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a b s t r a c t

The present study evaluated the influence of different regimens of estradiol benzoate (EB)
treatments followed by a single dose of long-acting progesterone (LA P4) on plasma
estrogen and P4 concentrations in noncyclic mares prepared as embryo recipients.
Twenty-one anestrous mares were distributed into three groups (n ¼ 7 mares per group),
according to the EB dose received (single dose of 2.5 mg, total of 5 mg in decreasing doses,
and total of 10 mg in decreasing doses), which was followed by a single administration of
1500 mg of LA P4 in all groups. Mares were reevaluated during the ovulatory phase and
seven of them became part of the cyclic nontreated control group. Ultrasonography was
performed to monitor endometrial edema, and blood samples were collected to measure
estradiol (E2), estrogen conjugate (EC), and P4 by RIA. Maximum uterine edema was
achieved 24 hours after administration of EB in all treated groups. Maximum E2 concen-
trations were observed 24 hours after the first EB injection in treated groups and there
were no differences (P > 0.05) among treatments. Maximum EC concentration was
observed 24 hours after the single EB injection in the 2.5-mg group, whereas in the 5- and
10-mg groups EC peaks were observed 48 hours after the first EB administration.
Maximum P4 concentrations were detected 24 hours after LA P4 injection, although higher
P4 concentrations were observed in the group treated with 2.5 mg of EB than in that
treated with 10 mg of EB (P < 0.05). Because P4 concentrations were reduced after
administration of high doses of EB, we also measured 17a-hydroxyprogesterone (17-OH-P)
to test the hypothesis that high concentrations of EB would accelerate the conversion of P4
to 17-OH-P. However, 17-OH-P concentrations paralleled P4 profile in all groups, irre-
spective of EB doses. In summary, the three EB treatment regimens induced similar E2
peaks, although the observation of EC peaks 24 hours after E2 peaks in the 5- and 10-mg
groups indicate that an excess of E2 was given, which was converted into EC to be inac-
tivated. Administration of 10 mg of EB reduced P4 concentrations 24 hours after LA P4 was
given. We demonstrated that the mechanism by which this reduction occurred was not by
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an increase in P4 metabolism to 17a-OH-P. In conclusion, the use of 2.5 mg of EB followed
by 1500 mg of LA P4 appears to be a more appropriate regimen to treat noncyclic mares,
although additional studies are needed to verify embryo survival with this treatment dose.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Equine embryo transfer (ET) is aworldwide technique in
which the highest number of transferred embryos per year
is found in Brazil, Argentina, and the United States [1].
However, a major limiting factor in the ET programs is the
reduced number and quality of recipient mares during the
breeding season and especially during the early spring
transitional period [2]. For some horse breed associations in
the southern and northern hemisphere, the use of recipient
mares early in the year outside the normal breeding season
(spring through early fall) is very desirable [3] because
there is economic pressure for foals to be born early in the
foaling season to enhance their athletic performance.

To increase the availability of recipient mares in ET
programs, exogenous estrogen and progesterone (P4) treat-
ments are usually administered to noncyclic mares [2–6].
Currently, noncyclic recipient mares often receive estradiol
benzoate (EB) [2,7,8], an ester of the natural estrogen 17b-
estradiol (E2) with an approximate half-life of 3 days [9].
After the observation of endometrial edema, long-acting
progesterone (LA P4; half-life of 7 days) is administered 3
to 8 days before ET [3,10], or altrenogest is given during 4 to
6 days before transfer [2,11], to achieve an appropriate pro-
gesterone concentration (�2.5 ng/mL) [6] at the time of ET.
Thesehormones (natural or synthetic) induce similaruterine
changes to those which occur in cyclic mares [12], such as
endometrial edema caused by estradiol followed by
increaseduterine toneandstimulus tohistotrophic secretion
as a result of exogenous progestin treatment [13]. The hor-
monal changes prepare the uterus for a possible pregnancy.

Although protocols for exogenous P4 have already been
described regarding suitable P4 concentrations for preg-
nancymaintenance [14], EB administration is empirical with
different reports of dose and administration frequencies for
preparing noncyclic recipient mares such as a single dose of
2.5 mg [2,11] and decreasing doses of 5 [15] or 10 mg [7,8].

