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A SENSITIVE MICROTITRE PLATE ENZYME IMMUNOASSAY 
OF OESTRADIOL-17B I N  THE COW AND MARE 

I lona  Jones and A. Madej 

Department of C l i n i c a l  Chemistry, 
College of Veter inary Medicine, 

Swedish Universi ty  of Agr i cu l tu ra l  Sciences,  
Box 7038, S-750 07 Uppsala, Sweden 

ABSTRACT 
M i c r o t i t r e  p l a t e s  were coated wi th  ant iserum aga ins t  oest- 

radiol-17 ~-6-(O-carboxymethyl)-oxime bovine serum albumin r a i s e d  
i n  sheep. The plasma s a m p l e s  (0.2-1.0 ml )  were e x t r a c t e d  w i t h  
p e r o x i d e - f r e e  d i e t h y l  e t h e r  p r e p a r e d  d a i l y  by t r e a t m e n t  w i t h  
A1203. The enzyme conjugate w a s  prepared by coupling oes t r ad io l -  
17~-6-(0-carboxymethyl)-oxime t o  h o r s e - r a d i s h  p e r o x i d a s e .  The 
c o n j u g a t e  was ch romatographed  on a Sephadex G-25 column. The 
s tandard curve ranged from 0.37 t o  18.40 €mol/wel l  of oes t r ad io l -  
178. The amount of o e s t r a d i o l - 1 7 g  c a u s i n g  a 50% r e d u c t i o n  of 
maximum binding was 4.4 f mol/well. 

Standards and samples were incubated overnight a t  4OC. The 
conjugate s o l u t i o n  w a s  added followed by f u r t h e r  incubat ion f o r  2 
h at  4OC.  Tetramethylbenzidine w a s  used as a chromogen, and the  
o p t i c a l  dens i ty  was measured a t  450 nm. The p a t t e r n s  of oes t r a -  
d io l -178  d u r i n g  a normal  o e s t r u s  c y c l e  i n  t h e  cow and mare are  
presented. 

INTRODUCTION 

In radioimmunoassays of s t e r o i d s  t h e  s p e c i f i c  a c t i v i t y  of 

t he  t r i t i um- labe l l ed  tracer i s  a l i m i t i n g  f a c t o r  f o r  the s e n s i t i -  

v i t y  of t h e  tes t .  An i n c r e a s e  of a s s a y  s e n s i t i v i t y  i s  p o s s i b l e  
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3 50 J O N E S  AND MADEJ 

t h r o u g h  i n t r o d u c t i o n  of e i t h e r  r a d i o i o d i n e - l a b e l l e d  t r a c e r s  o r  

enzyme-labelled t r ace r s .  A l though  s e v e r a l  s t u d i e s  d e a l i n g  w i t h  

enzyme immunoassay of oes t rogens  have been published (4-8), none 

of them i s  s e n s i t i v e  enough t o  measure oes t rad io l -178  i n  the  non- 

p r e g n a n t  cow o r  mare.  I n  t h i s  p a p e r  w e  d e s c r i b e  a h i g h l y  s e n s i -  

t i v e  enzyme immunoassay f o r  oes t rad io l -17B i n  blood plasma, which 

is s u i t a b l e  f o r  use i n  t h e s e  spec ies .  

MATERIALS AND METHODS 

P r e p a r a t i o n  of Antiserum 

Antiserum, obta ined  from B o i l e r t  et al. (9), was r a i s e d  i n  

sheep a g a i n s t  oestradiol-17~-6-(0-carboxymethyl)-oxime-bovine 

s e r u m  a l b u m i n  c o n j u g a t e .  The a n t i s e r u m  w a s  p u r i f i e d  by us on a 

Sephacryl-S-300 (Pharmacia, Sweden) column, 2 . 6 ~ 9 0  cm, and e l u t e d  

wi th  0.05 M T r i s - H C 1  b u f f e r ,  pH 7.4. The immunoglobulin f r a c t i o n s  

were pooled and concen t r a t ed  t o  t h e  i n i t i a l  an t i se rum volume and 

t r a n s f e r r e d  t o  a new b u f f e r  s o l u t i o n  (0.04 M phosphate-buf f e r e d  

s a l i n e ,  pH 7.0) u s ing  Amicon f i l t e r  equipment (Danvers, MA, USA). 

