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T h e  c h a r a c t e r i s t i c s  o f  a n t i g e n -  a n d  a n t i b o d y - c o a t e d  e n z y m e i m m u n o a s s a y  (EIA)  f o r m a t s  to  m e a s u r e  
o e s t r o n e  s u l p h t a e  (OS)  w e r e  s t u d i e d  u s i n g  a m u r i n e  m o n o c l o n a l  a n t i b o d y  as t he  p r i m a r y  a n t i b o d y .  
In  a n  a n t i g e n - c o a t e d  f o r m a t  t he  m o s t  s e n s i t i v e  E I A  (9 f m o l / w e l l )  was  a c h i e v e d  u s i n g  6 - k e t o e s t r o n e -  
6 - O - c a r b o x y m e t h y l o x i m e  ( O C M O )  c o u p l e d  to  b o v i n e  s e r u m  a l b u m i n  (BSA) ,  as the  c o a t i n g  a n t i g e n ,  
a n d  h o r s e r a d i s h  p e r o x i d a s e  ( H R P ) ,  as t he  e n z y m e  labe l .  In  a n  a n t i b o d y - c o a t e d  f o r m a t ,  c o m p a r a b l e  
s e n s i t i v i t y  c o u l d  be  a c h i e v e d  u s ing  H R P  c o n j u g a t e d  to  e i t h e r  O C M O ,  o e s t r o n e - 3 - g l u c u r o n i d e  (OG)  
o r  o e s t r o n e - 3 - h e m i s u c c i n a t e  ( O H S )  as t h e  s t e r o i d  ' t r a c e r ' .  I n  b o t h  t he  a n t i g e n -  a n d  a n t i b o d y - c o a t e d  
f o r m a t s  r e p l a c i n g  H R P  w i t h  a l k a l i n e  p h o s p h a t a s e  (AP)  m a r k e d l y  a g g r a v a t e d  the  a s s a y  sens i t i v i t y .  
T h e  a n t i g e n - c o a t e d  E I A  f o r m a t  was  u s e d  to m e a s u r e  O S  c o n c e n t r a t i o n s  in cows '  m i l k  d i r e c t l y  
w i t h o u t  an  i n i t i a l  d e f a t t i n g  s t ep ,  a n d  a p r o g r e s s i v e  i n c r e a s e  in O S  c o n c e n t r a t i o n s  in m i l k  as 
p r e g n a n c y  p r o g r e s s e d  was  o b s e r v e d .  M e d i a n  OS  c o n c e n t r a t i o n s  ro se  f r o m  1.1 n m o l / 1  a t  d a y s  70-99 
o f  p r e g n a n c y  (n ---- 44) to 3.2 n m o l / 1  a t  d a y s  140-160 (n = 92). O e s t r o n e  s u l p h a t e  c o n c e n t r a t i o n s  in m i l k  
f r o m  n o n - p r e g n a n t  cows  (n = 51) r a n g e d  f r o m  n o n - d e t e c t a b l e  to  1.3 nmo l /1  w i t h  a m e d i a n  v a l u e  of 
0.4 nmol /1 .  O n l y  5% o f  cows  120 o r  m o r e  d a y s  p r e g n a n t  h a d  m i l k  OS  c o n c e n t r a t i o n s  w i t h i n  t he  r a n g e  
o f  v a l u e s  f o u n d  in m i l k  f r o m  n o n - p r e g n a n t  cows.  A c c u r a t e  d i s c r i m i n a t i o n  o f  n o n - p r e g n a n t  a n d  
p r e g n a n t  cows  c a n  t h u s  be  a c h i e v e d  on  the  ba s i s  o f  OS  c o n c e n t r a t i o n s  in m i l k  s a m p l e s  t a k e n  a t  l e a s t  
120 d a y s  a f t e r  m a t i n g / i n s e m i n a t i o n .  T h i s  E I A  f o r  OS  m a y  h a v e  a ro l e  in t he  d a i r y  i n d u s t r y  as a n  
a l t e r n a t i v e  n o n - i n v a s i v e  m e a n s  o f  d e t e r m i n i n g  p r e g n a n c y  s t a t u s  in cows.  
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I N T R O D U C T I O N  

Accurate determination of pregnancy status is a 
significant component  in the effective management  of  
dairy herds. Not  only is early identification of pregnant  
cows necessary, but later in the gestational period 
confirmation of pregnancy and identification of ' emp ty '  
cows is important  for proper  management  decisions to 
be made. Pregnancy is usually routinely diagnosed by 
rectal palpation of the uterine contents. While this can 
be a very accurate technique, it requires considerable 
expertise on the part  of  the veterinarian. I t  is also t ime 
consuming if whole herds are to be tested, and because 
of its invasive nature may be stressful to the cows. 

*Correspondence to K. M. Henderson.  
Received 20 Jul. 1993; accepted 23 Mar. 1994. 

Several studies have shown that the concentration 
of oestrone sulphate (1,3,5(10) oestratr ien-3-ol-17-one 
sulphate; OS) increases in the milk of  cows as preg- 
nancy progresses, and that values are generally higher 
than those in milk of  non-pregnant  cows by days 
100-120 of pregnancy [1-6]. In  New Zealand, many 
farmers present their cows for veterinary pregnancy 
testing 4 - 6  months  after mating. Thus ,  measurement  
of  OS concentrations in milk samples taken f rom these 
cows offers a potential, non-invasive, complementary  
means of determining their pregnancy status. Oestrone 
sulphate is generally measured in milk by radio- 
immunoassay (RIA).  However,  R I A  methodology has 
several disadvantages such as its dependence on radio- 
active materials, which may pose a potential health and 
environmental  hazard, and the need for a special- 
ized laboratory with suitable handling and disposal 
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facilities. In addition, the equipment required to quan- 
titate radioactivity at the assay end-point is sophisti- 
cated and expensive and RIAs are not readily 
automated. As a result, assay costs per sample can be 
high. In contrast, enzymeimmunoassay (EIA) has sev- 
eral advantages. These include the use of non-radio- 
active, comparatively inexpensive reagents and a colour 
change assay end-point  which can be easily measured 
by relatively simple equipment. Enzymeimmunoassays 
may also be readily automated, and generally assay 
costs per sample can be kept low, relative to RIA. 
Only one EIA has been described for measuring OS 
concentrations in cows' milk [7] and it uses an anti- 
body-coated format. At present no information is avail- 
able regarding the relative merits of antibody vs 
antigen-coated EIA formats for measuring OS, or the 
suitability of different enzyme labels. The  purpose of 
this study was to examine different EIA formats to 
measure OS and assess the suitability of using EIA 
to measure OS concentrations in cows' milk during 
pregnancy. 