To our knowledge, there are no studies comparing EB reg-
imens to select the treatment that causes endometrial edema
and produce similar estrogen concentrations to those found in
cyclic mares during estrus. The knowledge of an exogenous
estrogen protocol that is more compatible with endogenous
estrogen concentrations found in cyclicmareswould optimize
the hormone regimen in noncyclic embryo recipient mares.
Therefore, the objective of this studywas to evaluate different
regimens of EB followed by a single dose of LA P4 on plasma
estrogen and P4 concentrations in noncyclic mares and eval-
uate the degree of endometrial edema after treatments.

2. Material and methods

2.1. Animals and experimental groups

Twenty-one cross-bred mares from 5 to 15 years of age,
weighing between 350 and 450 kg, were used in the study.
Mares were maintained on coast-cross hay (Cynodon
dactylon) with water and trace-mineralized salt ad libitum.
The experiment was conducted from June to December in
Botucatu, São Paulo, Brazil (latitude 22�5300900 and longi-
tude 48�2604200). In the southern hemisphere, June through
early September are winter months, and late September
through early December is the spring season. Animal
procedures were approved by the Ethics Committee on
Animal Use at the School of Veterinary Medicine and
Animal Science, Universidade Estadual Paulista (CEUA-200/
2014).

Data were collected from anestrous mares that were
used later in the season for data collection during the cyclic
phase. Anestrous mares were those showing ovarian folli-
cles less than 20 mm in diameter, absence of a CL, and P4
concentrations <1 ng/mL on three evaluations at 7-day
intervals. Data from all anestrous mares were collected in
July and August, under short-day photoperiod. Cyclic mares
were those showing regular estrous cycles with ovulatory
follicles and presence of a CL at least once in 21 days. Data
from cyclic mares were collected between October and
December, under increasing photoperiod.

The 21 anestrous mares selected to the experiment
were randomly distributed into three groups (n ¼ 7 mares
per group), according to EB regimen followed by the same
dose of LA P4: 2.5 mg EB þ LA P4, 5 mg EB þ LA P4, and
10 mg EB þ LA P4. After treatments, the anestrous mares
were monitored until cyclic activity was detected. Once in
the cyclic reproductive phase, seven mares were
randomly chosen out of the initial 21 to be part of the
control group. Data collection in the control group started
from the third estrous cycle of the breeding season. A
cyclic nontreated control group was used to compare
artificially induced reproductive phases to physiological
reproductive phases.

2.2. Hormone treatments

Mares from the group 10 mg EB þ LA P4 received 10 mg
of EB (Estrogin, im) in decreasing doses (5, 3, and 2 mg on
consecutive days), and 24 hours after the last EB adminis-
tration, 1500 mg of LA P4 (Sincrogest Injetável, im) was
given (Fig. 1A). The group 5 mg EBþ LA P4 received 5 mg of
EB in decreasing doses (3 and 2 mg on consecutive days),
and 24 hours after the last EB administration,1500mg of LA
P4 was given (Fig. 1B). The group 2.5 mg EB þ LA P4
received a single 2.5-mg dose of EB, and 48 hours after its
administration, mares were treated with 1500 mg of LA P4
(Fig. 1C). Control group consisted of cyclic mares that did
not receive EB and LA P4 treatments. During the cyclic
phase of the control group mares, ovulation induction was
performed using 1500 IU of hCG (Vetecor, iv) after detec-
tion of a 35-mm follicle or more and uterine edema to
synchronize evaluation days between natural and artificial
cycles (Fig. 1D).



