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Although equine gestation is unique from the standpoint of fetal gonadal enlargement and
regression, the activator of this process is still unknown. The present study aimed to show
a possible role of activin during equine gestation. In the first experiment, weekly plasma
samples from six pregnant mares were used to measure activin A. In the second experiment,
eight pregnant mares carrying female (gestational days 110, 140, 180, and 270) and male
fetuses (gestational days 120, 180, 225, and 314) were used for immunohistochemistry
of activin receptors (I4, IB, 1A, IIB), and their intracellular mediators (Smad2, Smad3,
Smad4). Activin A levels in maternal circulation remained low until fourth weeks of
gestation, thereafter, started to increase, and peaked first at 11 weeks of gestation. The
second significant peak was observed on the day of parturition. Activin receptors type IA,
1B, IIA, and IIB were immunostained in interstitial and germ cells of fetal ovaries and testes
along with utero-placental tissues. Smad2, Smad3, and Smad4 were also immunolocalized
in all these organs. These results demonstrated the activin-producing capacity of utero-
placental tissues, and also evidenced the existence of activin receptors and functional
signaling molecules in these organs. The first increment in circulating activin A in maternal
circulation coinciding with the timing of initiation of fetal gonadal enlargement suggests
that activin from the utero-placental tissues may have a stimulatory role in fetal gonad
enlargement and utero-placental development in mares, whereas the second peak could be
important to follicular development in the maternal ovary for foal heat.
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The equine fetal gonads of both sexes display a unique
phenomenon of remarkable enlargement of their size
resulting from an increased number and hypertrophy of
interstitial cells [37]. It is well established that the size of
the equine fetal gonads during the second half of gesta-
tion is larger than that of the maternal ovaries [4, 34, 35].
Although the mechanism and physiological significance of
this enlargement of fetal gonads are not clear, a previous
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study showed that gonadectomy in the equine fetus affected
fetal development [28]. To clarify the mechanism respon-
sible for enlargement of fetal gonads during gestation, a
key hormone, “activin,” was selected as a candidate in the
present study.

Activins, which belong to the transforming growth factor
beta (TGF-B) superfamily, were initially isolated from
porcine follicular fluid and characterized by their capacity
to stimulate the secretion of follicle-stimulating hormone
(FSH) from pituitary cell cultures [17, 40, 42]. The activins
are homo- and heterodimers of the B, and Py subunits
which are linked by a single covalent disulfide bond,
forming different isoforms like activin A (B Ba), activin
B (Bg Bg) and activin AB (B4 Pg). Activins mediate their
actions by binding to a complex of transmembrane serine
and threonine kinase receptors [27]. These activin receptors
can be classified into two main categories, namely the type
IT receptor group (ActR IIA or ActR IIB), and the type |
receptor group (ActR TA and ActR IB) [20]. The activins
can bind to their individual type II receptor (IIA or IIB)
when expressed alone but fail to bind to the type I receptor
in the absence of the type II receptor [27, 36]. However,
both receptor types are necessary to generate a high-affinity
complex with activin for its intracellular signaling [40, 41].
The activated activin type I receptor propagates the signal
through the phosphorylation of other cytoplasmic coacti-
vators (Smad2 and Smad3) proteins which then interact
with common Smad4. The activated Smad2/4 or Smad3/4
complex, which translocates to the cell nucleus, acts as the
transcription factor for target genes of activin signaling
[18, 41].

At present, the roles of activin are known to be diverse,
including cell proliferation, differentiation, apoptosis,
metabolism, homeostasis, immune response, wound repair,
and endocrine function [3]. The involvement of activins in
equine reproduction is evident from several experiments
that demonstrated the immunolocalization of activin 8, and
Bg subunits in fetal gonads [34, 35] and B, subunit in the
endometrium [2] and subsequent evidence of mRNA for
the B4 subunit in the endometrium [44] and fetal gonads
[34, 35]. Further evidence comes from an experiment that
detected the activin A subunit in the dominant follicle [24].

The plasma concentrations of activin have not yet been
characterized in pregnant mares. Although the activin
subunit proteins have been demonstrated in the equine fetal
gonads and placenta, there is no information on whether
the receptors and signaling molecules for activin exist in
these tissues or not. The objectives of this study were to
1) measure the activin A concentrations in the circulation
of pregnant mares and 2) perform immunostaining for the
activin receptors and their intracellular mediators in the
equine fetal gonads (testes and ovaries) and utero-placental

tissues to investigate the ontogeny of activin production
during the period of accelerated growth of the equine fetal
gonads.

