
B
B
51081
53081
969 A
928 A
40.415.23 45.5816.4
B
B
52.8+6.73 49.516.41
A
1.0811.37 1.2511.13
A
A
4.8312.79 3.0812.2
AB
A
0.9211.08 0.6611.07
A
A

Means with the same letter(s) are not significantly (p < 0.05) different.

after 6th
inj.
1.6610.77
AB
51081
934 A
45.1714.4
B
48.716.1
A
1.5812.06
A
3.2512.09
AB
0.58+0.67
A

after 7th
inj.
1.410.51
B
48831
617 A
46.214.47
B
47.01 5.0
A
1.411.24
A
4.8+ 2.94
A
0.4210.99
A

Fig.(1) Effect of Immunization on The Body Temperature in
Local Rabbits Immunized Against T3 & T4 After Each
Injection Compared to Control (Ctrl).
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Fig. (2) Effect of Immunization on S. Total Protein, Albumin
& Globulins in Local Rabbits Immunized Against T3 &
T4 After Each Injection Compared to The Ctrls.
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Fig. (3) Effect of Immunization on Local Rabbits Erythrocytes
Sedimentation Rate (ESR).
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Fig.(4) Effect of immunization on The TWBC in Local Rabbits
Immunized Against T3 & T4

p = 0.1316
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Time after each injection

Fig.(5) Effect of immunization on The Neutrophil and
Lymphocytes % in Local Rabbits Immunized
Against T3 & T4
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Fig. (6) Effect of Immunization of Local Rabbits against T3 &
T4 on Blood Leukocytes (mon., bas.& eos.)
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3.2. Production of Anti-ferritin Antibodies and Development of
Immunoradiometric Assay (IRMA) For Serum Ferritin
The measurement of ferritin concentration in normal serum require the use
of sensitive immunoassay techniques. Immunoradiometric assay (IRMA) for serum
ferritin was first reported by Addison el al (1972). They did not reported data on
serum quality control variance but their assay significantly detected 0.22 ng/ml of
human ferririn protein. In a previous study conducted by Arosio etal in (1982) five
different ferritin immunoassays were developed (two RIAs, two ELISAs and one
IRMA). They reported significant differences between the assays in the
determination of serum ferritin: RIA over-estimated serum ferritin by about 50 %
more than the IRMA, whereas the ELISAs under-estimated serum ferririn by about
15 % less than the IRMA. IRMA is more sensitive than RIA and the two ELISAs,
while the two ELFSAs are more sensitive than RIA.

3.2.1. Titration and Standard Curves of Crude Anti-ferritin Antibodies
Coupling of anti-ferritin serum chemically to magnetisable particles and
adsorb it physically onto polystyrene beads solid-phase suppprts were tried in order
to develop IRMA for serum ferritin.

3.2.1.1 Anti-ferritin Antibodies Coated to Polystyrene Beads
To test for the presence of antibodies in blood of immunized animals,
blood samples which were collected after the 3rd injection of immunization were
diluted and adsorbed onto polystyrene beads. Fig.(7) shows the titration curve of
anti-ferritin coated to polystyrene beads as native antiserum. The highest binding %
of the titration, was observed at the dilution of 1/1000 which was 21.6%. As
observed from the titration curve, the binding % was not dropped even at a dilution
of 1/100,000 where the displacement between the high dose standard (2000 ng/ml)
and zero dose standard was more than 15%, which is acceptable in IRMA. This
means that the antibody can work with a dilution further than 1/100,000.
Standard curve was done using a titer of 1/100,000 for the crude antisera and
the sample volume used in each standard dose was 20 u.1 Fig. (8). The infinite dose
response (2000 ng/ml) was 8028 cpm which is equivalent to a binding of 23.6 %,
and the zero dose response (NSB) was 406 cpm which is equivalent to a binding of
1.2%.
The standard curve was analyzed using the (WHO immunoassay software
programme version A5.2). The standard curve shows an average total error (CV) in

82

response (%B) = 0.02%. The sensitivity of the standard curve (minimum detectable
dose) was determined from the precision profile and it was 0.96 ng/ml ferritin.

