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Intravaginal administration of estradiol benzoate capsule for estrus
synchronization in goats
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Abstract. Estrus synchronization requires multiple treatments of hormonal drugs, requiring considerable time and cost. The
aim of the present study was to develop an estrus synchronization protocol using intravaginal administration of estradiol
benzoate (EB) capsules in goats. Two types of capsules were prepared: an EB capsule that melted immediately after
administration and a sustained-release (SR) EB capsule that dissolved slowly and reached a peak after 24 h. Goats with
functional corpus lutea were intramuscularly treated with prostaglandin F,, (PG). At 24 h after PG administration, goats were
administered 1 mg of EB solution intramuscularly (PG + 24IM; n = 6) or 1 mg of EB capsule intravaginally (PG + 24EB; n =
6). The SR EB capsule was administered intravaginally at the time of PG administration (PG + SR; n = 6). The control group
(n = 6) received only PG. All groups showed estrus within 72 h after PG administration. The onset of estrus did not differ
significantly between the PG + 24IM and PG + SR groups but was earlier than in the control group. Estradiol concentration in
the PG + SR group peaked at 11.5 + 6.1 h after EB and PG administration. Peak estradiol concentrations were not significantly
different between the PG + 24IM and PG + SR groups (78.0 + 25.8 and 64.0 + 38.1 pg/ml, respectively), and were higher
than the PG + 24EB and control groups (27.3 £ 8.8 and 14.6 £+ 6.1 pg/ml, respectively). These results suggest that intravaginal
administration of an EB capsule with a sustained-drug release base is applicable for estrus synchronization, as an alternative

to intramuscular administration.
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As herd sizes increase, visual observation of individual cows
is not practical within the available time of herd managers,
resulting in unobserved estrus and substantial economic losses [1].
A decline in reproductive efficiency due to weak estrus and ovulation
disorders in high-producing dairy cows has also been noted [2, 3].
Therefore, there is an increasing demand for synchronized estrus and
ovulation using a hormone preparation to conduct fixed-time artificial
insemination (TAI). Current estrus synchronization protocols employ
a combination of several hormones, i.e., such as prostaglandin F,,
(PG) for inducing luteolysis, an intravaginal progesterone device
used to artificially extend the luteal phase, and estradiol sodium or
gonadotropin-releasing hormone for the induction of estrus and/or
ovulation [4]. However, these protocols involving multiple hormonal
treatments require repeated tasks, such as holding and treating cows.

As an alternative to intramuscular administration, the vagina is
a potential route for systemic drug delivery. Suppositories, creams,
gels, tablets, and vaginal rings are commonly used to administer
hormones and antimicrobial agents. There are many advantages
to intravaginal administration; this route avoids gastrointestinal
absorption and hepatic first-pass metabolism of the drug [5], and
direct delivery to the site of action results in reduced systemic side
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effects [6]. However, the vaginal mucus that coats the vaginal walls
can significantly affect penetration, distribution, and residence time
of the drug administered via this route [7]. Mucoadhesive polymers
are sometimes used in tablet formulations to increase the vaginal
residence time of microbicides [8]. Recent studies have shown that
the use of mucoadhesive polymers such as polyacrylic acid bases
and cellulose derivatives can improve the efficacy of drug release
and absorption in the vagina [16, 17]. We reported that intravaginal
administration of a progesterone capsule formulated using a mixture
of'a mucoadhesive polymer and silicone fluid could maintain a plasma
progesterone (P,) concentration similar to that in the natural luteal
phase for 9 d in goats [9]. In this way, a reduction in the administration
frequency using intravaginal sustained drug release can reduce the
time and cost of treatment and reduce pain in animals.

In cattle, estradiol benzoate (EB) is used at the beginning of
various estrus synchronization protocols to synchronize the follicular
wave or at the end of the protocol to induce estrus and synchronize
ovulation for TAI [10-12]. In studies on estrus synchronization using
EB, the drug was administered intramuscularly at 24 or 48 h after
PG treatment to induce luteolysis [12—-16]. The aim of the present
study was to develop a new estrus synchronization protocol using the
intravaginal route for EB administration in goats. We used goats as
an experimental model of cattle because of their similar reproductive
characteristics [17, 18]. This study investigated the effect of vaginal
sustained-release (SR) EB capsules on the circulating profiles of
estradiol and the expression of estrus in goats.
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Materials and Methods

This study was approved by the University Committee for the
Use and Care of Animals at the Tokyo University of Agriculture and
Technology (no. 31-52).

