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Abstract
The purpose of this study was to evaluate the efficacy of cloprostenol in inducing estrus in
cycling Rusa timorensis hinds by assessing circulating progesterone (P4) concentration,
occurence of estrus and pregnancy rate. Estrus was synchronized in eight cycling hinds with 500
µg cloprostenol given intramuscularly at 10 days apart. Eight other R. timorensis hinds were notsynchronized and served as control. Blood samples, collected every three to four days for 29 days
from 24 hours prior to the first cloprostenol injection, were analyzed for plasma progesterone
concentration. Estrus was recorded based on observation of estrus signs during the period of
blood sampling and all hinds were subjected to transrectal ultrasonography to assess pregnancy
status. On the basis of changes in plasma progesterone concentration, cloprostenol induced estrus
in only 63% of the treated hinds. The other three treated hinds showed progesterone values (0.8
ng/mL) which appeared to be too low to indicate presence of corpus luteum for the drug to act on.
Spontaneous estrus occurred in 50% of the untreated hinds. Five of the 8 treated hinds and four
control hinds displayed standing estrus. Pregnancy rate to cloprostenol induced estrus following
natural mating was good with 50% of the treated hinds conceived. In the present study, estrus
synchronization had been successfully achieved using prostaglandin analogue.
Keywords: Rusa timorensis, estrus synchronization, cloprostenol, pregnancy rate
becoming extremely rare. Twenty-nine
species are listed either as endangered or
extinct, and species of R. timorensis is likely
to become threatened and endangered in the
near future (IUCN, 2008). Successful
artificial breeding of any deer species will
require a feasible and effective method of
estrus synchronization (Haigh et al., 1988)
other than artificial insemination.
The ability of prostaglandin F2α to
prematurely regress the corpus luteum has
been documented in red deer (Fisher et
al.,1994; Asher et al., 1995), wapiti (Glover,
1985), fallow deer (Asher et al., 1988;
Jabbour et al., 1993), Pere David’s deer
(Curlewis et al., 1988), white tail deer

Introduction
Rusa deer (Rusa timorensis) are
polyestrous breeders, with no definite
breeding season (Food and Agriculture
Organization, 1982), but a tendency for
breeding from March to July in tropical
Peninsular Malaysia has been established
(Mahre et al., 2012; 2013). In deer farming
operations, there has been a growing interest
in the possibilities of early synchronization
of estrus in the breeding season to prevent
the deer from giving birth when resources are
scarce, predation is heavier or weather
conditions become adverse. Additionally,
many of the world’s species of deer are
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(Haigh, 1984; Magyar et al., 1989) and
reindeer (Ropstad et al., 1996). However, no
published information is yet available on the
efficacy of cloprostenol in inducing estrus in
R. timorensis. Therefore, the present study
was designed to evaluate the efficacy of
cloprostenol in inducing estrus in R.
timorensis during the estrous cycle, by
assessing changes in peripheral progesterone
concentrations, occurence of estrus and
pregnancy rate.

Hinds were randomly divided into two equal
groups. In the treatment group, each hind
received two intramuscular injections of 500
µg cloprostenol (Estrumate®, ScheringPlough Animal Health Division of Intervet
Australia) 10 d apart. Eight other hinds
received two intramuscular injections of 2 ml
distilled water to serve as control. No stags
were placed with the hinds until 24 h after
the second injection of cloprostenol. In this
study, estrus was considered to have occurred
in both the control and treated hinds based on
cyclic basal progesterone levels, standing
estrus and the observations of the estrus signs
of swollen and moistened external genitalia.
Luteal and follicular phases of the estrous
cycle were determined according to the
methods of Mahre et al. (2012; 2013).

Materials and Methods
Ethical Consideration
This study was undertaken with the
approval of the Animal Care and Use
Committee
(reference
number:
UPM/FPV/PS/3.2.1.551/AUP-R141),
Universiti Putra Malaysia.

Collection of Blood
The hinds were physically restrained,
and no drugs were used. Two mL of blood
samples were collected into heparinized
vacutainer tubes using 18 gauge needles and
venoject tubes by jugular venepuncture, from
0900 to 1100, twice weekly, at 3- to 4-d
intervals for one mo. This was done to relate
the occurrence of estrus with progesterone
data. Blood samples were centrifuged at 1500
g for 15 min. The plasma obtained was
aspirated into labelled microvials and stored
at – 20 oC until assay.

Animals and Management
Sixteen cycling hinds, between five and
nine years old, with an average body weight
of 65.9 ± 1.19 kg were selected for this
study. No stags were placed with these hinds
prior to experiment initiation. Each hind was
determined to be cyclic prior to the study
through blood sampling and analysis as
described by Mahre et al. (2013). The hinds
were raised at the Universiti Putra Malaysia
deer breeding unit (2.995oN, 101.729oE).
Each hind was fed with 3.4 kg of commercial
hays (16% crude protein), 1.1 kg of
concentrates (15% crude protein) daily and
fresh water was provided ad libitum.