E X P E R I M E N T A L  

Reagents 

Unless stated otherwise, all reagents were obtained 
from the Sigma Chemical Co., St Louis, MO, U.S.A. 
1,3,5(10)-estratrien-3-ol-6,17-dione 6-O-carboxy-  
methyloxime (6-ketoestrone 6-CMO; OCMO) was 
obtained from Steraloids Inc, Wilton, NH,  U.S.A; 
[6,7-3H(N)]-oestrone sulphate, ammonium salt and 
[6,7-3H(N)]-oestrone from New England Nuclear, 
Wilmington, U.S.A.; anti-mouse immunoglobulin 
(IgG) conjugated to horseradish peroxidase (HRP) or 
alkaline phosphatase (AP) from Silenus Laboratories 
Pry Ltd,  Hawthorn,  Victoria, Australia; horseradish 
peroxidase and alkaline phosphatase (both enzyme- 
immunoassay grade) from Boehringer Mannheim 
GmBH,  Germany; sodium borohydride, dimethylfor- 
mamide, diethyl ether and ethyl acetate from BD H  
Ltd, Palmerston North,  New Zealand; Sephadex G25 
and MAb Trap  G from Pharmacia LKB,  Uppsala, 
Sweden; bovine serum albumin (BSA) from Immuno-  
chemical Products Ltd,  Auckland, New Zealand 
and microtitre plates (Maxisorp, C12) from Nunc,  
Kamstrup,  Denmark. 

Antibody to oestrone sulphate 

T he  antibody used in this study was a murine mono- 
clonal antibody, prepared in-house at AgResearch, 
Wallaceville, which has previously been shown to be 
suitable for measuring OS concentrations in cows' milk 
by RIA [5]. Briefly, the antibody was generated by 
immunizing Balb/c mice with 1,3,5(10)-estratrien-3-ol- 
17-one 3-glucuronide (oestrone 3-glucuronide; OG); 
coupled to human globulins (Cohn-Fraction IV- l )  and 
administered in Freund's  adjuvant. Antibody titres 
were monitored in plasma samples prepared from fort- 

nightly tail bleeds by RIA using 3HOS as the tracer and 
dextran-coated charcoal to separate free and antibody 
bound 3HOS [5]. Once a suitable antibody titre to OS 
had developed, a selected donor mouse was given a final 
booster of antigen intravenously in phosphate buffered 
saline. Three  days later the mouse was sacrificed, 
spleenocytes prepared and fused with the myeloma 
cell line NS-1 using polyethylene glycol. Hybrid  cells 
were selected through hypoxanthine-aminopter in-  
thymidine (HAT)  supplemented medium and culture 
supernatants were screened for antibody to OS by RIA. 
Hybridomas from positive wells were cloned twice by 
limiting dilution and a specific clone secreting mono- 
clonal antibody to OS was grown up in culture and 
injected into pristane primed Balb/c mice to produce 
ascites fluid containing a high concentration of anti- 
body. Th e  ascites fluid was collected and stored frozen 
at - 2 0 ° C  until required. Cells from the selected OS 
antibody secreting clone were also cryopreserved. 
When required, a purified IgG fraction of the mono- 
clonal antibody was prepared from ascites fluid by 
affinity chromatography using a protein G affinity 
column (MAbTrap  G). Determination of the class 
of the monoclonal antibody showed it was an IgG1 
isotype. In the RIA for OS the monoclonal anti- 
body cross-reacted 31% with oestrone; 0.2-0.4% with 
17fl-oestradiol, 17~-oestradiol and testosterone and 
< 0.01% with oestriol, 16-epioestriol, d-equilenin and 
progesterone (cross-reaction with OS was defined as 
100%) [5]. 

Preparation of conjugates 

1,3,5 (10)-Estra t r ien-3-ol-  17-one hemisuccinate 
(oestrone 3-hemisuccinate, OHS),  O CMO  and OG 
were coupled to BSA, HRP and AP using a modifi- 
cation of the active ester method [8]. Five /~M 
of steroid, N,N-dicyclo-hexylcarbodiimide and N -  
hydroxysuccinimide, each in 0.05 ml dimethylform- 
amide were mixed together and incubated for 1 h at 
room temperature. The  solution was added to 5 mg of 
BSA, HRP or AP dissolved in 0 .5ml of aqueous 
sodium bicarbonate (0.13 M), and the mixture stirred 
slowly at room temperature for 2 h. Th e  reaction 
mixture was dialysed overnight against distilled water 
and purified by column chromatography on Sephadex 
G-25 (1.5 × 30 cm) using saline as the mobile phase. 
Protein fractions were pooled. Steroid-BSA conjugates 
were stored frozen at - 2 0 ° C .  Steroid-enzyme conju- 
gates were stabilized by the addition of thimerosal 
(0.01%) and BSA ~rl O/jo~ ~ then diluted 1:1 with glycerol 
and stored at 4°C. Attempts to couple OS to BSA, HRP 
or AP by this methodology were unsuccessful. 