Preparation of intravaginal estradiol capsules

Two types of intravaginal capsules were prepared. The EB capsule
was designed to melt immediately after administration and was
formulated using commercially available hard fat (Hosco S-55,
Maruishi Pharmaceutical Co., Osaka, Japan) as the suppository
base. The SR EB capsule was designed to melt gradually to reach
a peak 24 h after administration and was formulated using an SR
base developed previously in our laboratory [9].

The EB capsule was prepared by adding 1 mg of EB powder
(Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) and 0.8 ml of
hard fat to a gelatin capsule (#00, volume of 1.01 ml, Matsuya Co.,
Osaka, Japan). For the SR capsule, 1 mg of EB powder and hard fat
was placed in a small capsule (#2, volume of 0.37 ml, Matsuya Co.,
Osaka, Japan) and placed in the center of a large capsule (#00) filled
with a SR base containing silicone fluid (Q7-9120, Dow Corning,
MI, USA) as a dispersing agent and acrylic starch (SANWET®,
Sanyo Chemical Co. Ltd., Kyoto, Japan) as a mucoadhesive polymer
[9] (Fig. 1). The capsules were then stored at 4°C in a refrigerator
until administration.

Dissolution test
One milligram of blue dye (Brilliant Blue FCF CI42090, Fuji Film
Wako Pure Chemical Industries, Osaka, Japan) was used instead of EB

for in vitro dissolution testing of the SR capsule. For this, a capsule
was placed in a 50-ml centrifuge tube filled with 0.1% bovine serum
albumin phosphate buffer (BSA-PBS). The pH was adjusted to 7.1,
which is the average pH of the cervical mucus during the luteal phase
[19]. The tube was then incubated for 28 h in a shaking water bath at
37°C. Samples of 1 ml were withdrawn at 4, 8, 20, 24, and 28 h and
replaced with the same volume of 0.1% BSA-PBS. Absorbance was
measured at 620 nm using an absorbance microplate reader (Multiskan
FC, Thermo Fisher Scientific, Tokyo, Japan). Dissolution rates of
the SR capsule in the preliminary experiment are shown in Fig. 2.

Animals

Fifteen female Shiba goats (age, 71.4 +31.9 [mean + SD] months;
body weight, 29.0 + 5.8 kg) maintained at the Tokyo University of
Agriculture and Technology were used. The goats were housed in
outdoor paddocks with sheltered areas and were fed alfalfa hay cubes
(350 g) twice a day. Clean water and mineralized salt were provided
ad libitum. All goats were confirmed to be clinically healthy and in
good condition and to have normal estrous cycles before beginning
the study from September 2018 to February 2019.

Treatments

All goats were checked for estrus daily. During 7-14 days after
estrus, all goats with functional corpus lutea were treated with PG
(2 mg of dinoprost, intramuscular; Pfizer, Tokyo, Japan) to induce
luteolysis (day 0: the day of PG administration). The control group (n=
6) did not receive any further treatment. However, the PG + 24IM (n =
6) and PG + 24EB (n = 6) groups received 1 mg of EB (Ovahormone®;
ASKA Pharmaceutical Co., Tokyo, Japan) intramuscularly or EB

1 mg of EB powder + hard fat

Gelatin capsule (#00, volume of 1.01 ml)

EB capsule

SR capsule

Schematic diagram of the estradiol benzoate (EB) capsule (upper panel) and sustained-release (SR) EB capsule (lower panel).

Fig. 1.

Gelatin capsule (#00, volume of 1.01 ml)

Sustained-release base

Gelatin capsule (#2, volume of 0.37 ml)

1 mg EB powder + hard fat
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Fig. 2. Dissolution rate of the sustained-release (SR) estradiol benzoate

(EB) capsule containing 1 mg of blue dye instead of EB in
the preliminary experiment. A capsule was placed in a 50-ml
centrifuge tube filled with 0.1% bovine serum albumin-phosphate
buffer (BSA-PBS). The tube was incubated for 28 h in a shaking
water bath at 37°C. Absorbance was measured at 620 nm using
an absorbance microplate reader.

capsule intravaginally at 24 h after PG treatment, respectively. Goats
in the PG + SR group (n = 6) were administered an SR capsule at the
same time as PG treatment (day 0). The administered intravaginal EB
and SR capsules were attached to a Y-shaped silicone device [9] to
prevent the capsule from flowing out of the vagina. The device was
removed on day 2, and by then, it was confirmed that all capsules
had melted in the vagina.

