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Raising of Antiserum and Development of IRMA Serum Ferritin

Abstract

Antiserum to human liver ferritin was developed by immunizing sheep

with purified human liver ferritin. This antiserum has been purified using

ammonium sulphate. A part of it was linked chemically to magnetisable particles,

while the other part was adsorbed physically onto polystyrene beads in order to

develop two IRMAs.

The anti-ferritin antibody obtained was purified and diluted 200,000 folds

before being coated to polystyrene beads, or coupled to magnetisable particles.

Assay validation, sensitivity and accuracy tests for the two IRMAs were

performed. The polystyrene beads IRMA system showed better performance than

the magnetisable particles system. It was found that, the minimum detectable

dose in the bead system was 0.6 ng /ml, whereas it was 6.6 ng/ml in the

magnetisable one. In the beads system, the mean recovery of ferritin was found to

be 98.5 % while the linearity tests showed a correlation coefficient of 0.996.

The comparison between our coated beads IRMA with NETRIA's IRMA

serum ferritin showed a correlation coefficient of 0.982.



1. Introduction

Ferritin is an iron-containing protein, which is widely distributed in plants

and animals, and which has been detected in all mammalian tissues examined [1].

It is found mainly in liver, spleen and bone marrow. Ferritin has long been

regarded as an essentially intracellular constituent, but, the later development of

sensitive radioimmunoassays had revealed that, ferritin is also present in small

amounts in normal human serum [2]. The serum ferritin concentrations correlate

well with body iron stores in normal subjects [3], but it increases in liver diseases

[4], inflammation [5] and malignancy [6].

The low amount of ferritin present in normal serum can be detected by

sensitive immunological methods. The immunoradiometric assay (1RMA),

radioimmunoassay (R1A) and enzyme-linked immunosorbent assay (EL1SA)

methods are used to develop commercial kits for the evaluation of serum ferritin.

hi a previous study conducted by Arosio et al in 1982 [7], five different ferritin

immunoassays were developed (two RiAs, two ELlSAs and one 1RMA). They

reported significant differences between the assays in the determination of serum

ferritin: RIA over-estimated serum ferritin by about 50 % more than the 1RMA,

whereas the ELlSAs under-estimated serum ferritin by about 15 % less than the

1RMA. 1RMA is more sensitive than RIA and the two ELlSAs, while the two

ELlSAs are more sensitive than RIA.)

The increase demand for serum ferritin determination in Sudan, together

with the short half-life of the tracer and the limited foreign currency resources

lead to thinking of local production of such an assay. In view of its evident



sensitivity, 1RMA has been selected as the method of choice for the

determination of ferritin levels in normal serum. Both the purified and crude

forms of antibody were coupled to magnetisable particles or coated to

polystyrene beads. In both cases the purified antibody gave better results than the

crude form.



2. Materials and methods

2.1. Antibody

Fenitin antiserum was raised in a Sudanese sheep bovis aris injected

intramuscularly (i.m.) with 100 jig of purified ferritin in Freund's complete

adjuvant (FCA). Two months later the sheep was injected again with 400 jig of

ferritin in the same adjuvant (i.m.). One month after the second injection, the

animal received an additional dose of 400 jig in Freund's incomplete adjuvant

subcutaneously. Ten days after the last injections, the sheep was bled, the serum

was collected and stored at -20 °C in 0.1% NaN3.

The immunoglobulin (IgG) fraction of the crude antiserum was obtained

by precipitation of the serum with 27% (w/v) saturated ammonium sulphate,

followed by dialysis [8].

2.2. Preparation of solid-phase antibodies

The locally produced anti-ferritin antibody was linked chemically to solid-

phase magnetisable particles or adsorbed physically onto polystyrene beads.



2.2.1. Activation of solid-phase supports

(a) The magnitisable particles

Low-density magnetisable cellulose iron oxide particles were bought from

SC1PAC, UK. These were activated as described in [9].

(b) Polystyrene beads

Polystyrene beads (6.4 mm in diameter) were obtained from NBL Gene

Sciences Limited. These were coated using NETRIA's proprietary techniques.

2.2.2. Coupling of anti-ferritin to the activated solid-phase supports

(a) Coupling to magnitisable particles

The anti-ferritin was coupled to magnetic particles as neat antiserum and

with dilutions of 1/500,1/3000 & 1/5000.

(b) Coating to polystyrene beads

The anti-ferritin (igG) was diluted to: 1/100, 1/1000, 1/5000, 1/10,000,

1/50,000, 1/100,000, 1/150,000, 1/200,000 and 1/300,000 in PBS and each

dilution was added to the beads with a ratio of (25 ml/100 beads), left overnight,

washed, dried at ambient temperature and stored at 4°C.

2.3. Assay and wash buffers

(a) Assay and wash buffers for magnitisable particles

The assay buffer was prepared from 0.05 M phosphate buffer pH 7.4,

0.05% of Triton x-100, 1% BSA, and 0.1% NaN3. The wash buffer is the same as

the assay buffer with 1% BSA omitted.



(b) Assay and wash buffers for polystyrene beads

Prepared as the assay buffer of magnitisable particles system with Triton

x-100 replaced by 0.5% Tween-20. The same as the assay buffer with 1% BSA

omitted.

