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SUMMARY 

The specificity of an antisera to oestrone which was raised with oestrone-6-(0-carboxymethyl) oxime 
bovine serum albumin conjugate has been tested using different radioimmunoassay methods. Cross reacti- 
vity tests were made using(i) the liquid phase radioimmunoassay technique involving dextran caated char- 
coal,&) the double antibody precipitation technique. (iii) the solid phase method using potystyrene tubes, 
and (iv) the solid phase procedure using Enzacryl AA. The specificity of the oestrone antisera to the 
various steroids tested, assessed as percentage cross reaction against oestrone, was found to vary when 
determined by different radioimmunoassay methods. The results suggest that a choice of radioimmunoas- 
say technique may be made such that a particular method would enable higher specificity to be obtained 
towards ce&in cross reacting steroids. 

A recent study made in this laboratory to investigate 
the relationship of steroid haptenic structure of 
antigens to the specificity of their ellicited antisera led 
us to question whether the assessment of the specificity 
of a particular antisera is the same when determined 
by different steroid radioimmunoa~ay methods. Again 
since different laboratories use different steroid 
radioimmunoassay methods to assess the specificity of 
a particular antisera, and no direct information on this 
point appeared available, it was decided to make a 
study which would enable a comparison of the speci- 
ficity ofan antisera to be made using different radioim- 
munoassay procedures. 

The spe&city of the antisera (LR,j&KE,)31) raised 
by the antigen oestrone-6-(O-carboxymethyl) oxime 
albumin conjugate [l] was examined using seven ster- 
oids. The cross reactions of these steroids against oes- 
&one were obtained by (i) the solid phase radioim- 
munoas~y technique using polystyrene tubes [2], (ii) 
the solid phase system using Enzacayl AA [3], {iii) the 
liquid phase radioimmunoassay using dextran coated 
charcoal [4], and the double antibody precipitation 
technique. The results of the cross reactions obtained 
by the individual radioimmunoassay methods were 
compared. 

METHODS AND MATERIAIS 

Materials 

Water. All water was deionized and redistilled from 
glass. Ethyl alcohol: this was refluxcd over calcium 
hydride fl h) and redistilled. 

Nttrir A. Charcoal was obtained from Sigma Co. 
Ltd., London. Dexfran T40 was obtained from Phar- 
macia Fine Chemicals, London. 

Riuanol. Rivanol(2-ethoxy-6,9-diaminoacridine lac- 
tate) pure was obtained from Koch-Light, Colnbrook, 
Bucks, U.K. Bovine Serum Albumin (BSA) was 
obtained from Sigma Co. Ltd., London. Barbital 
buffer: fpH 9%) 007 M sodium barb&one was used for 
coating antibodies to polystyrene tubes. 

Assay bu&r. (pH 7.0) @I M was prepared as de- 
scribed by Abraham5 [SJ. Two stock solutions of 
sodium phosphate buffer were used. Solution A was 0.2 
M NaH2P04 and solution 3 was 0.2 M Na2HP0, in 
water. The assay buffer itself consisted of 195 mi of 
solution A, 305 ml of solution B, I g of sodium azide 
and 9 g of sodium chloride made up to 1 litre of water. 
This assay buffer was used in the solid phase radioim- 
munoassay techniques, i.e. the polystyrene tube and 
the Enzacryl AA methods (see below). 

Assay gelatin b&&r. 1 g of gelatin was added per 
litre of the assay buffer above for the liquid phase 
radioimmunoassay techniques, i.e. the dextran coated 
charcoal and the double antibody precipitation tech- 
niques (see below). 

Anti-rabbit-precipitation serum. Donkey RDi7 was 
purchased from Burrough’s W&come, London. 
Enzacryl AA was obtained from Koch-Light Labora- 
tories, Coinbrook, Bucks, England. 

Steroids. These were obtained from Koch-Ligbt 
Laboratories, Colnbrook, Bucks. Radioactive [6,7- 
“H f-oestrone (40 Ci/mmol). obtained from the Radio- 
chemicai Centre, Amersham, U.K., was used for the 



radioimmunoassay studies. A solution of X333 d.p.m. 
per 0.1 ml ethanol was used: this represented a 
radioactive load of 20.4 pg. 

Dia.\-U/W scintilltrror. This was made up by the addi- 
tion of 8 g of Butyl PBD and 100 g of naphthalene 
(both obtained from BDH Chemicals). Polystyrene 
tubes. Small disposable (LP,:2) polystyrene tubes were 
obtained from Luckhams Ltd.. Surrey. I!.K. 