Fig. 1. Representative scheme of the EB followed by LA P4 treatments administered to groups: (A) 10 mg EB þ LA P4, (B) 5 mg EB þ LA P4, and (C) 2.5 mg EB þ LA
P4. During the cyclic phase of the control group mares, ovulation induction was performed after detection of a 35-mm follicle or less and uterine edema (D) to
synchronize evaluation days between natural and artificial cycles. Daily ultrasound examinations and blood collections were performed in all groups. D, day; EB,
estradiol benzoate; LA P4, long-acting progesterone.
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2.3. Ultrasound examinations

Mares were examined with B-mode ultrasonography
(MindrayDP-3300Vet, Shenzhen, China) to monitor their
reproductive status during anestrus and cyclic phase.
Moreover, when data collection was initiated, ultrasonog-
raphy was performed daily immediately before the first EB
administration until Day 5 after LA P4 administration (Day
0) in treated groups and from the detection of a 30-mm
follicle until Day 5 after ovulation (Day 0) in control
group. During this period, endometrial edema was quan-
tified and scored as 0 (no edema), 1 (slight edema), 2
(moderate edema), or 3 (high edema) [16].
2.4. Blood collection

Blood samples were collected through jugular veni-
puncture into heparinized tubes every 24 hours immedi-
ately before the first EB administration until Day 5 after LA
P4 administration in treated groups and from the detection
of a 30-mm follicle until Day 5 after ovulation in control
group. Plasma samples were centrifuged and stored at
�20 �C until assayed for E2, estrogen conjugate (EC), and P4
by RIA.
2.5. Radioimmunoassay

2.5.1. Estradiol radioimmunoassay
The concentrations of plasma E2 were measured by a

validated RIA [17]. The primary antibody was a sheep anti-
estradiol-17b-6-BSA (#244, Niswender; Colorado State
University, Fort Collins, CO, USA) used at a 1/60,000 dilu-
tion, and the trace was 3H-estradiol (1, 2, 6, 7-3H-E2,
NET-317, specific activity 70–115 Ci/mmol; Perkin Elmer
Life Science, Boston, MA, USA). Standards (E950; Steraloids,
Wilton, NH, USA) ranged from 6.25 to 500 pg/mL. Two
hundred microliters of plasma or control samples were
extracted with 2 mL of fresh reagent grade anhydrous ethyl



Table 1
Median scores of uterine edema found in noncyclic mares (n ¼ 7 per
group) after EB treatment using a single dose of 2.5 mg on D�2, a total of
5 mg in decreasing doses (3 and 2 mg on consecutive days, D�2 and D�1,
respectively), and a total of 10 mg in decreasing doses (5, 3 and 2 mg on
consecutive days, D�3, D�2, and D�1, respectively), followed by treat-
ment with 1500 mg of LA P4 on Day 0.

Groups Uterine edema

Days relative to progesterone injection or
ovulation (D0)

D�3 D�2 D�1 D0 D1 D2 D3 D4 D5

2.5 mg EB þ LA P4 d 0a 3 3 1 1 1 1 1
5 mg EB þ LA P4 d 0a 3 3 2.5 2 1.5 1.5 1.5
10 mg EB þ LA P4 0a 3 3 3 2.5 2 2 2 2
Control 3 3 2 1.5 1 1 1 1 1.5

The median scores for cyclic mares (control group) at the corresponding
days to treated mares are shown.
Abbreviations: D, day; EB, estradiol benzoate; LA, long acting.

a Uterine edema immediately before EB administration.
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ether (EMD-Millipore, Gibbstown, NJ, USA) and recon-
stituted with 300 mL of PBS with 0.1% porcine skin gelatin
(PBS-G; Sigma, St Louis, MO, USA). The sensitivity of the
assay was 8 pg/mL, and the intra- and inter-assay
coefficients of variation were 3.9% (n ¼ 6) and 8.9%
(n ¼ 8), respectively. The extraction efficiency was 88%.

2.5.2. Estrogen conjugate RIA
The concentrations of plasma EC were measured by a

validated RIA [18]. The primary antibody was a rabbit anti-
estrone-3-glucuronide (R-583, C.J. Munro; Clinical Endo-
crinology Laboratory, University of California, Davis, CA,
USA) used at a 1/12,000 dilution, and the trace was estrone
sulfate (6,7 3H(N), NET-203; Perkin Elmer Life Science).
Estrone sulfate was also used as standards (E0251; Sigma–
Aldrich, St Louis, MO, USA), ranging from 0.05 to 12.5 ng/
mL. Tris/gel was added to 50 mL of plasma or control sam-
ples to bring volume up to 300 mL.