F i n a l l y ,  t h e  an t i s e rum s o l u t i o n  was lyoph i l i zed  i n  small  a l i q u o t s  

f r o m  which  t h e  s t o c k  s o l u t i o n ,  d i l u t e d  1 : l O O O  i n  a s s a y  b u f f e r ,  

was prepared and kept  at 4OC. 

P r e p a r a t i o n  of t h e  Enzyme Conjugate 

Oes t r ad  i o  1-1 78 - 6 - (  0-carboxyme t hy1)-oxime ( E2-6-CMO) (S tera- 

l o i d s ,  Witton, N.H., USA) w a s  conjugated t o  horse- rad ish  peroxi- 
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MICROTITRE PLATE ENZYME IMMUNOASSAY 351 

d a s e  (HRP, RZ-3, S igma,  S t .  L o u i s ,  M O ,  USA) u s i n g  t h e  mixed 

anhydride r e a c t i o n  modified by Dawson e t  al. (10). E2-6-CMO, 18.6 

mg, was d i s s o l v e d  i n  1 m l  of d i m e t h y l f o r m a m i d e  and 7.5 1-11 of 

methylmorpholine. The mix tu re  w a s  cooled t o  -15OC, and 6.5 1-11 of 

sec-buty lch loroformate  added, and t h e  con ten t  t hen  s t i r r e d  f o r  3 

min. T h e r e a f t e r ,  t h e  HRP s o l u t i o n  (100 mg HRP i n  1 m l  d i s t i l l e d  

w a t e r  and  0.75 m l  d i m e t h y l s u l p h o x i d e )  w a s  added  d r o p w i s e  and 

s t i r r i n g  c o n t i n u e d  a t  -15OC f o r  60 min and a t  O°C f o r  120  min. 

Then 1 0  mg o f  NaHC03 was added. The c o n j u g a t e  m i x t u r e  w a s  d i a -  

lyzed  a g a i n s t  d i s t i l l e d  water and f i l t e r e d  through a Sephadex G- 

2 5  co lumn (l.Ox10.0 c m )  t o  s e p a r a t e  e n z y m e - l a b e l l e d  f r o m  non- 

enzyme-labelled o e s t r a d i o l .  The enzyme conjugate f r a c t i o n s  were 

pooled and s t o r e d  i n  s m a l l  a l i q u o t s  a t  -7OOC. A s t o c k  s o l u t i o n  of 

t h e  BRP-oestradiol conjugate  d i l u t e d  1 : l O  i n  a s say  b u f f e r  (0.04 M 

Na2HP04/0.15 M NaC1, pH 7.2, con ta in ing  0.1.% BSA and 0.02% Thime- 

r o s a l ) ,  was kept  at  4OC and d i l u t e d  f u r t h e r  i n  t h e  same b u f f e r  t o  

1:40,000 j u s t  p r i o r  t o  use. 

Procedures f o r  P u r i f i c a t i o n  of D ie thy l  Ether  and E x t r a c t i o n  

Peroxide-free d i e t h y l  e t h e r  was prepared d a i l y  by p u r i f i c a -  

t i o n  on an A 1 2 0 3  90 a c t i v e  b a s i c  ( t e c h n i c a l  i n fo rma t ion ,  Merck, 

D a r m s t a d t ,  FRG) co lumn (1.5x10.0 c m ) .  About 30 g of A1203 i s  

requi red  f o r  p u r i f i c a t i o n  of 250 m l  of d i e t h y l  e t h e r  ( a n a l y t i c a l  

g r a d e ,  0.01% w a t e r ,  Merck). A l l  b lood  p l a s m a  e x t r a c t i o n s  were  

p e r f o r m e d  t w i c e  w i t h  2 m l  of e t h e r  and shaken  by hand f o r  1 min 
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352 J O N E S  AND MADEJ 

each t i m e .  Then t h e  tubes  were p laced  i n  a methanol ba th  (-20°C). 