Th e  purified IgG fraction of the OS monoclonal 
antibody was conjugated to HRP using periodate [9]. 
Four  mg HRP in 1 ml water was stirred at room 
temperature for 20 min after adding 0.2 ml of 0.1 M 
sodium m-periodate, and the mixture dialysed 
overnight at 4°C against 1 m M  sodium acetate buffer, 
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p H  4.4. T h e  p H  of the H R P  solution was adjusted to 
9.5 and added to 8 r a g  of I g G  dissolved in 1 ml of  
10 m M  carbonate buffer, p H  9.5. T h e  reactants were 
stirred for 2 h at room temperature ,  0.1 ml of  aqueous 
sodium borohydr ide  (4mg/ml )  was added and the 
mixture stirred for 2 h at 4°C before being dialysed 
overnight at 4°C against 10 m M  phosphate  buffered 
saline, p H  7.4. T h e  I g G - H R P  conjugate was stabilized 
by the addition of thimerosal (0.01%) and BSA (1%) 
and stored at 4°C. 

Protein determinations 

Protein content of  chromatography fractions was 
estimated by UV absorption at 280 nm. Other  protein 
determinations were done by the method of Lowry  
et al. [10]. 

Enzymeimmunoassay (EIA ) procedures 

In the coated antigen EIA format,  wells of  microti tre 
plates (Maxisorp C12) were coated by overnight incu- 
bation at 4°C with 0.1 ml of s teroid-BSA conjugate 
(usually 10/ag/ml) in coating buffer (50 m M  carbon-  
a te-bicarbonate  buffer, p H  9.6). T h e  wells were emp-  
tied by inversion and remaining active sites saturated 
by incubation for 30min  at room temperature  with 
0 .25ml  blocking buffer (coating buffer containing 
0.5°~, gelatin). Wells were emptied and washed 3 times 
with washing buffer (10 m M  phosphate  buffer contain- 
ing 0.8% NaC1 and 0.05% Tween  20, p H  7.4). 0.05 ml 
aliquots of  OS standard in assay buffer (washing buffer 
containing 0.1% gelatin and 0.01% thimerosal,  p H  7.4) 
were added to replicate antigen coated wells and 
followed with 0 .15ml  monoclonal ant ibody to OS. 
T h e  ant ibody was added at an appropriate  dilution in 
assay buffer as either crude ascites fluid or I g G - H R P  
conjugate. The  plates were incubated for 2 h at 37°C, 
emptied and washed 3 times with washing buffer. 
In  instances when crude ascites fluid was used, the 
amount  of  ant ibody bound to the antigen-coated wells 
was quanti tated indirectly by the addition of secondary 
antibody. Dilutions of  ant i -mouse I g G - H R P  (1/5000) 
or ant i -mouse I g G - A P  (1/1000) were prepared in 
assay buffer, and 0.1 ml of  either added to the wells. 
(These secondary ant ibody dilutions were selected 
on the basis that they were the lowest dilution of 
ant ibody which consistently produced an absorbance 
value of <0.01 in 'b lank '  wells.) T h e  plates were 
incubated for 1 h at 37°C before being emptied and 
washed 3 times. T h e  enzyme activity in each well was 
then quanti tated by measuring the colour intensity 
generated following the addition of 0.1 ml/well of sub- 
s t ra te -chromogen solution. In  instances when the 
I g G - H R P  conjugate was used the secondary ant ibody 
step was omit ted and the amount  of  I g G - H R P  
bound to the antigen-coated wells quanti tated directly. 
After addition of 0.1 ml/well of  subs t ra te -chromogen 
solution, colour formation was allowed to proceed at 
37°C for 15-30 min before the enzymic reaction was 

stopped. Colour intensity was quanti tated by reading 
the absorbance of each well using a Bio-Tek EL311 
microplate autoreader (Bio-Tek Ins t ruments  Inc, 
Winooski,  VT ,  U.S.A.).  For  HRP,  the sub- 
s t ra te -chromogen solution was 50 ml of  0.05 M phos-  
phate-ci t ra te  buffer, p H  5.0, containing 20 mg 
o-phenylenediamine and 0 .02ml  30% HzO 2. The  
stopping solution was 2 M H2SO 4 (0.05 ml/well) and 
colour intensity was read at 490 nm. For  AP, the 
subs t ra te -chromogen solution was 1 mg/ml  p -n i t ro -  
phenyl  phosphate  prepared in 1 M diethanolamine 
buffer containing 0.5 m M  magnesium chloride, p H  9.8. 
T h e  stopping solution was 2 M N a O H  (0.05 ml/well) 
and colour intensity was read at 405 nm. 

T h e  antibody-coated EIA was per formed in a similar 
fashion to the antigen-coated format.  T h e  monoclonal 
OS antibody, in the form of affinity purified IgG,  was 
coated onto wells in place of  the s teroid-BSA conju- 
gates. After the blocking and washing steps, 0.05 ml of 
O S standard and 0.15 ml of  s teroid-enzyme conjugate 
were added to replicate wells. After 2 h incubation 
at 37°C the plates were emptied,  washed and the 
s teroid-enzyme conjugate bound to the coated anti- 
body quantitated by measuring colour formation after 
addition of the appropriate  substra te-chromogen.  In 
both the antigen-coated and ant ibody-coated formats,  
standard curves were generated by plotting percentage 
(E/Eo), or logit percentage (E/Eo) vs the logarithm of 
OS standard concentration, where E/E o is defined as 
the mean absorbance reading of the OS standard/mean 
absorbance reading of the zero OS standard. Assay 
sensitivity was defined as the amount  of  OS producing 
a percentage (E/Eo) value two standard deviations 
below that of  the zero standard. 

