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Abstract

Immunoassays are now indispensable clinical tools in many laboratories. An essential requirement for
achieving reliable assays is an efficient and clean method for separating the immune complexes from the unreacted
reagents. The development of a wide variety of solid phase separation methods has contributed significantly towards
the reliability and simplification of immunoassays. Antibody coated macro one-piece surfaces like plastic beads or
tubes are very popular but require great skill and control at all stages of manufacture. On the other hand, finely
divided supports especially magnetizable particles are cheaper and simpler to develop. A variety of materials have
been used in immunoassays. Black iron oxide Fe3O4 is the most commonly used material and it is generally coated
with polymeric materials like polymerized alkyl silanes, m-diaminobenzene, polyacrylamide, polyacrolein, or
cellulose to facilitate covalent coupling of the antibodies. In this project we have evaluated some magnetizable
particles for use in RIAs and IRMAs of hormones. The particles include Fe3O4, silane coated iron oxide,
polyacrolein coated iron oxide and magnetizable cellulose. Second antibody (anti rabbit IgG.) was coupled to the
particles for use in RIA of T3, T4, HCG, LH and progesterone, while monoclonal antibodies were coupled for the
IRMAs of TSH, FSH and prolactin (hPrl). The influence of conditions such as reaction time, ratio of antibody to
particles, and stability of the adsorbents and assay performance have been studied. For developing IRMAs for TSH,
FSH and prolactin, monoclonal antibodies for each of these hormones were tested using magnetizable cellulose as
the solid phase. We have also prepared silanized Fe3O4 particles using Hungarian magnetite particles, and also
prepared magnetizable cellulose by a simple grinding process. Both these materials are being tried out in different
assays. Preliminary results have been encouraging.

1. MATERIALS

Different types of magnetic particles were obtained from the following sources: Coarse and fine
magnetite particles from G. Toth, Institute of Isotopes, Hungarian Academy of Sciences, Hungary; Iron
oxide particles coated with silane derivatives containing suitable functional groups, from Shen Decun,
Department of Isotopes, Institute of Atomic Energy, China; Polyacrolein coated iron oxide particles, from
Shen Rongsen, Institute of Radiation Medicine, China; Magnetizable cellulose from Scipac,
Sittingboume, U.K. Monoclonal antibodies to TSH were from Wiyada Charoensiriwatana, NIH, Thailand;
and Monoclonal antibodies to FSH and Prolactin were from Boehringer & Mannheim. Antibodies to
T,,T4, HCG, LH, antirabbit IgG, and the radiolabelled hormones are part of the radioimmunoassay kits
being supplied by BRIT; 1 ethyl-3(3-dimethylaminopropyl)carbodiimide, 1,1' Carbonyl-diimidazole,
Glutaradehyde, Glycine & Sigmacell-20 were from Sigma Chemical Co., U.S.A. Magnetite powder was
from Aldrich U.S.A.

2. METHODS

The primary and second antibodies were coupled to the different particles according to the procedures
recommended by the respective authors.

2.1. Magnetite particles [1-5]

To the suspension of magnetite a solution containing the IgG was added (1 mg IgG/2 mg of
magnetite) in 0.003M phosphate buffer, pH6.3. The mixture was incubated for one hour at 4°C. To this
suspension 2 mg of EDAC was added per mg of IgG and the suspension incubated overnight at 4°C with
gentle stirring. After the coupling, the suspension was washed with 0.01M phosphate buffer pH7.2
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containing 0.15M sodium chloride. The particles were then suspended in the same buffer containing
bovine serum albumin (BSA) and 0.2% glycine and stirred for 3 hours at room temperature. Subsequently
the particles were washed thrice with phosphate buffer and then stored as a concentrated suspension in
0.05M phosphate buffer, pH7.5 containing 0.5% BSA, 0.1% sodium azide and 0.1% Tween-20.

2.2. n-2-aminoethyl-3-aminopropyltrimethoxysilane coated particles [6]

Glutaraldehyde was used as the coupling agent. The particles were first washed twice with phosphate
buffer. The washed particles were suspended in 5% (v/v) glutaraldehyde and mixed gently for three hours
at room temperature. Unreacted glutaraldehyde was washed off with phosphate buffer. A solution of the
antibody in phosphate buffer was then added to the particles and the suspension was stirred overnight at
room temperature. After the coupling, the excess antibody was washed off with several aliquots of the
buffer. The particles were saturated with 0.2M glycine. The adsorbent was washed well and finally
suspended in the appropriate buffer containing BSA, sodium azide and Tween-20.

2.3. Polyacrolein coated magnetic particles [7]

The particles were washed twice with phosphate buffer and then resuspended in the same buffer
containing the antibody to be coupled. The reaction was allowed to proceed overnight. After thorough
washing and saturation with glycine, they were resuspended in assay buffer and stored.