Materials and Methods

Animals

In the first experiment, six 4- to 7-year-old pregnant
Thoroughbred mares, were used for blood collection.
Weekly blood samples were collected from the day of
mating (March 30 to May 1) until a week after the day of
foaling (March 2 to April 4) via the jugular vein into sterile
heparinized vacutainers at 1300-1400 hr. Blood samples
were also collected on the day of parturition. Plasma was
harvested and stored at —20°C until assayed. The mean dura-
tion of gestation was 340.3 £ 1.6 days (mean = SEM, n=6).

In the second experiment, four normal Thoroughbred
mares carrying female fetuses at gestational days 110, 140,
180, and 270 and four normal Thoroughbred mares carrying
male fetuses at gestational days 120, 180, 225, and 314,
were used for immunohistochemistry of activin receptors
(TA, 1B, 1IA, and IIB), and Smad2, Smad3, and Smad4.
Female (n=4; gestational days 110, 140, 180, and 270) and
male (n=4; gestational days 120, 180, 225, and 314) fetuses
and placentae were recovered from the pregnant Thorough-
bred mares after euthanasia. The final day of mating was
designated as Day 0 of gestation. The pregnant mares, which
all had serious injuries, were euthanized with an overdose of
a mixture of thiopental sodium (Mitsubishi Tanabe Pharma
Corp., Osaka, Japan) and suxamethonium chloride (Astellas
Pharma Inc., Tokyo, Japan) after intravenous administration
of medetomidine (Nippon Zenyaku Kogyo Co., Ltd., Fuku-
shima, Japan), prior to tissue recovery. All mares used in this
experiment were reared in Hokkaido, Japan. All procedures
were carried out in accordance with the guidelines on the
use of horses established by Rakuno Gakuen University.

Immunohistochemistry

The fetal gonad samples containing both ovaries (gesta-
tional days 110, 140, 180, and 270) and testes (gestational
days 120, 180, 225, and 314) were fixed in freshly prepared
4% (w/v) paraformaldehyde (MilliporeSigma, St. Louis,
MO, U.S.A.)in 0.01 M PBS and embedded in paraffin. For
immunohistochemistry, 6 um-thick tissue sections were
prepared. These sections were placed on glass slides coated
with 3-aminopropyltriethoxysilane.

Goat polyclonal antibodies against activin receptors
IA (AF637) and IIB (AF339) were purchased from R&D
Systems (Minneapolis, MN, U.S.A.). Goat polyclonal anti-
body against activin receptor IB; rabbit polyclonal antibody
against Smad2 (ab63576), Smad3 (ab28379), and activin
receptor ITA (ab71521); and rabbit monoclonal antibody
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against Smad4 (ab40759) were purchased from Abcam
(Cambridge, U.K.). The antibodies against activin receptors
IIB, IIA, IB, and IA were directed against the extracellular
domains of recombinant human activin receptors IIB, 1A,
IB, and TA, respectively. The antibodies against Smad2,
Smad3, and Smad4 were directed against the synthetic
Smad2 around the phosphorylation site of serine 467 (C-S-
S-M-S), a synthetic peptide of Smad3 corresponding to
amino acids 192-21, and a synthetic peptide corresponding
to Smad4 C-terminus, respectively, which were all of human
origin.

Sections were deparaffinized with a graded alcohol series
(100, 95, and 70% ethanol), and rinsed in tap water, and
endogenous peroxidase activity was quenched with 0.3%
H,0, in methanol. They were then processed for antigen
retrieval by autoclaving at 121°C for 15 min in the pres-
ence of antigen unmasking solution (Vector Laboratories,
Burlingame, CA, U.S.A.). Slides were rinsed in PBS and
blocked with appropriate sera for 20 min at 20°C. After
blocking, they were incubated with a primary antibody
overnight at 4°C. The primary antibodies were diluted in
PBS. The primary antibodies for activin receptor IIA and
IIB were diluted at the concentrations of 5 and 15 ug/m/,
respectively, and the rest of the primary antibodies were
diluted at the concentration of 10 ug/ml. After incubation
with the primary antibody, slides were rinsed for 5 min in
PBS and incubated with a biotinylated second antibody for
30 min prior to incubation with ABC reagent for 30 min
using a Vectastain ABC detection kit (Vector Laboratories).
The antigen-antibody complexes were then visualized by
staining with an AEC Chromogen Kit (Boster Biological
Technology, Inc., Fremont, CA, U.S.A.) for 5 min. Slides
were counterstained with hematoxylin for 2 min and
mounted in Mount-Quick Aqueous (Daido Sangyo Co.,
Ltd., Tokyo, Japan). As a control, sections were processed
for immunohistochemistry with the omission of the primary
antibody.