OS concentrations in cows' milk were measured 
using the coated-antigen EIA format,  with O C M O -  
BSA (1/~g/well) as the coating antigen. After coating 
the wells, blocking and washing, 0.05 ml of milk sample 
or OS standard was added to duplicate wells, followed 
by 0.15 ml of I g G - H R P  conjugate. T h e  OS standards 
were prepared in pooled milk obtained f rom non- 
pregnant  cows in which the concentration of OS was 
undetectable. The  rest of  the assay procedure was 
as described above for the coated-antigen format.  The  
OS concentration in " u n k n o w n "  milk samples was 
determined by interpolation f rom a standard curve. 
Within-  and between-assay variation was monitored 
by the inclusion of internal standards (IS) in every 
plate in each assay. The  IS were prepared by making 
3 pools of  cows' milk f rom samples containing 
low ( <  1.0 nmol/1), medium (1.4-2.3 nmol/1) or high 
( > 3 . 0  nmol/1) concentrations of  OS. T h e  pools were 
stored frozen in 1 ml aliquots for inclusion in each 
assay. T h e  extent of  cross-reactivity of other steroids in 
the E I A  was determined by comparing the relative 
amounts  of  OS and cross-reacting steroid required to 
produce an absorbance value 50% that of  the zero 
standard. T h e  specificity of  the E IA in measuring 
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OS concentrations directly in intact, untreated milk 
samples was examined by comparing the values 
obtained f rom direct measurement  by EIA with values 
obtained by EIA following isolation of OS from milk 
using solvent partitioning. Solvent partit ioning was 
performed similarly to that described previously for 
human plasma [11]. Briefly, milk samples (0.4 ml) were 
extracted with 5 ml diethyl ether by vortexing for 
60 s. The  ether layer containing estrone and any other 
unconjugated steroids was removed.  The  residual milk 
layer was then extracted twice with 5 ml ethyl acetate, 
vortexing for 60 s on each occasion. The  ethyl acetate 
fractions, containing the extracted OS, were separated 
from the aqueous milk layer, pooled and dried under  
nitrogen. The  extracted OS was redissolved in 0.4 ml 
E IA assay buffer and replicate 0.05 ml aliquots assayed 
for OS by EIA. The  efficiency of extraction was 
moni tored by determining the recovery of tritiated OS 
added to the milk samples prior  to the first extraction. 
T h e  m e a n +  SEM recovery of OS was 77 + 2%. 
The  efficiency of the solvent partit ioning procedure in 
separating OS from estrone glucuronide and oestrone, 
both of  which cross-reacted substantially in the 
E IA was also determined. For oestrone this was 
done by measuring the recovery of tritiated oestrone 
added to separate aliquots of  milk prior to diethyl 
ether extraction; > 9 0 %  of the tritiated oestrone 
was removed by the ether extraction. For oestrone 
glucuronide, varying concentrations of  this steroid 
(0-15 pmol/ml)  were prepared in non-pregnant  cows 
milk and replicate 0 .4ml  aliquots subjected to 
the solvent partit ioning procedure.  Only 18 + 3% 
(mean + SEM) of the added oestrone glucuronide 
could be measured in the ethyl acetate fraction, the 
remainder  being located in the residual milk aqueous 
fraction. 

Milk samples 

Milk samples were obtained f rom commercial  dairy 
farms, from cows at various days of  pregnancy. The  
days of  insemination and of calving were recorded for 
each cow. Samples were also obtained from cows 
known to be not pregnant.  Samples of  whole milk 
(20-30 ml) were taken from the milk reservoir collected 
f rom each cow and stored frozen ( - 2 0 ° C )  until 
assayed. 

R E S U L T S  

Coated antigen E I A  format 

O G - ,  O H S -  and O C M O - B S A  were tested as coat- 
ing antigens. Initial studies used crude ascites fluid 
as the source of OS pr imary antibody and H R P  or AP 
conjugated anti-mouse I g G  was used as secondary 
ant ibody to quantitate OS ant ibody binding to the 
coated antigens. Prel iminary checkerboard titration 
studies [12] indicated that the op t imum coating con- 
centration of the s teroid-BSA conjugates was 10 pg/ml .  

Figure I(A) shows the OS antibody titration curves for 
the s teroid-BSA conjugates at this coating concen- 
tration. Higher  working dilutions of  OS antibody (i.e. 
a dilution producing an absorbance in the range of 0.5 
to 1.5) were obtainable using HRP-con juga ted  rather 
than AP-conjugated secondary antibody. Coated 
O G - B S A  allowed the highest working dilution of 
OS antibody and O C M O - B S A  the lowest. However,  
when standard curves were run using coated O G -  or 
O H S - B S A ,  in conjunction with either secondary anti- 
body, the sensitivity and mid-point  (EDs0) values were 
most unsatisfactory, ranging from 0.2 to 0.9 pmol and 
2.3 to > 3.0 pmol/well  respectively. In contrast, highly 
satisfactory OS standard curves were achieved using 
O C M O - B S A  as coating antigen and HRP-conjugated  
secondary antibody [Fig. I(B)], the mean + SEM sen- 
sitivity, EDs0 and ED20 values of  8 separate standard 
curves being 9 + 3, 137 + 11 and 611 + 100 fmol/well 
respectively. Coupling H R P  directly to the OS mono-  
clonal antibody to eliminate the secondary antibody 
step had no significant effect on the standard curves 
generated. Using the monoclonal I g G - H R P  conjugate, 
sensitivity, EDs0 and ED20 values of  8 separate standard 
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Fig.  1. (A)  T i t r a t i o n  c u r v e s  for the  O S  m o n o c l o n a l  a n t i b o d y  
in a s c i t e s  f luid u s i n g  d i f ferent  c o a t i n g  a n t i g e n s  (10 p g / m l  o f  
O G - B S A ,  O,  Q; O H S - B S A ,  [7, l ;  O C M O - B S A ,  A ,  A )  a n d  
e i t h e r  a n t i - m o u s e  I g G - H R P  (1/5000,  c l o s e d  s y m b o l s )  or  ant i -  
m o u s e  I g G - A P  (1/1000,  o p e n  s y m b o l s )  as s e c o n d a r y  a n t i b o d y .  
V a l u e s  are  m e a n s  o f  t r i p l i ca t e s .  (B)  S t a n d a r d  c u r v e s  for O S  
wi th  O C M O - B S A  ( 1 0 # g / m l )  as coa t i ng  a n t i g e n  and  u s i n g  
a s c i t e s  f luid at 1/20,000 d i l u t i o n  in c o m b i n a t i o n  wi th  ant i -  
m o u s e  I g G - H R P  ( A ,  n = 8) or  a sc i t e s  f luid at 1/2000 d i l u t i o n  
in c o m b i n a t i o n  w i th  a n t i - m o u s e  I g G - A P  (Z~, n = 4). V a l u e s  

are  m e a n  + S E M  of  n s e p a r a t e  curves .  
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Table 1. Characteristics of OS standard curves generated using coated antibody EIA format 
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Standard curve 

