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ABSTRACT. The effect of estrus induction by cabergoline on gonadotropin and steroid hormone
responses was examined in anestrous bitches. Eleven beagles were used in the study; seven

were included in the estrus induction group and four were included in the spontaneous estrus
group. Cabergoline was orally administered to the estrus induction group at 5 ug/kg once daily
for four weeks, or until hemorrhagic discharge was detected. The inter-estrus interval in the
estrus induction group was significantly shorter than the previous estrus interval. Bitches that
showed proestrus within four weeks of treatment showed increased luteinizing hormone (LH)
pulse frequency and, subsequently, increased estradiol (E,) levels. Prolactin (PRL) levels declined
promptly after treatment, except in one bitch that did not show proestrus during the cabergoline
J. Vet. Med. Sci. treatment period. There was a significant correlation between the time to proestrus induction and
82(12): 1773-1780, 2020 the reduction in PRL levels. A positive correlation was found between the LH levels two weeks
after cabergoline administration and PRL reduction. This study demonstrates that an abrupt
reduction in PRL is likely to be important for initiation of estrus in bitches. A reduction in PRL
indirectly leads to an increase in LH pulse frequency, which regulates follicular development in
bitches. However, if the period from the end of the previous estrus to the cabergoline treatment
is short, it may take some time to show proestrus without increasing E, levels, even if the LH level
increases after cabergoline administration.
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Canines have a remarkably long anestrus period. The frequency of estrus is once or twice a year, which is extremely low in
comparison with most mammals that ovulate monthly [33]. For this reason, where conception failure has occurred in the facility
of a commercial breeder, guide dog breeder, or another facility that needs to supply puppies continuously, they must wait until the
next estrus to undertake mating, which could take half a year or longer to occur. Thus, shortening the length of the canine anestrus
is clinically desirable. Moreover, canine estrus induction can also be beneficial in studies such as those of canine reproductive
disorders and estrous cycle physiology, as it leads to a shortening of the interparturient period of experimental animals and
decreases the necessary number of test animals.

Currently, shortening the estrous cycle of bitches has been widely studied, but without satisfactory results [17, 34]. Drug
treatments to induce estrus in bitches are classified into three main categories. The first is the stimulation of follicular development
by gonadotropins, in which equine chorionic gonadotropin (eCG), follicle-stimulating hormone (FSH), and/or human menopausal
gonadotropin are used. eCG is the most widely studied gonadotropin for the purpose of estrus induction in bitches, and has

*Correspondence to: Ohtaki, T.: ohtaki.tadatoshi@nihon-u.ac.jp
©2020 The Japanese Society of Veterinary Science

@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
@ T License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

1773


https://creativecommons.org/licenses/by-nc-nd/4.0/

The Journal of

Veterinary

Medical

Science T. OHTAKI ET AL.

been used in various protocols involving subcutaneous or intramuscular injection, with frequencies of once daily to every week
[3, 20, 39]. The second treatment category is the direct stimulation of the pituitary with gonadotropin-releasing hormone (GnRH),
in which lutrelin, buserelin, deslorelin, and leuprolide are used [8, 16, 20, 21]. The third category is shortening the length of
anestrus by suppressing the synthesis or release of prolactin (PRL) using a dopamine agonist [6, 13, 20, 29, 35].

Cabergoline, a dopamine agonist, is known to suppress PRL to induce estrus in bitches [6, 13, 20, 29, 35]. However,
the underlying mechanism has not been fully elucidated. Therefore, this study aimed to examine the effect of cabergoline
administration on female anestrus beagles, particularly with respect to the secretion of gonadotropins and steroid hormones in
response to the induction of estrus, to obtain a protocol for artificial adjustment of canine breeding as well as to augment basic
knowledge of cases in which estrus was not successfully induced.