3.2.1.2. Anti-ferritin Antibodies Coupled to Magnetisable Particles
Fig.(9) shows the titration curve of anti-ferritin coupled to magnetic particles
as native antiserum. The initial dilution of antibody for coupling was 1/5000, then
the magnetic particles were diluted 10 folds after coupling, and titration was done
using serial dilutions of magnetic particles. The highest binding % of the titration ,
was observed at the dilution of 1/100,000 which was 18.4% with the high standard
dose (2000 ng/ml), and a binding % of 3.3 with a zero standard (NSB).
The standard curve was done using an antibody dilution of 1/100,000 prior
purification and the sample volume used in the titration was 20 JJ.1 (Fig. 10). The
mean zero dose radioactivity (NSB) in this curve was 1289cpm which is equivalent
to 3% binding, and the highest dose (2000 ng/ml) response was 6369 cpm which is
equivalent to 18.4% binding. The curve was not sensitive at the low dose level (0-62
ng/ml).
The magnetic system showed poor performance before antibody
purification. Carbodiimide (CD1) was used in the coupling procedure of the antiferritin to the magnetic particles. It is known that, CDI can couple compounds with
different functional groups e.g. NH2, OH, COOH, and SH (Goodfreind et al, 1964).
Since all of the proteins contains some of these functional groups, the serum proteins
other than the anti-ferritin igG may be engaged in the coupling procedure, which
s reduce the surface area for the antigen binding sites and in turn the binding % was
reduced.
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Fig. (7) Titration Curve of Anti-ferritin Antibodies Coated
to Ploystyrene Beads (non-purified antiserum)
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Fig. (8) Standard Curve of IRMA Serum Ferritin Using Antibodies
Coated Beads( crude antiserum).
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Fig. (9) Titration Curve of Non-Purified Anti-ferritin Serum Coupled
to Magnetic Particles With an Initial Dilution of 5000
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3.2.2. Optimization of Assay Conditions
According to the general rule in immunoassays these assays were optimized
first for sensitivity. The different parameters affecting sensitivity (purification of
antibodies, reaction time, temperature, antibody concentration and washing cycles)
were studied.

3.2.2.1. Purification of Antibodies
The effect of the purification of the antibody on the assay was assessed
using both magnetic particles and polystyrene beads solid-phases. Tne results are
shown in table (17) and expressed as means of 20 replicates for each concentration.
The results showed that when the purified antibodies were used, the B% was
increased and the NSB decreased. The resulting solid-phase was significantly /
improved when coupled to purified antibody. This was also observed in the titration
curves.(Fig.l3, 14).

3.2.2.2. Variation in Reaction Time
Studies of varying the reaction time were done with the second incubation.
Two, 4 hours and overnight incubations were examined. The results showed that,
increasing the reaction time increased the B% and the sensitivity of the assay. The
maximum response was observed at overnight incubation, and it was found that the
sensitivity was approximately increased 10 times. (Fig. 11)

3.2.2.3. Effect of Temperature
The effect of differences in temperature during the first and second
incubation was examined using ferritin standards. The results showed that The dose- /
response was significantly greater when the reaction was allowed to proceed at'
room temperature (24-34 °C) rather than at 4 °C. However, incubation at 37 °C in;
the water bath was not tried. (Fig. 12)
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Table (17) Effect of the Purification of Antibody on the Assay
Solid-phase

high standard 2000
ng/ml( mean B%)

Zero Standard
(mean B%)

46.5
22

0.5

42.2
28.1

1.9
3.3

Beads
Purified Ab.
Non-purified Ab.
Mag. particles
Purified Ab.
Non-purified Ab.

