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Measurement of steroids by enzymeimmunoassay: An environmentally friendly 
alternative to radioimmunoassay 

K.M. HENDERSON, A.H.M. HARDIE AND M. CAMBERIS 

AgResearch, Wallaceville Animal Research Centre, P.O. Box 40063, Upper Hutt, New Zealand. 

ABSTRACT 

Enzymeimmunoassays (EIAs) for oestradiol-17l3 and progesterone were developed using antibody-coated microtitre plates, and 
steroid-horseradish peroxidase conjugates as steroid ‘tracers’. The characteristics of standard curves and the precision of measurements were 
comparable between the EIAs and corresponding radioimmunoassays (WAS). The applicability of the EIAs was demonstrated by using them 
to measureoestradiol- 17Band progesterone concentrations in mediasampleddaily from cultures of bovinegranulosacells. The EIAs detected 
thecharacteristicswitchincelIularsteroidogeniccapacityfromoestradiol-178toprogesteroneproduction typicalofculturedgranuIosacells. 
There was a significant linear correlation (P-&001) between the EIAs and RIAs in the concentrations of steroids measured in granulosa cell 
culture medium by the two immunoassay formats. These findings may encourage other laboratories to consider converting “in-house" RIAs 
to EIAs, thereby eliminating the potential health and environmental hazards associated with the radioisotopes required for RIA. 
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INTRODUCTION MATERIALS AND METHODS 

Measurement of sex steroids plays an important role in 
investigations of reproductive physiology/endocrinology in 
many species. Radioimmunoassay (RIA) is generally the 
method of choice’for measuring the low concentrations of 
steroids normally present in biological fluids and tissue ex- 
tracts. However, RIA methodology has several disadvan- 
tages; notably its dependence on radioactive materials, which 
can pose potential health and environmental hazards; and the 
need for a specialized laboratory with suitable handling and 
disposal facilities. In addition, the equipment required to 
quantitate radioactivity at the assay end-point is sophisticated 
and expensive. Non-radioactive alternatives to RIA are there- 
fore sought after. Enzymeimmunoassay (EIA) is one altema- 
tive technique in which radioisotopes are replaced by an 
enzyme label. Enzymeimmunoassay has several advantages 
over RIA including the use of non-radioactive, 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 are low relative to RIA. 
Research laboratories, however, have in general been rela- 
tively slow in applying the technique of EIA to steroid meas- 
urements. The purpose of this study is to show that conversion 
of steroid RIAs to EIAs incorporating microtitre plates is 
straightforward, and can be achieved without loss of assay 
sensitivity or accuracy. This is demonstrated for progesterone 
using a monoclonal antibody, and for oestradiol-1713 using 
a polyclonal antibody. Measurement of oestradiol-17l3 and 
progesterone concentrations in granulosa cell culture media 
was undertaken to demonstrate the applicability of the 
steroid EIAs. 

Antisera 

The progesterone antibody was a murine monoclonal 
antibody generated against 11 a-hydroxy progesterone 
hemisuccinate conjugated to bovine serum albumin (BSA). 
The hybridoma secreting antibody to progesterone was grown 
up in tissue culture, and the antibody purified from the spent 
culture medium by precipitation with ammonium sulphate 
(45%) followed by freeze-drying. Other steroids showing 
significant cross-reaction with the progesterone antibody were 
11 a-hydroxy progesterone, 42%; 11 B-hydroxy progesterone, 
10%; 17a-hydroxy progesterone, 8% and 5a-pregnane-3,20- 
dione, 1%. The oestradiol-17b antibody was a polyclonal 
antibody generated in a rabbit against 17lkestradiol 6-(0- 
carboxymethyl) oxime conjugated to BSA. Diluted, 
unfractionated serum with a high oestradiol- 178 antibody titre 
was used in the immunoassays; Other steroids showing >O. 1% 
cross-reactivity with the oestradiol-1713 antibody were 16- 
epioestriol, 1%; oestriol, 0.6% and oestradiol-17a, 0.4%. 

Radioimmunoassays 

The progesterone and oestradiol-17l3 RIAs were per- 
formed using standard methodology. Samples, steroid stand- 
ards, antibodies and radioactive steroid tracers were prep‘ared 
in assay buffer (O.lM phosphate buffer containing 0.9% 
sodium chloride, 0.1% gelatin and 0.1% sodium azide, pH 
7.0). Aliquots of 0.1 ml of sample/standard, 0.1 ml antibody 
(at a dilution which bound 50% of the added tracer) and 0.1 ml 
of tritiated steroid tracer (- 10,000 cpm of either [2,4,6,7 -3H] 
oestradiol-1713 or [ la, 2a (n)-3H] progesterone) were pipetted 
into glass tubes and incubated together overnight at 4°C. One 
ml of dextran-coated charcoal (0.075% ch,arcoal, Norit A and 
0,025% dextran T-70 in assay buffer) at 4°C was added, and 
the tubes centrifuged for 10 min at 3000 g, after 15 min 
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incubation at 4°C. The supematant fraction containing anti- 
body bound counts was decanted into scintillation vials and 
scintillation fluid added. The vials were counted in a liquid 
scintillation spectrometer. Standard curves were generated 
by plotting percentage ‘bound’ versus the logarithm of the 
progesterone or oestradiol- 1713 standard concentration, where 
‘bound’ is defined as the mean cpm associated with a steroid 
standard/mean cpm associated with the zero steroid standard. 
Steroid concentrations of samples were calculated by inter- 
polation from the standard curves. 

washing, replicate aliquots of oestradiol-1713 standard or 
sample were added to the wells followed by E-HRP enzyme- 
tracer to a total volume of 0.2 ml in assay buffer. The plates 
were incubated at 4°C for 24 h to equilibrate before being 
emptied and washed. Quantitation of peroxidase activity etc. 
was then performed as for the progesterone EIA. 

