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Abstract

A SENSITIVE PROGESTERONE ENZYME IMMUNOASSAY FOR COW, GOAT AND LLAMA PLASMA
USING A MONOCLONAL ANTIBODY AND DANAZOL (17-cc-2,4-PREGNADIEN-20-YNO (2,3-D)
ISOXAZOL-17-OL) AS A DISPLACING AGENT.

A sensitive progesterone enzyme immunoassay was developed for cow, goat and llama plasma using a
monoclonal antibody and Danazol (17-a-2,4-pregnadien-20-yno (2,3-d) isoxazol-17-ol) as a displacing agent.
The microtitration plates were first coated with progesterone 3 (o-carboxy-methyl) oxine: BSA conjugate. The
immune reaction was performed by incubating overnight a mixture of 50 uL of plasma and 100 uL of first
antibody. After washing, 100 uL of the second antibody (horse radish peroxidase conjugated anti-mouse IgG)
were added. The plates were incubated for 1 hour and washed. Immediately the substrate solution was added and
finally the reaction stopped and optical density measured. This assay allows accurate determination of
progesterone in plasma from several species with good specificity, precision and accuracy, and is suitable for the
rapid assessment of luteal function and reproductive status in both clinical and research situations.

1. INTRODUCTION

Progesterone is a good marker for determining the functional status of the corpus luteum (CL).
Such measurement is a valuable tool in identifying pregnant or non-pregnant animals, silent heat, lack
of cyclicity, cystic follicles, retained CLs and irregular cycles in different species [1-7]. In recent
years, considerable attention has been given to Enzyme Immunoassay (EIA) for determining
progesterone in different media, due to its low cost and non-radioactive nature. Conversely, the
radioimmunoassay (RIA) technique is restricted to laboratories with the capacity to use radioisotopes.

The majority of progesterone in plasma is bound to carrier proteins. In the determination of
progesterone concentration by EIA it is necessary to remove these carrier proteins or displace the
hormone from them. Thus, earlier methods involved a laborious solvent extraction step, which
removes progesterone from its binding proteins. More recently, it has been demonstrated that Danazol
(17-a-2,4-pregnadien-20-yno [2,3-d] isoxazol-17-ol), a synthetic steroid, can displace progesterone
from plasma proteins in competitive immunoassays [8].

Most solid-phase immunoassays use an antibody linked to the surface of the well. This
technique can be expensive, especially when a monoclonal primary antibody is coupled to the
polystyrene surface. If the antigen (progesterone 3 [o-carboxy-methyl] oxine: BSA conjugate in this
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case) is used for the coating of the plates, the amount of antibody required for the assay, and
consequently the costs, are considerably reduced.

The objective of the present study was to develop a sensitive, robust and low cost progesterone
EIA for cow, goat and llama plasma, using progesterone as blocking agent, a monoclonal anti-
progesterone antibody, a horse radish labelled second antibody and Danazol as displacing agent to
avoid the extraction procedure.

2. MATERIALS AND METHODS

2.1. Collection and initial processing of plasma samples

All blood samples used for the validation of the assay were collected into heparinized tubes.
Plasma was separated by centrifugation and stored at -20°C until analysed.

2.1.1. Reagents
All common reagents were of pure analytical grade (if not specified otherwise, they were

purchased from SIGMA, St. Louis, MO, U.S.A.). Assay buffer was prepared by dissolving 0.46 g
NaH2PO4 - H2O, 1.78 g NaHPO4 - 7H2O, 8.19 g NaCl and 0.1 g Merthiolate in 1 litre distilled water and
adjusting the pH to 7.4 with NaOH. PBS-Tween 20 (PBS-T) was prepared by diluting 2 mL of Tween
20 in 1 litre distilled water. PBS-Tween 20-Danazol (PBS-T-D) was made up by diluting 2 mg of
Danazol in 1 litre of PBS-T. The coating solution was progesterone 3 (o-carboxy-methyl) oxine: BSA
conjugate (Sigma P4778, 300 ug/100 mL assay buffer) and the blocking solution was bovine albumin
(Sigma A7030, 3.0 g/100 mL assay buffer). Washing buffer was prepared by dissolving 9.0 g Sodium
Chloride and 0.5 mL Tween 20 in 1 litre of distilled water.