Hormone assay

Concentrations of activin A in plasma were measured by
a sandwich enzyme-linked immunosorbent assay (ELISA)
kit (DACO00B, R&D Systems, Minneapolis, MN, U.S.A.).
Concentrations of activin A were expressed in terms of
recombinant human activin A. The intra- and inter-assay
coefficients of variation were 2.3 and 7.1%, respectively.

Statistical analysis

The concentrations of activin A were expressed as means
+ SEM. One-way ANOVA, with Tukey’s multiple compar-
ison tests at P<0.05, was performed to detect significant
changes in the plasma concentration of activin A during
different stage of gestation.

Results

Characterization of the activin A ELISA kit

Displacement curves obtained with the two activin
preparations from the equine placental tissues homogenates
and ovarian follicular fluid are shown in Fig. 1. Competition
between the labeled and unlabeled antigens in the equine
placental tissues homogenates and ovarian follicular fluid
produced excellent dose-response curves in the assays with
the activin A ELISA kit. Each curve was reliably parallel to
the respective standard curve, indicating that it was possible
to measure the concentration of activin A in mares using
this kit. These results also clearly demonstrated that equine
placental tissues homogenates and ovarian follicular fluid
contained large amounts of activin A.

Changes in circulating activin A during gestation

The circulating activin A concentrations during gestation,
on the day of parturition, and one week after parturition are
shown in Fig. 2. The plasma concentrations of activin A
in the pregnant mares were low, at their basal levels, until
the fourth week (44.55 £ 12.51 pg/ml) of gestation. They
then started to increase and reached a significantly higher
level (91.60 + 15.91 pg/m/) at 11 weeks of gestation; they
subsequently remained at fairly similar levels and reached a
significantly high level (298.56 = 38.67 pg/m/) again on the
day of parturition. One week after parturition, the plasma
concentrations of activin A dropped abruptly (45.58 = 13.90
pg/ml), and it was comparable to the basal levels observed
before gestation (Fig. 2).

Immunohistochemistry

The results for the immune-localization of the activin
receptors (IA, IB, ITA, IIB) and their intracellular mediators
(Smad2, Smad3, Smad4) in the fetal gonads and placental
tissues are summarized in Tables 1 and 2. In addition, repre-
sentative results for the immunolocalization of the activin
receptors and their intracellular mediators in fetal ovaries,
testes, and placental tissues at 180 days of gestation are
shown in Figs. 3 and 4.

Immuno-localization of activin receptors IA, IB, 114,
and IIB

All types of activin receptors were immunolocalized in
germ cells and interstitial cells of the fetal ovary at 110,
140, 180, and 270 days of gestation (Table 1) and those of
the fetal testis at 120, 180, 225, and 314 days of gestation
(Table 2). The fetal ovary and testis were largely a mass of
interstitial cells. The expression patterns of the four types
of activin receptors in germ cells and interstitial cells of
fetal ovaries (110, 140, 180, and 270 days of gestation) and
fetal testes (120, 180, 225, and 314 days of gestation) did
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Flg. 1. Validation of the activin A enzyme-linked immunosorbent Flg' 2. Plasma concentrations of activin A in mares during gesta-

assay (ELISA) system for equine samples. Different dilutions of tion, on the day of parturition, and one week after parturition.
equine placental tissue homogenates (A ) and equine follicular Data were normalized to the day of mating (Day 0) in the fertile
fluid (m) produced dose—response curves that were parallel to cycle and to the day of parturition. Different letters indicate
the standard curve () produced with recombinant activin A. significant differences at P<0.001. Each value represents the
Each value represents the mean of triplicate determinations. mean = S.E.M. of six mares.