Granulosa cell cultures 

Enzymeimmunoassays 

Steroid-enzyme tracers were prepared by conjugating 
17l3-oestradiol6-(0-carboxymethyl) oxime (E) or progester- 
one 3-(0-carboxymethyl) oxime (P) to horseradish peroxidase 
(HRP) using an active ester method (Henderson et al., 1994). 
The progesterone EIA was performed as follows. Wells of 
microtitre plates (Maxisorp C12, Nunc, Kamstrup, Den- 
mark) were coated by overnight incubation at 4OC with 0.1 ml 
of progesterone antibody, appropriately diluted in coating 
buffer (50 mM carbonate-bicarbonate buffer, pH 9.6). The 
wells were emptied by inversion, and remaining active sites 
saturated by incubation for 30 min. at room temperature with 
0.25 ml blocking buffer (coating buffer containing 0.5% 
BSA). Wells were emptied and washed 3x with washing 
buffer (10 mM phosphate buffer containing 0.8% NaCl and 
0.05% Tween 20, pH 7.4). Replicate aliquots of progesterone 
standard, or sample diluted in assay buffer (washing buffer 
containing 0.1% BSA and 0.01% thimerosal, pH 7.4) were 
added to the wells followed by P-HRP enzyme-tracer to a 
total volume of 0.2 ml. (A dilution of P-HRP in assay buffer 
was selected so that the assay end-point absorbance reading 
of the zero standard was between 0.5 and 1 .O). The plates 
were incubated for 2 h at 37°C to equilibrate. The plates were 
again emptied and washed 3x with washing buffer. Finally, 
the peroxidase activity in each well was quantitated by the 
addition of 0.1 ml/well of substrate-chromogen solution (50 
ml of 0.05M phosphate-citrate buffer, pH 5.0, containing 20 
mg o-phenylenediamine and 0.02 ml 30% H,O,). The plates 
were incubated for 15 to 30 mins at 37°C before the enzymic 
reaction was terminated by adding 0.05 ml/well of 2M H,SO,. 
Colour formation was quantitated by reading the absorbance 
of each well at 490 nm using a Bio-Tek EL31 1 microplate 
autoreader. Standard curves were generated by plotting per- 
centage ‘bound’ versus the logarithm of the progesterone 
standard concentration where ‘bound’ is defined as the mean 
absorbance reading of the progesterone standard/mean ab- 
sorbance reading of the zero progesterone standard. The 
progesterone concentration of samples was then calculated 
by interpolation. 

Granulosa cells obtained from cow ovarian follicles 
were cultured as described previously (Henderson et al., 

1987). Briefly, cow ovaries were obtained from a local 
abattoir and granulosa cells harvested and pooled from folli- 
cles 110 mm in diameter. The cells were washed, counted and 
resuspended at a concentration of 0.5 x lob cells/ml in 
Dulbecco’s Modified Eagle Medium (DMEM) supplemented 
with 10% foetal calf-serum, glutamine (2 mM), nystatin (100 
units/ml), gentamicin (100 pg/ml) and testosterone (1 pg/ 
ml). Replicate 1 ml aliquots were pipetted into individual 
wells of multi-welled tissue culture dishes. The cells were 
cultured at 37”C, in a humidified atmosphere of 5% CO, in 
air, for 6 days with the medium being renewed daily. Spent 
medium was stored frozen at -2CPC until assayed foroestradiol- 
1713 and progesterone. Aliquots of culture medium were 
diluted with appropriate assay buffer and assayed directly in 
the EIAs and RIAs. 

RESULTS 

The oestradiol-178 EL4 was performed in a similar 
manner except for the following modifications. Gelatin re- 
placed BSA in the blocking and assay buffers. Instead of 
coating wells directly with oestradiol-1713 antibody, the wells 
were coated by overnight incubation at 4°C with goat anti- 
body to rabbit IgG (1 pg/well). After blocking and washing, 
0. 1 ml of an appropriate dilution of the rabbit polyclonal 
oestradiol-1713 antibody in assay buffer was added and the 
plates incubated for 2 h at 37°C. After emptying the wells and 

The oestradiol-178 and progesterone EIAs were both 
optimized with respect to primary antibody concentration 
and steroid-enzyme concentration using checkerboard 
titrations (Engvall, 1980). Standard curves were then gener- 
ated, and these are shown in Fig. 1 together with standard 
curves generated by RIA. In both the oestradiol-l7l3 and 
progesterone immunoassays there was little difference in the 
standard curve profiles between the EIA and RIA, though the 
ED,, ED, and ED, values were lower in the EIA. The 
oestradiol-1713 antibody could be used at a 20-fold higher 
dilution in the EIA compared with the RIA. The precision of 
measurement was similar between the EIAs and RIAs. In the 
oestradiol-1713 immunoassays the intra- and inter-assay coef- 
ficients of variation for the EIA were 6.6% and 11.8% 
respectively while the corresponding values for the RIA were 
7.1% and 9.4% respectively. In the progesterone assays, the 
intra- and inter-assay coefficients of variation for the EIA 
were 4.5% and 8.7% respectively while the corresponding 
values for the RIA were 6.3% and 10.2% respectively. 

