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(54) ASSAY OF OESTROGEN 

(71) We, THE RADIOCHEMICAL CENTRE LIMITED, a British Company, of 
White Lion Road, Amersham, Buckinghamshire, do hereby declare the invention, for which 
we pray that a Patent may be granted to us, and the method by which it is to be performed, to 
be particularly described in and by the following statement:-

5 The invention relates to the novel use of a steroid to block the action of steroid-binding 5 
proteins in pregnancy serum and plasma samples, thereby minimizing interference in a direct 
radioimmunoassay for unconjugated oestriol using a specific anti-oestriol serum. 

Oestriol exists in serum and plasma as a mixture of the unconjugated form together with a 
number of conjugates of oestriol present as glucuronides and sulphates. The unconjugated 

10 form is only about 10% of the total amount of oestriol including the conjugates. 10 
It has not previously been possible to measure unconjugated oestriol directly in serum or 

plasma samples by radioimmunoassay procedures because antisera produced against oestriol 
usually cross-react with some of the conjugates of oestriol. The cross-reaction of oestriol-3-
sulphate, for example, is 10-30% compared with oestriol, and the circulating levels of this 

15 conjugate are twice as high as unconjugated oestriol. 15 
Because the presently-used antisera cannot distinguish between oestriol and some of the 

oestriol conjugates, the only known radioimmunoassays for unconjugated oestriol involve 
extraction of oestriol from the serum or plasma samples using an organic solvent, removal of 
the organic solvent by evaporation and redissolving the oestriol in a suitable buffered solution 

20 for determination by radioimmunoassay. 20 
We have found that by careful screening of antisera produced by immunizing rabbits with 

oestriol conjugated to bovine serum albumin, it is possible to find a specific antiserum to 
oestriol which does not cross-react significantly with oestriol conjugates, and which allows the 
direct radioimmunoassay of unconjugated oestriol in serum or plasma samples. The assay is 

25 performed by pipetting into plastic tubes 20/xl of sample or standard, 200 of a buffered 25 
solution of1251-labelled oestriol and 200 ju.1 of a dilution of the specific anti-oestriol serum in a 
buffered solution. After mixing tubes are allowed to stand for 60 minutes at ambient 
temperature. 500 /ifof an ammonium sulphate solution is then added to each tube and the 
contents thoroughly mixed. After centrifugation, the supernatant liquids are removed and 

30 the radioactivity in the precipitates is measured. Standard solutions of oestriol in male serum 30 
are used to construct a dose-response curve, and unknown samples are interpolated from the 
curve. 

A particular problem with the direct radioimmunoassay of unconjugated oestriol in 
pregnancy is caused by the increased amount of steroid-binding proteins present in 

35 pregnancy serum and plasma. The steroid-binding proteins react with oestriol and 125I- 35 
labelled oestriol during the assay procedure, and the steroid-protein bound 125I-labelled 
oestriol is precipitated along With the antibody-bound 125I-labelled oestriol by the ammonium 
sulphate solution separation system. The male serum standards to not contain abnormally 
high levels of steroid-binding proteins. Consequently the direct assay of oestriol in pregnancy 

40 serum or plasma samples will result in higher radioactivity in the precipitated "bound" 40 
fraction (due to the additional binding protein) than in the standard oestriol solutions in male 
serum. 

The effect of the steroid-binding proteins in the assay system is best observed by measuring 
"blank" values of pregnancy samples and comparing them with "blank" values or pregnancy 

45 samples and comparing them with "blank" values of male serum. The "blank" value of the 45 
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sample is the per cent of total radiactivity found in the precipitate in the absence of antiserum. 
That is, in the assay system described above, the buffered solution of antiserum is replaced by 
buffer along. 

Pooled male sera blank = 9.0% 
5 Pooled pregnancy sera blank = 13.7% 5 

This invention arises from the discovery that the effect of the binding protein in the 
pregnancy samples may be reduced by the addition of progesterone which reacts with the 
binding protein but has low cross-reaction with the anti-serum. 

According to the invention, there is provided, in a method of performing a competitive 
10 immunoassay for free oestriol by 10 

a) providing an initial mixture of a standard amount of oestriol-containing sample to be 
assayed, a standard amount of a labelled version of oestriol, and a standard amount, 
insufficient to react with all the free oestriol and labelled oestriol present, of an antibody to 
oestriol, 

15 b) incubating the mixture, whereby a part of the free oestriol and a part of the labelled 15 
oestriol, the proportion depending on the initial concentrations of free oestriol and labelled 
oestriol present, become bound to the antibody, 

c) separating the part of the free and the labelled oestriol bound to the antibody from the 
part not so bound, and measuring the concentration of the bound labelled oestriol and/ or the 

20 unbound labelled oestriol, 20 
the improvement which consits in providing in the initial mixture progesterone in an 

amount large enough to react with the major part of any steroid-binding proteins present in 
the sample to be assayed but not so large as to react with more than a minor part of the 
antibody to oestriol, whereby nearly all unconjugated oestriol present in the initial mixture is 

25 available for reaction with the oestriol antibody, and nearly all the oestriol antibody present 25 
in the initial mixture is available for reaction with free and labelled oestriol. 

The labelled version of oestriol is preferably radioactively labelled, and may 
advantageously be the (iodine-125) 2-iodo, 4-iodo or 2,4-di-iodo derivative of oestriol 
described in our British Patent Specification No. 1,524,372. 