Table 1. Results of immunostaing of equine fetal ovary, placental tissue for activin receptors (1A, IB,
IIA, 1IB), and their intracellular mediators (Smad2, Smad3, Smad4)

Activin receptor Intracellular mediator
Fetal age
1A 1B 1A 11B Smad2 Smad3 Smad4
Fetal ovary

Germ cell 110 + + + + + + +
140 + + + + + + +

180 + + + + + + +

270 + + + + + + 4

Interstitial cell 110 + + + + + + +
140 + + + + + + +

180 + + + + + + +

270 + + + + + + +

Placental tissue

Trophoblast 110 + + + + + + +
140 + + + + + + +

180 + + + + + + +

270 + + + + + + +

Uterine gland 110 + + + + + + +
140 + + + + + + +

180 + + + + + + +

270 + + + + + + +

Endometrial stroma 110 + + + + + + +
140 + + + + + + +

180 + + + + + + "

270 + + + + + + +

Immunolabeling was scored as follows: - no immunolabeling; + immunolabeling above background.

not change throughout the period of gestation examined  and 314 days of gestation were immunostained with activin
(Table 1). Sertoli cells of the fetal testis at 120, 180, 225, receptors IB and IIB; however, activin receptors IA and 1A
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Table 2. Results of immunostaing of equine fetal testis, placental tissue for activin receptors (1A, IB,
IIA, 1IB), and their intracellular mediators (Smad2, Smad3, Smad4)

Activin receptor

Intracellular mediator

Fetal age
IA IB

IT1A 1IB Smad2 Smad3 Smad4

Fetal testis

Germ cell 120
180
225
314

120 -
180 -
225 -
314 -

Interstitial cell 120
180
225
314

Sertoli cell

T T

+ o+ o+ +

+ o+ o+ o+ ' + o+ o+ +
e S S e S SR S S A
+ o+ ' + '
S S S SN S S S
+ o+ o+ o+ ' '

Placental tissue

Trophoblast 120
180
225
314

Uterine gland 120
180
225
314

Endometrial stroma 120
180
225
314

I T s
I S T

+
+

R e T S S S S R
+ o+ o+ o+
+ o+t o+ o+
+ 4+ ++++ o+

B e T S S

+
+
+

Immunolabeling was scored as follows: - no immunolabeling; + immunolabeling above background.

were not immunostained (Table 2).

Immuno-positive staining of activin receptors IA, IB, IIA,
and IIB was observed in trophoblast cells, uterine glands,
and endometrial stromal cells of pregnant mares carrying
female fetuses (110, 140, 180, and 270 days of gestation;
Table 1). This was also true in pregnant mares carrying male
fetuses (120, 180, 225, and 314 days of gestation; Table 2).

Immuno-localization of activin intracellular mediators
Smad?2, Smad3 and Smad4

All three types of activin intracellular mediators, i.e.,
Smad2, Smad3, and Smad4, were immunolocalized in germ
cells and interstitial cells of the fetal ovary at 110, 140, 180,
and 270 days of gestation (Table 1). On the other hand, the
germ cells in the fetal testis at 120, 180, 225, and 314 days
of gestation were not immunostained with Smad4 (Table
2). In Sertoli cells of the fetal testis at 120, 180, 225, and
314 days of gestation, neither the Smad2 nor Smad4 type
of activin intracellular mediators was immunostained. In
interstitial cells of the fetal testes, the three types of Smads

were immunolocalized at all stages of pregnancy, i.e., at
120, 180, 225, and 314 days of gestation (Table 2).

Immuno-positive staining of Smad2, Smad3, and Smad4
was observed in trophoblast cells, uterine glands, and endo-
metrial stromal cells of pregnant mares carrying female
fetuses (110, 140, 180, and 270 days of gestation; Tables
1 and 2). This was also true in pregnant mares carrying
male fetuses (120, 180, 225, and 340 days of gestation).
The staining was completely absent in the control sections
of these tissues.

Discussion

In the present study, our hypothesis that activins belonging
to TGF-P family could be candidates for the cause of the
enlargement of equine fetal gonads was investigated with
the following two experiments. In the first experiment, the
plasma concentrations of activin A in pregnant mares were
characterized. In the second experiment, equine fetal gonads
and utero-placental tissues were immunohistochemically
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Fig. 3. Photomicrographs of histological sections of the equine fetal ovary (180 days of gestation), fetal testis (180 days of gestation), and
placenta (180 days of gestation). Tissue sections were stained with hematoxylin and eosin. Tissue sections incubated with antibodies to
activin receptors for IA (ActRIA; A, F, and K), IB (ActRIB; B, G, and L), IIA (ActRIIA; C, H, and M), and IIB (ActRIIB; D, I, and N)
are shown. Negative control sections for immunohistochemistry are also shown (E, J, and O). Arrow, germ cells; arrowhead, interstitial

cells; U, uterine gland; T, trophoblast cell. Bar=50 um.

analyzed for four types of activin receptors and three types
of intracellular mediators. The results of the first experi-
ment clearly showed that the concentrations of activin A in
maternal circulation remained low until four weeks of gesta-
tion, thereafter, started to increase, and peaked first at 11
weeks of gestation. Thereafter, a second remarkable peak of
circulating activin A was observed on the day of parturition.
There has previously been no information available on the
circulating status of activin in mares during gestation. Thus,
the changes of circulating activin A levels in pregnant mares
were characterized for the first time in the present study.