MATERIALS AND METHODS

Animals

A total of 11 female beagles (aged 4—11 years) in anestrus were used in this study, and some bitches were used repeatedly. Seven
bitches were included in the estrus induction group, and four bitches were included in the spontaneous estrus group. Cabergoline
was orally administered to the animals in the estrus induction group at a dosage of 5 pg/kg-body weight once daily, starting 106.0
+ 4.9 days (range: 89—119 days) after the end of the previous estrus, for four weeks, or until vulvar swelling and hemorrhagic
discharge was detected. The end of the previous estrus was defined as the start of the diestrus based on a vaginal smear assessment.
Briefly, vaginal smears were taken daily after hemorrhagic discharge was detected. The first day of diestrus was characterized by an
abrupt decrease in cornification cells, the reappearance of intermediate and parabasal cells, and a transient increase in leukocytes.
The spontaneous estrus group served as controls and received no treatment or placebo. All experiments were conducted according
to the Nihon University Guidelines for Management of Animal Experiments (AP13B024).

Method and timing of sample collection

Individuals in the estrus induction group underwent additional blood collections thrice weekly between the start of cabergoline
administration and the detection of hemorrhagic discharge. For the measurement of luteinizing hormone (LH) pulse frequency after
the start of cabergoline administration, an indwelling needle was placed in the cephalic vein to collect blood every 15 min in a 6-hr
period, once weekly, in the first four weeks of cabergoline treatment.

The first day of proestrus was confirmed by daily observation of vulvar swelling and hemorrhagic discharge. The female beagles
in both the spontaneous estrus and estrus induction groups underwent blood collection at a fixed time every day once hemorrhagic
discharge was confirmed. Blood was collected in a plain vacuum blood collection tube, allowed to coagulate at room temperature,
and then centrifuged at 1,200 x g for 15 min at 4°C. In order to determine the sampling schedule, the serum was measured
for progesterone (P,) by means of an enzyme-linked fluorescence assay using an automated fluorescent immunoassay unit
(SPOTCHEM™ VIDAS SV-5010; ARKRAY, Kyoto, Japan). A blood P, level of 2—4 ng/ml was used to indicate Day 0 to calculate
the day of LH surge [2, 5, 10, 14, 23]. Daily blood collection was continued until Day 5, after which the frequency was reduced to
thrice weekly until Day 60. Blood was collected at a fixed time of day which remained unchanged throughout the sampling period.
The serum was stored at —20°C until it was used for hormone measurements. Serum FSH, LH, PRL, estradiol (E,), and P, levels
were analyzed. The first day of estrus was subsequently defined endocrinologically at the preovulatory LH surge measurement.

Hormone assay

Serum E, was determined using a time-resolved fluorescent immunoassay according to the method of Ono et al. [27]. Intra- and
inter-assay coefficients of variation (CVs) were 5.0% and 10.7%, respectively.

Serum P, was determined using a double-antibody enzyme immunoassay according to the method of Ono et al. [27]. Intra- and
inter-assay CVs were 6.0% and 9.5%, respectively.

Serum LH and FSH levels were determined using a heterologous double antibody radioimmunoassay (RIA), as previously
described [24] with partial modification. For the LH RIA, rabbit anti-sheep LH serum (YM#18), rat LH for iodination
(NIDDK-I-5), and canine LH standard (LER-1685-1) were used. For the FSH RIA, rabbit anti-human FSH serum (M91), rat
FSH for iodination (NIDDK-I-5), and canine FSH standard (LER-1685-3-A) were used. As a second antibody, goat anti-rabbit
v-globulin serum was used for the LH and FSH assays. The intra- and inter-assay CVs were 5.8% and 14.3% for LH and 3.1% and
10.8% for FSH, respectively. The determination of whether an alteration in the level of LH was considered as a pulse was judged
according to a previous study by Ribadu ez al. [30]; LH levels that increased by 40% or more from that of the preceding level and
subsequently declined at least twice consecutively, or to the base level, were considered to be an “LH pulse”.

Serum PRL was determined using the homologous double antibody canine PRL RIA, as previously described [32] with partial
modification. Guinea pig anti-dog PRL serum (AFP1062091GP), canine PRL (AFP2451B) for iodination and as a reference
standard and second antibody, and goat anti-guinea pig serum (HAC-GPA2-01GTP80) were used. Intra- and inter-assay CVs were
7.2% and 10.1%, respectively.