1.2

Fig. (11) Variation in Incubation Time on IRMA Scrum Fcrrilin
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Fig. (12) Effect of Incubation Temperature on the IRMA S. Ferritin.
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3.2.2.4 Concentration of the Solid-phase Antibody
The purified antibody was used linked to the two solid supports (magnetic
particles and polystyrene beads). Varying the concentration of the ahtibody from
1/100 upto 1/300,000 was not affect the dose response (B%) in the case of the
polystyrene beads solid-phase. This is may be due to the high concentration (titre) of
the antibodies as observed in the titration curve performed using purified antibody
(Fig. 13) i.e. the antibody at activation time (coating of polystyrene beads) has
saturated the solid-phase and the excess antibody washed out during the process. The
titre of anti-ferritih has been chosen as 1/200,000 and all of the experiments of the
beads coated with anti-ferritin were done using this dilution.
The trials with the magnetic particles gave variable results regarding to the
antibody concentration used in the coupling process. Antibodies dilutions of 1/50,
1/3000 and 1/5000 were used and gave a binding % of 42.2 %, 13.3 % and 18.4 %
respectively (Fig. 14, 15 and 9). The dilution of 1/50 has been chosen for the
development of the assay.

3.2.2.5. Effect of Washing Cycles
The variation in number of tube washings at the end of reaction 2. was
studied (Fig. 16). The results showed that increasing the number of washes cause
small effect on the high dose response and significant effect on zero dose response.
Two washes have been chosen for the assay.

Fig. ( 13) Titration Curve of Anti-ferritin Antibodies Adsorbed

Physically Onto Polystyrene Beads Solid-phase.
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Fig. (15) Titration of Purified Anti-Ferritim Antibodies Coupled
to Magnetic Particles with an Initial Dilution of 1/3000.
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3.2.3. Standard Curves Using Optimum Conditions for the Assays
Standard curves were done after the selection of suitable titres for the
purified antibody which were 1/200,000, for coating polystyrene beads and 1/50 for
coupling to magnitisable particles, and after optimizing the conditions for the assay.
3.2.3.1. Standard Curve Using Antibodies Adsorbed Onto Polystyrene
Beads
..
A typical standard curve in which three replicates were performed at each
ferritin concentration is shown in Fig. (17). The mean zero-dose radioactivity in this
assay was 297 cpm (NSB = 0.5%) as compared with 752 cpm for the lowest ferritin
concentration in the standard curve (10 ng/ml). The minimal detectable dose
observed in the precision profile was 0.6 ng/ml ferritin (Fig. 18). "The precision
profile shows the overall precision of the assay . The working range of the assay
defined as the range over which the assay has acceptable precision (coefficient of
variation less than 10%) as stated by Edwards, (1996) it was found to be (0.6-1875
ng/ml). The precision profile shows the precision of each sample as a CV% between
the sample replicates, and it was found to be high when the range of ferritin is less
than 0.6 ng/ml. The total radioactivity added to each tube was 51,000 cpm. The
observed infinite dose response (2000ng/ml) was 23782 cpm which is equivalent to a
binding of 46.5 %.
It is clear that the purification of the anti-ferritin IgG from serum had
'improved the performance of the assay. Where it increase the B% from 23.6 to 46.5
% and lowered the non-specific binding from 1.2 to 0.5 %. The purified antibody
showed a sensitivity of 0.6 ng/ml, where the non-purified showed a sensitivity of
0.96 ng/ml.