Blood sampling

Blood samples were collected via jugular venipuncture into 5
ml syringes containing heparin. Samples were obtained just before
PG administration, and once daily at 24-h intervals for 5 days. In
the PG + 24IM and PG + 24EB groups, additional samples were
obtained at 9 h after EB administration. In the PG + SR group,
additional samples were obtained at 9 and 33 h after SR capsule
administration. Goats in the control group were sampled in the same
manner as those in the PG + SR group. Blood samples were placed
in iced water and then centrifuged immediately at 3000 rpm at 4°C
for 20 min. Following separation, the plasma was stored at —20°C
until subsequent assays were performed.

Estrus detection

Estrus detection was performed using a male goat at the time of
blood collection for 5 days. Standing estrus meant that the female
goat stood still and allowed a nearby male goat to mount. The onset
of estrus was defined as the first observation time point at which the
goat showed standing estrus. The end of estrus was defined as the
first observation time point at which the goat showed no standing
estrus. The duration of estrus was calculated as the interval between
the onset and the end of estrus.

Hormone assays

Plasma concentrations of estradiol and P, were measured via
an enzyme immunoassay after extraction using dichloromethane
and diethyl ether, respectively. Plasma estradiol concentrations
were measured using a commercial assay kit (Estradiol ELISA
Kit, Cayman Chemical, M1, USA), following the manufacturer’s
instructions. Plasma P, concentrations were measured according to
the method reported by Prakash et al. [20] with some modifications.
The intra- and inter-assay coefficients of variation for E, were 33.0%
and 9.0%, respectively, with a sensitivity of 0.55 pg/ml. The intra- and
inter-assay coefficients of variation for P, were 7.6% and 4.1%,
respectively, with a sensitivity of 0.78 ng/ml.

Statistical analysis

Data are presented as means * standard deviations. All data
were analyzed using a statistical software (Excel Statistics, Social
Information Services, Tokyo, Japan). Comparisons of the estrus
characteristics among groups were made using one-way analysis
of variance (ANOVA), followed by Tukey’s multiple comparison
test. Continuous variables such as E, and P, concentrations were
compared using two-way repeated-measures ANOVA, followed by
Tukey’s multiple comparison test. Blood sampling at 9 h after PG
administration was performed only in the PG + SR and control groups.
Therefore, the data at this time point were analyzed separately using
Student’s #-test. Differences were considered significant at P < 0.05.

Results

Estrus

All goats showed estrous behavior (Table 1). The onset of estrus
did not differ significantly between the PG + 24IM and PG + SR
groups, but was earlier than that in the control group (P < 0.05).
The duration of estrus varied widely among the animals (range,
15-96 h for all groups), but no significant differences were found
in the duration and end of estrus among groups. These results were
calculated from the estrus detection, which was performed once
daily at 24-h intervals.

Plasma concentrations of steroid hormones

Plasma P, concentrations in all animals declined to less than 1
ng/ml during 24 h after PG administration. There was no significant
difference among groups in progesterone concentrations after PG
administration during the blood sampling period (P > 0.1).

Plasma estradiol concentrations until 96 h after EB administration
were compared among the PG + 24IM, PG + 24EB, and PG + SR
groups (Fig. 3). There were no significant differences in estradiol
concentration at 0 h among the PG + 24IM, PG + 24EB, and PG +
SR groups (6.1 + 1.6, 10.2 £ 5.5, and 5.8 + 3.8 pg/ml, respectively).
The mean estradiol concentration in the PG + 24IM group reached
apeak of 74.6 + 30.0 pg/ml at 24 h after administration. In contrast,
the mean estradiol concentrations in PG + 24EB and PG + SR groups
peaked at 9 h after administration. The concentration at 9 h after
administration in the PG + 24IM and PG + SR groups (57.0 + 29.1
and 61.0 £ 41.6 pg/ml, respectively) was not significantly different
but was significantly higher than that in the PG + 24EB group (24.5
+ 8.3 pg/ml, P > 0.05). Estradiol concentrations in the PG + 24IM
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Table 1. Estrus detection rate, onset, and end of estrus after PG administration as well as estrus duration in the
control, PG + 24IM, PG + 24EB, and PG + SR groups

Control PG +24IM PG + 24EB PG+ SR
Estrus detection rate (%) 6/6 (100) 6/6 (100) 6/6 (100) 6/6 (100)
Onset of estrus (h) 60.0+13.12 355+6.1%% 49.5+12.5%® 30.0£4.6°¢
Duration of estrus (h) 320+124 46.0+ 153 265+ 11.1 50.0+27.4
End of estrus (h) 88.0+£19.6 80.0£19.6 76.0 £ 23.6 80.0 £24.8