When using estrone-3-sulfate as the standard (100%),
the antibody cross-reacted with estrone (200%), estradiol-
17b (100%), equilin (50%), estrone-3-glucuronide (38%),
estradiol-3-sulfate (21%), estradiol-3-glucuronide (6.8%),
and cross-reaction was less than 0.5% with all the non-
estrogenic steroids tested [18]. The sensitivity of the assay
was 0.1 ng/mL, and the intra- and inter-assay coefficients of
variation were 3.0% (n ¼ 6) and 7.3% (n ¼ 4), respectively.

2.5.3. Progesterone and 17a-hydroxyprogesterone RIAs
Plasma P4 concentrations were measured using a

commercial kit (Immunotech Beckman Coulter–Brea, CA,
USA) according to manufacturer’s recommendations.
Measurements were performed in three assays, and the
antiserum was specific for P4, with minimal sensitivity of
0.05 ng/mL. The antiserum presented low cross-reactivity
to other steroid hormones, as follows: 5a-pregnanedione
(15.02%), 5b-pregnanedione (8.12%), 6b-hydroxiprogester-
one (5.1%) corticosterone (4.07%), 11-desoxycorticosterone
(2.56%), 16a-hydroxiprogesterone (1.82%), and 17a-
hydroxiprogesterone (1.15%). The intra- and interassay co-
efficients of variation were 12.0% (n ¼ 6) and12.6% (n ¼ 3),
respectively.

Because P4 concentrations were reduced after the
administration of higher doses of EB, we hypothesized that
high estrogen concentrations could be accelerating P4
metabolism. In this regard, we quantified 17a-hydrox-
yprogesterone (17-OH-P) plasma concentrations starting
from Day 0 immediately before LA P4 administration or on
ovulation day in treated and control groups, respectively.
Concentrations of 17-OH-P were also measured using a
commercial kit (ImmuChem 17a-hydroxyprogesterone CT
RIA kit; MP Biomedicals, Orangeburg, NY, USA) according to
manufacturer’s recommendations. Measurements were
performed in two assays, and the antiserumwas specific for
17-OH-P. Minimal sensitivity was 0.1 ng/mL. The intra- and
inter-assay coefficients of variation were 4.3% (n ¼ 6) and
12.5% (n ¼ 2), respectively.

2.6. Statistical analysis

Descriptive statistics (measures of central tendency and
dispersion) were carried out to characterize the study
sample. All response variables were not normally distrib-
uted and were log transformed for analysis to achieve
normality. Data were presented as geometric means with
confidence intervals to show values in the original scale. A
repeated measures model [19] was constructed with PROC
MIXED [20] to compare the mean E2, EC, P4, and 17-OH-P
concentrations among collection days and treatments. The
autoregressive covariance structure provided the best fit to
the data and was used to model the correlation between
repeated observations within the same mare. Statistical
significance was defined as P < 0.05.

3. Results

3.1. Ultrasound examinations

The median scores of uterine edema found during
treatments with EB and LA P4 and the edema scores found
in the control group are shown in Table 1. A lack of uterine
edema was observed before treatments. After EB injection,
high uterine edema was achieved 24 hours after adminis-
tration in all treated groups, remaining high until LA P4
injection. After LA P4 administration, reduction in the
edema scores were observed, where the 2.5-mg EB group
presented slight edema from Day 1 onward, the 5-mg EB
group showed slight to moderate level from Day 3 onward,
and the 10-mg EB group exhibitedmoderate level fromDay
2. In the control group, high edema was observed 3 and
2 days before ovulation, after which a gradual decrease to a
slight level was detected on Day 1 after ovulation. On Day 5,
a slight increase in the edema (slight to moderate level)
was observed in the control group.
3.2. Plasma concentrations of estradiol and EC

