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Introduction

Radioimunoassay(RIA) has been the most predominant
analytical technique in endocrinology during the last 20
years. However, RIA has several limitations which are i-
nherent to the use of radioactive isotopes. Atempts have
been made during the last decade to circumvent the use
of radioactive isotopes by applying other labels, such as
enzymes.! " Use of enzymeimmunoassay(EIA) in endoc-
rinology. pioneered by Engvall and Perlmann®® and Van
Weemen and Schuurs®, has offered an attractive alterna-
tive to RIA to detect antibodies and antigens from body
fluids.

This report describes the development of a sensitive a-

nd rapid EIA for progesterone and testosterone using so-

lid-phase microtitre plates.

Meterials and Methods

Reagents : Horseradish peroxidase(EC 1.11.1.7., RZ.
of approximately 3.0), 5-Pregnen-3 $-0l-20-one, 4-Pregn-
en-3,20-dione, 4-Pregnen-17 & -0l-3,20-dione, 4-Androste-
n-3.17-dione, 4-Androsten-17 8 -ol-3-one, 4-Androsten-17
@ -0l-3-one, 5-Androsten-3 8 -0l-17-one, 5-Androsten-3 @ |
17 8 -diol, 5-Androsten-3 8, 17 8 -diol, Estrone, Estradio-
117 a , Estradiol-17 £ and Estriol were purchased from
Sigma, Miichen, Germany ; 11 « -hemisuccinate-progest-
erone, 4-androsten-17 8 -ol-3-one carboxymethyloxime an-
d bovine serum albunim(BSA) were obtained from Stera-
loids. New Hampshire, USA ; cyanogen bromide, isobut-

ylchloroformate and sodium chloride were obtained from
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Fluka, Buchs, Switzerland ; N, N-dimethylformamide, s-
odium azide, 2.2"-azino-di-(3-ethylbenzthiazoline sulphoni-
¢ acid) diammonium salt{ABTS), Tween 20 and citric a-
cid were obtained from Sigma, Miichen, Germany. All o-
ther reagents were purchased from Merck, Darmstadt, G-
ermany. Organic solvents were distilled before use. Fla-
t-bottomed polystyrene 96-well micro-ELISA plates were
purchased form Dynatec Lab., Virginia, USA.

Antiserum : Antiserum against 4-pregnen-11 @ -0l-3,20
dione-hemisuccinate and 4-androsten-17 8 -ol-3-one-cabo-
xymethyloxime conjugated to BSA were raised in rabbit.
Characterization of these antisera for RIA was described
previously by Choi® Antirabbit Ig G antiserum was rais-
ed in sheep and was purified by protein A affinity chro-
matography.

Enzyme conjugate . Horseradish peroxide(HRP) was
coupled to the 4-pregnen-11 @ -0]-3 20-dione-hemisuccina-
te and 4-androsten-17 8 -ol-3-one-carboxymethyloxime by
the mixed anhydride method of Erlanger et al’ as modifi-
ed by Dawson et al.'” Separation of the conjugate from
any remaining low molecular weight material was achie-
ved by column chromatography with Sephadex G 25. T-
he charge number of the conjugate(progesterone/enzyme
ratio) approached the theoretical ideal value of 1.0 as est-
imated by RIA. The conjugate have been stable for 1 ye-
ar at 4C with no loss of enzymic and immunological ac-
tvity.

Plasma samples : Heparinized blood samples were ta-
ken daily from 3 dairy cows during the estrous cycle and
centrifuged immediately(10 min, 3000g) and the plasma
samples were strored at -20C until use.

Progesterone and testosterone standards : Progester-
one and testosterone were stored in ethanol at 4C at a c-
oncentration of 1.0 mM. When required, dilutions were
prepared in assay buffer.