The first antibody was a mouse monoclonal antibody to progesterone (Serotec MCA 2008,
NovaKemi AB, Sweden). The original solution (lmg/mL) was diluted 1:10 with assay PBS-T and
stored in aliquots of 100 (xL at -20°C. Before use, the solution was diluted to 1:100 with PBS-T and
further diluted to 1:8000 in PBS-T-D. In the case of llama samples, the first antibody was diluted to
1:12.000 in PBS-T-D.

The second antibody was Anti-Mouse IgG, raised in goat and conjugated to Horse Radish
Peroxidase (Sigma A4416). The original solution was diluted 1:10 with assay PBS-T and stored in
aliquots of 100 uL at -20 °C in glass tubes. Before use, the solution was further diluted to 1:1000 with
PBS-T. Stock solution of progesterone standard containing 1000 ng/mL alcohol, was further diluted
1:10 in alcohol (100 ng/mL = 318 nmol/L). Two mL of standard 318 nmol/L were evaporated and re-
dissolved in 2 mL of plasma with zero levels of progesterone from cow, goat or llama. Thereafter it
was serially diluted with the appropriate zero plasma to obtain an standard curve ranging from 0.62 to
159 nmol/L.

For each species, zero plasma was prepared from a pool of plasmas containing low
progesterone concentrations. Plasmas were extracted twice by diluting them 4:1 with diethyl-ether
(Merck, Argentina). The aqueous phase was frozen at -25°C and the solvent discarded. Any ether
remaining in the plasma was finally evaporated under nitrogen stream at 37°C. Extracted plasmas
were subsequently checked for progesterone concentrations using a commercial kit (CAC, DPC, Los
Angeles, Ca.). In all cases, non-detectable concentrations were recorded.

2.1.2. Preparation ofmicrotiterplates
Rigid 96 well microplates for EIA (Cliniplate®, Labsystems, Finland) were incubated overnight

at 4°C with 100 uL of coating solution. After washing the plate 3 times with washing buffer, 200 uL
of the blocking solution were added into each well and the plates incubated over night at 4°C.
Thereafter, the plates were washed 3 times with washing buffer, dried, covered with plastic film and
stored in the freezer until used.

160



2.1.3. Progesterone EIA procedure
Standards, controls and unknowns (50 uL) were dispensed into appropriate wells followed by

100 uL of the first antibody, except for the blanks, where 150 uL of zero plasma were pipetted, and
incubated overnight at 4°C. The plates were washed 3 times with washing buffer and 100 uL of the
second antibody were dispensed into each well. After one hour incubation at room temperature, the
plates were washed 3 times and 100 uL/well of the chromogen (OPD, SigmaFast, Sigma P9187) were
added. The plates were kept for 20-30 min in darkness until colour developed. The reaction was
stopped with 50 uL of a 12 % solution of sulphuric acid. Absorbance was measured in an automatic
plate reader (Multiskan EX, Labsystem) using a 492 nm filter.

2.1.4. Biological samples
Blood samples from 38 goats were collected between day 22 and 24 after mating. Pregnancy

was assessed by ultrasound and confirmed retrospectively by the observation of a live kid.
Intravaginal devices containing progesterone (2.0 g and 1.0 g) were inserted in 3 ovariectomised cows
and in 3 llamas, respectively. Blood samples were collected daily, from the day before insertion until
day 10 after insertion. All blood samples were collected into heparinised tubes.

3. RESULTS

3.1. Titration of anti-progesterone antibody and enzyme labelled antibody

For routine use in the EIA, optimum dilution of the first and second antibody were set at 1:8
000 and 1:1 000 except for the llama system where the first antibody was used at a dilution of 1:12
000 in order to increase the sensitivity of the assay. Fig. 1 displays the influence of increasing the
dilution of the first antibody on the sensitivity of the assay.

3.1.1. Assay validation
The precision profiles of six standard curves per species were utilised for the validation of the

assay.

3.1.2. Parallelism
Fig. 1 shows the standard curves and the parallel displacement curves produced by serial

dilutions of goat (a), cow (b) and llama (c) plasma containing high progesterone concentrations. The
dilution was performed using zero plasma from the respective species.