Statistical analysis
All values are expressed as the mean + standard error. A paired #-test was performed between the last estrus interval and the
post-treatment estrus interval. Comparison of means between two groups was performed using a significance test: Student’s #-test
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Table 1. Number of days in the estrous cycle of the spontaneous estrus and estrus induction groups

Spontaneous estrus groups (n=4) Estrus induction groups (n=7)
Bitches L?St SEIE .Estrus Dt o Duration of  Bitches L?St CERE olze;;ESigT:?:;?Ss T;i::?fél t inte}?\S/:iu:ﬁer TG Duration of
ID il iene] PROSSUuS estrus (days) ID il to cabergoline roestrus treatment LTS estrus (days)
(days) (days) (days) Y (days) £ P (days) Y
treatment (days) (days) (days)
B07090 188 187 9 9 B07090 187 119 10 147 10 8
B07055 187 101 16 137 10 10
B07051 197 185 8 6 B07051 185 119 20 153 8 10
B07054 201% 117 22 155 11 10
B07049 198 99 22 144 10 13
B07044 194 89 51 153 10 8
B07056 191 98 53 166 10 8
B07038 193 191 9 10
B07083 194 190 7 14
193.0£1.9 1883+1.44 83=x0.5 9.8+ 1.7 191.9+£2.34 106.0 + 4.6 27.7+6.5 150.7+3.58 9.9+0.3* 9.6+0.7

The data are expressed as the mean + standard error of the mean. A, B: Values with different superscripts differ significantly (<0.01). *: Significantly different
between the two groups (P<0.05). The dagger indicates the estrus interval two times before, as bitches became pregnant after artificial insemination at the last
estrus.

for normally distributed parameters or Welch’s #-test for parameters that were not normally distributed. Testing of normality
was performed using the Shapiro-Wilk W-test. Pearson’s coefficient of correlation was used to test the correlation between two
variables. A logarithmic transformation was performed on data that was not normally distributed to obtain a normal distribution.
The difference was considered significant when the probability value (P) was less than the significance level of 5% (P<0.05).
Statistical analyses were performed using JMP® 13.2.0 (SAS Institute Inc., Tokyo, Japan).

RESULTS

Days of the estrous cycle in the spontaneous estrus and estrus induction groups

The number of days of the estrous cycle in the spontaneous estrus and estrus induction groups are shown in Table 1. In the estrus
induction group, five dogs were in proestrus within four weeks of administration, while the remaining two dogs took longer to
reach proestrus (51 and 53 days). Overall, the number of days from cabergoline administration to the estrus period was 27.7 + 6.5
days. The inter-estrus interval was 150.7 + 3.5 days in the estrus induction group, which was significantly shorter (P<0.01) than
the 191.9 =+ 2.3 days in the last estrus interval and the 188.3 = 1.4 days in the spontaneous estrus group. The period of proestrus
was prolonged in the estrus induction group (P<0.01), but there was no difference in the periods of estrus. No side effects from
cabergoline were observed in the estrus induction group.

Endocrine changes in the spontaneous estrus and estrus induction groups

The endocrine changes in the bitches in the spontaneous estrus and estrus induction groups are shown in Fig. 1. The LH surge
was 9.7 + 0.8 ng/ml in the estrus induction group and 12.9 + 3.8 ng/ml in the spontaneous estrus group and remained low, at the
baseline level, after the LH surge. The FSH level peaked 1 day after the LH surge and thereafter remained at the baseline level. E,
levels peaked 1-2 days before the peak of LH and remained at the baseline level thereafter. P, levels increased after the peak of LH,
remained high until 32 days after the LH surge, and then showed a slow decline. No significant difference was observed between the
spontaneous estrus and estrus induction groups in the FSH, LH, E,, and P, levels. However, lower PRL levels were detected 5, 3, and
2 days before the LH surge in the estrus induction group, compared to those in the spontaneous estrus group (P<0.05 on all days).