2.4. Magnetizable cellulose

Magnetizable cellulose was washed twice with distilled water followed by several washes with dry
acetone. The cellulose was then suspended in 10 mL of acetone containing carbonyldiimidazole. The
contents were mixed gently for two hours at room temperature. The particles were then washed with
several washes of acetone followed by washes with bicarbonate buffer, pH9. The particles were then
suspended in bicarbonate buffer, sonicated and mixed with antibody solution. The coupling reaction was
allowed to proceed at room temperature with gentle stirring. The particles were washed as recommended
and saturated with glycine. Finally the adsorbent was washed and stored as concentrated suspension at 4°C
in the appropriate buffer.

2.5. Silylation of magnetite particles

Fe3O4 particles prepared by Toth, Hungary were coated with 3-triethoxy silyl propyl amine by the
method reported by Shen Decun [6]. 1 g of iron oxide particles were mixed with 100 mL of 10% solution
of 3-triethoxysilyl propyl amine in water. The pH was adjusted to 4.5 with acetic acid. The mixture was
heated under nitrogen to 90°C for two hours while mixing. This was followed by heating the mixture to
160°C with glycerol. Finally the particles were thoroughly washed with distilled water and stored at 4°C.
Antibodies were coupled to these particles by the glutaraldehyde method as described earlier.

2.6. Preparation of magnetizable cellulose

25 g of magnetite powder and 75 g of Sigmacell-20 were mixed together and suspended in 0.05M
phosphate buffer, pH7.5. The slurry was ground in a high speed grinder using stainless steel balls. The
grinding was carried on and intermittently the particle size was checked using the Horiba LA-500
analyzer. After about 18 hours 90% of the particles were found to be below 6 ,um and 50% under 4 /xm.
Further grinding did not improve the size. The cellulose was then transferred to a large container and
washed several times with distilled water by sedimenting the particles on a large magnet. Then the
cellulose was washed with several changes of 0.1M phosphate buffer, pH7.5 finally stored at 4°C in the
above buffer.

2.7. Preparation of radio iodinated hormones
I25I labeled hormones and monoclonal antibodies were prepared by the chloramine-T method and

purified by gel chromatography using the appropriate grade of sephadex. The specific activities were as
follows:
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123I-HCG - 60 /iCi/mg.
125I-LH - 60 ^Ci/mg.
125 j - 2500 /uCi/mg.
125I-T4 - 600 //Ci/mg.
125I-TSH monoclonal antibody -10-15

Radioimmunoassay standard curves for HCG, LH, T3, T4 and TSH IRMA were set up according to
the respective assay protocols. At the end of primary incubation a suspension of the second antibody
adsorbent at a pre determined titre was added. The reactants were allowed to stand for 20 minutes (on a
shaker in case of the magnetizable cellulose). 1 mL of buffer was added. The particles were allowed to
settle on a magnetic rack. Supernatents were discarded, the pellet washed once more and finally counted.

In the case of the immunoradiometric assays, preliminary studies were carried out to select the
appropriate capture antibody and tracer antibody. Assays were set up by incubating the appropriate pair
of solid phase and radiolabelled antibodies with varying amounts of standard hormones in horse serum.

3. RESULTS

3.1. Coupling of antibodies

The methods for coupling antibodies to the particles are quite straightforward. However, in the case
of the Hungarian particles a very large amount of IgG is recommended. In our laboratory we have carried
out the coupling with 20-40 mg of IgG for 100 mg of the particles and saturated the free reactive sites with
giycine & BSA at the end of coupling. However, a disadvantage of this method is the possibility of inter
coupling of antibody molecules by EDAC. The other particles avoid this as condensing agents are either
not required or to be washed off before adding the antibody.

The coupling was in general high and reproducible with all the particles (Table I). Magnetizable
cellulose gave consistently better coupling yield. The effect of IgG:particles ratio for the silanized particles
is shown in Table II. The amount of protein coupled to the particles increases with IgG concentration but
beyond about 200 pig IgG/mg particles, the titre of the adsorbent does not change appreciably. This may
be due to the stearic hindrance experienced by the immune complex on account of over crowding of the
secondary antibodies on the surface. Since acrolein and Hungarian particles are also of similar size, we
have assumed that this level of coupling would be adequate.

The Hungarian and Chinese particles (both silanized and acrolein coated), being fine do not require
stirring during incubation. However, the magnetizable cellulose tends to settle down rapidly and so the
reactants need to be stirred during the incubation [Table III]. An incubation of about 20 minutes with the
second antibody particles is adequate to precipitate the complex.