OS antibody Steroid-enzyme Mid-point High-point 
Steroid-enzyme coating conc. tracer conc. Sensitivity EDs0 ED2o 

conjugate (#g protein/well) (ng/well) (fmol/well) (fmol/well) (fmol/well) Slope 

HRP- 
OG 0.25 10 11 + 3 ~ 
OHS 0.25 10 14 + 6 ~ 
OCMO 0.5 100 9 + 3 ~ 

AP- 
OG 0.25 30 103 + 15 b 
OHS 0.25 150 
OCMO 0.25 200 

231 _+ 34 ~ 1069 _+ 103 a - 0.90 _+ 0.04 a 
360 + 71 a 1668 _+ 234 b - -  0.89 _+ 0.04 ~ 
303 _+ 20 ~ 1580 + 191 b - 0.85 _ 0.03 a 

1420 _+ 243 b 7462 _+ 1400 c 
No standard curves generated 
No standard curves generated 

- 0.88 _+ 0.02 a 

Standard curve values are mean __+ SEM of 5 separate curves. Mean values with different letter superscripts in the same column 
are significantly different (P < 0.05, analysis of variance in conjunction with Newman-Keuls multiple range test). 

curves were 9 + 6, 163 + 17 and  874 + 140 fmol/wel l  
respectively.  W h e n  AP-con juga t ed  secondary  an t ibody  
was used in  c o n j u n c t i o n  wi th  O C M O - B S A ,  the s tan-  
dard  curves genera ted  were less satisfactory t han  w h e n  
H R P  was used as the enzyme  label [Fig. I(B)]. T h e  

m e a n _  S E M  sensi t ivi ty,  EDs0 and  ED20 values of 4 
separate s t andard  curves were 6 9 _  11, 949 _+ 66 and  
3311 _ 89 fmol /wel l  respectively.  

Coated antibody E I A  format 

Checkerboard  t i t ra t ions  were pe r fo rmed  to opt imize  
the coat ing d i lu t ion  of OS an t ibody  and  the d i lu t ion  of 
s t e r o i d - e n z y m e  conjugate  ' t racer ' .  Appropr i a t e  combi -  
na t ions  of  an t i body  and  tracer were selected and  used 
in  the genera t ion  of  OS s tandard  curves,  the character-  
istics of which  are summar i zed  in  T a b l e  1. S t anda rd  
curves genera ted  us ing  the three  s t e r o i d - H R P  con ju-  
gates all had similar  characterist ics.  Assay sensi t iv i ty  
was comparab le  to that  ob ta ined  in  the coated an t igen  
format ,  us ing  H R P  as the enzyme  label, bu t  the EDs0 
and  ED20 values were somewhat  higher.  A l though  the 
three s t e r o i d - A P  conjugates  in terac ted  wi th  coated 
an t ibody ,  no s tandard  curves could be genera ted  wi th  
the O H S -  and  O C M O - c o n j u g a t e s .  S tandard  curves 
genera ted  us ing  O G - A P  were less sensi t ive and  had 
h igher  EDs0 and  ED20 values than  those ob ta ined  us ing  
the s t e r o i d - H R P  conjugates .  

Measurement of O S  in milk 

T h e  an t igen  coated E I A  format  inco rpora t ing  
O C M O - B S A  as the coat ing an t igen  and  H R P - l a b e l l e d  
OS monoc lona l  an t i body  was selected for meas u r i ng  
OS concen t ra t ions  in  cows'  milk.  T h e  extent  of cross- 
react ion of other  steroids in  this E I A  format  is shown 
in  T a b l e  2. Both oest rone g lucu ron ide  and  oest rone 
cross-reacted substant ia l ly .  T h e  in t ra -  and  in te r -  
assay coefficients of var ia t ion,  calculated f rom measure -  
men t s  of  the in te rna l  s tandards ,  composed  of pooled 
mi lk  samples,  were ~<7.3% and  ~< 11.7% respectively.  
Dose - r e sponse  l ines of OS s tandards  and  a range of 
vo lumes  of mi lk  samples con ta in ing  different  concen-  
t ra t ions  of  OS ran  parallel,  as shown in Fig.  2. 

Previous  immunoassays  to measure  OS concen-  
t ra t ions  in cows'  mi lk  have general ly  used defat ted 
samples.  However ,  compar i son  of the concen t ra t ions  of 
OS measured  in intact  mi lk  with values ob ta ined  
fol lowing solvent  par t i t ion ing ,  to extract  the OS,  
showed a s trong,  h ighly  signif icant  (P  < 0.001) corre-  
lat ion be tween  the two (Fig. 3). O n  average, OS 
concen t ra t ions  measured  after extract ion were 84% of 
the values measu red  direct ly in  whole milk. In te res t -  
ingly,  there were general ly  unde tec tab le  a moun t s  of 
cross-react ing steroid in  the mi lk  aqueous  fract ion 
fol lowing ethyl  acetate extract ion and,  when  measur -  
able, they could  be accounted  for by residual  OS which 
had not  been  extracted into the ethyl acetate fraction. 
As this aqueous  fract ion would  have con ta ined  the bu lk  
of any oest rone g lucu ron ide  presen t  in milk,  this f ind-  
ing indicates  that  es t rone g lucuron ide  concen t ra t ions  
in milk are negl igible  relative to those of OS. T h i s  