Stock solutions : 1) coating buffer : 0.05 M sodium b-
icarbonate, pH 9.6 : 2) washing solution : 0.15 M NaCl
containing 0.05% Tween 20 . 3) assay buffer : 0.1 M s-
odium phosphate, pH 7.0, containing 0.87% NaCl and
0.1% BSA(this phosphate buffer was used for the dilutio-
n of standards and conjugate) . 4) substrate : 6.0 mM
hydrogen peroxide and 3.7 mM o-phenylenediamin-
e . D) stopping reagent - 25mé stopping solution contain-
ed 25¢#¢ 10M EDTA and 25m¢ 0.15M hydrofluoric ac-
id(HF) containing 0.6mM NaOH.

ElA procedure : Flat-bottomed polystyrene 96-well m-
icrotitre plates were coated with 50 #£ per well of the a-
ntirabbit Ig G antiserum in coating buffer at a dilution of

- 2,000 except for the first column for the blank. The pl-
ate was sealed tightly with a waterproof plate-sealer cov-
er and incubated overnight at 4, although plates could
be used in as little as 4 hours or could be stored at 4°C
for several weeks in unwashed or washed state. To remo-
ve antiserum that was not bound to polystyrene, wells of
the plate were emptied, washed four times with washing
solution and dried inverted on paper towels.

The steroids were extracted from the 100 #¢ plasma
with 2n¢ petroleum ether(40~60C bp). Before the assay.
12 ¢¢ assay buffer was added to each tube containing p-
lasma extract, and 50 #¢ aliquots(equivalent to 40 #¢ p-
lasma) were added to the wells in duplicate. In order to -
acilitate the procedure of aliquoting, assay buffer was ad-
ded to all 40 samples and were mixed by vortex befor d-
uplicate pipetting of samples. For the standard curve, 30
#¢ of progesterone and testosterone standards were
used(eight wells/standard, 1.6 ~ 240 pg and ten wells/-
standard, 0.55~300 pg, respecitively). This was followed
immediately by 50 #¢ of diluted progesterone-and testos-
terone-HRP conjugate in assay buffer of initiate a com-
petition reaction.

Immediately after the addition of conjugate, plates
were covered and incubated for exactly 3 hours at 20C
which was then washed 5 times. The amount of conju-
gate bound was determined by the addition of the 100
#t ABTS to each well with care being taken to keep
plates and the unused substrate solution sealed to pre-
vent any non-specific auto-oxidation. The substrate reac-
tion was terminated after 1 hour at 20C by adding 100
#¢ 0.15M HF stopping solution to each well. Absorba-
nce was then measured at 492 nm in the automatic micr-
0-ELISA plate reader(Titertek Multiskan MCC/340MK
II, Flow Lab.).

Results and Discussion

Specificity was determined by measuring cross-reactiv-
ity with a number of steroids and by determining paralle-
lism between the standard curve and serial dilutions of s-
amples(T able 1).

Cross-reactivity was defined as the amount of prog-

esterone or testosterone causing a 50% reduction of the
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Table 1. Percentage cross-reaction of various steroids with anti-4-pregnen-11 @ -0l-3,20-dione-hemisuccinate bovine serum
albumin and anti-4-androsten-17 £ -ol-3-one-carboxymethyloxime bovine serum albumin

. Antibody
Steroids
Progesterone Testosterone
5-Pregnen-3 £ -0l-20-one - -
4-Pregnen-3.20-dione 100.0 <0.1
4-Pregnen-17 @ -0l-3,20-dione <0.1 -
4-Androsten-3,17-dione <0.1 <0.1
4-Androsten-17 B -ol-3-one <0.1 100.0
4-Androsten-17 @ -ol-3-one <0.1 -
5-Androsten-3 £ -ol-17-one <0.1 -
5-Androsten-3 @ 17 3 -diol <0.1 -
5-Androsten-3 2,17 £ -diol <0.1 1.4
Estrone <0.1 -
Estradiol-17 « - <0.1
Estradiol-17 8 1.1 0.5
Estriol <0.1 <0.1