FSH, LH, PRL, E,, and P, levels as well as LH pulse frequency four weeks after the start of cabergoline administration

Changes in the FSH, LH, PRL, E,, and P, levels after cabergoline administration in the seven individuals in the estrus induction
group are shown in Fig. 2. The FSH levels after cabergoline treatment increased in two of the five bitches who showed proestrus
within four weeks. However, no clear changes were noted in the bitches that did not enter proestrus within four weeks. LH levels
increased 1-3 weeks after cabergoline treatment in the four bitches that showed proestrus within four weeks, but one bitch (ID:
B07090) showed proestrus with no apparent change. Similarly, there was no clear change in the one bitch (ID: B07056) that did
not show proestrus within four weeks. However, B07044 did not show proestrus within 4 weeks after administration, although a
clear increase in LH was observed. PRL levels declined promptly after treatment, except in one bitch (ID: B07044) that did not
show proestrus during the cabergoline treatment period. E, levels increased markedly 2—3 weeks after treatment in the four bitches
that showed proestrus 1622 days after the administration of cabergoline. In all bitches, P, levels remained as low as 1 ng/ml or
less during the cabergoline treatment period.

The LH pulse frequencies after the start of cabergoline administration are shown in Table 2. In the bitches that showed proestrus
within four weeks of cabergoline treatment, the LH pulse frequency increased to five at the onset of proestrus, except for in one bitch
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Fig. 1. Endocrine changes in the spontaneous estrus
and estrus induction groups. Mean + standard
error of the mean serum concentrations of follicle-
stimulating hormone (FSH) (A), luteinizing hor-
mone (LH) (B), prolactin (PRL) (C) estradiol (E,)
(D), and progesterone (P,) (E) in the spontaneous
estrus (n=4; filled circle with solid line) and estrus
induction groups (n=7; open circle with dotted
line) using cabergoline. Error bar not shown when
smaller than symbol size. *: Significantly different
between the two groups (P<0.01).

Table 2. Luteinizing hormone pulse frequencies after the start of cabergoline treatment in bitches

. Treatment onset to Weeks after cabergoline treatment (weeks)
Biches ID
proestrus (days) 0 i 2 3 4
B07090 10 3 5
B07055 16 2 4 5
B07051 20 1 1 4
B07054 22 2 1 5 5
B07049 22 2 2 2 5
B07044 51 3 3 4 2 4
B07056 53 2 2 3 2 1
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Fig. 2. Changes in the follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), estradiol (E,), and progesterone (P,) levels
after the start of cabergoline treatment in the estrus induction group. Arrows indicate the start of proestrus.

(B07051). In contrast, among the two bitches that did not show proestrus
during the treatment period, one had a low LH pulse frequency and the
other had less than four.

Correlation between the period from the end of the previous estrus
to cabergoline administration, and the period from cabergoline
administration to proestrus

Anegative correlation trend (r=—0.72, P=0.071) was found between the
period from the end of the previous estrus to cabergoline administration,
and the period from cabergoline administration to proestrus (Fig. 3). This
indicated that individuals with a longer period between the previous estrus
and the start of cabergoline treatment showed a reduced number of days
to proestrus.

Correlation between the reduction rate of PRL, treatment onset to
proestrus, and FSH, LH, and E, levels

A negative correlation (r=—0.81, P<0.05) was found between the days
from cabergoline administration to proestrus, and the reduction of PRL
(logarithmically transformed) from 0 to 1 week of administration (Table 3).
This implies that the higher the reduction in PRL, the shorter the days
to proestrus.
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Fig. 3. Correlation between the period from the end of
previous estrus to the start of cabergoline treatment,
and the period between treatment to onset of proestrus
in bitches (n=7).
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Table 3. Pearson’s correlation coefficients (r) of the relationships between a reduction in prolactin
(PRL), treatment onset to proestrus, and follicle-stimulating hormone (FSH), luteinizing hormone
(LH), and estradiol (E,) levels

Reduction in PRL Reduction in PRL
at 0 to 1 weeks (%) at 0 to 2 weeks (%)
Parameters (n=7) (n=6)
r P r 2
Treatment onset to proestrus (days) —0.81 0.03 —-0.08 0.88
One week after treatment
FSH 0.37 0.42 -0.07 0.90
LH 0.09 0.84 -0.11 0.84
E, -0.15 0.74 0.05 0.92
Two weeks after treatment
FSH -0.12 0.83 -0.20 0.70
LH 0.78 0.07 0.10 0.85
E, 0.45 0.36 0.21 0.69

There was no clear correlation between the reduction of PRL from 0 to 1 week of administration and the FSH, LH, and E, levels
at 1 week after cabergoline treatment. A positive correlation (r=0.78, P=0.065) trend existed between the LH level 2 weeks after
cabergoline treatment and the reduction of PRL from 0 to 1 week of administration (Table 3). This correlation excluded the bitch
that showed proestrus 10 days after cabergoline treatment. No correlation was found between the FSH and E, levels 1 week after
cabergoline treatment and the reduction of PRL from 0 to 1 week of administration. No significant correlation was found between the
reduction of PRL from 0 to 2 weeks after administration, the days from cabergoline treatment onset to proestrus, and hormone levels.