In the second experiment, the results clearly demonstrated
that four activin receptors, i.e., [IA, 1IB, IA, and IB, and
their three intracellular mediators, i.e., Smad2, Smad3, and
Smad4, were immunolocalized in the fetal gonad and utero-
placental tissues of the pregnant mares from 110 to 314 days
of gestation. This is the first report to focuses on the demon-
stration of activin receptors and cytoplasmic coactivators
proteins in equine fetal gonads. Supporting the present
results, a previous paper also demonstrated that all four
isoforms of activin receptor were expressed in the utero-
placental tissues, including the endometrial epithelium,



ROLES OF ACTIVIN A DURING GESTATION IN MARES 45

Fetal ovary

Fig. 4.

Placenta

Immunolocalization of the different Smads (SMAD?2; A, E, and I), (SMAD3; B, F, and J), (SMAD4; C, G, and K) in the fetal

ovary (180 days of gestation), fetal testis (180 days of gestation), and placenta (180 days of gestation) along with their respective
controls (D, H, and L). Arrow, germ cells; arrowhead, interstitial cells; U, uterine gland; T, trophoblast cell. Bar=50 um.

uterine glands, trophoblasts, and myometrium, throughout
gestation in mares [ 14]. In addition, contrary to our previous
findings [2] showing that the activin A concentrations in
fetal gonads were low, high levels of activin A were detected
in maternal endometrial tissues and fetal placental tissues.
Our previous study also showed that the concentration of
activin A in maternal endometrial tissues was significantly
higher than that in fetal placental tissues [2].

The equine uterine glands, but not the trophoblast cells,
express mRNA for activin/inhibin BA subunit [43], and
this protein has been confirmed to be immunolocalized
[2, 44] in the same tissue. Activin A levels in placental/

endometrial homogenates followed a similar pattern of fetal
gonadal enlargement and regression, pointing at a possible
physiological role of activin, such as the up-regulation of
LH and FSH receptors, and stimulation of secretion of FSH
and gonadal hormones, behind this mechanism of the fetal
gonads [2]. These previous results demonstrated the activin-
producing capacity of the maternal uterus and placenta. In
addition, the present results evidenced the existence of
activin receptors and functional signaling molecules in these
organs. The present study, together with our previous study
[2], revealed that the maternal uterus is a major source of
activin. Furthermore, the placental tissue is also a source
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of activin during equine gestation. The first increment in
activin A level in maternal circulation and utero-placental
homogenates coinciding with the timing of initiation of
fetal gonadal enlargement suggests that activin from utero-
placental tissues may have a stimulatory role in fetal gonad
enlargement and utero-placental development in mares. On
the other hand, the second sharp increase of activin A in
the maternal circulation on the day of parturition could be
important to follicular development in the maternal ovary
for foal heat through stimulation of FSH secretion from the
anterior pituitary gland and upregulation of LH and FSH
receptors in the maternal ovary.

The fetal gonads of the horses are unique in that they
gradually increase in size from around day 100 of gestation
to their maximum size at day 250 of gestation, subsequently
regressing towards the end of gestation [6]. The fetal testis
[35] and ovary [34] stain positively for inhibin/activin fA
subunit. A previous study also reported that the inhibin A
concentrations in homogenates of fetal gonadal tissues and
the fetal circulation were very high as compared with the
respective maternal samples, whereas the activin A concen-
trations in the fetal gonads were undetectable [2]. This
clearly indicates that the BA subunit produced by the fetal
gonads is in the form of inhibin A, without the formation of
activin A. If there is an activin signaling mechanism in the
fetal gonads, the source of the activin is likely extragonadal.