Estrus Response
During the period of blood sampling,
observations on estrus and mating were
conducted visually with the aid of a 126
m/1000 m field 7.2º binoculars (Sakura,
Japan). Males were placed in the pen 24 h
after the second injection of cloprostenol.
Both the control and treated hinds were
housed in the same pen. The hinds were
mated by two active males during this period,
and between the 2 males, they took turn to

Induction of Estrus
Estrus synchronization treatment was
timed to coincide with the approximate onset
of the breeding season of R. timorensis hinds
in tropical Peninsular Malaysia as determined
previously by Mahre et al. (2012; 2013).
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breed the females every 24 h. The males
were fitted with crayon mating-harness that
left marks on the females after mounting.
Behavioural signs of estrus such as chin
resting, frequent licking or sniffing of the
vulva, vocalization and mounting behaviours
of both the stags and hinds were also visually
observed during the period of blood
sampling. Before blood sampling, the
external genitalias were examined closely for
changes in size of the vulva and presence of
moistness and mucus discharge. Time to
onset of induced estrus was the period from
cessation of treatment to beginning of estrus,
while the duration of estrus was considered
to be the period from the onset of estrus to
the end of estrus.

concentrations were included at the
beginning and at the end of each assay. Intra–
assay and inter–assay coefficient of
variations were 6.5% and 7.2%, respectively.
The progesterone assay specificity was 100%
(17–hydroxyprogesterone 0.3%, 20 α–
dihydroprogesterone 2.0%) and sensitivity
was 0.02 ng/ml.
Statistical Analysis
Data were analysed using statistical
software IBM SPSS Statistic 21. Data were
expressed as mean ± standard error of the
means. Data on the intervals from treatment
to the onset of estrus and plasma
progesterone
concentrations
following
administration of the second injection of
cloprostenol were analysed by analysis of
variance (ANOVA). The time of standing
estrus and vulva biometry as well as days of
blood sampling were also related to
progesterone data by analysis of variance.
Differences are statistically significant when
P < 0.05.

Vulvar Biometry
The diameter of the vertical vulva
(distance between superior and inferior
commissure) and horizontal vulva (at the
broadest
horizontal
curvature)
were
measured using Vernier calipers before each
blood sampling.

Results and Discussion
Pregnancy Determination
On the basis of changes in plasma
progesterone concentrations, cloprostenol
induced estrus in only 63% of the treated
hinds (Figure 1). The interval between the
last cloprostenol injection to estrus was 78 h.
Sixty three percent of the treated hinds
displayed standing estrus 78 h after the last
cloprostenol injection (Table 1). No
mounting behaviour was observed in the
other three treated hinds. Other behavioural
signs of estrus were not observed. However,
the vulvas of all the hinds that displayed
standing estrus were slightly swollen and
moistened within 60 h during estrus detection
(Table 2). In this study, the other three
treated hinds showed progesterone values
(0.8 ng/ml) which appeared to be too low to
indicate presence of a corpus luteum for the

Transrectal
ultrasonography
was
performed using a real-time ultrasound
scanner (Aloka,500 SSD, Japan), with a 7.5
MHz transrectal linear probe on 33 and 43 d
(Myreal et al., 1992; Asher et al., 1995) after
mating, to determine the pregnant hinds.
Embryonic vesicle and the embryo could be
detected if the hinds were pregnant at these
stages (Myreal et al., 1992).
Plasma Progesterone Assay
Plasma progesterone concentrations
were measured using a commercial
radioimmunoassay (RIA) kit (Immunotech®,
France). The assay quality control samples
containing high and low hormone
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drug to act on (Figure 2). Although the data
(Figure 2) showed progesterone levels were
lowered after the administration of the
second cloprostenol injection, no behavioural
signs of estrus were observed in these three
treated hinds. This is in agreement with the
findings of Garcia et al. (2003), who reported
that a corpus luteum is only considered to be
functional if it showed a progesterone value
above 1 ng/mL. This finding also concurs
with earlier studies on Cervus canadensis
(Glover, 1985) and Cervus elaphus (Fisher et
al., 1994), both of which demonstrated that
the corpus luteum was not fully responsive to
the luteolytic action of cloprostenol when
administered on days 10 – 11 of the estrous
cycle. Glover, (1985); Fisher et al.(1994) and
Mahre et al. (2014) reported that the luteal

phase started on day 4 of the estrous cycle
and ended on day 16 of the estrous cycle in
Cervus canadensis, Cervus elaphus and Rusa
timorensis but the luteolytic action of
cloprostenol in Rusa timorensis was
incomplete in some animals probably due to
differences in hypothalamic-pituitary support
of the corpora lutea. Macmillan et al. (1985)
and Henderson and McNatty (1977) reported
that pituitary support of the corpus luteum in
other species determined the sensitivity of
luteal tissue to the luteolytic effects of
endogenous or exogenous prostaglandins.
The issue of refractoriness in Rusa timorensis
requires further clarification if prostaglandins
are to be used for induction of luteolysis
without reference to stage of the estrous
cycle.
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Figure 1. Mean P4 concentrations of Rusa deer hinds (n=5) treated with two injections of 500 µg
cloprostenol given at 10 d apart showing complete luteolysis. Arrow denotes the time of second
cloprostenol injection.
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Table 1. Incidence of estrus and conception in hinds in the treated and control groups
Parameter
No. of hinds with moist, swollen vulva
No. of hinds that displayed estrus
Interval between second cloprostenol
injection and estrus signs (h)
Duration of estrus (h)
No. of hinds conceived
Estrus response
Pregnancy rate