DISCUSSION

In the estrus induction group, five out of seven bitches showed proestrus within four weeks of cabergoline treatment, and the
remaining two dogs showed proestrus approximately 50 days after treatment. The estrus interval with cabergoline was significantly
shorter than the previous estrus interval and that of the spontaneous estrus group. The present study corroborated previous data that
showed that the administration of a dopamine agonist to anestrus bitches shortens their inter-estrus interval [6, 13, 20, 29, 35].

This study also examined the effect of cabergoline administration to anestrus bitches on the secretion of FSH, LH, PRL, E,, and
P,. The changes in FSH, LH, PRL, E,, and P, in the spontaneous estrus and estrus induction groups were almost congruent with
those reported by Concannon [7]. However, in the current study, the PRL concentration in the estrus induction group was lower 2—-5
days before the LH surge than that in the spontaneous estrus group. Male and female dogs have distinct seasonal changes in PRL
levels, with peaks reported before mid-year and again just before the year’s end [18]. The difference in the PRL levels between the
two groups before the LH surge may be due to the fact that estrus in the spontaneous estrus group was concentrated in late May,
and that in the estrus induction group was in late October. However, a previous study by Spattini ez al. [37], who performed an
experiment similar to this study, showed that treatment with cabergoline did not suppress PRL levels. Spattini et al. [37] accounted
for the difference by low pre-treatment PRL levels and individual differences. In the current study, the pre-treatment PRL level
varied from 0.3 to 7.0 ng/ml. The five bitches that started cabergoline treatment in September showed proestrus within four weeks
of dosing, whereas the two bitches that started treatment in July had a delayed onset of proestrus. Seasonal variations in PRL levels
may induce seasonal effects in cabergoline treatment for estrus induction.

In the estrus induction group, among the five bitches that showed proestrus within four weeks, the FSH levels of two bitches and
LH levels of four bitches increased, but some individuals did not show a clear increase. In the bitch (B07090) who showed proestrus
10 days after cabergoline treatment, no clear increase in LH levels was observed, but the LH pulse frequency increased. However,
in one bitch (B07051), the LH level increased significantly, and the LH pulse frequency changed from 1 to 4 times. As the period
of increase in LH pulse frequencies is as short as 4 to 8 days and does not continue [9], the increase in LH levels and LH pulse
frequencies might not have been detected. However, of the two bitches that did not show signs of proestrus within four weeks, one
showed no clear increase in both the FSH and LH levels and one displayed only an increase in LH. Elevated LH and E, levels were
noted in both bitches prior to proestrus. PRL levels declined promptly after treatment, except in one bitch that did not show proestrus
during the cabergoline treatment period. E, levels increased markedly after treatment in the five bitches that showed proestrus 10-22
days after cabergoline administration. This was consistent with previous reports [17, 25, 31, 38], in which administration of dopamine
agonists reduced PRL. In addition, Spattini ez al. [37] reported that a significant increase in LH concentration was observed one week
before the onset of proestrus, but cabergoline administration did not change the decrease in PRL levels. The bitches in the current
study that showed proestrus 10 days after the start of cabergoline had low PRL levels at the start of administration, and the decrease in
PRL was very small. Where proestrus occurred 10-53 days after administration, statistical analysis of FSH, LH, and E, levels could
not be performed due to variations in estrus expression after cabergoline administration. Spattini ef al. [37] used dogs showing estrus
within four weeks of cabergoline administration, and reported that the number of days from treatment to estrus was concentrated to

