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(57) ABSTRACT 
The present invention provides a carrier for coating 
with immunologically-active material, wherein it con 
sists of an injection molded synthetic resin with a con 
tent of adjuvant and additional materials of less than 1% 
by weight. The present invention also provides a carrier 
coated with immunologically-active material, wherein 
the carrier consists of synthetic resin with a content of 
adjuvant and additional materials of less than 1% by 
weight. 
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CARRIER FOR COATING WITH 
MMUNOLOGICALLY-ACTIVE MATERAL 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation of application Ser. 
No. 612,564, filed May 21, 1984, now abandoned. 
The present invention is concerned with a carrier for 

coating with immunologically-active material. 
In immunology, synthetic resin articles are frequently 

used, on the surfaces of which are bound immunological 
material. By means of the use of such coated synthetic 
resin articles, the separation of the bound from the non 
bound portions usually necessary in immunological test 
processes is simplified. Thus, for example, radio 
immunoassays and enzyme immunoassays for the deter 
mination of an antigen or hapten are carried out by 
introducing a solution containing the antigen or hapten 
to be determined into a synthetic resin vessel, the inner 
surface of which is coated with antibodies directed 
against the antigen or hapten. Into the vessel there is 
also introduced a known amount of the antigen or hap 
ten to be determined, which is marked in a characteris 
tic way, for example with an enzyme or a radioactive 
material. The antigen/hapten to be determined and the 
marked antigen/hapten compete or the antibody bind 
ing sites, an equilibrium being obtained between the 
portion of antigen or hapten bound to the antibodies and 
the free portion thereof remaining in the solution. The 
solution containing free portion is removed from the 
vessel. The portion bound by the antibodies remains 
adhering to the wall of the vessel and can there be 
detected. 

In order to be able to carry out several determina 
tions comparable with one another, it is necessary that 
the coating of the synthetic resin vessels with the appro 
priate antibody, if an antigen or hapten is to be detected, 
or with an antigen or hapten, if an antibody is to be 
detected, takes place with a great degree of uniformity. 
If the coating thickness differs from one vessel to an 
other, then this has an effect on the very sensitive immu 
nological reaction, the measurement results being falsi 
fied. 
The most varied kinds of carrier are commercially 

available in the form of plates, spheres, strips, rodlets or 
reagent tubes made from the most varied kinds of syn 
thetic resins. If these commercially-available carriers 
are coated with an immunological material, then the 
coating thickness varies and thus the measurement re 
sults obtained in the case of an immunological reaction 
also vary considerably. Variation coefficients are ob 
served which generally cannot be accepted in the case 
of the highly sensitive immunotests. In Clin. Chem., 26, 
741-744/1980, for example, there are given variation 
coefficients of from 5.2 to 29.5% for microtitre plates 
made of polystyrene. 
Many attempts have been made to improve the varia 

tion coefficients. Thus, for example, according to Fed 
eral Republic of Germany Patent Specification No. 25 
44 366, an attempt has been made to strengthen and 
make uniform the binding of the immunological mate 
rial on to the carrier surface by cross-linking with glu 
tardialdehyde. Also by means of the variation of the 
coating times and with the help of a precoating or sub 
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2 
sequent coating, attempts have been made to produce a 
uniform coating thickness (Cf. Biochemica et Bio 
physica Acta, 492, 399-407/1977). Furthermore, in J. 
Immunol. Methods, 23, 23-28/1978, as well as 47, 
121-124/1981, it is reported that by the addition of a 
detergent (Tween 20 or Tween 80), an increased ad 
sorption of the immunological material on the carrier 
surface is achieved. A further attempt to make the coat 
ing thickness uniform consisted in covalently binding 
the immunological material to the carrier surface, this 
principle being, for example, described and claimed in 
Federal Republic of Germany patent Specification No. 
2738 138. 

All these endeavours admittedly resulted in an in 
creased binding to the antibody or antigen on to the 
synthetic resin surface and also led to an improvement 
of the variation coefficients. The previously available 
commercial products have variation coefficients of 
from 5 to 10%. Thus, it has not been possible to achieve 
a uniform loading thickness to such an extent that the 
measurement results obtained with these materials are 
satisfactory in practice. 

It is an object of the present invention to provide a 
synthetic resin carrier which can be uniformly coated 
with immunologically-active material. 
Thus, according to the present invention, there is 

provided a carrier for coating with immunologicallyac 
tive material, wherein it consists of synthetic resin with 
a content of adjuvant and additional materials of less 
than 1% by weight. 
The synthetic resins previously used for the produc 

tion of such synthetic resin articles usually contained, 
depending upon the synthetic resin, from 1 to 50% by 
weight of adjuvant or additional materials. Such adju 
want or additional materials are usually stabilisers, lubri 
cants, plasticisers, separating agents, pigments, filling 
materials and the like. Luran, a synthetic resin fre 
quently used for producing synthetic resin carriers, 
contains, for example, 1 to 5% by weight of such mate 
rials and polyvinyl chloride even up to 50% by weight 
of such materials. 
As synthetic resins, according to the present inven 