3.2.3.2. Standard Curves of IRMA Serum Ferritin Using Antibodies
Coupled Chemically to Magnitisable Particles
The antibodies which were diluted 50 times for the coupling process were
further diluted 10 times to give a final dilution of 1/500 as mentioned before. From
the titration curve (Fig. 14) we find it suitable to choose a dilution of 1:4 which gave
a binding % of 25.9 whereas the zero dose at the same dilution gave a binding of
0.62 %. Standard curves using this dilution and different sample volumes were tried
in the optimization of IRMA for serum ferritin.
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(a) Antibody Dilution =1/2000, Sample Volume = 20 pi
In this standard curve, the zero dose response (NSB) was 416 cpm. The
high-dose (2000 ng/ml) response was 28.4% , and the standard curve showed an
acceptable CV% between all replicates of the standard doses. The minimum
detectable dose (sensitivity) was 44 ng/ml of ferritin. The assay can not detect values
in the lower normal range of serum ferritin (30-300 ng/ml). (Fig. 19).
(b) Antibody Dilution =1/2000, Sample Volume = 50 pi
The standard curve shows a zero dose response of 370 cpm equivalent to a
B% of 0.7 and high-dose response (2000 ng/ml) of 17177 cpm which equivalent to
31.8%. Two out of the 8 standard doses in standard curve shows a CV% between
replicates (within assay reproducibility) greater than 10 and wfere rejected. The
standard curve was not sensitive below the 25.9 ng/ml value (Fig. 20).
(c) Antibody Dilution =1/2000, Sample Volume = 100 ul
The standard curve shows a zero dose response (NSB) of 400 cpm,
equivalent to 0.7%, and high-dose response of 21437 cpm, equivalent to 15.5%.
Three out of the 8 replicates of the standard doses were rejected. As observed from
the standard curve, the B% was increasing upto (250 ng/ml) standard dose, then fall
down beyond that value. This high-dose-hook effect which described by Miles et al
(1974) was not observed with small volumes of samples (20 & 50 ul). The highdose-hook effect was caused by the high dose of antigen present in the sample which
occupy all of the solid-phase antibody binding sites, and the remainder of antigen
•react with the labeled antibody and washed out (Fig. 21). The sensitivity of the
standard curve was more than 36 ng/ml and less than 98 ng/ml ferritin.
From the standard curves it is clear that the anti-ferritin antibody coupled to
magnetic particle support is some what need further optimization and tuning so as to
be suitable for use in determination of serum ferritin level.
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Fig. (17) Standard Curve of Serum Ferritin Assay, Using Purified
Antibody Adsorbed Onto Polystyrene Beads.
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Fig. (19), Standard Curve of IRMA S. Ferritin Using Double Purified
Anti-Ferritin Diluted 2000 folds & Coupled to Magnetic
Particles. Sample Volume =20 ul.
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Fig. (20) Standard Curve of IRMA Ferritin, Using Double Purified Coupled to
Magnetic Particles With a Dilution of 1/2000. Sample volume = 50ul
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3.2.4. Assay Validation and Accuracy Tests
Tests of assay validation and accuracy i.e. (linearity tests, analytical
recovery, reproducibilities and comparability ) were done for the polystyrene beads
system since it bear acceptable sensitivity for the measurement of serum ferritin.

3.2.4.1. Linearity Tests
In the validation of any assay, it is essential to demonstrate that the calibrant
and unknown materials produce parallel assay response curves. The usual test for
parallelism is linearity of results of patient samples with dilution. Linearity test was
done using anti-ferritin caoted to beads for two patient samples with a concentrations
of 432 and 180 ng/ml of ferritin, diluted 2, 4 and 8 times Fig. (22). The measured
values of ferritin were plotted against the expected values. The correlation
coefficient between the measured and expected values was, r = 0.996, and a linear
regression equation: y = 3.69 +1.01 x. This means that the calibrant and unknown
samples produce parallel response curves, since the points obtained in the curve has
fallen on a straight line of negligible intercept.

3.2.4.2. Analytical Recovery
The recovery tests were performed by adding (10 - 20 ng) of ferritin
standards to 5 different serum samples ranging from (55-140 ng/ml), ( Fig. 23). The
measured values of ferritin were plotted against the expected values. The mean
recovery was 98.5%. Analytic recoveries consistently greater or less than 100%
(within experimental errors) often result from disparity between the patien sample
and the calibrant matrices, but may have other causes, for example, susceptibility of
the assay to cross-reactants in patient samples.