The o rgan ic  phases were decanted, pooled and evaporated under a 

stream of a i r .  The e x t r a c t i o n  recovery was e s t ima ted  by adding 

t r i t i u m - l a b e l l e d  oes t r ad io1 -17f l  (7000 dpm) t o  s a m p l e s  of c a l f  

plasma. 

Assay Procedure 

A l l  g l a s s w a r e  used  w a s  t h o r o u g h l y  r i n s e d  i n  96% e t h a n o l .  

F l a t - b o t t o m e d  m i c r o t i t r e  p l a t e s  ( M  129B, Dyna tech  Lab. Ltd . ,  

S u s s e x ,  U K ,  and Cat .  No.  3590 ,  C o s t a r  Co, Cambr idge ,  MA, USA) 

were coa ted  w i t h  100 p 1  of p u r i f i e d  o e s t r a d i o l  an t i se rum d i l u t e d  

1:500 000 i n  c o a t i n g  b u f f e r  (0.05 M Na2C03/NaHC03, pH 9.6) The 

p l a t e s  were i n c u b a t e d  o v e r n i g h t  a t  4OC. J u s t  b e f o r e  a s s a y ,  t h e  

coa ted  p l a t e s  were washed 3 times w i t h  400 p1 pe r  w e l l  of washing 

l i q u i d  (0.05% Tween 8 0  i n  s a l i n e ) .  S t a n d a r d s  and  s a m p l e s  were 

a n a l y z e d  i n  q u a d r u p l i c a t e s ,  and a l i q u o t s  of 100 p1 were t r a n s -  

f e r r e d  t o  each w e l l .  The s t anda rds  prepared  i n  f r e s h  assay  b u f f e r  

c o n t a i n e d  0 ,  0.37, 0.92, 1.84, 3.68, 9.19 and 18.4 fmo1 /100  1.11. 

The evaporated e x t r a c t  from 1 m l  plasma w a s  d i s so lved  i n  500 pl 

of f r e s h  assay  b u f f e r ,  and 100 p1 pe r  w e l l  of t h i s  s o l u t i o n  was 

analyzed. For t h e  q u a l i t y  c o n t r o l  pooled samples of low, medium 

and h igh  l e v e l s  of oes t rad io l -17B were analyzed on every  p la te .  

The plasma wi th  t h e  low concen t r a t ion  of oes t rad io l -176  (approx. 

9 pmol / l )  was prepared by cha rcoa l  t r ea tmen t  (50 mg/ml plasma). 

The p l a t e s  were covered wi th  se l f -adhes ive  p l a s t i c  shee t  (x-fi lm, 
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MICROTITRE PLATE ENZYME IMMUNOASSAY 353 

Overath, FRG) and incubated overnight a t  4OC. A cold (4OC) solu- 

t i o n  of t h e  oestradiol-HRP conjugate,  50 1-11 per w e l l ,  was then 

added and t h e  i n c u b a t i o n  c o n t i n u e d  a t  4 O C  f o r  2 h. A f t e r  t h e  

p l a t e s  had been washed (3x400 p l / w e l l )  150 1-11 s u b s t r a t e  s o l u t i o n  

(25 m l  0.1 M a c e t a t e / c i t r a t e  b u f f e r ,  pH 5.5; 100 1-11 1% H 2 0 2 ;  300 

1-11 of 6% te t ramethylbenzidine s o l u t i o n  i n  dimethylsulfoxide)  was 

added and t h e  p l a t e s  w e r e  i n c u b a t e d  f o r  40 min i n  t h e  d a r k  a t  

room temperature. The enzyme reac t ion  was stopped by adding 50 1-11 

of 2 M H2S04 (3). The o p t i c a l  dens i ty  was then measured a t  450 nm 

( M u l t i s c a n ,  Dynatech). 