Table 2. Cross-reactivity of steroids in the oestrone 
sulphate enzymeimmunoassay 

Steroid % Cross-reactivity* 

Oestrone sulphate 100 
Oestrone 3-glucuronide 134 
Oestrone 42 
d-Equilenin 6 
17 fl-Oestradiol sulphate 0.8 
17 fl-Oestradiol < 0.3 
17 ~-Oestradiol < 0.3 
Oestriol < 0.3 
Oestriol sulphate < 0.3 
16-Epioestriol < 0.3 
2-Hydroxyoestrone < 0.3 
Testosterone < 0.3 
Androstenedione < 0.3 
Progesterone < 0.3 

*%Cross-reactivity was defined as 100 x OS/S where 
OS and S are the molar amounts of oestrone 
sulphate and steroid respectively required to pro- 
duce an absorbance value 50% that of the zero 
standard. Cross-reactivities were determined using 
the antigen coated EIA format incorporating 
OCMO-BSA as the coating antigen and HRP- 
labelled OS monoclonal antibody. 

SBMB 50/3-4~E 
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Fig. 2. Dose -re sponse  l ines for OS standards ( A )  and 3 milk 
samples  containing different concentrations of O S ( I ,  O, •) .  
The coated antigen EIA format was used with OCMO-BSA 
(10pg/ml) as the coating antigen, and HRP-conjugated 
monoclonal antibody to OS at 1/10,000 dilution. Values are 
means of 4 replicates. The coefficients of variation of the 

replicates at each point was <6%. 

is consistent with previous findings that OS is quanti- 
tatively the major conjugate in the milk of cows [3]. 
Given this high specificity of the EIA in measuring 
OS directly in whole milk, pretreatment of the milk 
samples prior to assay was considered unnecessary. 
Figure 4 shows the median concentrations of OS in 
milk samples from non-pregnant cows and cows 
70-160 days pregnant. At 70-99 days of pregnancy the 
median value was already significantly higher than that 
of non-pregnant cows and there were further signifi- 
cant increases in median values as pregnancy pro- 
gressed (P < 0.05, Kruskal-Wallis test in conjunction 
with multiple comparisons of rank sums [13]). The  
frequency distribution of OS concentration values 
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Fig. 3. Correlation between OS concentrations in milk 
samples  before  (whole milk) and after extraction of OS by 

solvent partitioning. 
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Fig. 4. Oestrone sulphate concentrations in milk samples  
from non-pregnant dairy cows and cows 70-160 days preg-  
nant.  Values are medians of (n) cows with 95% confidence 
limits indicated by the vertical lines. Median values with 
different letter superscripts are significantly different 
(P < 0.05; Kruskal-Wallis test in conjunction with multiple 

compar i sons  of rank sums). 

is shown in Table 3. All the milk samples from non- 
pregnant cows had OS concentrations ~< 1.3 nmol/1 and 
96% had concentrations < 1.1 nmol/1. In contrast, 
97% of samples from cows 120 or more days pregnant 
had OS concentrations ~>1.1 nmol/1 while 95% of 
samples had values >l .3nmol /1 .  While only 5% 
of samples obtained at 120 days of pregnancy or later 
had OS concentrations in the range found in non- 
pregnant cows, this figure increased to 57% at days 
70-99 of pregnancy. 

DISCUSSION 

Preparation of protein-enzyme conjugates of OS 
are demanding. The sulphate group is difficult to 
activate for efficient coupling, while the chemistry 
to synthesize a conjugate at a point distal to the 
functional groups of OS is relatively complex [14, 15]. 
Synthesis of conjugates of OCMO,  OHS and OG is, 
however, straightforward. Sulphate and glucuronide 
moieties are similar in terms of size and ionic charge 
and polyclonal antisera satisfactory for use in im- 
munoassays to measure OS can be generated using 
OG-prote in  conjugates as the immunizing antigen. 
Indeed several immunoassays to measure OS concen- 
trations in cows milk have incorporated a polyclonal 
antibody generated against an OG-prote in  conjugate 
[3, 4, 7, 16, 17]. The murine monoclonal used in this 
study to study EIA formats for measuring OS was 
generated using OG-globul in  as the immunogen. This 
antibody has previously been found suitable for 
measuring OS concentrations in cows milk by RIA 
[5]. Using this antibody, an antigen-coated EIA giving 
adequate sensitivity for measuring OS concentrations 
in cows milk was established using O C M O - B S A  as 
the coating antigen [Figs I(B) and 2]. Although 



EIA of Oestrone Sulphate 195 

Table 3. Frequency distribution showing the numbers of milk samples from 
non-pregnant and pregnant cows with particular concentrations of oestrone 

sulphate. Percentage values are shown in parentheses 

Day of pregnancy 
OS Conc. in milk 

(nmol/1) Non-p regnan t  70-99 100-119 120-139 140-160 

< 1.1 49 (96) 22 (50) 12 (21) 4 (4) 3 (3) 
1.1 to 1.3 2 (4) 3 (7) 5 (9) 3 (2) 1 (1) 
> 1.3 0 (0) 19 (43) 40 (70) 101 (94) 88 (96) 

n 51 44 57 108 92 

using O G - B S A  or O H S - B S A  as coating antigens 
allowed the monoclonal antibody to be used at a higher 
dilution [Fig. I(A)], bound antibody could not be 
readily displaced with OS. Difficulty in displacing 
antibody from immobilized hapten in antigen-coated 
EIA formats has been noted previously [18]. It is 
probably as a consequence of a combination of the 
avidity of the antibody for the immobilized hapten 
and the high local concentration of immobilized hapten 
that the antibody is exposed to in this type of EIA 
format. It is likely that the monoclonal antibody 
has a lower avidity for O C M O  than for the other 
two haptens and so can be more readily displaced 
by OS. Thus ,  in developing an antigen-coated EIA 
format, the choice of an appropriate coating antigen 
is crucial in determining the ultimate sensitivity 
of the EIA. Antigen-coated EIAs have the advantage 
that the use of purified primary antibody is not 
required if an additional step using enzyme-conjugated 
secondary antibody, widely available commercially, is 
employed. Using the OS monoclonal antibody in the 
form of diluted (1/20,000) crude ascites fluid was quite 
satisfactory, when used in combination with coated 
O C M O - B S A  and anti-mouse I g G - H R P  [Fig. I(B)]. 
Directly coupling HRP  to an affinity purified IgG 
fraction of the monoclonal antibody reduced the assay 
to 2 incubation steps which could be completed within 
3 h, if pre-coated plates were used. 