All data are presented as means * standard deviations. Different letters (a, b, ¢) within a row represent significant
differences (P < 0.05). PG, prostaglandin F,,; PG + 24IM, 1 mg estradiol benzoate (EB) solution (intramuscular)
administered 24 h after PG; PG + 24EB, 1 mg of EB capsule (intravaginal) administered 24 h after PG; PG + SR,
sustained-release (SR) EB capsule administered intravaginally at PG administration; control, group receiving only PG.
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Fig. 3. Plasma estradiol concentrations until 96 h after estradiol benzoate
(EB) administration in goats intramuscularly administered 1 mg
of EB (PG + 24IM group, n = 6) or intravaginally administered
an EB capsule (PG + 24EB group, n = 6) or sustained-release
EB capsule (PG + SR group, n = 6). Different letters (a, b, c)
represent a significant difference (P < 0.05) at each time point.

group at 24, 48, and 72 h after administration were significantly
higher than those in the PG + 24EB and PG + SR groups at respective
sampling times.

Plasma estradiol concentrations at different time points after PG
administration in all groups are shown in Fig. 4. Goats in the PG
+ SR group received the SR capsule along with PG. Consequently,
the mean estradiol concentration in the PG + SR group reached a
peak at 9 h after PG administration, which was earlier than that in
the other groups. In the PG + 24IM and PG + 24EB groups, EB was
administered at 24 h after PG administration. The mean estradiol
concentration in the PG + 24IM group was higher at 33-96 h after
PG administration than that in the other three groups. Estradiol
concentrations in the PG + 24EB group were significantly higher at
33 and 48 h after PG administration than in the PG + SR and control
groups, and they returned to levels similar to those in the PG + SR

and control groups at 72 h after PG administration. Peak estradiol
concentrations and timing to reach the peak after PG treatment are
shown in Table 2. The peak timings were calculated from the sampling
times, which were once daily at 24-h intervals. The peak estradiol
concentration was not significantly different between the PG + 24IM
and SR groups, but the time to reach the peak concentration in the
SR group was earlier than that in the other three groups.

Table 2, Figure 3, and Figure 4 show results of analyzing the same
estradiol concentration data from different viewpoints.

Discussion

Administration of PG to goats and other ruminants with a functional
corpus luteum is the simplest method for inducing estrus. In the present
study, administration of PG induced estrus in all goats, regardless
of EB treatment. The mean interval from PG administration to the
onset of estrus in goats was reported to be 42-47 h [21] or 57 h
[22]. In the present study, the interval from PG administration to
the onset of estrus in the control group was comparable to that in
the aforementioned studies. Estradiol is the primary hormone that
induces behavioral estrus. It was proposed that once a threshold
of estradiol is achieved, estrus is induced, and additional amounts
of estradiol above the threshold do not further enhance the estrous
response, duration, or intensity of the estrus [23]. In agreement
with this, the results of the present study showed that intramuscular
administration of EB at 24 h after PG administration or intravaginal
administration of an SR capsule at the same time as PG administration
affected the onset of estrus but not the duration or end of estrus. In
contrast, intravaginal administration of an EB capsule prepared using
a hard-fat suppository base did not advance the onset of estrus unlike
that in the control group. These differences could be attributed to
the estradiol concentrations after EB administration. The increase
in estradiol concentration after 9 h after in the PG + 24EB group
was less than half that of the PG + 24IM and PG + 24SR groups. It
was considered that this increase was not sufficient to induce estrus
immediately after capsule administration, and an additional amount
of estradiol secreted from the pre-ovulatory follicles was needed for
estrus to commence in some cases.

An estrus synchronization protocol of 1 mg intramuscularly
administered EB is generally used in cows, while equine chorionic
gonadotropin (eCG) has been used for goats. However, some recent
studies indicated the effectiveness of EB as an alternative to eCG
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Plasma estradiol concentrations until 96 h after prostaglandin F,, (PG) administration in goats intramuscularly administered 1 mg of EB (PG +

24IM group, n = 6), intravaginally administered an EB capsule (PG + 24EB group, n = 6), or a sustained-release EB capsule (PG + SR group,
n = 6). Different letters (a, b, ¢) represent a significant difference (P < 0.05) at each time point. Blood sampling at 9 h after PG administration was
performed only in the PG + SR and control groups, and the data at this time point were analyzed separately via Student’s #-test.