Blood Samples 

Dai ly  blood samples (7-10 ml) were c o l l e c t e d  i n  heparinized 

tubes from the  jugu la r  vein of a postpartum cow and a mare with 

r egu la r  oestrous cycle. The blood w a s  immediately cen t r i fuged  and 

t h e  plasma s to red  a t  -2OOC u n t i l  assayed. 

Radioimmunoassays 

Procedures f o r  radioimmunoassay of progesterone (11) and LH 

(12) i n  bovine plasma and r ad io immunoassay  of p r o g e s t e r o n e  and 

o e s t r o n e  s u l p h a t e  i n  e q u i n e  p l a sma  (13) have  been d e s c r i b e d  

earlier.  

RESULTS 

Val idat ion of Assay 

A mean s tandard curve f o r  oestradiol-l7B, ca l cu la t ed  from 18 

assays,  is shown i n  Fig. 1. The s e n s i t i v i t y  of t he  assay, calcu- 
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FIGURE 1. S t a n d a r d  c u r v e  f o r  o e s t r a d i o l - 1 7 f i  ( 0 ,  mean+S.E.M., 

n=18), t h e  c r o s s  r e a c t i o n  of o e s t r o n e  (0) and t h e  

d i l u t i o n  c u r v e  of e x t r a c t e d  p l a sma  ( 0 ,  p lasma  no. 1; 

A, p l a s m a  no. 2) .  

l a t e d  from t h e  p r e c i s i o n  p r o f i l e ,  was 0.22 f m o l / w e l l  (1.1 

pmol/l). The amount of oes t rad io l -17B causing a 50% reduct ion  of 

maximum b i n d i n g  i n  t h e  s t a n d a r d  c u r v e  w a s  4 . 4  f m o l / w e l l .  The 

r e l a t i v e  c ros s - r eac t ions  of t h e  a n t i b o d y  were 7 %  w i t h  o e s t r o n e  

(Fig. l ) ,  1% w i t h  o e s t r a d i o l - 1 7 a Y  0.3% w i t h  o e s t r i o l ,  0.1% w i t h  
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oestrone sulphate  and less than 0.01% with c o r t i s o l ,  progesterone 

and t e s tos t e rone  (data  not shown). A d i l u t i o n  curve of ex t r ac t ed  

p l a sma  ( f rom 200 1.11 t o  40 p l )  from a h e i f e r  i n  o e s t r u s  was 

p a r a l l e l  t o  t he  s tandard curve (Fig. 1). The same p a r a l l e l i s m  was 

obtained with equine and mink plasma (data  not shown). 

Known amounts of oestradiol-176 were added t o  plasma con- 

t a i n i n g  1063 f g / w e l l  (19 p m o l f l )  of o e s t r a d i o l - 1 7 6  and t h e  re- 

s u l t s  a r e  given i n  Table 1. The recovery of oestradiol-17fi ranged 

from 82.0% t o  103.0% w i t h  a n  a v e r a g e  of 94.Of7.0%. 

The average ex t r ac t ion  recovery of t r i t i um- labe l l ed  oes t r a -  

diol-178 added t o  1 m l  of bov ine  plasma was 92.0+1.0%. The same 

e x t r a c t i o n  recovery was obtained when the shaking was done with a 

M u l t i - t u b e  v o r t e x e r  SMI (Dade, C A ,  USA).  L e s s  t h a n  0.2% of t r i -  

t i u m - l a b e l l e d  o e s t r o n e  s u l p h a t e  w a s  e x t r a c t e d  u s i n g  d i e t h y l  

e the r .  