J. Vet. Med. Sci. 82(12): 1773-1780, 2020 1778



The Journal of

Veterinary

Medical

Science CANINE ESTRUS INDUCTION BY CABERGOLINE

about two weeks in beagles, so a clear LH increase must have been observed. In addition, Spattini et al. [37] showed an LH pulse
frequency increase 2 weeks after cabergoline administration, which was also apparent in the current study. The results showed that
E, clearly increased prior to proestrus when comparing the estrus of the five bitches that displayed estrus within four weeks of
treatment. Bitches that received estradiol benzoate one week before the start of cabergoline treatment were reported to present earlier
signs and a shorter duration of proestrus compared to those of the control bitches treated with cabergoline alone [22]. In the bitch
(B07044) who showed a short period from the end of the previous estrus to cabergoline treatment, an increase in LH level and LH
pulse frequency was observed after the administration of cabergoline, but E, did not increase owing to poor follicle development, and
there is a possibility that this bitch did not show early proestrus promptly. Estrus induction by dopamine agonists is not necessarily
associated with PRL depletion, but it is thought to stimulate hypothalamic GnRH levels [26]. A decrease in PRL does not have an
immediate effect on the pituitary-gonadal axis, resulting in a lag time for changes in the levels of FSH, LH, and E,. This concurred
with a previous observation that the membrane excitability of GnRH neurons is not acutely modulated by prolactin [4]. PRL may
modulate the reproductive axis by acting on a specific population of hypothalamic neurons that express the Kiss/ gene [1, 36]. Thus,
PRL reduction may not act directly on LH secretion, and a reduction in PRL increase may stimulate follicular development through
the induction of a kisspeptin-mediated increase in GnRH secretion and a subsequent increase in LH pulse frequency.

Estrus induction by cabergoline is known to depend on cabergoline dosage, treatment duration, and stage of anestrus. Jochle
et al. [19] reported that, in the case of administration of cabergoline (5 pug/kg/day for 14 days orally) to 28 female beagles that were
in estrus 4—6 months earlier, no difference was observed in the inter-estrus interval between the estrus induction and control groups,
suggesting that this drug treatment method would therefore require a 30-day or longer administration period. In addition, Verstegen
et al. [38] revealed that it takes time for the effect of cabergoline administration to be evident in early anestrus as compared to that
in mid- and late anestrus. Similarly, Shimatsu [35] reported that the rate of estrus induction in mid-anestrus was higher than that
in early anestrus bitches. The present study was consistent with previous reports [35, 38] and showed that estrus induction was
delayed if the delay between the end of the previous estrus period and the treatment was short. Cabergoline has been reported to
have two major side effects, a change in coat color and vomiting [12, 19, 33, 38], but no side effects were observed in our study.

A significant correlation was detected in this study between the period from administration to proestrus and the reduction in
PRL one week after administration. A positive correlation was observed between the LH levels at two weeks after cabergoline
administration and PRL reduction. PRL levels are highly variable depending on the individual bitch [11, 31], and it has been
proposed that PRL levels are determined genetically [11]. Although the level of PRL in anestrous bitches is normally low [7], the
results of the present study indicated that a reduction from the original PRL level is important for the induction of estrus, and that
estrus is induced as long as the differential is sufficient, even when the PRL level is low. Ota et al. [28] reported that rat ovarian LH
receptors were reduced by small amounts of exogenous ovine PRL, and high amounts of ovine PRL reduced LH receptors. PRL is
considered to act as a luteotropic agent in the rat ovary and stimulates LH receptors. It has been shown [15] that administration of
ovine PRL and ovine LH to FSH- pretreated immature female rats stimulated ovarian LH receptors. Additional factors, such as the
ratio of LH to prolactin, or the duration of the effects of these hormones may influence binding. Although it is not certain that this
also applies to canines, it was suggested that a rapid decrease in PRL (from the PRL level that stimulated the LH receptor) may
lead to an increase in LH concentration and LH pulse frequency.

In conclusion, there was a significant correlation between the number of days from the start of dosing to estrus, the LH level at two
weeks after cabergoline treatment, and the rate of decrease in PRL. An abrupt reduction in the PRL level is likely to be important for
the initiation of estrus in bitches. In addition, if the period from the end of the previous estrus to cabergoline treatment is short, it may
take some time to show proestrus without increasing E, levels, even if the LH level increases after cabergoline administration.
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