AW~SLWN LR,(6KE,)B,. The first bleed taken 2 
weeks after the second injection of ocstrone-6-(O-car- 
boxymethyl) oxime-bovine serum conjugate [I] was 
bovine serum albumin (BSA) adsorbed and Rivanol 
treated (see below). Packard Tri-C‘arh Scintillation 
Counter (Model 3375): Aqueous solutions were 
counted in dioxdne scintillator. whilst toluenc scintil- 
lator was used for non-aqueous solutions. The cfti- 
ciency of tritium counting was W,, in dioxanc and 
45”;, efficient in toluene. All samples were counted for 
at least 20 min. 

METHODS 

Adsorption of anti-BSA antibodies and Rivanol 
treatment of the antisera to oestrone was carried out 
according to the method OfThornycroft c’t trl. (b). Dilu- 
tion response curves were constructed using this 
treated antisera for both the dextran coated charcoal 
and the Enzacryl AA methods. These curves were pre- 
pared by plotting the percentage of the 2@4 pg 
radioactive oestrone load bound to antibody at 

various dilutions of antisera. and comparing them 
with curves produced when a 150 pg non-radioactive 
oestrone was added. The maximum difference between 
the curves gave thg optimal dilution of antibody 
required to give maximum sensitivity. The best dilu- 
tion for the antisera by both methods was I : 1250. des- 
pite the fact that the sensitivity of the dextran coated 
charcoal radioimmunoassay was greater than the 
Enzacryl AA method. Past experience in this labora- 
tory suggested that coating of tubes in the polystyrene 
tubes with the antisera dilution which was optimal fol 
the dextran charcoal method gave near optimum con- 
ditions for the solid phase radioimmunoassay. This. 
together with the fact that the double antibody preci- 
pitation technique used identical equilibration condi- 
tions to the dextran coated charcoal method, meant 
that all four methods were optimized for antisera dilu- 
tion. 

Cross-rcuction tests. The specificity of the antisera 
was tested by determining the percentage cross-reac- 
tion of various steroids by four different radioim- 
munoassay methods (see below). Various amounts of 
the steroids to be tested were dissolved in assay buffer 
(volume dependent on type of radioimmunoassay 

LISC~). The binding vs ~nass curve for the cross-reacting 
steroid was compared lvith the standard curve given b! 
ocstronc. Seven cross-reacting steroids wert‘ tested: 
Oestradioi 177 C I 7zE1) ocstradiol 17/1 ( I7/jE, I. oestriol 
(E,). progesterone. cortisol, testosterone and cholcs- 
tcrol. A range of concentrations of each of these stcr- 

oids were made up to cover the range 0 1.000.000 pg. 
0.1 ml. All determinations were performed in duplicate. 
Calculation of the cross-reaction \V;IS made as indi- 

cated by Abraham [5]. i.e. mass ofoestronc to displace 
W,, of bound [6.7-ZH]-tritiattd oehtronc = Y. Muss of 

cross-reacting steroid rcquircd to displace W’,, ol 

bound (6.7-“H) tritiatcd ocstrone =: I’. Perccnta~u i 
cross-reaction = .\ ‘,I’ x 100. 

HADIOIMML NO4SSAY METHODS 

1. The liquid phase radioimmunoassay using dex- 
tran coated charcoal. The method used was a modifica- 

tion of the method of Hotchkiss. Atkinson and Knobil. 
1971 [-&I, 0.1 ml of (h.7-“HI-oestrone solution was 

added to an assay tube and evaporated gently to dry- 
ness under a stream of nitrogen. 0.1 ml of diluted anti- 
body solution (1: 1250) and 0.1 ml of assay gelatin 

bufler containing the respective steroid (standard oes- 
trone or cross-reacting compound) was then added. 
After mixing briefly the tube was left to incubate at 4 C 
for I6 II. After incubation, I ml or Dcxtran-coated char- 
coal suspension was added. the tube which was shaken 
briefly and then left to incubate at 4’ for IS min before 
ccntrifugation at 5000 9 for I5 min. The supernatant 
containing the steroid bound to antibody was then 
decanted into a scintillation phial and its radioactivity 
counted in a scintillation counter. 

2. Solid phase radioimmunoassay using polvstyrene 
tubes. This method is similar to that described b! 
Exieq 1’1 LI/.. lY71 [2] and is a modification of the 
method of Abraham and Ode11 [7]. 