No measurable o e s t r a d i o l  could be found i n  ex t r ac t ed  water. 

The intra-assay ( i n t r a - p l a t e )  c o e f f i c i e n t s  of v a r i a t i o n  of 

t h e  o p t i c a l  d e n s i t y  a t  0 ,  22.5 and 90 p m o l / l  v a r i e d  between 6.2 

and 7.3% (Table 2). P rec i s ion  p r o f i l e  of our assay indicated t h a t  

t h e  c o e f f i c i e n t  of v a r i a t i o n  d e c r e a s e d  from 20% a t  5 p m o l / l  t o  

1 7 %  a t  10 p m o l / l  and remained be low 15% f o r  c o n c e n t r a t i o n s  ex- 

ceeding 20 pmol/l.  

The i n t e r - a s s a y  c o e f f i c i e n t s  of v a r i a t i o n  f o r  t h e  q u a l i t y  

con t ro l  samples containing low, medium and high l e v e l s  of oestra-  

diol-17P were 27.1%, 12.9% and 5.9%, r e spec t ive ly  (Table 3 ) .  
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3 56 JONES AND MADEJ 

TABLE 1 

Recovery of Oestradiol-17B Added to 
Bovine Plasma 

--- -------- 
Added Found Recovery 

E -1713 % 
-------_I_ 

3 E -176 
fg  5 w e l l  f g  w e l l  

?- 

Plasma - 
100 
200 
500 

1000 
2000 
3000 
4000 
5000 

1063 
955 

1078 
1532 
1909 
3142 
401 8 
4916 
5796 

100 
82 
85 
98 
93 

103 
99 
97 
96 

Plasma Oestradiol-176 Concentration 

To evaluate the assay ,  oestradiol-17B l e v e l s  during the 

f i r s t  normal l u t e a l  phase i n  a postpartum cow were determined 

(Fig.  2 ) .  The preovulatory LH peaks fo l lowed by the normal pro- 

gesterone increase were recorded on day6 22 (data not shown) and 

4 4  post: partum. Two oestradiol-17f3 peaks ( 2 6  and 33 p m o l / l ,  
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MICROTITRE PLATE ENZYME IMMUNOASSAY 35 7 

TABLE 2 

The In t ra -assay  V a r i a t i o n  i n  t h e  Enzyme 
Immunoassay of Oestradiol-176 

absorbance 1.434 0.512 0.264 

n 96 96 96 
SD 0.089 0.037 0 -018 

pmol/l  0 22 .5 90 

cv % 6 . 2  7.2 6.8 

TABLE 3 

The In te r -assay  V a r i a t i o n  i n  t h e  Enzyme 
Immunoassay of Oestradiol-17B 

pmoI/ 1 8.5 1 4  .O 28.9 
n 8 8 8 

CV% 27.1 1 2  09 5.9 
SD 2 . 3  1.8 1.7 
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358 JONES AND MADEJ 

DAYS POST PARTUM 

FIGURE 2 .  Plasma o e s t r a d i o l - 1 7 g  (o) ,  p r o g e s t e r o n e  (0) and 

LH (0) l e v e l s  d u r i n g  t h e  f i r s t  normal  l u t e a l  phase  

i n  a postpartum cow. 

r e spec t ive ly )  were recorded: the f i r s t  occurred 7 days a f t e r  t he  

LH peak and t h e  second o c c u r r e d  s i m u l t a n e o u s l y  w i t h  t h e  n e x t  

p r e o v u l a t o r y  LH s u r g e  on day 44. The b a s a l  l e v e l  of o e s t r a d i o l -  

1 7 8  f luc tua ted  between 3 and 14 pmolll .  

