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Abstract

Equine Chorionic Gonadotropin (eCG) previously known as Pregnant Mare Serum Gonadotropin
(PMSG) has been used for decades in regulating reproduction in various domestic animal species. Its
use necessitates a good measurement of its bioactivity in commercial preparations. The EUROPEAN
PHARMACOPEIA (EP 7.0) recommends 5-6 subcutaneous injections in immature female rats for the
in vivo bioassay for eCG as in the case for measurement of FSH bioactivity in the Steelman & Pohley
assay (1953). This recommendation is in marked contrast with the classical and long-time used PMSG
assay of Cole & Erway (1941) that includes only one subcutaneous injection, 3 days before
measurement of ovarian weight. As this difference introduces much confusion in the determination of
eCG/PMSG bioactivity in commercial sources, we have performed parallel assays of several PMSG
preparations, with both protocols. The single-injection protocol takes into account the long half-life of
eCG in bloodstream and provokes an ovarian stimulation at lower concentrations than the multiple-
injection protocol. As the single-injection protocol also mimicks the protocol used in cattle, it is

preferable to the multiple-injection protocol of the current EP.

Introduction

Like all gonadotropins, equine Chorionic Gonadotropin (eCG), previously known as Pregnant Mare
Serum Gonadotropin (PMSG), is a glycoprotein hormone comprising two disimilar glycosylated
subunits, named o and . These subunits are non-covalently associated (2,9,12,22,30) but exhibit a
slow rate of dissociation because of the B-subunit seatbelt embracing its a-subunit partner as shown for
the human CG (hCG) (14,31).

Equine CG has been used for decades in superovulation and ovulation induction protocols in various
mammalian species (21,32). Its in vivo potency must be evaluated accurately to allow batch-to-batch
consistencey and reproducibility of treatments.

The high potency of eCG is due to its dual FSH/LH activity in non-equid species (5,8,17,19,27-29)
and more importantly, to its long half-life in the blood (1,18) and treatment reproducibility. The
classical in vivo bioassay for eCG which was designed more than 75 years ago by Cole and Erway (6)

in which the dose-response effect of eCG on ovarian weight in prepuberal rats is measured. This assay,



requiring one single subcutaneous injection per animal, has been used routinely by academic
laboratories and manufacturers for assaying crude and purified eCG preparations.

Nevertheless, a different eCG assay resembling that of Steelman & Pohley for FSH (26) is
recommended by the EUROPEAN PHARMACOPEIA ( EP 7.0). Its main difference with the Cole &
Erway assay is the recommendation to divide the PMSG dose into 5-6 injections instead of
administrating a single injection. This difference introduces much confusion among quality control
services of PMSG manufacturers and controversies in PMSG activity determinations. Moreover, since
this hormone is generally given as a single injection in farm animals (10,11), it is important to
determine which of these two assay protocol in immature female rat, is best suited to anticipate eCG
superovulatory activity in these species.

In order to see how these two protocols compare in terms of measured PMSG bioactivity, we

performed both protocols in parallel using three different eCG/PMSG preparations.

Materials and Methods

Hormones. The eCG/PMSG preparations used were 1/ the WHO IRP2 reference preparation (3), 2/ the
NZY-01 reference preparation from our laboratory (16) used in academic studies as well as in quality
controls by various manufacturers, and 3/ a commercial PMSG preparation (Folligon, Intervet, Oss,
The Netherlands).

In vivo assays. The in vivo assays used are based on the one described by Cole and Erway (6) using
immature 21-day old female rats at t=0. The first protocol is identical to the 3-day assay described in
the princeps paper of Cole & Erway, consisting of a single injection of 10, 20 or 40 IU at t=0. The
second one is based on the EP7.0 recommendations with the same eCG doses divided into six separate
injections at t= Oh, 8h, 22h, 29h, 46h, and 54h with sacrifice at t=68h (i.e. 68, 60, 46, 39, 22 and 14h
before sacrifice). The two assays were performed using lots of 6 animals for each treatment. The
animals were housed at controlled temperature (21 £ 1 °C) and lighting (16L:8D) and had an enriched
environment. They were sacrificed by CO2 gas exposure at gradually increasing concentration as

recommended by directive 2010/63/EU, using a ATEM1 automat (TemSega; Pessac, France). Both



ovaries from each animal, were recovered and thoroughly freed of fat. The pairs of ovaries were then
weighed on a Quintix 224-1S analytical balance (Sartorius, Goettingen, Germany) at 0.1 mg precision.
The dose-dependent ovarian weight curves for both protocols were fitted by linear regression using all
the data for the three eCG preparations. These curves were then compared by a 3+2 parallell-line assay
(7) using the Prism 5 package (Graphpad software, San Diego, CA).

In order to test the time-dependence of the assay, we also studied the response to the same three eCG
doses, given in single s.c. injections, 18 to 68h before sacrifice.

These protocols were carried out in accordance with the U.K. Animals Act (1986) and associated
guidelines, EU Directive 2010/63/EU for animal experiments, and were validated by the local ethical

comity of the Région Centre-Val de Loire (France).

