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a b s t r a c t

There is evidence in several species that high circulating LH concentrations can interfere
with normal follicle development and ovulation. In the mare, high LH levels after induction
of luteolysis with PGF2a have been temporally associated with an increased incidence of
anovulatory follicles. We hypothesized that a premature increase in LH levels during
a follicular wave in mares would disrupt normal follicle maturation leading to ovulatory
dysfunction. In experiment 1, all follicles >10 mmwere ablated at midestrous cycle in pony
mares followed by twice daily administration of equine LH (eLH; 1.6 mg/kg body weight) or
saline (vehicle; N ¼ 8 mares per group). When a dominant follicle reached >32 mm, an
ovulatory dose of hCG was given. Treatment with eLH had no effects on ovulatory
responses or progesterone levels during the posttreatment luteal phase. In experiment 2,
after follicle ablation, mares were treated with eLH or vehicle (as above) or were given
a single injection of PGF2a (N ¼ 7 mares per group), followed by aspiration of a dominant
follicle when it reached >32 mm. Administration of eLH induced an increase in circulating
LH levels similar to that after PGF2a injection. Neither PGF2a nor eLH administration had
significant effects on follicle growth or total number of follicles in the postablation wave.
However, compared with mares treated with vehicle, the preovulatory follicle in the eLH
and PGF2a groups had lower levels of androstenedione (P ¼ 0.03) and higher levels of
insulin-like growth factor I (P ¼ 0.03). Further, levels of prostaglandin E2 in preovulatory
follicles tended to be lower in the eLH and PGF2a groups (P ¼ 0.06). In conclusion, exposure
of developing follicles to high LH in mares did not have apparent effects on ovulation but it
induced changes in follicular fluid factor levels which might reflect a disruption in follicle
and/or oocyte maturation, indicating the need to further study the implications of using
PGF2a for the control of fertility in farm animals.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

In monovular species such as humans and horses, fluc-
tuations in concentrations of circulating gonadotropins
stimulate the development of ovarian follicular waves and
ovulation of a dominant follicle at estrus [1]. Follicular wave

emergence is induced by a surge in circulating FSH levels
followed by a progressive decrease in FSH as the wave
continues to develop [2]. In contrast, mean circulating LH
levels remain relatively low throughout the development
of a wave and only distinctly increase before ovulation of
a mature dominant follicle [3].

There are several lines of evidence indicating that
a premature increase in circulating LH levels during follicular
wave development might disrupt follicle maturation and
potentially lead to ovulation failure. Transgenic mice
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expressing a chimeric LH beta subunit displayed multiple
endocrine and ovarian dysfunctions including anovulation
and largehemorrhagic follicular cysts [4]. There is also a clear
association between high LH, hyperandrogenism, and the
formation of anovulatory cystic follicles in women with
polycystic ovarian syndrome [5]. In horses, an increased
incidence of ovulatory dysfunction, including premature
ovulation or anovulation, and reduced fertility [6], were
attributed to the relatively high LH content of pituitary
preparations used to stimulate multiple ovulations [7,8].
More importantly, separate studies by Ginther and
coworkers [9,10] and Cuervo-Arango and Newcombe [11]
reported an association between the use of PGF2a to artifi-
cially shorten the estrous cycle in mares and a 10-fold
increase in the incidence of hemorrhagic anovulatory folli-
cles (HAFs). The authors suggested that a premature eleva-
tion of endogenous LH levels resulting from induced
luteolysis might act to disrupt or hasten follicle maturation
leading to anovulation [9]. Despite the widespread use of
PGF2a as a luteolytic agent for the control of estrous cycles in
farmedspecies and thepotential implications this couldhave
in terms of overall reproductive efficiency, the hypothesis
that an increase inendogenous LH levels afteradministration
of PGF2a may be deleterious to follicle development has to
our knowledge not been critically assessed.