The maximum plasma oestradiol-17f3 observed on day 4 of t h e  

o e s t r o u s  c y c l e  i n  t h e  mare was 1 2 0  p m o l l l  (Fig.  3 ) .  The mid- 

l u t e a l  l e v e l s  of oestradiol-178 var ied between 20 and 40 pmol/l.  
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0 

J. 
0 

.1 

. .....-. . -.. 
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FIGURE 3 .  Plasma o e s t r a d i o l - 1 7 B  (---), o e s t r o n e  s u l p h a t e  (-) 

and p r o g e s t e r o n e  (. ...) l e v e l s  d u r i n g  t h e  o e s  t r o u s  

c y c l e  i n  one mare. The h o r i z o n t a l  b l a c k  b a r s  i n d i c a t e  

oes t rus ;  a r rows  denote the  t i m e  of ovulation. 

Fig. 3 a l s o  d e p i c t s  t he  plasma l e v e l s  of oes t rone  su lpha te  i n  t h e  

same mare. The o e s t r o n e  s u l p h a t e  l e v e l  s t a r t e d  t o  i n c r e a s e  one 

day be fo re  t h e  onse t  of o e s t r u s  and reached i t s  maximum on day 5 

of t h e  o e s t r o u s  c y c l e  ( 1 2  n m o l / l ) .  The b a s a l  l e v e l  of o e s t r o n e  

su lpha te  va r i ed  between 2 and 4 nmol/l.  
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DISCUSS ION 

JONES AND MADEJ 

This enzyme immunoassay f o r  determinat ion of oestradiol-176 

i s  very s e n s i t i v e ,  a l lowing a s u b s t a n t i a l  reduct ion of the plasma 

volume r e q u i r e d  f o r  e x t r a c t i o n .  The s e n s i t i v i t y ,  0.22 f m o l  (1.1 

pmoll l )  per assay u n i t ,  is b e t t e r  than t h a t  reported by Lindberg 

e t  a l .  (1)  u s i n g  a r a d i o i o d i n e - l a b e l l e d  t r a c e r  and t h e  same 

oestradiol-17 B antiserum. When t h e  antiserum was used i n  radio-  

immunoassay with t r i t i u m - l a b e l l e d  t r a c e r  t he  p r a c t i c a l  d e t e c t i o n  

l i m i t  w a s  25  p m o l / l  (14) .  I n d e e d ,  a 20-fold i n c r e a s e  of t h e  

s e n s i t i v i t y  was achieved by introducing t h e  enzyme-labelled tra- 

cer. This f ind ing  agrees  with those descr ibed f o r  progesterone by 

van de Wiel and Koops ( 3 ) .  R e c e n t l y  Roda et a l .  (15)  deve loped  a 

d i r e c t  c h e m i l u m i n e s c e n t  a s s a y  and Maurel  e t  a l .  (16 )  a f l u o r e -  

s cen t  enzyme immunoassay of oestradiol-17B wi th  almost t he  same 

d e t e c t i o n  l i m i t  as t h e  p r e s e n t  a s s a y  (0.55 f m o l /  t u b e  and 0.37 

f mollwel l ,  respect ively) .  

The f ind ings  of no measurable oestradiol-176 when assaying 

water  i s  in agreemen t  w i t h  P e t e r s  (17)  and Saumande and Batra  

(18), who a l s o  reported t h a t  t he  water samples did not decrease 

t h e  maximum binding. 

Van de Wiel and Koops (3) reported t h a t  a second coa t ing  of 

t h e  wells with bovine serum albumin so lu t ion  reduced non-specific 

b i n d i n g  of t h e  c o n j u g a t e  t o  t h e  s u r f a c e  of t h e  p l a t e .  I n  con- 

t r a s t ,  w e  found t h a t  a second c o a t i n g  of t h e  wel ls  w i t h  bov ine  

serum albumin s o l u t i o n  had no in f luence  on e i t h e r  the intra-assay 

v a r i a t i o n  o r  t h e  standard curve. 
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T h e  accuracy and p rec i s ion  of the test  i s  s t r o n g l y  a f f e c t e d  

by the  q u a l i t y  of t h e  m i c r o t i t r e  p l a t e .  Hence, a batch of micro- 

t i t re  p l a t e s  w a s  only accepted f o r  assay when one o r  two randomly 

s e l e c t e d  p l a t e s  showed an intra-assay c o e f f i c i e n t  of v a r i a t i o n  a t  

maximal binding (absorbance a t  l e a s t  0.9) lower than 7%. Only the 

m i c r o t i t r e  p l a t e s  from Dynatech and Costar f u l f i l l e d  our require-  

ments, so f a r .  