Table 2. Peak estradiol concentration and peak timing after PG administration in the control, PG + 24IM, PG + 24EB,

and PG + SR groups
Control PG + 24IM PG + 24EB PG + SR
Peak concentrations (pg/ml) 14.6+£6.1° 78.0£25.8" 273 +£8.8% 64.0 £38.1 b
Time of peak (h) 59.0+20.12 455+6.1% 355+£6.1° 11.5+6.1°¢

All data are presented as means + standard deviations. Different letters (a, b, ¢) within a row represent significant
differences (P < 0.05). PG, prostaglandin F,,; PG + 24IM, 1 mg estradiol benzoate (EB) solution (intramuscular)
administered 24 h after PG; PG + 24EB, 1 mg of EB capsule (intravaginal) administered 24 h after PG; PG + SR,
sustained-release (SR) EB capsule administered intravaginally at PG administration; control, group receiving only PG.

[24, 25]. In these studies, administration of 0.2 mg EB effectively
induced estrus and ovulation, similar to eCG in goats. In the present
study, goats were administered 1 mg of EB to determine differences
in estradiol profiles caused by changing the method of administration
(intramuscular vs. intravaginal) and the suppository base (hard fat vs.
SR formulation). A previous study examined the effect of EB dose and
route on plasma estradiol concentrations in ovariectomized heifers.
It showed that intravaginal administration of 10-mg EB powder via
a gelatin capsule increased the estradiol concentration to 4.1 pg/
ml, which was not significantly different from the concentration
after intramuscular administration of 0.5-mg EB [26]. This result
implies that an approximately 20-fold intravaginal dose of EB powder
was required to attain estradiol profiles similar to those attained
by intramuscular administration. Another study reported that, to
achieve similar estrus, a gelatin capsule containing four times more
EB in powered form than in the intramuscular injection form was
required [27]. However, the study did not measure plasma estradiol
concentrations. In the present study, when EB was administered
intravaginally to goats in a hard-fat suppository base, the increase
in plasma estradiol concentration was less than half of that attained
following PG administration intramuscularly. In contrast, the con-

centration was significantly higher in the PG + SR group than in the
PG + 24EB group, and the increase at 9 h after administration was
close to that in the PG + 24IM group. The efficacy of drug therapy
using the vaginal route may be restricted by the short residence
time of the drug within the vagina owing to the vaginal fluid that
coats the mucosal tissue. The use of a mucoadhesive polymer such
as a polyacrylic acid base and cellulose derivatives can promote a
prolonged and intimate contact with the vaginal mucus, enhancing
the delivery of drugs to the underlying tissue and their sustained
release [28—30]. We consider that the use of polyacrylic starch in the
SR capsule formulation increased the adhesion and retention of EB
on the vaginal wall, preventing EB from leaking out of the vagina.

The plasma estradiol concentration in the PG + SR group was
expected to peak at 24 h after administration, based on an in vitro
test of the SR capsule. This formulation was based on a recently
developed estrus and ovulation synchronization protocol for cows,
in which intramuscular administration of EB was performed 24
h after PG treatment and TAI was performed 24-28 h after EB
administration [13]. This protocol can minimize the cost and time
of treatment, while the pregnancy rate after TAI was satisfactory in
comparison with conventional protocols. However, in the present
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study, the peak estradiol concentration was observed at an average
of 11.5 h after SR capsule administration, which was earlier than our
expected time. It is possible that the SR capsule disintegrated earlier
in the vagina than in vitro owing to the pressure and movement of
the vaginal wall. Furthermore, physiological factors such as changes
in the volume, viscosity, and pH of the vaginal fluid can affect the
efficacy of drug delivery systems [28]. The present study was limited
to examining two types of intravaginal EB capsules in terms of estrus
response and blood estradiol profiles in a goat model. Modification
of the size of the surrounding SR suppository base and/or inner EB
capsule is one way to extend the drug-release profile and retard the
estradiol peak. To validate the effectiveness of intravaginal EB as an
estrus synchronization protocol, more in vivo clinical data, including
the estrus response, blood hormone profiles, follicular development,
and ovulation as well as the effect on the pregnancy rate after TAIL
will be required in future studies. As intravaginal administration
of the SR capsule to goats resulted in a similar estrus onset time
and peak estradiol concentration as that following intramuscular
administration, estrus synchronization with the SR capsule can be
applied to other domestic animals, including cattle.

In conclusion, intravaginal administration of an EB capsule pre-
pared using a mucoadhesive polymer and a sustained-release base
at the same time as PG treatment effectively induced estrus in goats.
The effect was comparable to that of intramuscular administration of
EB at 24 h after PG administration. This novel method of intravaginal
EB administration can be applied for estrus synchronization in goats,
as an alternative to intramuscular administration.
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