(i) Pwparutior~ of’~milwd~ cotrtcrl t~r/m. These tubes 
were prepared as one batch of 1 SO tubes. Antisera LR, 
(6KE,)B, was diluted to a final dilution of 1 : I250 with 
barbital buffer. 03 ml ofthc diluted antisera was added 
to the polystyrene tubes and the tubes incubated at 4-C 
for 16 h overnight. After incubation and careful remo- 
val of the barbital buffer b\. suction. 03 ml of assay 
buffer was added which was again removed by suction. 
A further 0.5 ml ofassay buffer was then added and the 
tube> covered with parafilm and stored at 4 C until 
USC. 

(ii) Assu 1‘ rwthod. A ssaq buffer solutions of steroids 
were made up such that 0.5 ml contained the required 
mass of cross-reacting steroid tog&her with the stan- 
dard mass (20.4 pg) of radioactive oestrone. The assa) 
buttir in the coated polystyrene tubes was removed b\i 
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suction and the solution to be assayed (0.5 ml) was im- 
mediately added and incubated at 4°C for 16 h. After 

incubation. the liquid in the tube was quantitatively 
transferred to a scintillation phial together with @5 ml 
of assay buffer used to wash out the polystyrene tube 
and then counted for radioactivity. 

3. Solid phase radioimmunoassay using Enzacryl 
AA. Method of Moore and Axelrod (1972) [3]. 200 mg 
of Enzacryl AA was diazotized and the enzacrylLanti- 
body complex prepared as described by the above 
authors. The final dilution of the Rivanol treated anti- 
sera (originally 1.5) was 1: 100 for the complex. 

Assay. 0.1 ml of [6,7-3H]-oestrone solution and @I 
ml of cross-reacting steroid in ethanol were added to 

the assay tube and evaporated down to dryness under 
nitrogen. 0.5 ml of assay buffer was then added, fol- 
lowed by 1 ml of Enzacryl antibody complex (dilution 
1: 1250) and the contents mixed and then allowed to 
stand for 1 h. mixed again, and then allowed to stand 
for an additional hour. After centrifugation at 5000 g 
for 5 min, 0.5 ml of the supernatant representing the 
free fraction was aliquoted into a counting phial and 
counted for radioactivity. 

4. Double antibody precipitation technique. 0.1 ml 
of [6,7-3H]-oestrone and @ 1 ml of an ethanolic solution 
containing the standard or cross-reacting steroid was 
added to an assay tube and blown to dryness under 
nitrogen. 0.2 ml of diluted oestrone antibody solution 
(1: 2500) was then added and left to incubate at 4°C for 
16 h. 0.2 ml of (1:40) dilution of anti-rabbit precipi- 
tation sera was then added. and after shaking, tubes 
were incubated at 4°C for 48 h. After this latter incuba- 

tion, 0.5 ml of assay buffer was added and mixed and 
then centrifuged at 2000 g for 30 min. 0.5 ml of the 
supernatant was counted for radioactivity. 

RESULTS 

Apart from the double antibody precipitation 
radioimmunoassay method when the average coeffi- 

cient of variation for duplicate determination was 
*5.50;, (n = 40 duplicates), all other methods gave 
excellent precision. The average coefficient of variation 
was f 1.4% (n = 67) for the solid phase radioim- 
munoassay technique using polystyrene tubes, + 2.27: 
(n = 40) for the Enzacryl AA method and ? Z2% (n = 
44) for the Dextran coated charcoal technique. This 
standard of accuracy enabled us to clearly distinguish 
small differences between the specificities of a cross- 
reacting steroid when assessed by the various radioim- 
munoassay methods. 

I I I I I 
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Mass of steroid, pg 

Fig. 1. Curves of V,, bound against mass of steroid obtained 
by the solid phase radioimmunoassay method using poly- 
styrene tubes. A = oestrone. B = oestriol. C = testoster- 

one. D = cholesterol. 

Figure 1 shows typical curves obtained for assess- 
ment of cross-reactivity. Plots were made of percentage 
antibody bound [6.7-3H]-tritiated oestrone (set at 
100% for the blank) against mass of steroid. 

The radioimmunoassay methods possessed different 

sensitivities. Using the solid phase technique with 
polystyrene tubes it was found that only 40 + 5 pg of 
non-radioactive oestrone was required to displace 50% 
of the binding of [6.7-3H]-oestrone, whilst the liquid 
phase method using dextran coated charcoal required 
80 k 10 pg, the double antibody precipitation tech- 
nique required 120 + 10 pg and the method using 
Enzacryl AA needed 450 + 50 pg. 