tion, there can, in principle, be used all synthetic resins 
which are suitable for the production of synthetic resin 
objects by injection moulding processes. For the pro 
duction of synthetic resin carriers according to the 
present invention, it has proved to be especially advan 
tageous to use polystyrene, Luran, polypropylene and 
polyvinyl chloride. It is merely necessary to ensure that 
only those synthetic resin batches are used, the adjuvant 
and additional material content of which is less than 1% 
by weight. Preferably, only Luran batches are em 
ployed with an adjuvant and additional material content 
of less than 0.2% by weight or polystyrene batches with 
an adjuvant and additional material content of less than 
0.05% by weight. 
The synthetic resin carriers can be produced in any 

desired shape. Usually, then are in the form of plates, 
spheres, reagent tubes or also strips and rodlets. 
The synthetic resin carriers are usually produced by 

injection molding processes, using parameters known to 
one skilled in the art. The parameters will vary, depend 
ing upon the synthetic resin used and the actual molding 
device. 

Usually the pressure is selected within the range of 
from 100 to 250 bar and the injection temperature 
within the range of from 190 to 280 C. However, care 
is to be taken that the selected pressure and the selected 
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temperature during the injection moulding process are 
kept within narrow limits. The pressure should vary not 
more than t2 bar and the temperature not more than 
2 C. Furthermore, in order to obtain optimum re 

sults, it is necessary that the surface of the injection 
moulding body is very homogeneous and does not have 
any unevennesses and that the injection moulding body 
is uniformly cooled to a temperature, which is prefera 
bly within the range of from 20' and 40 C. and does not 
vary more than + 1 C. 
The synthetic resin carriers according to the present 

invention can be coated in known manner with im 
munologically-active material, i.e. with antibodies, anti 
gens and haptens. For this purpose, a solution of the 
immunologically-active material is allowed to act upon 
the synthetic resin carrier for a time sufficient for load 
ing. As solvent, there is generally used water which 
contains an appropriate buffer. The pH value of the 
solution is not critical and has to be selected essentially 
in dependence of the coating material. The pH value is 
usually in the range of from 5 to 8, preferably in the 
neutral range. For the complete loading of the synthetic 
resin carrier, in general is suffices to use an action time 
of 12 to 24 hours. The temperature can be selected 
within the range of from 15 to 30' C. However, during 
the incubation, it should preferably vary only by 
0.5% C. 
It has proved advantageous to follow the actual load 

ing by a subsequent loading in which the synthetic resin 
carrier coated with the immunological material is ex 
posed to a solution which contains an appropriate salt, 
for example sodium chloride, and a stabilising agent, for 
example bovine serun albumin. For the subsequent 
loading, there suffices a time of from 10 to 120 minutes 
and preferably of from 15 to 60 minutes. 
The test tubes or the like so coated are packed in a 

sterile manner and can be made commercially available 
as such. They are stable for several months and can be 
used in usual immunotest processes. They display a 
variation coefficient of <5%. The test results obtained 
with the synthetic resin carriers according to the pres 
ent invention display a distinctly smaller breadth of 
variation than the results which have been obtained in 
an analogous manner with the previously used synthetic 
resin carriers. 
The following Example is given for the purpose of 

illustrating the present invention: 
EXAMPLE 

ANTIBODY SOLUTION 
952 g. Sodium dihydrogen phosphate monohydrate 

of analytical purity grade are dissolved in 5 litres of 
water and adjusted to pH 7.1 with 5N aqueous sodium 
hydroxide solution. This solution is stirred into 165 
litres of water. If necessary, the pH value is adjusted to 
7.1 to 7.4 by the addition of 5Naqueous sodium hydrox 
ide solution. 

Into 500 ml. of this buffer solution are introduced 8.5 
ml. of antiserum and 8.5 ml. of bovine serum albumin 
solution (1.5 g. per 25 ml. of water) and stirred for 30 
minutes. The antiserum solution thus obtained is made 
up with buffer to 2 litres and again stirred for 30 min 
utes. This solution is combined with the remaining 
buffer solution and again stirred for 30 minutes. 

LOADING 

100,000 Tubelets made of polystyrene 168N K21, 
containing <0.9% by weight of additional materials are 
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4 
each filled with 1.5 ml. -5%. The antibody solution is 
allowed to act for 16 to 18 hours at 20-0.5 C. on the 
tubelets and thereafter sucked off. 

SUBSEQUENT LOADING 
First, 1710 g. sodium chloride of analytical purity 

grade and 570 g. bovine serum albumin Type II are 
dissolved in 180 litres of water, stirred for 30 minutes 
and left to stand overnight at ambient temperature. The 
tubelets loaded with antibody are each filled with 1.7 
ml.5% of the above-described subsequent loading 
solution. The solution is allowed to act for 15 to 30 
minutes on the tubelets. Thereafter, the tubelets are 
emptied, rinsed out twice and dried in a drying cabinet 
for 14 to 16 hours. 