3.2.4.3. Reproducibility
The within-assay reproducibility was assessed from the difference among 10
determinations on unkown sera performed in the same assay, the results are shown
in table (18) as variation coefficients in percentage. Also the within-assay
reproducibility was assessed according to (Micallef and Ahsan, 1994) from the
patient sample duplicate results as coefficient of variation (CV) between each
replicate, and these CVs were represented graphically as y axis against analyte
concentration as x axis "precision profile" Fig. (18). Any duplicate has a CV of 10%
or less is considered of acceptable precision. From the precsion profile, the assay
was found to be precise over a range of 0.6 to 1875 ng/ml.
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The between assays variation was assessed by performing triplicate
measurements in 10 consecutive assays on the three sera included in each assay for
quality control. On serum (A) with a mean fenitin concentration of 446.5 ng/ml, the
standard deviation was 20.51 and the coefficient of variation 4.59%. On serum (B)
with a mean ferritin level of 153.5 ng/ml the standard deviation was 3.53 ng/ml
giving a coefficient of variation of 2:3%. On serum (C) with a mean ferritin level of
32 ng/ml the standard deviation was 3.1 giving a CV of 9.68 %.
In radioimmunoassay techniques the samples replicates with a CV^% greater
than 10% are rejected from the assay (Edwards, 1994).

3.2.4.4. Comparability
In order to compare our method with an established reference method,
NETRIA's IRMA for serum ferritin was used. Serum ferritin levels in 40 patient
samples and BIORAD QCs (Lot No/Ch.B.: 40040) were determined by using both
methods. The results are shown in (Fig. 24). The correlation coefficient between the
two methods was (r = 0.98), and the regression equation: y = 2.196 + 1.53 x. i.e. the
locally developed IRMA serum ferritin assay overestimate serum ferritin by 2.19
ng/ml in each measurement. This might not affect the normal values for the fenitin
measurement.
The BIORAD Q.Cs with a high (A), normal (B) and low (C) concentrations
obtained by this method were in the same range ( Mean ± 1SD) as that of
NETRIA.(Table,19)
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Fig. (21) Standard Curve of S. Ferritin Assay, Using Double
Purified Antibody Diluted 2000folds & Coupled to
Magnetic Particles. Sample Volume=100ul
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Fig. (22) Linearity Tests for IRMA S. Ferritin Using 2 Patients Samples
for Anti-ferritin Coated Beads System
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Fig. (23) Analytical Recovery Test for IRMA Serum Ferritin Using
Anti-ferritin Antibodies Adsorbed Onto Polystyrene Beads
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Fig. (24) Comparison Between NETRIA and Sudan IRMA Serum Ferritin
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Table 18. Reproducibility, Beads Ferritin Assay System
Reproducibiliry
1 -within-assay
sample 1
sample 2
2-Berween-ssays
sample A
sample B
sample C

number of
assays

ferritin (ng/ml)
(Mean+SD)

CV%

10
10

194.3±18.75
5.9+0.48

9.65
8.13

10
10
10

446.5±20.51
153.5+3.53
32 ±3.1

4.59
2.3
9.68

!clbl619. Comparison Between NETRIA and locally Developed
IRMAs, Using BIORAD Quality Control Samples.
Assay Number