Treated (n=8)
5
5
60 ± 4.8

Control (n=8)
4
4
-

24 ± 2.6
4
5/8 (63%)
4/8 (50%)

24 ± 2.2
4
4/8 (50%)
4/8 (50%)

Table 2. Means (± SEM) for vulva biometry during the estrous cycle of R. timorensis
Vulva diameter
Vertical (cm)
Horizontal (cm)

Follicular phase
1.78 ±1.28
1.10± 0.52

Luteal phase
1.20 ± 0.18
0.78±0.04

P-value
P < 0.05
P < 0.05

1

Plasma progesterone (ng/ml)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

5

10

15

20

25

30

35

Days of sampling
Figure 2. Mean P4 concentrations of the other 3 treated hinds that showed progesterone
values (0.8 ng/ml) which appeared to be too low to indicate presence of a corpus luteum
for the drug to act on. Arrow denotes the time of second cloprostenol injection.
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The high progesterone concentration
recorded in the treated hinds on the day of
cloprostenol treatment indicated a high
proportion of hinds with a functioning corpus
luteum on that day could be the reason for
successful synchrony resulting from the 2injection cloprostenol regime. In these
respects, the responsiveness of R. timorensis
hinds to cloprostenol in this study was
similar to that observed for other deer species
such as the red deer (Fisher et al., 1994;
Asher et al., 1995) and fallow deer (Asher
and Thompson, 1989) as well as other
domestic ruminants such as sheep
(Acritipoulou and Haresign, 1980), goats
(Hearnshaw et al., 1974) and cattle (Rowson
et al., 1972; Roche, 1974).
The mean interval from the time of
administration of cloprostenol to the onset of
estrus in R. timorensis hinds was found to be
60 ± 4.8 h. This probably aroused from a
slow reduction in progesterone secretion to
basal concentration as a consequence of
higher initial luteal activity at the time of
cloprostenol treatment (Mahre et al., 2014).
A similar phenomenon was also observed by
Asher et al. (1995) in red deer, although, the
interval from the last cloprostenol treatment
to onset of estrus was longer for R.
timorensis hinds as compared to the red deer
which was 57.4 ± 1.8 h. The interval from
cloprostenol treatment to onset of estrus for
fallow deer was found to be 55.2 ± 1.2 h
which was shorter than that observed for red
deer (Asher and Thompson, 1989; Asher et
al., 1995) and R. timorensis hinds in the
current study. Reasons for variation between
species remain to be resolved (Asher et al.
1995).
Based on the observation of standing
estrus, moist and swollen vulvas (Table 2) as
well as progesterone data (Figure 3),
spontaneous estrus occurred in four of the
eight untreated hinds (Figure 3). The
progesterone levels for the 4 control hinds

during the 30-d blood sampling indicating
the corpus luteum was at its peak luteal phase
(2 ng/mL) on day 12 of blood sampling and
started to regress on d 15 (above 1 ng/mL)
and continued to decline rapidly before the
beginning of the next estrus which was d 22
of blood sampling. In this experiment, estrus
was considered to have occurred on the day
when progesterone level was at its lowest
level (below 1 ng/mL). This finding indicates
that R. timorensis hinds have a tendency to
exhibit natural estrus synchrony relative to
treated hinds. This finding corresponds
closely with the findings of Shelton (1960),
Clutton-Brock et al. (1982) and Glenn and
Guinness (1985) who reported that the
enclosing together of female mammals and
the subsequent introduction of a male
produced synchronous breeding. The
induction and synchronization of estrus
among unisexual grouped females in the
presence of a male (the Whitten effect;
Whitten, 1966) and the male induced failure
of implantation and return to the estrous
cycle ( the Bruce effect; Bruce, 1960) are
among the best examples of male to female
pheromone effects in female mammals.
Although, cloprostenol can synchronize
estrus in several species, the fertility of the
induced estrus is often lower than that of an
unsynchronized or progestagen-synchronized
estrus (Glover, 1985; Fisher et al., 1994).
This is in contrast with the findings in the
current study in which estrus response and
pregnancy
rate
following
estrus
synchronization with cloprostenol and
natural mating were moderate with 63%
estrus response and 50% pregnancy rate,
respectively. These differences were most
likely the result of subtle variation in
luteotrophic support of the corpus luteum
reflecting differences between species
(Henderson and McNatty, 1977; Macmillan
et al., 1985).
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Figure 3. Mean P4 concentrations of the untreated rusa deer hinds (n=4) that exhibited natural
estrus sychrony.
Conclusion
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