TABLE I. % ANTIBODY COUPLING TO DIFFERENT MAGNETIC PARTICLES

Particle
Description

Hungarian

Silanized

Poly acrolein

Magnetizable Cellulose
(Scipac)

Magnetizable Cellulose
(BRIT)

Amount of
Panicles (mg)

100

100

100

500

500

IgG taken (mg)

20

20

20

20

20

% antibody
coupled

54,65,71

60, 75.

65

80, 87, 70

75

71



TABLE II. EFFECT OF SECOND ANTIBODY CONCENTRATION ON
COUPLING TO SILANIZED MAGNETIC PARTICLES

Particles taken (mg)

100

100

100

100

Amount of IgG (mg)

5

10

20

30

IgG coupled to
particles (mg)

4.2

7.6

15.6

21.0

%B0/T
(forT4 Assay)

36

41

57

60

TABLE III. EFFECT OF STIRRING ON BINDING (T4 ASSAY)

Dilution of

particles

1:32

1:16

1:8

1:4

% Binding

Magnetic Cellulose

with
stirring

41

49

48

51

without
stirring

23

28

35

42

(Bo/T)

Silane Particles

with
stirring

49

50

54

57

without
stirring

40

48

53

50

The second antibody coupled magnetic particles have been used in RIAs for T,, T4, LH and HCG
and progesterone, and primary antibody coupled magnetic particles have also been used in T4 assay. The
inter- and intra- assay variations for the T3 and T4 are shown in Tables IV and V. However, the second
antibody coupled magnetic particles are preferred, as the primary antibody adsorbents are more expensive.
Typical standard curves for LH, HCG and progesterone are shown in Figs 1-3. Initial experiments with
the magnetizable cellulose prepared in our laboratory indicate that the material works well. The
reproducibility of the assays is within acceptable limits. The magnetizable cellulose from Scipac (M-104)
and that prepared by us were analyzed using the Horiba LA-500 particle size analyzer. In the Scipac
material, 50% of the particles are below 6 ̂ m and 90% are below 12 pun. In the case of our product, 50%
are below 4 ^m and 90% below 6 fj.m, indicating that the BRIT-cellulose particles have a narrower size
range than the Scipac particles.

TABLE IV. REPRODUCIBILITY OF T3 ASSAYS WITH SECOND ANTIBODY COUPLED
MAGNETIC PARTICLES

Intra-assay variation

X (ng/mL)

%CV

X (ng/mL)
%CV

Inter-assay variation

X (ng/mL)

%CV

X (ng/mL)
%CV

Polyacrolein coated

1.21

4.9

3.32

3.9

1.27

9

3.5

10

Silane coated

1.13

4.3

2.18

4.5

1.16

8

3.7

9.5

Magnetic cellulose

1.24

7.3

3.2

5.4

1.20

12

3.3

6
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TABLE V. REPRODUCIBILrrY OF T< ASSAYS
MAGNETIC PARTICLES

Intra-assay variation

X (ng %)

%CV

X (pg %)

%cv

Inter-assay variation

X(ug%)
%cv

X (Mg %)

%cv

Silane coated
particles

7.2

5

12.9

3.5

7.6

8

13.5

5

BRIT silane
coated

particles

6.7

3.6

13.6

2.5

7.1

9

14.2

8

WITH SECOND

Plain
magnetite
particles

7.03

8

13.7

5

7.6

7

14.1

4.2

ANTIBODY

Acrolein
coated

particles

8.1

6

16.2

3

7.9

8

15.5

8

COUPLED

Magnetic
cellulose

6.6

7

13

8

5

9

12.4

10

% B/BO
120

100

i i i i i

0 10 20 30 40 50 60 70 80 90 100

LH (mlU/ml)

Fig. I Standard curve for the RIA ofhLH using second antibody coupled to polyacrolein coated magnetizable particles
as the separating reagent.
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%B/BO

i i i i i i i

0 20 40 60 80 100 120 140 160 180 200

HCG (mlU/ml)
Fig. 2. Standard curve for the RIA of HCG using second antibody coupled to polyacrolein coated magnetizable particles
as the separating reagent.

% B/BO
120

100-

5 10 15 20 25 30 35 40 45 50

Progesterone (ng/ml)
Fig.3. Standard curves for Progesterone RIA with second antibody coupled to BRIT magnetizable cellulose as the
separating reagent.

74



3.2. Stability of the adsorbents

All the particles have been found to be stable for at least 6 months. As the material available was
limited, we could not test the stability over a longer period. The magnetizable cellulose adsorbents
however, were stable even unto 18 months. However, in two instances, the Hungarian and the si Ian i zed
particles showed aggregation and loss of reactivity in just about 2 months. No obvious reason could be
found for this. Nevertheless, in general the particles retain their characteristics during storage.