Q.C. (A) ng/ml

NETRIA assay
mean±JSD
Values obtained
using local method

433.43±17.76

Q.C.(B)
ng/ml
145.66+9.05

Q.C.(C)
ng/ml
25.65±3.47

461.25

151.02

31.03
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Immunoradiometric assays are highly sensitive and capable of measuring
ng/ml of macromolecular antigens as shown in this study. The results presented
herein indicated that, the locally produced antibodies can be applied in the
determination of serum ferritin levels using IRMA techniques, with a minimum
detectable dose of 0.6 ng/ml in coated beads system and 6.6 ng/ml in a magnetic
one, covering a very wide range up to 2000 ng/ml without altering the sensitivity.
The locally produced anti-ferritin antibodies and locally assembled IRMA
assays showed good comparability with the NETRIA's serum ferrilin assay as a
reference kit.
The affinity constant for the locally produced antibody had not been
determined. However, it had been shown by Edwards, (1996) that, in practice,
antisera with high tines exhibit high binding affinities. In this study the antibodies
used were diluted 200000 folds indicating a high affinity antibody.
Assay performance was greatly affected by assay conditions (sample
volume, temperature, reaction time, and antibody purification). The effect of
temperature was studied at 4°C and room temperature and showed better results at
high temperature (ambient). However, incubation at the physiological temperature
(37°C) in the water bath was not tried, as the electric supply in our country is not
reliable and optimization involving any additional power dependent equipment is not
preferred. Increase in the sample volume was found to decrease the sensitivity of the
assay at high standard levels (more than 500 ng/ml) when 50 and 100j.il of the
sample were used. The optimum sample volume was found to be 20fil giving good
results over the working range.
Although the antibodies are known to work sufficiently adequately in their
native form, Edwards, (1996). Our crude antiferritn antibody worked reasonably
well for the beads IRMA but for the magnetisable IRMA satisfactory results were
obtained only after purification.
In the past, iron status in Sudan was not sufficiently studied due to the lack
of affordable reagents. Local production of radioimmunoassay reagents is the current
or modern trend in the country for ferritin and a variety of other analytes and is of
value in Sudan/Africa as it contributes to proper laboratory based diagnosis and
improved patient management. The current inadequate workload is likely to change
if local supplies are available.
This is the first (rial of its kind in Sudan in which antisera has been raised
against fcrritin and has been used successfully to develop an assay system for ferritin
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determination. With the envisaged work-load, the produced antisera should be
sufficient to cater for the Sudanese needs in serum fenitin determination for the
coining ten years.
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CONCLUSIONS
Various techniques which used for the production of antisera for the assay of
the thyroid hormones and the ferritin, were studied carefully and adapted to the local
use in Sudan. Animals employed in this work were rabbits(local & foreign breeds)
and sheep.
Some important biochemical and haematological values were measured
during the course of immunization.
The study revealed the following findings:
1- Carbodiimide can be used successfully to conjugate the hapten to carrier protein
for the synthesis of the immunogen and suitable molar ratios will be obtained.
2- The secondary precipitating antibodies showed better results as separating agents
compared to the charcoal.
3- There was no significant difference between the local breeds and the New
Zealand rabbits in terms of the production of good antisera. But the death within
the foreign breeds was higher compared to the local rabbits.
4- All the values measured to detect the clinically manifested changes during the
course of immunization, showed no significant differences.
5- The antisera produced against T3 & T4 was of very low binding percentage,
( < 50 % ) in both rabbits breeds. This level is not satisfactory to develop
radioimmunoassay (RIA) for the thyroid hormones. Whereas, the production of
antiferritin in the sheep showed very high success and the antibodies can be used
in a very high dilutions i.e. as high as 1/200,000 in immunoradiometric assay
(IRMA) serum ferritin.
6- Tests for IRMA S. ferritin validation revealed that, the analytical recovery was
98.5 %. The assay was reproducible with coefficient of variation percentage
(CV%) within and between assays less than 10%. Tests for linearity showed that
the unknown samples and calibrant gave parallel assay response curve. The
comparison between the IRMA S. ferritin and NETRIA's S. ferritin showed
correlation coefficient of 0.98.
7- In IRMA S. ferritin in this study, the optimization of the assay conditions was
fortunately meets all of the available conditions and it is possible to analyze 100
samples within 24 hours (including the incubation time).
8- Trials to produce antisera against T3, T4 and ferritin in Sudan was not practiced
before.

102

The experiments performed in this study resulted in the production of
antiferritin antibodies which can be used successfully for ferritin determination, and
the produced antiferritin antibodies is sufficient to meet the Sudanese need in serum
ferrilin determination for at least the coming 10 years.
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