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Abstract 

In this study a simple and rapid magnetic solid-phase radioimmunoassay 
(RIA) for human thyroxine (T4) was developed using locally raised sheep 
thyroxine antibody and radioiodinated thyroxine (T4) tracer by chloramine-T 
method. The assay involves two hours incubation at ambient temperature 
range (30 to 35 °C) associated with the antibody covalently linked by the 
easily performed carbonyldiimidazole (CDI) method to magnetic particles 
obtained from SIPAC. 0.1 % triton with sodium azide used as a wash buffer. 
L - Thyroxin N a -salt petahydrate from Sigma was used for the preparation 

of standards and quality control sera. The coupled magnetic anti-T4 solid-
phase titrated in order to find out the suitable antibody concentration (titre) 
to be used in the assay. Optimizations followed by validation procedures 
were done. When correlated with kits imported from NETRIA and 
AMERSHAM, results were found to be highly comparable r = 0.965 and p < 
0.05. Shelf life was also studied, so that the local prepared T4 RIA magnetic 
reagents can be used for the measurement of total human thyroxine with a 
very low cost compared to imported kits. 

Introduction 
The recent development of radioimmunoassay techniques has 

enabled analysts to detect and measure analytes that are present in 
very low concentrations in body fluids. This technique has been 
established in Sudan as a diagnostic tool since 1968, but because of 
lack of foreign currency and the high costs of the reagents added to 
the increased demand for the measurement of hormones, particularly 
thyroid hormones; local production of immunoassay reagents has 
become one of the urgent priorities of the country. The local 
production of immunoassay reagents cuts down the cost and makes it 
affordable to patients. 

The national policy for local production of immunoassay 
reagents was first initiated and adopted by the RIA laboratory in 
Sudan Atomic Energy Commission; this laboratory took the 
responsibility of reagents production in bulk and then distributing 
them to different satellites laboratories countrywide, particularly those 
in thyroid endemic areas. 

Solid-phase immunoassay methods, in which antibodies are 
covalently linked to fine particles of magnetic dextran or cellulose 
have been shown to achieve general acceptance in clinical chemistry 



and RIA laboratories despite the fact that better precision can often be 
obtained in a shorter incubation period as a direct result of minimal 
misclassification error arising during the separation of bound and free 
analyte (1,2). 
Objectives of the study 
The basic objective of this study was to develop and evaluate a locally 
simple, direct and cheap magnetic solid-phase radioimmunoassay kit 
for measurement of total thyroxin to be used in the diagnosis of 
thyroid disorders in Sudan. 
Magnetic particles have been selected as separating solid-phase of 
choice due to the following: 

1 - Very high price of large capacity refrigerated centrifuge which 
is not affordable by the least developing countries such as Sudan to 
have many to cover all the satellite laboratories. 

2- The electric power is used to gone off every now and then 
which leads the assay to be repeated. 

3- The magnetic particles are available from different supplies 
with reasonable prices. 

4- The magnetic solid-phase T4 assay is not complicated can be 
run in a short period that no need for an expert to run it. 
Sudan was reported by Hassan in 1993 (3) and Eltom et al in 1985 (4) 
as a thyroid endemic area as such the demand for the measurement of 
thyroid hormones is increasing. This study will concentrate on 
development and evaluate of a simple direct magnetic method of total 
human T4 and the possibility of its production. This will insure the 
availability and sustainability of this reagent. 
Materials and methods 
Activation of magnetic particles 
Magnetic particles in aqueous suspension were dispersed in the 
container using roller mixer, 20 ml of suspension containing 1.0 g 
particles transferred to a 250 ml screw cap bottle, separated 
magnetically for 10 minutes and the supernatant was aspirated. 20 ml 
of distilled water was added and again were dispersed on the roller 
mixer separated magnetically for 10 minutes and the supernatant was 
aspirated; this step repeated twice. 20 ml of acetone was added and 
particles were dispersed for 20 minutes and separated magnetically for 
10 minutes and the supernatant was aspirated; this step was done five 
times. 10 ml of acetone and 0.25 g of CDI were added and placed on 



the roller mixer for one hour at room temperature. 20 ml of acetone 
were added and aspirated; this step was repeated four times. Activated 
particles were collected on filter paper (size 40) in Buchner funnel and 
then powdered by crushing with a spatula. 
Coupling of anti-T4 to the activated particles 
Fifteen ml of borate buffer and 0.5 ml of anti-T4 antibody were added 
to one gram of the activated magnetic particles. Bottle was left on the 
rotator for 48 hours at room temperature then removed and put onto 
magnetic plate, supernatant was aspirated. 20 ml of bicarbonate buffer 
were added and rotated for 20 minutes then the bottle was put onto the 
magnetic plate and supernatant was aspirated; this step was done three 
times. 20 ml of acetate buffer were added and rotated for one hour 
then the supernatant was aspirated. 20 ml of phosphate buffer were 
added and rotated for 20 minutes and then aspiration of the 
supernatant; this step was repeated three times. 20 ml of phosphate 
buffer were added and the solution was kept overnight at 4 °C. 
Titration of anti-T4 coupled to magnetic particles 
The following protocol was followed to select the best titre for 
development and optimization of the kit: neat, V2, lA, 1/8, 1/16, 1/32 
and 1/64. 
50 ul of T4 standards, 50 pi of each antibody dilution and 200 pi of 
RIA T4 tracer were added to the corresponding tubes. Tubes were left 
at room temperature for two hours then 2 ml of wash buffer were 
added, vortexed and placed onto the magnetic plate for 10 minutes. 
Supernatant was decanted; this step was repeated once. Emitted 
gamma rays from the bound fractions were measured using gamma 
counter then titration curve was plotted from the binding percent. 