3.3. Immunoradiometric assay

Monoclonal antibodies for TSH, FSH and prolactin were tested in order to identify the proper
combination of capture antibody and labeled antibody for use in magnetizable particle-based IRMAs for
each of these hormones. The result of the cross matching of TSH monoclonal antibodies are shown in
Table VI. The combination of the Thailand antibody-2 (capture) and commercial antibody (tracer) have
been found to match well. The TSH IRMA standard curve obtained with the BRIT magnetizable particles
is shown in Table VII. However, this work could not be continued as the later lot of Thailand antibody
did not match our tracer. The results of a similar study with FSH monoclonal antibodies are shown in
Table VIII. Typical data for FSH and Prolactin assays are shown in Table IX. BRIT magnetizable
cellulose has been used in the FSH assay, while, in the prolactin IRMA Scipac cellulose has been used.
Sera from horse, bovine and donkey showed significant differences when used as diluents for the
standards. Hence, the appropriate diluent needs to be carefully selected for assay. The magnetizable
cellulose prepared in our laboratory works well as shown in the TSH and FSH IRMA. Further work on
the validation of these assays is in progress.

TABLE VI. MATCHING OF TSH MONOCLONAL ANTIBODIES

Capture antibody Tracer antibody TSH concentration

TAb-I

TAb-1

TAb-2

TAb-2

MAb-l

TAb-2

TAb-1

MAb-l

OmIU/L

342

459

513

630

0.5 mlU/L

523

638

826

1814

lOOmlU/L

1206

2509

9056*

87154**

Incubation period : * overnight at room temperature, ** 4 hours at room temperature.
The tubes were stirred throughout the incubation.
Tab-1 = Thailand monoclonal Antibody l,Tab-2 = Thailand monoclonal Antibody 2,
Mab-1 = Commercial monoclonal Antibody.

TABLE.VII. TSH IRMA STANDARD CURVES (COUNTS/MIN)

TSH(mIU/L)

0.0

0.5

1.5

5.0

15.0

50.0

100.0

I

727, 725

927, 1022

1558. 1429

3533, 3324

11283, 10739

39699, 39822

59778, 57430

II

1006, 1076

1262. 1152

1530, 1432

2074.2147

3845, 3625

14284. 14004

30809, 32058

I = TAb-2 (capture) and MAb-l (tracer), II = Netria polyclonal (capture) and MAb-l (tracer).
Total = 2.4 x 105cpm. Incubation : 4 h. Room temperature. Adsorbent: BRIT Magnetizable cellulose.

75



TABLE. VIII. MATCHING OF FSH MONOCLONAL ANTIBODIES

FSH
(mlU/ml)

0.0

1.0

50.0

FSH-M1

FSH-M2

376

1407

21628

tracer FSH-M2 tracer

capture FSH-M1
capture

Counts/min

462

3714

41476

FSH-M1 = FSH monoclonal antibody - 1, FSH-M2 = FSH monoclonalantibody - 2.
Total counts : - 2 x 105 cpm , Incubation: 3h. at room temperature
Adsorbent: BRIT - Magnetic cellulose.

TABLE IX. FSH* AND hPrl** IRMA STANDARD CURVES

FSH (mlU/mL) Mean Cpm hPrl (ng/mL) Mean Cpm

0

0.5

1

5
10
50

203
1146
1966

7937

14404

24064

0
2.5

5
10

25

50

100

506
1138

1919

3641

6664

12597

19491

4.

* Magnetizable cellulose prepared at BRIT has been used as the solid phase. Sensitivity : 0.1 mlU/mL.
** SCIPAC magnetizable cellulose has been used as the solid phase. Sensitivity : 0.9 ng/mL.

CONCLUSION

The acrolein, silane coated and plain Fe3O4 particles have worked well. Due to the small size, they
do not settle rapidly as a result, the suspension is homogenous and dispensing into the assay tubes presents
no problems. On the other hand.the cellulose suspension needs to be stirred during the addition and
incubation as well. In the case of the acrolein and silanized particles, as the protein does not come in
contact with the coupling agent any damage to the protein is avoided. The acrolein particles have an added
advantage as the coupling reaction consists of a single step requiring no condensing agent at all, however,
the size of the acrolein particles needs to be controlled better as fines tend to appear in the supernatant on
storage. In general, the particles have been found to be good. The magnetizable cellulose prepared in our
laboratory compares well with the scipac material. It has worked well as second antibody adsorbent for
RIA's as well as the IRMA for TSH and FSH. The silane coated Hungarian particles prepared in our
laboratory is tested in T, and T4RIAs after coupling to the second antibody. Initial results are encouraging.
This project has helped in establishing the possibility of preparing magnetizable particles of good quality
at low cost and has also generated considerable interest in the use of these materials as efficient and
relatively inexpensive solid phases especially for IRMAs. The silanized and acrolein particles, in
particular, have been found to be very good and it would be very useful if the concerned laboratories are
in a position to prepare and supply particles of a consistent quality on a regular basis.
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