In the antibody-coated EIA format, standard curves 
having similar characteristics were obtained when 
HRP-conjugates of either OCMO,  OHS or OG were 
used as the ' tracer '  (Table 1). In this format, the 
choice of s teroid-enzyme tracer appeared less crucial 
in determining assay sensitivity than the choice of 
steroid-protein conjugate in the coated EIA format. 
However,  the coated-antibody format produced no 
improvement  in sensitivity relative to the coated anti- 
gen format incorporating coated O C M O - B S A ,  while 
the EDs0 and ED20 values were also higher. 

Compared with HRP,  alkaline phosphatase was less 
satisfactory as an enzyme label. In the antigen-coated 
format more OS antibody was required when IgG-AP 
was used as secondary antibody and standard curves 
generated were less sensitive and had higher EDs0 and 
ED20 values compared to using HRP  (Fig. 1). In the 

antibody-coated format standard curves could only be 
generated using the O G - A P  conjugate, but again the 
curves were less sensitive and had higher EDso and 
ED20 values compared to using s te ro id-HRP conju- 
gates (Table 1). The  inferior performance of AP may 
be due, at least in part, to its higher detection limit 
relative to HRP [19]. 

Th e  coated-antigen EIA format incorporating coated 
O C M O - B S A  in conjunction with HRP-labelled mono- 
clonal antibody was selected to measure OS con- 
centrations in milk. This  format produced the most 
satisfactory standard curves and was technically 
straightforward to perform once the I g G - H R P  conju- 
gate had been prepared. Coated antibody EIA formats 
also have the advantage that the competing antigens 
(i.e. the antigen coated on the well of the microtitre 
plate and the antigen in the milk sample) can be 
exposed to subsequently added antibody simul- 
taneously. This  is more difficult to achieve in a coated- 
antibody format, which can aggravate "assay-drif t"  
if the interval between adding the reagents to each 
well is not monitored closely. Both oestrone (42%) 
and oestrone glucuronide (134%) cross-reacted sub- 
stantially in the EIA (Table 2). However,  these high 
cross-reactivities do not present a problem when assay- 
ing pregnant cows milk for OS. Oestrone sulphate 
is the principal oestrogen produced by the foetal- 
placental unit and present in milk [3]. The  concen- 
tration of oestrone in the maternal circulation during 
pregnancy is < 1 0 %  that of OS and consequently 
oestrone concentrations in milk during pregnancy are 
low relative to those of OS [1, 20]. Results from the 
present study also show that oestrone glucuronide 
concentrations in milk are negligible relative to those of 
OS. Progesterone is present in milk during pregnancy 
at a concentration of 20-50nmol/1, and is the only 
other steroid present at a concentration of comparable 
magnitude to that of OS. However,  progesterone 
shows negligible cross-reactivity ( < 0 . 3 % )  in the EIA 
(Table 2). Tha t  the EIA showed good specificity in the 
measurement of OS directly in whole milk was indi- 
cated by the parallel dose-response lines of samples 
and standards (Fig. 2), and by the strong correlation 
between values obtained by direct assay of intact milk 
and values obtained following solvent partitioning to 
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extract  the OS (Fig.  3). H o w e v e r ,  owing  to the high 

cross- reac t ion  wi th  oes t rone  g lucuron ide  and oestrone,  

this E I A  may  be less sui table for measu r ing  OS di rec t ly  

in o ther  biological  fluids where  concent ra t ions  o f  

oes t rone  g lucuron ide  and oes t rone  are high relat ive to 

OS.  A p re l imina ry  step to isolate the OS  wou ld  be 

r equ i r ed  before  assay in those c i rcumstances .  

An  E I A  to measure  OS concen t ra t ion  in cows '  milk  

has been  descr ibed  prev ious ly  [7]. H o w e v e r ,  that  E I A  

invo lved  a coa ted -an t ibody  format ,  us ing polyclonal  

an t ibody genera ted  against  O G - B S A ,  and r equ i r ed  

the milk  samples  to be p re t rea ted  by defa t t ing  pr ior  to 

assay. T h i s  is the first repor t  o f  an E I A  for measu r ing  

OS  in cows '  milk  u t i l iz ing  a coa ted-an t igen  fo rmat  and 

a monoc lona l  an t ibody  and which  does not  requi re  the 

milk samples  to be defa t ted  before  be ing  assayed, 

the reby  s impl i fy ing  the assay considerably.  A m o n o -  

clonal  an t ibody  may  also have some advantage  over  a 

polyclonal  an t ibody  as a diagnost ic  reagent  by v i r tue  o f  

its potent ia l ly  un l imi t ed  supply  and relat ive ease of  

purif icat ion.  U s i n g  the coa ted-an t igen  E I A  to measure  

OS concent ra t ions  in cows '  milk conf i rmed the pro-  

gressive rise in OS concen t ra t ion  which  occurs  dur ing  

p regnancy  (Fig.  4) and range o f  values r epor t ed  by 

others  p rev ious ly  [1-7]. Af te r  120 days of  p regnancy ,  

95°,.0 of  samples  analysed had OS concent ra t ions  

> 1.3 nmol/1 and were  outs ide  the range of  concen-  

t ra t ions  found  in n o n - p r e g n a n t  cows (Tab le  3). I ndeed  

only 4°Jo of  n o n - p r e g n a n t  cows had milk OS concen-  

t rat ions /> 1.1 nmol/1 compared  to 97°.'0 o f  cows 120 or 

more  days pregnant .  T h u s ,  accurate  d i sc r imina t ion  

of  n o n - p r e g n a n t  and p regnan t  cows on the basis of  

OS concen t ra t ions  in milk  samples  taken at least 120 

days after ma t ing / i n semina t i on  is achievable  wi th  

this E I A .  Before  120 days o f  p regnancy  an apprec iable  

p ropo r t i on  o f  cows had milk  OS concent ra t ions  

< 1.1 nmol/1 and so were  in the range of  values found  

in the major i ty  of  samples  f rom n o n - p r e g n a n t  cows. 