Table 2. Titration of serial dilutions of anti-11 @ -hemisuccinate-progesterone bovine serum albumin against serial dilution
of 11 @ -hemisuccinate-progesterone-horseradish peroxidase

Enzyme Progesterone Antibody dilution(OD 492)

levels added(pg) 14,000 128,000 1: 16,000 NSB*

1: 500 0 > > 2.36 1.27
5 > > 2.23 1.41

10 1,500 0 > > 1.81 0. 66
5 > > 1.80 0.61

13 4,500 (:) > 1.92 0.97 0.22
5 > 172 0.94 0.22

113,000 0 1.96 0.96 0.44 0.07
5 1.9 0,88 0.42 0.07

>=Absorbance displacement, more than 2. 36
* NSB==Non-specific binding

100 {

L

e 8

80

s

x
Y

&
<
T

40 -

o \

N
=
T

Percent bound(B/Bo)
2
Percent bound(B/Bo)

&
=

1

e

L " 2 " i

N : L — 0.55 1.55 2.3 4.7 9.4 188 37.5 75 150 300

3.3 15 60 240 Concentration(pg/well)
Concentration(pg/well)

Fig 2. Standard curve for testosterone.
Fig 1. Standard curve for progesterone(mean+S.D).
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initial binding in the standard curve, divided by the
amount of a corss-reacing steroid which caused same the
reduction.

Sheep antirabbit gamma globulin serum was used in
the solid phase microtitre plate EIA, which was similar
to the method of Nakao et al'' Concentration of 0.1
mg/mé(1:2000) sheep Ig G appeared to be adequate com-
pared to 0.4 mg/mé Ig G for coating on each plate done
by Nakao et al.!!

Diluted antiserum in assay buffer and labeled prog-
esterone were incubated with or without added progester-
one, and dilution factor of antiserum was determined by
displacement of absorbance(Table 2).

Two dilution combinations indicated high displaceme-
nt, and less antibody and labeled progesterone combina-
tion was adopted to improve the detection limit.

Sensitivity calculated from initial binding(Bo) values
minus 2 SD was 6.7 pg per well for progesterone and 1.0
pg per well for testosterone. Sensitivity, defined as the
amount of progesterone of testosterone which causes a
50% reduction of the Bo in the standard curve, varied
between 1.6 and 240 pg per well for progesterone(Fig 1)
and between 0.55 and 300 pg per well for testosterone(F-
ig 2). The result indicated the preference in high reactivi-
ty of progesterone for horseradish peroxidase and for bo-
vine serum albumin conjugation(Fig 1) which was supp-
orted by Amstadt and Cleer'” It shows that o
phenylendiamine was successfully used as a substrate
for horseradish peroxidase in the competitive microtitre
plate EIA. The sensitivity in the EJA of testosterone
was 7 times greater than that of progesterone. The use of
the heterologous system involving two different chemic-
al bridges(themisuccinate for immunogen and carboxy-
methyloxime for conjugate) conferred considerably grea-

ter sensitivity to the testosterone EIA.!*715

Summary

A rapid, solid-phase microtitre plate enzyme immunoa-
ssay(EIA) to determine the concentration of progesterone
and testosterone in dairy cow is described. Both steroid
hormones were analysed employing antibodies against
11 @ -hemisuccinate-progesterone bovine serum albumin
and 4-androsten-17 8 -ol-3-one-carboxymethyloxime bovi-
ne serum albumin, respectively, as primary antibodies an-

d sheep Ig G as secondary antibody.

The conjugated used as labels for progesterone and te-
stosterone was progesterone-11 @ -hydroxy-hemisuccinat-
e-horseradish peroxidase and 4 @ -androsten- 17 8 -ol-3-he-
misuccinate-horseradish peroxidase, respectively.

Detection limit of microtitre plate EIA was 6.7

pg/well for progesteone and 1.0 pg/well for testosterone.
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