Standard curve using coupled anti-T4 
The selected titre was used to run standard curve and quality control 
sera as samples, the standard curve covered the range from 0 to 250 
nmol/L. The same protocol for titre selection was used. 
Optimization of the assay conditions 
The assay was optimized for different conditions such as temperature, 
incubation period and sample volume. 
Analytical validation of assay 
Recovery test 



Samples of known T4 concentration were mixed together then 
assayed following the optimized protocol. The calculated results were 
correlated with the obtained ones using regression analysis. 
Linearity test 
Linearity test was done by diluting different samples of known 
concentrations. The calculated results were correlated with the 
obtained ones using regression analysis. 
Reproducibility tests 
Intra assay reproducibility was assessed from the difference among 
the several determination of quality control samples performed on the 
same assay while the inter-assay variation for the method was 
assessed by performing measurement of quality control in consecutive 
assays. 
Comparabability test 
The comparison between the locally developed T4 assay and 

NETRIA commercial (UK) T4 assay has been done using 50 samples 
that covered hypo-, eu- and hyperthyroidism. Correlation was done 
using the regression analysis. 
Results 
Anti -T4 coupled to magnetizable particles 
Anti-T4 antibodies (0.5ml of crude antiserum) were coupled to 1 gram 
of Scipac magnetic particles. 
Anti-T4 antibodies magnetisable particles were sequentially diluted 
into LA, VA, 1/8, 1/16, 1/32 and 1/64. A titration curve was performed 
and fig (1) was obtained. Revising the curve, we found that titre (1/3) 
bears an acceptable binding % and a wide range of displacement 
between the zero and the high standard, 34% and 5%, respectively. 
Thus the 1/3 dilution was selected for assay development. 



•lution of Anti-T4 magnatisable particles 

Figure (1): Titration curve o f Anti-T4 coupled to magnetic particles 
A standard curve using 1/3 titre of anti-T4 coupled to magnetizable particles 
was done (fig 2). The assay showed a high binding % (34%) with a 
sensitivity of 1.8 nmol/L and a precision under 10% that covers the range 48 
to 140 nmol/L and a wide displacement between the zero and the high 

standard; 34% and 5%, respectively. 
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Figure (2): Standard curve using 1/3 titre. 
Analytical Validation 
Recovery Test 
From a set of six patient samples of known concentration that ranged 
48 -186 nmol/L, "composite" samples were prepared by mixing 
known volumes of these samples together and then determining their 
concentrations. The expected values were calculated and plotted 
against the measured ones, (fig 3). The mean recovery was found to be 
98.5% at a p-value of less than 0.005 and mostly all of the points fall 
on the straight line (Y = 5.4278 + 0.0701 *X). 
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Figure (3): Recovery test 
Linearity Tests 
The test was done using four patient samples, which were diluted 
serially to 2, 4 and 8 times. For the first sample of 24 nmol/L, fig (4a), 
the calculated values were plotted against the measured values where 
linear regression analysis gave a regression coefficient (R) of 0.9986 
at a p-value of 0.0333 based on the equation, Y = 1.307 + 0.6346*X. 
As for the second sample with the concentration of 83 nmol/L, the 
linear equation was Y = 0.8611 + 0.0185*X. Yielding a regression 
coefficient of 0.9996 at a significance of 0.0003, fig (4b). 
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Figure (4a): Linearity for sample (1) 
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Figure (4b): Linearity for sample (2). 
Reproducibility 
The intra assay reproducibility was assessed from the difference 
among 5 unknown sera. The results are shown in table (1) as variation 
coefficient in percentage. One sample showed a CV of 12%. The inter 
assays variation was assessed by performing 4 measurements in 5 
different assays. The results showed CVs under 10% which are highly 
acceptable, table (1). 
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Table 1 shows results the reproducibility test: 
Reproducibility Number of Thyroxine nmol/L CV% 

assays ( M e a n ± S D ) 

100.80 ±12.60 12% 

68.60 ± 5.02 7.3% 

102.00 ± 8.90 8.7% 

112.0 0± 7.50 6.6% 

89.50 ± 8.50 9.4% 

Intra assay: 

Sample 1 

Sample 2 

Sample 3 

Sample 4 

Sample 5 

Inter assay: 