The present study characterized the circulating activin
A concentrations in pregnant mares during gestation and
a week after parturition. Circulating activin A concentra-
tions significantly increased at around 80 days of gestation.
This coincides with the period just prior to initiation of
the enlargement of the fetal gonads [4]. The intra-gonadal
and endocrine roles of activin have been demonstrated in
primates [30], sheep [13], rats [22], golden hamsters [26],
and chickens [32], which showed the differential roles of
activin, such as germ cell development [19]; hypothalamic,
pituitary, and gonadal hormone secretion [16, 23]; and
upregulation of LH and FSH receptors [9, 15, 25]. The
present results show that the fetal gonads express all forms
of activin receptors and Smads required for the intracel-
lular mediation of activin signaling at all the stages of
development, suggesting the possibility of activin action
in the developing fetal gonads. The present study suggests
that elevated activin A may increase FSH and LH recep-
tors in the fetal gonads, resulting in gonadal development
in the presence of the low but unchanging levels of FSH
and LH. The first significant increase in the circulating
activin A concentration in pregnant mares also coincides
with some critical events of placentation in equines. The
equine embryo takes a considerably long time (40 days)
to attach to the uterus [33]. The complex micro-cotyledon
formation of the equine placenta completes gradually over

75-100 days [33]. The equine placenta forms endometrial
cups that secrete equine chorionic gonadotropin (eCG) [1,
7]. The peak of eCG is at around 80 days [11], which is
also the time at which the activin A concentration peaked
in the pregnant mares in the present study. This leads to
the suggestion that activin A promotes eCG secretion from
the endometrial cups. Evidence from human placental cells
[29] indicates that activin regulates the secretion of human
chorionic gonadotropin (hCG) and gonadotropin-releasing
hormone (GnRH). Similar phenomena could be anticipated
with respect to the elevated activin A at around 80 days
of gestation in mares. Supporting the present results, our
previous study clearly demonstrated that all four isoforms
of activin receptors were expressed in the utero-placental
tissues, including the endometrial epithelium, uterine
glands, trophoblasts, and myometrium, throughout equine
gestation [14]. These results suggested the potential role
of activin in the utero-placental tissues in pregnant mares
[14]. The receptors for the activins and their intracellular
mediators, Smads, were immunostained in utero-placental
tissues of mares in the present study from as early as 110
days through to 314 days of gestation. The immunostaining
was evident in both the uterine glands and trophoblast cells.
The present study, together with our previous study [2],
suggests that activins may be involved in the regulation of
hormone secretion from the equine placenta, as well as in the
development of the placenta in an autocrine and paracrine
fashion. Previous papers reported that activin receptors are
expressed in the endometrial epithelium, uterine glands, and
trophectoderm in ewes [10] and rats [5].

The circulating activin A concentrations in the pregnant
mares were at a fairly constant level after 80 days of gesta-
tion until 250 days of gestation. On the day of parturition,
the circulating activin A concentration showed a sharp,
significant increase. At the time of parturition, an increase
in basal levels of FSH has been reported in pregnant mares
[12, 38]. Ginther [6] suggested that this FSH increase may
be related to either the removal of inhibitory influences
from the feto-placental unit or the hormonal changes that
initiated parturition. Contrarily, high amounts of inhibin are
secreted by the fetal gonads [34, 35], and the gonadal size
decreases almost tenfold [4] as parturition nears, thereby
causing a sharp drop in circulatory inhibin levels in mares.
The inhibitory function of inhibin on FSH secretion [21, 40]
is thus removed, thereby allowing FSH to increase. Mares
exhibit foal heat, which begins 5—12 days after foaling [8].
Alternatively, the present results indicate that another factor,
activin, stimulates the FSH secretion ultimately responsible
for foal heat. Activin stimulates FSH secretion from the pitu-
itary gland [39] and also stimulates the production of FSH
and LH receptors in the granulosa cells in ovarian follicles
of the maternal ovaries [15]. The present results suggest that
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the surge of activin A on the day of parturition in mares may
be responsible for the FSH surge observed at the same time
of gestation in earlier studies [12, 38]. A previous study on
human gestation [31] showed that activin A levels increase
during pre-eclamptic parturitions, indicating a relation-
ship between activin A and increased gestation labor. The
activin A surge in the parturient mares in the present study
was not associated with such a possibility, as all the mares
foaled normally. This further supports our hypothesis that
activin A in peri-parturient mares could be important for
foal heat. Further detailed studies are warranted to prove
this hypothesis.

In conclusion, the present study characterized the circu-
lating activin A concentrations during gestation in mares
along with possible endocrinological associations to the
significant increments in the concentrations of activin A.
Furthermore, this study evidenced the biological machinery
required for activin signaling in the equine fetal gonads and
utero-placental tissues during gestation.
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