Maximum concentrations of E2 were observed 24 hours
after the single or first EB injection in treated groups, and
there were no differences (P > 0.05) among treatments
(Fig. 2A–C) despite the different doses that were initially
given. In the control group, higher concentrations of E2
were observed on D�2 (Fig. 2D) and there were no
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Fig. 2. E2 and EC concentrations (geometric means with confidence intervals) in (A) noncyclic mares treated with a single dose of 2.5 of EB on D�2; (B) total of
5 mg of EB in decreasing doses for two consecutive days starting from D�2; (C) total of 10 mg of EB in decreasing doses for three consecutive days starting from
D�3. The administration of 1500 mg of LA P4 on Day 0 was performed in all treated groups. (D) Concentrations of E2 and EC in nontreated cyclic mares (control
group), where Day 0 was considered as the day of ovulation. Asterisks within days between groups indicate P < 0.05. EC, estrogen conjugate; E2, estradiol; LA P4,
long-acting progesterone.
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differences (P > 0.05) compared with E2 maximum con-
centrations of the treated groups. When E2 concentrations
were compared after LA P4 injection (from Day 1 onward)
between groups, statistical difference was only detected on
Day 1 between the 10-mg EB and control groups (P < 0.05;
Fig. 2C, D).

Maximum concentrations of EC were observed 24 hours
after the single EB injection in the 2.5-mg group (Fig. 2A),
whereas in the 5- and 10-mg groups higher concentrations
were observed 48 hours after the first EB administration (or
24 hours after the second injection; Fig. 2B, C). After the
peak, concentrations decreased to minimal sensitivity
levels (0.1 ng/mL) on Day 1 in the 2.5-mg group (Fig. 2A)
and on Day 4 in the 5- and 10-mg EB group (Fig. 2B, C). EC
peak was observed on D�2 in the cyclic group and there-
after decreased continuously until Day 1, remaining rela-
tively constant until Day 5 (Fig. 2D). Differences were not
observed (P > 0.05) when maximum concentrations of EC
were compared among treated groups and between treated
and control groups. After LA P4 injection, there were no
differences in EC concentrations between groups
(P > 0.05).

3.3. Plasma concentrations of progesterone and 17-OH-P

Maximum concentrations of P4 were observed 24 hours
after injection of 1500 mg of LA P4 in treated groups
(Fig. 3A). Despite the same dose of LA P4 given, different P4
concentrations were detected between groups treated with
different EB concentrations. Concentration of P4was higher
on Day 1 (24 hours after P4 injection) in the group treated
with 2.5 mg of EB than in groups treated with 5 or 10 mg of
EB, although statistical difference was only detected
(P < 0.05) when the 2.5- and 10-mg EB groups were
compared. There was no difference (P > 0.05) on Day 1
between the 5- and 10-mg EB groups (Fig. 3A).

Concentrations of P4 showed a sharp decrease on Day 2
after LA P4 injection, followed by a less pronounced
decrease until Day 5 in the treated groups. There were no
statistical differences between treated groups from Day 2
onward (Fig. 3A). In the control group, concentrations of P4
were low before ovulation and started to increase from Day
1, increasing gradually until Day 5. Concentrations of P4
were significantly lower (P < 0.05) in the cyclic group on
Day 1 and significantly higher on Day 5 compared with the
treated groups (P < 0.05; Fig. 3A).

The 17-OH-P concentrations paralleled the P4 profile in
both treated and control groups. There appeared to be an
increase 24 hours after LA P4 injection and gradual
decrease on the subsequent days. In the control group, the
P4 metabolite concentration increased gradually until Day
5. When the hormone concentrations were compared be-
tween groups, higher values were observed in the control
group compared with the 10-mg EB group (P < 0.05)
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starting from Day 2 onward and compared with the 5-mg
EB group on Day 5 (Fig. 3B).
4. Discussion

In view of the fact that recipient mares are key factors
for the success of ET programs and that cyclic recipients are
not always available, the use of noncyclic mares as embryo
recipients has gained more interest. However, the admin-
istration of hormone protocols to noncyclic recipients has
not been completely investigated, especially the use of
estrogen. In the present study, we evaluated and compared
plasma E2 and P4 concentrations after treating noncyclic
mares with different regimens of EB followed by a single
dose of LA P4. Our focus was to evaluate which protocol
would produce similar uterine edema and plasma estrogen
concentrations to those observed in cyclic mares. A cyclic
nontreated control group was important to include to
observe the natural endogenous estradiol and progester-
one concentrations during late estrus and early diestrus.