Results

Two eCG reference preparations, WHO and NZY, along with one commercial PMSG preparation
were tested using the two protocols : either each dose injected as a single subcutaneous injection, 68
hours before sacrifice (t=0h) or each dose divided into 6 injections given at t= Oh, 8h, 22h, 29h, 46h,
and 54h with sacrifice at t=68h.

The data in Fig.1A clearly show the ovarian weight gain responses to the same eCG total dose of the
three different preparations. There is no significant difference between the data obtained with the three
preparations at the same IU concentrations. The data from the three preparations were thus fitted by
linear regression for each protocol. Since there is an increase only for two doses in the multi-injection
protocol, the two curves were compared by 342 parallel-line assay (7) and the potency with the multi-
injection protocol was 0.71 = 0.15 that of the single-injection protocol. The responses are thus
significantly higher in the single-injection protocol than in the six-injection protocol.

In order to better understand the origin of this difference, we measured the ovarian weight gain
responses to a single injection of 10, 20 or 40 IU eCG NZY-01, at different times, 18 to 68h before
sacrifice. It can be seen in Fig.1B, that there is a marked dependence of the ovarian weight response to

the duration between injection and recording of ovaries weights. It is clear that the increase in ovarian



weight is marginal for times less than 26h between injection and sacrifice, and is time-dependent over

the two following days.

Discussion

The data in the present report clearly show a response to eCG at a lower threshold after 68h when the
entire dose is administrated as a single injection at t=0 rather than divided into six separate injections
over a 50h period.

A very schematic graphical explanation for this difference between the two protocols is depicted in
Fig.2. The hormonal stimulation is expected to be proportional to the area under curve (AUC) of its
circulating concentration. Because of the long half-life of eCG (2-3 days) (13), it can be seen that the
AUC for the total hormonal dose given in one single injection at tO (red line) is larger than that of the
same dose given in several equal injections from t=0 to t=54h (blue line).

Not only is the AUC for a single injection larger, but in this protocol, the ovary is exposed to higher
hormonal concentrations for a longer duration. Indeed this parameter is important since the dose-
response curves are much higher when the single injection is performed sooner (Fig.1B). In fact, no
increase in ovarian weight is observed over the first 26h after injection, therefore, is time-dependent
over the following 42 hours.

It can be seen in the scheme in Fig.2, that eCG concentration in blood would be high sooner following
a single injection, than with the multi-injection protocol and thus for a longer period of time. In the
multi-injection protocol, the last hormone injections would be made too late to efficiently stimulate
ovarian weight gain. It is also likely that a minimum blood eCG concentration has to be reached to
stimulate ovarian weight gain. It is obvious that this concentration will be reached sooner and for a
longer duration in the one-injection protocol. In addition, since more than a 26h duration is needed to
stimulate the ovaries, the eCG concentration will be high for too short a time to maximally stimulate
ovarian weight gain.

It is also interesting to point out that the use of uterine weight gain as an end-point instead of that of

ovaries, leads to an assay with a much lower threshold (~30 folds), easier dissection and reduced



variation (6,15,23). This could permit reduction in the number of animals per assay for both ethical
and economical reasons.

Efforts have been made for years to replace in vivo assays by immunoassays (20), radio-receptor
assays and cell culture assays (4) but this is precluded for the time being, by the fact that differences
between these in vitro assays and the in vivo test exist because of PMSG polymorphism (4). In
addition to natural polymorphism, differences due to purification-induced alterations must also be
considered. This renders the evaluation even more difficult when the reference preparation itself is
concerned (4).

In the near future, for ethical reasons, it is likely that natural eCG (PMSG) will have to be replaced by
recombinant eCG (called rec eLH/CG since the same gene encodes both eLH[3 and eCGf3 (24) which
bear different saccharide moieties (25)). In vivo tests will be indispensable to estimate biological
activities of these molecules which are dependent on their half-lives. These tests will have to be
performed according to the single-injection protocol (6) 1/ to get higher responses, 2/ to take their
half-lives in consideration and 3/ to take into consideration the single-injection protocols used in farm

animals, in which eCG half-lives are also long (20).
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Figure 1. A: Dose- and injection number-dependence of the ovarian weight response to eCG.
The three eCG preparations were injected subcutaneously at doses of 10, 20 and 40 IU
into immature female rats (N=6). The doses were injected either as a single 100uL bolus
68h before sacrifice (circles), or as 6 injections, each containing 1/6 of the total dose in
100uL at 68, 60, 46, 39, 22 and 14 h prior to sacrifice (squares). The relative potencies
in the two protocols are shown.

B: Time-dependence of the ovarian weight response to eCG
eCG NZY-01 at 10, 20 and 40 IU was given as a single subcutaneous injection in 100uL

at the five times shown, 18 to 68h before sacrifice.
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Figure 2. Schematic view of relative calculated eCG concentrations in blood, after single-
injection (red) and multiple injection (blue) protocols. In this scheme, the half-life for eCG was
taken as 3 days. The dashed black line represents a conventional minimum value, for the eCG
concentration in blood, sufficient to permit binding to FSH and LH receptors, and to promote ovarian

weight gain.