30 Preferably, the progesterone is present in an amount to reduce the effect of the non-specific 30 
steroid-binding proteins by at least 75%, but to reduce the effect of the oestriol antibody by 
not more than 10 %. We have found that a progesterone concentration in the range 1 fig to 20 
fig per ml of unknown serum is generally appropriate. Where the serum is diluted by a factor 
of about 20, as in the assay described herein, it may be more convenient to calculate the 

35 progesterone concentration as from 0.05 fig to 1.0 fig per ml of the incubated assay solution. 35 
In the following Example, the progesterone was conveniently added to the assay system by 

being included (in the concentrations indicated) in the buffered solution of 125I-Iabelled 
oestriol. • 

Concentration Male serum Pregnancy Co 
40 added (jug/ml) blank % Serum blank % 40 

0 9.0 13.8 67.6 
0.009 8.8 13.4 ' 67.1 
0.09 9.0 11.5 66.9 

4 5 0.9 8.8 10.0 66.6 4 5 
9.0 8.5 10.3 62.3 

(Co is the per cent total radioactivity found in the precipitate in the radioimmunoassay system 
in the absence of oestriol.) 

50 Progesterone reduced the difference between the blank values of male serum and 50 
pregnancy serum from 4.8% to 1%. This difference was then thought to be negligible in the 
assay system. The steroid showed a very slight reaction with the antiserum at high steroid 
concentrations, as seen by the fall in Co values. A concentration of 0.4 jig progesterone per 
ml of buffered solution of the labelled oestriol, that is to say, about 0.2 fig progesterone per 

55 ml of the incubated assay solution, was chosen as the lowest concentration which effectively 55 
blocked the action of the binding proteins, and which could therefore be used in an assay 
system for oestriol. 

EXAMPLE 1 

60 Radioimmunoassay of unconjugated oestriol 60 

Samples of 20/xl of standard solutions of oestriol in male human serum, or of the unknown 
pregnancy serum samples, are pipetted into plastic tubes. To each tube is added 200/xl of 
phosphate buffer containing 10% horse serum, sodium azide ( lmg/ml) gelatine ( lmg/ml) 

65 progesterone (0.4/xg/ml) and a 125I-labelled oestriol derivative (approximately 0.3 ju,Ci/ml). 65 



3 1,582,794 3 

After mixing, 200^1 of the phosphate buffer containing horse serum, sodium azide and 
gelatine, and containing a dilution of a specially selected antiserum produced againat oestriol 
conjugated to albumin is added to each tube. The contents of the tubes are again mixed, and 
then the tubes are left at ambient temperature for 60 minutes, 500 fil of an ammonium 
sulphate solution (35% w/v in water) is then added to each tube and, after mixing, the tubes 
are centrifuged. The supernatant liquids are then removed by aspiration and the radioactivity 
of the preipitates in the tubes are measured in a gamma-counter. 

RESULTS 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Oestriol standard 
(ng/ml) 

0 
0 
1.25 

: 1.25 
5.3 
5.3 

12.5 
12.5 . 
29.0 
29.0 

Counts in 100 sec. 

96196 
96318 
65612 
65545 
37322 
.37457 
25818 
25736 
19791 
18136 

WHAT WE CLAIM IS:-
1. In a method of performing a competitive immunoassay for free oestriol by 
a) providing an initial mixture of a standard amount of oestriol-containing sample to be 

assayed, a standard amount of a labelled version of oestriol, and a standard amount, 
insufficient to react with all the free oestriol and labelled oestriol present, of an antibody to 
oestriol, 

b) incubating the mixture, whereby a part of the free oestriol and a part of the labelled 
oestriol, proportion depending on the initial concentrations of free oestriol and labelled 
oestriol present, become bound to the antibody, 

c) separating the part of the free and the labelled oestriol bound to the antibody from the 
part not so bound, and measuring the concentration of the bound labelled oestriol and/ or the 
unbound labelled oestriol, 

the improvement which consists in providing in the initial mixture progesterone in an 
amount large enough to react with the major part of any steroid-binding proteins present in 
the sample to be assayed but not so large as to react with more than a minor part of the 
antibody to oestriol, whereby nearly all unconjugated oestriol present in the initial mixture is 
available for reaction with the oestriol antibody, and nearly all the oestriol antibody present 
in the initial mixture is available for reaction with free and labelled oestriol. 

2. A method as claimed in claim 1, wherein the labelled version of oestriol is radioactively 
labelled. 

3. A method as claimed in claim 2, wherein the radioactively labelled oestriol is the 
(iodine-125) 2-iodo, 4-iodo or 2,4-di-iodo derivative of oestriol. 

4. A method as claimed in any one of claims 1 to 3, wherein the progesterone 
concentration is from 0.05 fig to 1.0 /tig per ml. of the incubated mixture. 

5. A method as claimed in any one of claims 1 to 3, wherein the sample to be assayed is a 
sample of serum, and the progesterone concentration is from 1 fig to 20 fig per ml. of the 
sample of serum. 

6. A method as claimed in any one of claims 1 to5, wherein the antibody to oestriol is one 
which does not cross-react significantly with oestriol conjugates. 

STEVENS, HEWLETT & PERKINS, 
Chartered Patent Agents, 

5 Quality Court, 
Chancery Lane, 
London, W.C.2. 
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