3.1.3. Assay sensitivity
The sensitivity of the assay, defined as the intercept of maximal binding -2SD, was 0.4 nmol/L

for goat and cow plasma, and 0.8 nmol/L for llama plasma. The ED-50 was approximately 5 nmol/L;
20 nmol/L and 60 nmol/L in standard curves of goat, cow and llama plasma, respectively.

3.1.4. Intra-assay coefficient of variation
When goat plasma was used in the standard curve, the intra-assay coefficient of variation was

around 12% at 0.6 nmol/L and below 5% for concentrations from 1.2 up to 159 nmol/L. When cow
plasma was used, the respective value was below 10% for concentrations ranging from 0.6 to 159
nmol/L. For llama plasma, the intra-assay coefficient of variation was around 13% at 1.2 nmol/L and
remained below 12 % for concentrations up to 159 nmol/L.

3.1.5. Inter assay coefficient of variation
Zero plasma from goat, cow and llama was supplemented with progesterone in order to obtain a

"low control", containing about 5 nmol/L and a "high control" containing about 80 nmol/L. The
controls were assayed in duplicate for each of the standard curves. The inter-assay coefficient of
variation was 5 and 7%; 7 and 9% and 7 and 11% for the low and high control in goat, cow and llama
plasma.
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FJG.l. Standard curves (9) and the parallel displacement curve (+) produced by serial dilutions of
cow (a) goat (b) and llama (c) plasma containing high progesterone concentrations. In 1c the
influence of increasing the dilution of the first antibody (Q = 1:8.000; • = 1:12.000) on the
sensitivity of the assay is displayed.

3.1.6. Clinical validation of the assay
Based on the ultrasonographical examination and the reproductive outcome, goats were

classified as pregnant or non-pregnant at the time blood was collected. Mean (± sem) plasma
progesterone concentration in non-pregnant animals was 3.8 + 1.2 nmol/L (n = 25), while in pregnant
animals, the value was 32.2 ± 3.2 nmol/L (n = 13).
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The mean progesterone profile of 3 ovariectomised cows (a) and 3 llamas (b) receiving
exogenous progesterone is shown in Fig. 2.
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FIG. 2. Mean (± sent) progesterone secretory profile in 3 ovariectomised cows (a) and 3
llamas (b) after the insertion of a progesterone releasing device on day 0.

4. DISCUSSION

In the present study, the need for extraction of progesterone from its transport proteins was
circumvented by using a displacing agent Danazol (17-a-2,4-pregnadien-20-yno (2, 3-d) isoxazol-17-
ol). This represents an important advantage of the method from the practical point of view since time
and money is saved. Moreover, the fact that the plates are coated with the antigen (progesterone)
instead of the more expensive antibody (monoclonal in this case) as is the usual practice, represents
an additional advantage since the cost of the assay is decreased considerably.

The observation that plasma from the species to be tested must be used in the standard curve,
suggests that matrix effects occurred, which may have been amplified by species differences in
plasma proteins. This phenomenon might also account for the lower sensitivity registered by the assay
in the llama system. This was also reflected in the ED-50 registered in the different species. It could
be considered as relatively high in the case of the llama system, giving further support to the
hypothesis that the composition of llama plasma (or the affinity of its transport proteins) may interfere
with the assay. This was also reflected in the slope of the standard curve in llama system, which was
significantly lower than in the cow and goat system. Acceptable sensitivity and variation at low
concentrations as well as low non-specific binding were obtained for plasma from all 3 species.
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It may be concluded that the progesterone EIA for cow, goat and llama plasma, using
progesterone as blocking agent, a monoclonal anti-progesterone antibody, a horseradish labelled
second antibody and Danazol as displacing agent, is robust and cheaper than other conventional
immunoassays. Thus, when commercial kits are used, the cost per sample (run in duplicate and
considering standard curve and controls) varies between US$ 3 and 5, depending on the kit. Using the
EIA described in this paper, the cost may be reduced to less than US$ 1 per sample. This assay allows
accurate determination of progesterone in plasma from several species with good specificity,
precision and accuracy, and is suitable for the rapid assessment of luteal function and reproductive
status in both clinical and research situations.
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