Table 1 shows the results of the cross-reaction tests 
obtained by all four radioimmunoassay methods. As 
can be seen, the specificity of the anti-oestrone sera 
varies with the different radioimmunoassay methods. 
There is a range of 0.19-0.57% for the percentage 
cross-reaction of oestradiol 17c( (three methods com- 
pared), a range of 0.1s0.29% for oestriol (three 
methods compared) and a range of O.lO-0.39% for oes- 
tradioLl7fi when all four methods are compared. The 
order of cross-reaction by three methods (unfortuna- 
tely there was not enough of this particular antisera left 
to check this point by the double antibody precipi- 
tation technique) was oestradiol-17a > oestradiol- 
170 > oestriol. This occurred despite the differences in 
sensitivity and specificity of the radioimmunoassay 
methods. All the methods agree that there is virtually 
no cross-reaction with cholesterol, cortisol or testos- 
terone (all less than 0.005% cross-reactivity). This lack 
of reactivity obviously precludes quantitative 
measurement and specificity comparison. 
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Table 1. Comparison of cross reactivity of steroids with ocstrone as assessed by different radloimmunoassay methods lor 
antisera. LR,(6KE,)B,. 

“(, Cross rcactmn 

Steroid 
Dextran coated 

charcoal method 
Enracryl AA 

method 

Polystyrene 
tube 

method 

Double antibody 
precipitation 

technique 

Oestronc 
Oestradlol- 172 
Oestradiol- I 78 
Oestriol 
Progesterone 
Cortisol 
Testosterone 
Cholesterol 

I 00 
045 
0~39 
0 I 3 
046 

< 0405 
< 0~005 
< 0~005 

DISC‘L!SSION 

The various radioimmunoassay methods give results 
for the specificity of the Rivanol treated anti-oestrone 
sera LR4(6KE,)B, which on the average agree with 
those of Rowe. Cook and Dean [8] who used the much 

later bleed LR,(6KEl)B8 and the liquid phase 
radioimmunoassay with charcoal to test the specificity 
of this antisera. This later bleed was neither BSA 
adsorbed nor Rivanol treated. suggesting thdt the 
specificity of the anti-oestrone sera was not dramati- 
cally changed by this treatment or with time of collec- 
tion. The antibody titre however increased after the 
collection of the first bleed used for the present study. 
The antisera examined are possibly the most highly 
specific yet developed for any oestrogen, possessing no 

cross-reactivity above I”/;) with typical steroids nor- 

mally encountered in non-pregnancy plasma. At first 
glance the results of this investigation could suggest 
that there is little difference between the specificity of 
the antisera when determined by the various methods. 
For general radioimmunoassay in clinical practice the 
difference between even the most divergent results 
obtained. i.e. the cross-reaction of oestradiol (range 
0.39-O~lO~,,,), could be considered negligible and would 
mean that any of the four methods could be used in 
clinical practice. However, despite the fact there is only 
0.29’0 difference in the above cross-reaction it means 
that the reaction towards oestradiol-17/i is four times 
greater when assessed by the polystyrene tube method 
and the double antibody method than by the Dcxtran 
coated charcoal technique. Other differences of this 
kind are also apparent (Table I). and thus since the 
radioimmunoassay methods all gave excellent dupli- 
cate cross-reaction curves these differences are mean- 
ingful. This suggests that the specificity of the antisera 
to cross-reacting steroids varies according to the type 
of radioimmunoassay used for the determination. 

100 
0.57 
0.3 I 
0~29 
0.05 

< 0~005 
< oao5 
< 0~005 

IO0 I 00 
0 I 9 
0 I 0 0.10 
0.13 
(PO5 045 

< 0405 < 0.005 
< 0.005 < 0.005 
< 0,005 < 0.005 

The reason for the diflerent specificities obtained by 
the various methods is most probably due to the differ- 
ent treatments of the anti-oestrone sera. Radioim- 
munoassay involving binding of antibodies to poly- 
styrene tube surfaces may partially fractionate the anti- 
sera in that certain antibodies bind in preference to 

others. Again in the Ehzacryl AA method the prcp- 
aration of water insoluble antibodies by diazotisation 
may slightly change the configuration of some of the 
active sites of the original antibodies. These factors, 
among many others, may account for the differences in 

specificity obtained by the various methods. This dif- 
ference in specificity could suggest that a choice of 
radioimmunoassay technique may be made such that 
a particular method may enable higher specificity to be 
obtained towards certain cross-reacting steroids. 
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