Administration of a single dose of 2.5 mg EB and the first
doses of 3 and 5 mg of EB from the 5- and 10-mg EB group,
respectively, were effective at promoting high endometrial
edema 24 hours after injection. High edema was also
observed in the control group, 3 and 2 days before ovulation
which is in agreement with previous reports on cyclic mares
[21]. Moreover, edema remained high in all treated groups,
regardless of additional EB injections, until LA P4 adminis-
tration. Uterine edema accompanied estrogen profile in the
control group, whereas in treated groups, mainly in the ones
treated with higher EB concentrations, decrease in estrogen
concentrations did not necessarily decrease uterine edema
to the same extent. It is likely that the higher EB concen-
trations given to the 5- and 10-mg EB group continued to
stimulate uterine edema even after P4 administration and
the decline of plasma estrogen concentrations.

Ultrasonic uterine echotexture studies have revealed
the presence of a slight increase in edema in early diestrus
during the first half of the ovulatory season but not during
the second half [22]. This phenomenon may reflect follic-
ular growth that occurs in some mares in early diestrus or
estrogen production by the developing corpus luteum [18].
Accordingly, in the present study, a slight rise in edemawas
observed on Day 5 after ovulation in the control group.
However, we do not have accurate information on follicular
activity after ovulation because our focus was on the uterus.
Here, the reason for the slight rise in uterine edema on Day
5 after ovulation is inconclusive.

It is generally considered that measuring the active form
of estrogen, E2, provides the best information in terms of
hormone signal delivered to the target cell. However,
because circulating E2 concentrations are low in some
animals, the accuracy of this method is sometimes limited
[18]. In the present study, only concentrations after EB in-
jections were above the E2 assay sensitivity. On the other
hand, plasma EC concentrations are 100-fold higher than
plasma E2 concentrations [18]. In addition, it has been re-
ported that the increase of plasma-conjugated estrogens
parallels plasma E2, and thus, the same physiological in-
formation can be obtained by EC (estrone sulfate) analysis
in cyclic mares [18]. For this reason, we also provided the EC
profile in treated and control groups.

As observed in the control group, EC profile paralleled E2
profile in the 2.5-mg EB group, where maximum EC and E2
concentrations were detected 24 hours after EB adminis-
tration followed by a decrease of both hormone concentra-
tions. However, EC peaks in the 5- and 10-mg EB groups
were observed24hours after E2peak. Inwomen, it has been
described that estrogens aremainly present in their inactive
sulfated form in serum and tissue [23], being estrone-3-
sulfate an important precursor for the active biological
form, E2. As EC has longer half-life than E2, it has been
considered a storage form for estrogens [24]. Considering
that sulfated estrogens are unable to bind to the estrogen
receptors, sulfonation of estrogens results in their inacti-
vation [23]. Therefore, conjugation with sulfate protects
cells and tissues from an excess of active estrogens. In
addition, sulfate conjugation and removal of the sulfate by
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specific enzymes are important for a balance in the organ-
ism [25]. In this context, as EC maximum concentrations
were observed after E2 maximum concentrations in the
groups that received higher EB concentrations in this study,
we suggest that therewould be an excess of E2 in the 5- and
10-mg groups that were sulfated into EC to be inactivated.

When estrogen concentrations of the treated groups
were compared with the control group, peak concentra-
tions of EC and E2 were similar, regardless of the EB dose
administered. Estrogen concentrations started to decline
before LA P4 administration in the 2.5-mg EB group,
whereas in the 5- and 10-mg EB groups estrogen concen-
trations began to decline on the day of LA P4 injection or on
the day after, respectively. However, in all treated groups,
E2 concentrations were as low as observed in the control
group from Day 2 after LA P4 administration onwards
which are the usual days in which ET are performed. In this
regard, the different doses of EB administered produced
similar estrogen concentrations to those found in the
control group when comparing maximum estrogen con-
centrations and after Day 2 of LA P4 injection.