2.5. Standards

A set of eight human liver ferritin standards were obtained from

(NETRIA, London, UK.) in a lyophilized form and reconstituted with 2 ml of

distilled water each to give the following concentrations (0, 10, 20, 62, 250, 500,

1000 & 2000 ng/ml)

2.6. Tracer

The I125 labeled-anti-ferritin monoclonal antibody supplied by NETRIA

was used as a tracer and obtained in a lyophilized form, which was diluted with

assay buffer to give 60,000 c/lOOsec/tube.

2.7. Gamma counter

The gamma counter used was OAKF1ELD, health care products, USA.

2.8. Assembly of immunoradiometric assay kits for serum ferritin

Two IRMAs were developed using the locally prepared solid-phase

antibodies andNETRIA's monoclonal I125-anti-ferritin antibody and NETRlA's

standards.



2.9. Assay Procedures

To a single polystyrene-coated bead or 50 ul of magnetisable particle 20

\xl of standards, serum samples or controls were added, followed by the assay

buffer and incubated for 3 hours at ambient temperature with continuous rotation.

In case of the coated beads 3 OOJJ.1 of the assay buffer were added to each tube

whereas in the magnetic particles tube only 200 jil of assay buffer were added.

After the incubation time 200 JLXI of the tracer were added to each tube and

incubated rotating overnight. The tubes were later washed twice using wash

buffer, counted and the results calculated using WHO immunoassay program for

PCs, version A5.2.



3. Results

3.1. Optimization of the 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) were studied.

3.1.1. Purification of antibodies

The anti-ferritin antibodies were coupled to solid-phase supports pre- and

post purification. The assays using purified antibodies showed improved

performance compared to those of non-purified ones (B%, sensitivity,

reproducibilities and precision).

3.1.2. Variation in reaction time

The effect of varying the reaction time (2, 4, 6 hours and overnight) was

studied. The results showed that, increasing the reaction time increased the B%,

sensitivity and intra-assay precision. Overnight incubation increased the

sensitivity approximately 10 times.

3.1.3. Effect of temperature

The dose-response was significantly greater when the reaction was

allowed to proceed at room temperature (24-34 °C) rather than at 4 °C.



3.1.4. Standard curves

Fig. (1) shows the standard curves of the two assays (coated beads and

magnetic particles). The points represent the mean of triple determinations.

Minimum detectable doses had been determined from the precision profiles as

the concentration corresponding to a coefficient of variation of 22% and were

about 0.6 ng/ml ferritin for IRMA using polystyrene beads as solid-phase and 6.6

ng/ml for magnetic particles assay.

3.2. Assay validation

Tests of assay validation i.e. (linearity tests, analytical recovery,

reproducibilities and comparability) were done.

3.2.1. Linearity tests

These tests were done by diluting 4 different samples 2, 4, 8, and 16 folds

and evaluating the ferritin concentration. The results of expected and measured

values showed a correlation coefficient of 0.996 and a linear regression equation:

y= 3.69+1.01 x.

3.2.2. 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), and

evaluating the ferritin concentration using the polystyrene beads system. The

mean recovery was 98.5%.

3.2.3. Reproducibilities

Within and between assay reproducibilities were expressed as percentage

of the variation coefficient. The results are shown in table (I)
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3.2.4. Comparability

In order to compare our method with an established reference method

NETRJA's IRMA for serum ferritin was used. Serum ferritin levels in 40 samples

and B1ORAD QCs were determined by using both methods. The results are

shown in Fig. (2).

The B1ORAD Q.Cs with a high (A), normal (B) and low (C)

concentrations obtained by this method were in the same range (Mean ± 1SD) as

thatofNETRIA.
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Table (I) Precision of ferritin assay

Reproducibility

1. Within-assava

sample (1)
sample (2)

2. Between-assavsb

sample A
sample B
sample C

Number of
assays

10
10

10
10
10

Ferritin ng/ml
(MEAN ± SD)

194.3 ± 18.75
5.9±0.48

446.5 ± 20.04
153.5 ±3.53

32 + 3.1

CV%

9.65
8.13

4.59
2.3
9.68

a = Two samples estimated 10 times in the same assay,

b = Three samples estimated in 10 consequative assays.
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Fig ( 1) Standard Curves of IRMA Serum Ferritin, Using Anti-ferritin

Coated To Polystyrene Beads and Coupled to Magnetic

Particles as Solid -phases.
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Fig. (2) Comparison Between NETRIA and Sudan IRMA Ferritin
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4. Discussion

Immunoradiometric assays are highly sensitive and capable of measuring

ng/ml of macromolecular antigen [10]. The results obtained in this study showed

that, the locally produced antibodies can be applied in the determination of serum

ferritin levels using 1RMA 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 of up to 2000 ng/ml without altering the sensitivity.

The locally produced antibody and locally assembled lRMA assays

showed a nice comparability with the NETRIA's serum ferritin assay as a

reference kit.

The affinity constant for the locally produced antibody had not been

determined. However, it had been shown by Edwards (11) that, in practice,

antisera with high titres 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 condition (temperature,

reaction time, sample volume 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. The sample volume was found to decrease

the sensitivity of the assay at high standard levels (more than 500 ng/ml) when 50
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and lOOfil of the sample were used. The optimum sample volume was found to

be 20jil giving good results over the working range.

Although antibodies are known to work sufficiently nice in their crude

form in iminunoassays [11], our crude antibody worked nicely for the bead

1RMA but for the megnetisable 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 reagent 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 trial of its kind in Sudan in which antisera has been raised

locally and used successfully to develop an assay system for ferritin

determination. With the envisaged workload, the produced antisera should be

sufficient to cater for the Sudanese needs in serum ferritin determination for the

coming ten years.
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