The conccntrat  i ons  of oestradiol-17B during a normal l u t e a l  

phase  in t h e  cow a r e  v e r y  s i m i l a r  t o  t h o s e  p u b l i s h e d  e a r l i e r  

(e.g. 19,20,21).  

The maximum concentrat ions of oestradiol-176 found here  i n  

t h e  mare a t  o e s t r u s  are  somewhat l o w e r  t h a n  t h o s e  r e p o r t e d  by 

P a t t i s s o n  e t  a l .  (22 ) ,  bu t  a l m o s t  t h e  same as t h o s e  r e p o r t e d  by 

Nelson e t  a l .  (23).  However, t h e  b a s a l  l e v e l  of o e s t r a d i o l - 1 7 6  

during the l u t e a l  phase of t he  oes t rous  cycle  w a s  about half  t h a t  

r e p o r t e d  by Nelson e t  a1.(23),  who used t h e  same o e s t r a d i o l - 1 7 8  

antiserum. It i s  i n t e r e s t i n g  t o  note  t h e  good agreement between 

the oestradiol-176 and oes t rone  sulphate  p a t t e r n  during the  oest-  

rous cycle  i n  the  mare. The concentrat ion of oestrone su lpha te  i s  

100 t i m e s  h i g h e r  t h a n  t h a t  of oes t r ad io l -17B.  S t i l l  t h i s  h i g h  

l e v e l  of oestrone su lpha te  w i l l  not a f f e c t  t he  o e s t r a d i o l  deter-  

mination because only 0.2% i s  ex t r ac t ed  using d i e thy l - e the r  and 

t h e  c r o s s - r e a c t  i v i t y  of t h e  p r e s e n t  antiserum t o  oestrone sul-  

p h a t e  i s  0.1%. 
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It is w e l l  known t h a t  in s t e r o i d  assays,  the s e n s i t i v i t y  of 

t h e  a s s a y  i s  improved by t h e  u s e  of a h e t e r o l o g o u s  " b r i d g e  sys -  

t e m "  (24-27). It c a n  a l s o  be improved by a homologous b r i d g e  

system but w i th  d i f f e r e n t  conf igu ra t ions  a t  t he  s i te  of a t t ach -  

ment (28,29). However, i n  some i n s t a n c e s  ( i .e .  t e s t o s t e r o n e  

a s s a y :  29) t h e  u s e  of a homologous b r i d g e  s y s t e m  w i t h  t h e  same 

conf igu ra t ions  r e s u l t e d  i n  a very s e n s i t i v e  assay. The homologous 

system f o r  oestradiol-176 employed here  support t hese  f ind ings  of 

Webb e t  al. ( 2 9 ) .  

In conclusion, t he  m i c r o t i t r e  p l a t e  enzyme immunoassay de- 

scr ibed here  is s u i t a b l e  f o r  measuring oestradiol-176 in a s m a l l  

volume of bov ine  o r  e q u i n e  plasma.  Consequen t ly ,  i t  i s  a l s o  

poss ib l e  t o  apply t h i s  technique t o  s tudy the p a t t e r n  of oes t r a -  

d i o l  i n  r e l a t i v e l y  s m a l l  animals ,  e.g. mink. Moreover, t he  de t e r -  

minat ion of s t e r o i d s  by enzyme immunoassay is r e l a t i v e l y  inexpen- 

s i v e  and rapid. 
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