Surprisingly, there was an effect of EB on P4 concentra-
tions, despite the same LAP4 dose given to all treated groups.
Higher EB doses led to lower P4 peaks 24 hours after LA P4
administration. In the steroid biosynthetic pathways,
cholesterol is converted to pregnenolone by the cholesterol
side-chain cleavage enzyme, which in turn can be converted
to P4 through 3b-hydroxysteroid dehydrogenase and steroid
delta-isomerase enzymes. Furthermore, P4 can be converted
either to 17-OH-P4 by the enzyme 17a-hydroxylase in the
ovaries or to deoxycorticosterone by the 21-hydroxylase
enzyme in the adrenals. In the ovaries, androstenedione is
formed from 17-OH-P4, followed by conversion into testos-
terone and to estrogens (includingE2) [26]. However, a direct
effect of estrogen on P4 after administration of exogenous
hormones in mares is still not known.

In cultures of swine granulosa cells, estrogen inhibited
total P4 in a time- and dose-dependent fashion [27]. There
are two possibilities in which P4 can be inhibited, either by
inhibiting conversion of pregnenolone to P4 or accelerating
P4metabolism to its metabolites. The predominant locus of
estrogen action was the blockade of pregnenolone’s con-
version toP4, rather than acceleratedmetabolismof P4 to its
metabolites. According to the authors, increasing concen-
trations of E2 attained in antral follicular fluid during the
later stages of follicle maturation could effectively limit the
premature secretion of large quantities of P4 before ovula-
tion [27].Webelieve that a regulationbetweenestrogenand
progesterone could also take place in the mare. Because we
provided exogenous P4 to noncyclic mares, we hypothe-
sized that the most likely mechanism by which estrogen
would decrease P4 concentrationswould be by accelerating
P4 metabolism. In this way, we sought to evaluate whether
the higher EB doses given to the anestrous mares would
generate higher P4 metabolite, namely the 17-OH-P. How-
ever, the opposite was observed, the metabolite concen-
trations accompanied P4 profile, and although
concentrations were not statistically different between
treated groups, the higher the EB dose administered, the
lower the P4 metabolite peak after LA P4 administration. It
has been reported that large doses of E2 can decrease
17a-hydroxylase activity in the ovaries of immature hy-
pophysectomized rats [28], thereafter reducing 17-OH-P
concentrations. Alternatively, as observed for the control
group, we believe that P4 metabolite concentrations in the
treated groups may be only the reflection of the normal
metabolism of plasma P4.

Considering that accelerated P4 metabolism does not
seem to be themechanism bywhich high doses of estrogen
reduces P4 concentrations here, the steroidogenesis con-
version pathway left is through conversion of P4 to deox-
ycorticosterone through the enzyme 21-hydroxylase [26].
In pregnant women, estrogen treatment increased con-
version of plasma P4 to deoxycorticosterone through
regulation of extra-adrenal 21-hydroxylase activity [29].
Therefore, it is very likely that in the groups inwhich mares
received high doses of EB, mainly in the 10-mg EB group, P4
was converted to deoxicorticosterone. This is yet to be
determined in future studies.

In conclusion, administration of total doses of 2.5, 5, and
10 mg of EB were effective at promoting maximum uterine
edema until treatment with LA P4. However, uterine edema
in the 10-mg EB group was not decreased to minimum
levels after P4 administration as observed in the control
group after ovulation. The three doses induced similar E2
peaks after administration; however, the observation of EC
peaks 24 hours after E2 peaks in the 5- and 10-mg groups
suggest that an excess of the active form E2 was given
which was converted into EC to be inactivated. In addition,
administration of 10 mg of EB significantly reduced P4
concentrations 24 hours after LA P4 was given, and we
could demonstrate that the mechanism by which high
doses of estrogen reduce P4 concentrations is not by
increased P4 metabolism to 17-OH-P. Therefore, the use of
2.5 mg of EB followed by 1500 mg of LA P4 seems to be a
more appropriate regimen to prepare noncyclic mares in
our experimental conditions because it produces similar
uterine edema and estrogen levels to those observed in
cyclic mares, it is a simpler procedure, and it does not
interfere with P4 levels after LA P4 administration.
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