Sample A 5 40.14 ±4 .80 9% 

Sample B 5 76.80 ±7 .10 9% 

Sample C 5 134.50 ±2 .50 3.6% 

Sample D 5 64.80 ±1 .30 2 . 1 % 

Comparabability test 
The comparison between the locally developed T4 assay and 

NETRIA commercial (UK) T4 assay has been done using 50 samples, 
R value was found to be 0.965 while p value was found to be less than 
0.05 that means no significant variation between the locally produced 
kit and the reference kit imported from NETRAI; London (fig 5). 
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Figure (5): Comparababiliry test between Sudanese kit and NETRIA kit 
Discussion 
The objective of this study was an attempt to produce T4-antibodies 
with acceptable binding percentage to be used in developing a T4-
radioimmunoassay kit. T4 antibodies were raised in sheep which have 
been selected because large animals are easy to immunize and bleed 
and do provide large volume of antisera; results of antibodies 
production are not shown here (5,6). 
Characterization of Antibody 
The antiserum quality is more important in immunoassays than in 
other qualitative immunological techniques. The antiserum needs to 
be screened for antibody titre, i.e., the concentration of antibody 
present, its affinity and avidity, and its specificity for the target 
analyte (7). In another study a full characterization was done for the 
antibody produced and the titre was found to be acceptably high, with 
adequate affinity and specificity for the analyte and passed all the 
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cross reactivity tests. The titre in RIA is defined as the dilution of 
antibody capable to bind 50% of the added tracer (8, 9, and 10). 
A wide displacement in the titration curves of the selected titre, 
between the zero standard and the high standard doses was observed 
in this study. 
This usually enables the antibody to cover all normal physiological 

and diagnostic levels of thyroxine concentration without interference. 
This is substantiated by Hermann's observations on his antibody and 
generally allows for 101 accurate measurements over a wide range 
from the first attempt (11). 
Optimization of Assay Conditions 
The effects of reaction temperature and incubation time as to the 
effect of reaction sensitivity and specificity were both studied. It was 
found that assay performance was not affected by temperature, 
whether the assay is done in waterbath at 37°C or at room 
temperature. At any rate, these temperatures were usually close to 
each other during the hot season in Sudan. Our assay was found to 
perform perfectly nice even at higher temperatures and therefore our 
assay was optimized to work at ambient temperature which in our hot 
weather is not by far different from 37 °C. 
The mean binding percentage was found to be (34%). This value is 
comparable to the binding % obtained by many commercial 
manufacturers, e.g., it was found to be 39% for a kit produced by CIS-
Biointernational in France, 35% for a kit produced by WHO (WHO. 
CCR, Collaborative Centre for Reproductive. Hammersith Hospital. 
London, W12, OHS), collaborative centre for Immunoassays in 
London, 
The results obtained from the magnetisable particles was convincing 
in the production of antibody that can be applied in the determination 
of thyroxine. However, a level with a minimum detectable dose of 1.8 
nmol/L for magnetisable particles was obtained in this study. While 
the minimum detectable dose of thyroxine level obtained by other 
commercial manufacturers was found to be 3.5 nmol/L for a kit 
produced by WHO collaborative centre for reproducetive hormones 
and reference services in London, 5.0 nmol/L for a commercial kit 
produced by CIS-Biointernational in France and 2.1 nmol/L for a kit 
produced by NETRIA. It could be concluded from the above 
mentioned results that the values obtained in this study seem to be 



comparable to those obtained by the international commercial 
manufacturers. 
Validation Tests 
All the validation tests whether biochemical or clinical were 
performed for the locally produced kit in this study. The ability of the 
kit to recover the added amount of analyte was 98.5% (fig 3) 
therefore, it can be concluded that our test is considered reasonably 
valid to be used for the measurement of serum T4 as far as recovery 
test is concerned. 
In comparing the methods utilized in this study with those of NETRIA 
as a reference method, the locally produced anti-T4 antibodies bear 
over and under estimation of thyroxine level by 1 to 4 nmol/L. Such a 
difference is not significant from a clinical point of view. However, 
this was confirmed by the clinical validation test, which showed 97% 
sensitivity, 94% specificity and 96% assay efficiency. Another clinical 
validation test showed that T4 values observed in normal, hypo and 
measured by a radioimmunoassay. BioRad international quality 
control pools have been used in the present assays, and the results 
obtained from the locally produced T4 were found to be compatible 
with the results obtained by different techniques shown by NETRIA 
or WHO. 
From the results discussed, it is clear that the specifications of the 
locally produced T4-radioimmunoassay kits are comparable with the 
kits produced by international manufactures like NETRIA and WHO. 
We think they are quite save and reliable to be used in clinical 
diagnosis. 
Conclusions 
The production of anti-T4 antiserum was successfully done. 
Production of local reagents is quite possible. The produced reagent 
can be able to meet all the requirements of the ideal system for 
different analyte measurements. In addition, to that local production of 
antibodies will provide a large quantity for use, which results in 
minimizing the assay cost by less than one tenth of its price now. So 
we encourage those who work in this field to produce more and more 
antibodies for different analytes. 
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