The suitability of the EIAs for measuring steroid concentm- 
tions in biological fluid was examined by using the EIA to 
measure oestmdiol- 17B and progesterone concentrations in cul- 
ture medium sampled daily from cultures of bovine granulosa 
cells.Whencultumdinvitro,gmnulosacellsundcrgoluteinization. 
This is charactetized by a loss in their ability to metabolize 
androgen to oestradiol-1713, and an increase in their capacity to 
produce progesterone (Henderson et al., 1987). This switch in 
steroidogenic capacity was detected by the EIAs when they were 
used to measure steroid production by cultured granulosa cells, 
as shown in Fig. 2. When samples of granulosa cell culture 
medium were assayed by both EL4 and RIA, there was a highly 
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FIGURE 1: Standard curves for (a) oestradiol-17!3 and (b) progester- 
one generated by EIA (0) and RIA (0). Values are mean +- s.e.m. of 6 
separate curves. 
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F’IGUFtE 2: Daily oestradioL17B (I) and progesterone Cn, production 
by bovine granulosa cells cultured for 6 days. Values arc mean -I: s.e.m. for 
N-8. Steroid concentrations were measured by EIA. 
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significant (PcO.001) linear correlation between the two 
immunoassay formats in the concentrations of steroids meas- 
ured, as shown in Fig. 3. 

DISCUSSION 

This study demonstrates the use of EIA formats for 
measuring oestradiol- 178 and progesterone, and shows that 
the EIAs are comparable to RIAs in terms of standard curve 
characteristics, assay precision and the concentrations of 
steroids measured in granulosa cell culture medium. The use 
of steroid-enzyme ‘tracers’ in steroid immunoassays instead 
of radioisotope ‘tracers’ eliminates the potential health and 
environmental hazards posed by the use of radioactive rea- 
gents. Enzymeimmunoassays also have the advantages that 
the assay reagents are relatively inexpensive, the assay end- 

FIGURE 3: Correlation behveen EIA and RIA in measuring (a)oes&diol- 
17R and (b) progesterone production by cukured bovine granulosa cells. 
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point is a colour change which can be measured by relatively 
simple equipment and there is potential for the assays to be 
automated. A crucial component of steroid EIAs is the appro- 
priate steroid-enzyme ‘tracers’. Like their radioactive coun- 
terparts for RIA usage, they can be purchased from a variety 
of commercial sources. However, they are also straightfor- 
ward to synthesize “in-house”, and a number of methodolo- 
gies for coupling haptens to enzymes have been reported 
(Tijssen, 1985). In this laboratory, horseradish peroxidase 
(HRP) has been found to be the most suitable enzyme for use 
in steroid EIAs, and successful coupling of steroids to HRP 
is consistently achieved using an active ester methodology 
(Henderson et al., 1994). Steroid-HRP conjugates are also 
very stable, and can be stored at 4°C or -200 without loss of 
activity for at least a year. 

In antibody-coated EIA formats, the primary antibody can 
either be coated onto micro&e plate wells directly (as in the 
progesterone EIA) or indirectly by first coating an appropriate 
second antibody to capture the primary antibody (as in the 
oestradiol-1713 EIA). Direct coating is practicable when there is 
ample amounts of purified antibody IgG available. If the amount 
of primary antibody available is limited, or it is only available in 
crude form, then indirect coating via an appropriate second 
antibody would be the method of choice. Capture second anti- 
bodies am readily available commercially. 

In this study, the applicability of the steroid EIAs was 
demonstrated by using them to measure stemid concenrrafions in 
granulosacellculturemedium,toshowtheswitchinsteroidogenic 
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capacity which occurs when granulosa cells am cultured in vitro 
(Fig. 2). The EIAs would also likely be quite satisfactory for 
measuring steroid concentrations in other biological fluids such 
as blood, saliva, milk and tissue extracts. However, as with RIAs, 
preliminary extraction of some biological fluids to remove inter- 
fering substances, e.g. binding proteins, may be necessary before 
performing an EIA. 

In conclusion, this study has demonstrated, using 
oestradiol-178 and progesterone assays as examples, that 
steroid RIAs can be readily converted to an EIA format 
without compromising the assays. It is hoped that other 
laboratories might be encouraged to consider converting “in- 
house” RIAs to EIAs, thereby eliminating the potential health 
and environmental hazards associated with the radioisotopes 
required for RIA. 
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