The large size and long developmental time line of
equine ovarian follicles, together with the accessibility of
the equine ovary for precise real-time monitoring of
defined follicular stages, make the mare a unique model to
study the effects of artificially manipulated hormone
concentrations on different aspects of follicle development.
The present study tested the hypothesis that a premature
elevation in LH levels during a follicular wave induced by
administration of exogenous LH or administration of
a luteolytic dose of PGF2a would disrupt normal follicle
maturation and that this would account, at least partially,
for the recently reported effects of PGF2a-induced luteolysis
on ovulation in mares [9–11].

2. Materials and methods

2.1. Experimental animals

Eight cross-bred pony mares, 3 to 14 y of age, with body
weights between 250 and 425 kg and a history of good
reproductive health, were kept under natural light with
access to grass and haylage, water, and ad libitum mineral
salts. Two different experiments were carried out during
the natural breeding season (May to October) in the
Northern Hemisphere (55� N, Edinburgh, UK) under the UK
Home Office Animals (Scientific Procedures) Act (1986)
with approval by the Ethical Review Committee, University
of Edinburgh.

2.2. Equine LH preparation

Equine LH (eLH) was administered in the form of
a highly purified pituitary fraction from crude equine
gonadotropin (CEG 1.98) [8]. A dose of eLH (1.6 mg/kg body
weight) that has been shown to induce ovulation in estrous
mares [7] was administered iv to induce supraphysiological

LH levels during follicular waves, as described below. To
determine gonadotropin levels after eLH injection, in
a preliminary experiment, 9 to 11 days after ovulation,
mares were fitted with a jugular catheter in sterile condi-
tions under local anesthesia and given iv 1.6 mg eLH per kg
body weight or vehicle (saline, N¼ 4 or 5 mares per group).
Blood samples were collected through the same catheter
into heparinized tubes at 0, 2, 5, 15, 30, 60, 180, 360, and
720 min after eLH treatment, centrifuged at 1500� g for 13
min and the plasma was stored at �20 �C until hormone
analyses.

2.3. Experimental procedures and data collection

Two different experiments were conducted sequentially
to determine the effects of elevated LH levels on (1) the
response of the dominant follicle to an ovulatory stimulus
(experiment 1) and (2) follicle growth and the levels of
follicular fluid factors associated with preovulatory matu-
ration (experiment 2). In the second experiment, the effects
of eLH administration were compared with responses to
the high endogenous LH levels induced after administra-
tion of a luteolytic dose of PGF2a.

2.3.1. Experiment 1. Effects of eLH administration on ovulatory
responses

Ten days after a natural ovulation, all ovarian follicles
>10 mm were ablated in each mare by transvaginal
ultrasound-guided follicle puncture to remove atretic
follicles and induce a new follicular wave, as described
previously [12]. Follicles that refilled with fluid and grew to
>15 mmwere reablated. Mares were randomly assigned to
receive eLH iv (eLH 1.6 mg/kg body weight) or an equivalent
volume of vehicle (physiological saline) every 12 h (N ¼ 8
mares per group) starting 1 day after ablation (Day 0) and
continuing until a dominant follicle reached >32 mm in
diameter, at which time hCG (3000 IU iv; Chorulon) was
administered to induce ovulation. A crossover design was
used whereby each mare was randomly assigned once to
each of the two treatments leaving a complete estrous cycle
between treatment periods. Throughout the treatment
period, follicle growth was monitored daily by transrectal
ultrasonography using a 7.5 MHz transducer on a DP-6600
Vet Digital Ultrasonic Diagnostic Imaging System (BCF
Technology, Livingston, UK). At each scanning session, the
diameter of follicles 10 to 15 mm was estimated by
comparison with the graduation marks on the scanner
screen and follicles >15 mm were measured with elec-
tronic calipers. Follicles were measured in two perpendic-
ular planes and the average of length and width was taken
as the actual diameter. After administration of hCG, the
frequency of scanning was increased to every 12 h to
precisely determine the time of ovulation, which was
detected as per the disappearance of the previous
preovulatory follicle and was confirmed by the latter
presence of an echoic corpus luteum. The development of
HAFs was established based on published ultrasound
criteria [11]. Blood samples were collected daily into
heparinized tubes immediately before the morning eLH
administration and until 12 days postovulation. Samples
were centrifuged at 1500 � g for 13 min immediately after
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