DETERMINATION OF THE VARIATION 
COEFFICIENTS 

From each subunit (= 10,000 tubelets) of a loading 
batch, there are randomly selected 100 tubelets (= 1%) 
and these are recorded. The tubelets are divided into 
two groups, each containing 50 tubelets, for a first and 
second test series. With the tubelets of the first and test 
series, there is carried out a conventional enzyme im 
mune test. After the substrate reaction has taken place, 
the solutions are measured on a photometer against 
substrate solution in a flowthrough cuvette and the 
extinction values obtained are recorded. 
From the individual extinctions E1 to E50, there is 

calculated the average extinction E. The standard devi 
ation S is determined according to equation (1): 

(1) 
Ne e ce. 2 . . . . e. e. 

S = 49 

and the variation coefficient VC according to equation 
(2): 

VC=S/E (2) 

For the above-described tubelets produced from pol 
ystyrene 168N K21, there is obtained, in this way, a 
variation coefficient VC of 2.8%. 

It will be understood that the specification and exam 
ples are illustrative but not limitative of the present 
invention and that other embodiments within the spirit 
and scope of the invention will suggest themselves to 
those skilled in the art. 
What is claimed is: 
1. Process for producing a carrier coated with an 

immunologically active material having a variation 
coefficient of less than 5%, comprising: 

injection molding a synthetic resin having a content 
of adjuvant or additional materials selected from 
the group consisting of stabilizers, lubricants, plas 
ticisers, separating agents, pigments and filling 
materials of less than 1% by weight at a tempera 
ture of from 190 to 280 C., said temperature being 
regulated so as not to very by more of less than 2 
C., 

cooling said injection molded synthetic resin at a 
temperature of from 20 C., to 40 C., wherein said 
temperature does not vary by more or less than 1 
C., 

loading said injection molded synthetic synthetic 
resin by incubating it with a solution of an immuno 
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logically active material, and drying the loaded 
injection molded synthetic resin. 

2. Process of claim 1, wherein said synthetic resin is 
injection molded at a pressure of from 100 to lb 250 bar, 
wherein said pressure is regulated to vary by not more 
or less than 2 bar. 

3. The process of claim 1, wherein said injection 
molded synthetic resin and said solution of immunologi 
cally active material are incubated at a temperature of 
from 15° C. to 30' C., said incubating temperature being 
regulated so as to vary by not more or less than 0.5 C. 

4. The process of claim 1, wherein said injection 
molded synthetic resin and said solution of immunologi 
cally active material are incubated for a period of from 
12 to 24 hours. 

5. The process of claim 1, wherein said solution of 
immunologically active material has a pH of from 5 to 
8. 

6. The process of claim 1, comprising drying said 
loaded injection molded synthetic resin for from 14 to 
16 hours. 

7. The process of claim 1 wherein the loading step 
comprises applying a solution of the immunologically 
active material to the injected molded synthetic resin 
while maintaining a temperature in the range of 15 C., 
to 30' C., with a variation of -0.5 C., for 12 to 24 
hours and thereafter exposing the resin to a salt contain 
ing stabilizing solution for 10 to 120 minutes. 

8. The process of claim 1 wherein the synthetic resin 
is selected from the group consisting of polystyrene, 
Luran, polypropylene and polyvinyl chloride. 

9. The process of claim 8 wherein the synthetic resin 
is Luran with a content of adjuvant and additional mate 
rials of less than 0.2% by weight. 

10. The process of claim 8 wherein the synthetic resin 
is polystyrene with a content of adjuvant and additional 
materials of less than 0.05% by weight. 
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6 
11. Method for determining an analtye in a sample 

comprising contacting a liquid sample with an immuno 
logically active material prepared in accordance with 
the process of claim 1, wherein said immunologically 
active material reacts with said analyte to form a com 
plex thereby, and determining said complex as a deter 
mination of said analyte. 

12. Immunologically active injection molded syn 
thetic resin carrier prepared by the process of claim 1. 

13. The carrier material of claim 12 17, wherein 
the synthetic resin used is selected from the group 
consisting of polystyrene, Luran, polypropylene and 
polyvinyl chloride. 

14. The carrier of claim 12 wherein the synthetic 
resin is polystyrene with a content of adjuvant and 
additional materials of less than 0.5% by weight. 

15. The carrier material of claim 12 17 wherein 
the synthetic resin is Luran with a content of adjuvant 
and additional materials of less than 0.02% by weight. 

16. Process of claim 1, wherein said injection molding is 
carried out at a temperature of from 190 to 280 C, said 
temperature being regulated so as not to vary more or less 
than 2 C, said process further comprising cooling said 
injection molded synthetic resin at a temperature of from 
20 C to 40 C, wherein said temperature does not vary by 
more or less than 1 C. 

17. Injection molded, innunologically active carrier 
material having a variation coefficient of less than 5% and 
consisting of 

(a) a synthetic resin, 
(b) a content of adjuvant or additional material of less 

than 1%, wherein said adjuvant or additional mate 
rial is selected from the group consisting of a stabi 
lizer, a lubricant, a plasticiser, a separating agent, a 
pigment and a filling material, and 

(c) an immunologically active material loaded therein. 
al t t 3t sk 