T h u s ,  while  p regnancy  could  perhaps  be conf i rmed for 

cows sampled  < 1 2 0  days after ma t ing  if milk  OS 

concent ra t ions  were  > 1.3 nmol/1, an accurate  diagnosis  

wou ld  not  be possible if  OS concent ra t ions  were  

< l . l n m o l / 1 .  T h e  s t ra igh t forward  nature  o f  this 

E I A  for measu r ing  OS concent ra t ions  in milk gives 

it cons iderable  potent ia l  for au tomat ion  and h igh  

sample  t h r o u g h p u t  at low cost, Such  an assay migh t  

have a role in the dairy indus t ry  as an al ternat ive,  

non- invas ive  means  o f  d e t e r m i n i n g  p regnancy  status 

in dairy cows. 

R E F E R E N C E S  

1. Heap R. B. and Hamon M.: Oestrone sulphate in milk as an 
indicator of a viable conceptus in cows. Br. Vet. J. 135 (1979) 
355-363. 

2. Hamon M., Fleet I. R., Holdsworth R. J. and Heap R. B.: The 
time of detection of oestrone sulphate in milk and the diagnosis 
of pregnancy in cows. Br. Vet. J. 137 (1981) 71-77. 

3. Holdsworth R. J., Heap R. B., Booth J. M. and Hamon M.: 
A rapid direct radioimmunoassay for the measurement of 
oestrone sulphate in the milk of dairy cows and its use in 
pregnancy diagnosis. J. Endocr. 93 (1982) 7-12. 

4. McCaughey W. J., Kerr O. M., Greer D. and Elliott C.: A direct 
immunoassay to estimate estrone sulphate in defatted milk of 
dairy cows. Irish Vet. J. 36 (1982) 145-149. 

5. Henderson K. M., Karanikolas M., Kenealy L. and MacMillan 
K. L.: Concentrations of oestrone sulphate in milk during 
pregnancy in dairy cows. Proc. N.Z. Soc. Anita. Prod. 52 (1992) 
17-19. 

6. Heap R. B., Hamon M. and Fleet I. R.: Factors affecting 
oestrone sulphate concentrations in milk. Br. Vet. J. 139 (1983) 
79-88. 

7. Power M. J., Cleere W. F., Gosling J. P., Fottrell P. F., Langley 
O. H. and Sreenan J. M.: A direct, high throughput enzyme- 
immunoassay for oestrone sulphate in the milk of cows. Irish Vet. 
J. 39 (1985) 18-24. 

8. Mattox V. R., Litwiller R. D. and Nelson A. N.: A comparison 
of procedures for attaching steroidal glucosiduronic acids to 
bovine serum albumin. J. Steroid. Biochem. 10 (1979) 167-172. 

9. Tijssen P.: Preparation of enzyme-antibody or other enzyme- 
macromolecule conjugates. In Practice and Theory of Enzyme 
Immunoassays (Laboratory Techniques in Biochemistry and 
Molecular Biology) (Edited by R. H. Burdon and P. H. van 
Knippenberg). Elsevier Inc., Amsterdam (1985) pp. 221-278. 

10. Lowry O. H., Rosebrough N. J., Farr A. L. and Randall R. S.: 
Protein measurement with the Folin phenol reagent. J. Biol. 
Chem. 139 (1951) 265-275. 

11. Wright K., Collins, D. C., Musey P. I. and Preedy J. R. K.: 
A specific radioimmunoassay for estrone sulfate in plasma and 
urine without hydrolysis. J. Clin. Endocr. Metab. 47 (1978) 
1092-1098. 

12. Engvall E.: Enzyme immunoassays, ELISA and EMIT. Meth. 
Enzym 70 (1980) 419-439. 

13. Conover W. J.: In Practical Nonparametric Statistics, 2nd 
edition. John Wiley and Sons Inc., Canada (1980) pp. 229-232. 

14. Nambara T., Shimada K. and Ohta H.: Preparation of specific 
antiserum to estrone sulfate. J. Steroid Biochem. 13 (1980) 
1075-1079. 

15. Seth R., Samarajeewa P. and Coulson W. F.: Production and 
utilisation of antibodies directed against oestrone sulphate using 
specific hapten synthesis. J. Immunoassay 13 (1992) 297-314. 

16. Holdsworth R. J. and Chaplin V. M.: A direct radioimmuno- 
assay for oestrone sulphate in milk. Br. Vet. J. 138 (1982) 
455-457. 

17. Coulson W. F., Hamon M., Heap R. B. and Holdsworth R. J.: 
Direct assay of oestrone sulphate in milk. J. Physiol. 319 (1981) 
19-24. 

18. Gomez-sanchez, C. E., Leon L. M. and Gomez-sanchez E. P.: 
Biotin-hydrazide derivatives for the development of steroid 
enzyme-linked immunoassays. J. Steroid Biochem. Molec. Biol. 
43 (1992) 523-527. 

19. Porstmann T. and Kiessig S. T.: Enzyme immunoassay tech- 
niques, an overview. J. Immun. Meth. 150 (1992) 5-21. 

20. Robertson H. A. and King G. J.: Conjugated and unconjugated 
oestrogens in fetal and maternal fluids of the cow throughout 
pregnancy. J. Reprod. Fert. 55 (1979) 463-470. 


