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Abstract

The estrous cycle length in the white rhinoceros (Ceratotherium simum) is either 4 or 10 wk. The cause(s) for this variation
s well as the poor fertility rate in captivity remains under debate in this species. Most captive adult white rhinoceros undergo long
novulatory periods without luteal activity which are considered a major reason for their low reproductive rate. In this study, the
ynthetic progestin chlormadinone acetate (CMA) was tested in combination with hCG or the GnRH analogue deslorelin for its
fficiency to induce ovulation in fourteen females without luteal activity and in three, regular cycling females. HCG (N � 12),
njectable GnRH analogue (N � 8) and GnRH analogue implants (N � 15) were given to induce ovulation after CMA treatment.
reatment success was determined using both transrectal ultrasonography and progesterone metabolite EIA analysis. A preovu-

atory sized follicle (3.5 � 0.1 cm) or a corpus luteum (5.1 � 0.7) was present on the ovary one day after induction in 93.1% of
he treatments. Despite this high rate of ovarian response, ovulation rate differed between the study groups. The ovulation rate for
CG, injectable GnRH analogue and GnRH analogue implants was 66.7%, 62.5% and 93.3%, respectively. Ovulation rate in
yclic females treated with GnRH implants was 100% (6/6) compared with 89% (8/9) in females without luteal activity receiving
he same treatment. The length of the estrous cycle when induced with hCG was 4 wk (85.7%). The estrous cycle when induced
ith GnRH analogue was predominantly 10 wk long. Two females without luteal activity treated with GnRH became pregnant.

n conclusion, CMA in combination with GnRH analogue implants was highly effective to induce ovulation in white rhinoceroses
nd thus can contribute to efforts aimed at increasing natural mating and reproductive rates in the captive white rhinoceros
opulation.

2012 Elsevier Inc. All rights reserved.
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1. Introduction

Based on non-invasive fecal steroid monitoring, two
types of estrous cycles of approximately either 4 or 10
wk in length have been described for the white rhinoc-
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eros (Ceratotherium simum) [1,2]. Due to low repro-
ductive rate in captivity, the correlation between es-
trous cycle length and fertility is not yet clear. One
previous study noted that a 10-wk cycle related to
embryo resorption [3]. Other studies determined that
the majority of captive females (61%) displayed long
anovulatory periods which were only occasionally in-
terrupted by erratic luteal activity [1,2]. These anovu-

latory periods are therefore considered a primary
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reason for the low reproductive rate in captivity for
this species.

Historically, 74% of all wild-caught white rhinocer-
oses (N � 199/269) and 87% of all the captive born
nimals (N � 239/274) have never reproduced. More
pecifically, only 26% of all wild-caught females and
8% of captive born females ever reproduced in cap-
ivity. Recently imported animals have not reproduced
t better rates, leaving the European captive population
ar from self-sustaining [5]. Reasons for this low repro-
uctive rate seem multifold. Studies on the luteal ac-
ivity in white rhinoceroses reported that 61% of all
aptive females were anovulatory without luteal activ-
ty. Specifically in young, mature females this finding
as of great concern [1,2,6]. Ultrasonography of the

eproductive tract in aged females, �15 yr of age,
evealed that long non-reproductive periods were asso-
iated with extensive pathologies limiting or even ex-
luding successful reproduction [4,6]. No such pathol-

ogies were found in young females without luteal
activity which were presumed to be reproductively
healthy. Yet reasons for their permanent anovulatory
status were not determined [6]. The alarming endocrine
and sonographic data strongly suggested that the lack of
luteal activity thus the lack of regular ovulation repre-
sents a major impediment to a successful captive breed-
ing program.

Several protocols for hormonal induction of ovula-
tion have been attempted in different rhinoceros species
[7]. Protocols using synthetic progestin, sometimes pre-
ceded by PGF2� and followed by different combina-
ions of FSH, PMSG, hCG, and GnRH have largely
ailed to reliably induce ovulation. So far, only two
rotocols have been reported to synchronize estrus in
novulatory white rhinoceroses: (1) synthetic progestin,
hlormadinone acetate combined with hCG, and (2)
nRH analogue, deslorelin acetate applied when a pre-
vulatory sized follicle was present without preceding
ynthetic progestin treatment [1,6,8,9]. The 45-day syn-
hetic progestin treatment combined with hCG achieved
n ovulation rate of 30% [6]. Induction of estrous using
ust GnRH analogue required close ultrasound monitoring
f follicular development and was therefore limited to one
ndividual.

The aim of the present study was to further test the
fficiency of a synthetic progestin, chlormadinone ac-
tate, when combined with either hCG or with a GnRH
nalogue in order to synchronize estrus and initiate
pontaneous estrous cycles in anovulatory white rhi-

oceroses. f
. Materials and methods

.1. Estrus induction

Fourteen females without luteal activity and three fe-
ales with regular luteal activity were selected and some

f those repeatedly treated for estrus and ovulation induc-
ion (Table 1). In animals selected for this study fecal

pregnane had been monitored for 6 mo to several years. A
total of 35 estrus induction treatments were conducted. All
rhinos studied were registered in the international stud-
book for the white rhinoceros. For estrous induction oral
synthetic progestin, chlormadinone acetate (30 mg/day)
was given for 45 days (Synchrosyn, Pfizer, Berlin, Ger-
many or Synchrosyn Alverta u. Werfft, GmbH, Vienna,
Austria). The 45 day CMA treatment was designed to last
longer than the calculated physiological life time of a
corpus luteum. If a corpus luteum had just formed prior to
the start of the treatment, synthetic progesterone mim-
icked luteal activity longer than the CL’s life time, until its
withdrawal initialized the development of a new dominant
follicle. In cycling females this design allowed starting the
CMA treatment even if the exact stage of the estrous cycle
was not known.

On day 9.5 � 0.2 upon completion of the synthetic
progestin treatment, either hCG or one of two different
formulations of GnRH analogue Deslorelin were applied.
Seven anovulatory females, were treated with 10 000 IU
of hCG (Ovogest, Intervet, Unterschlei�heim, Germany).

verage time between the repeated use of hCG in the
ame female was 18 mo with a range of 7 to 46 mo. Six
novulatory females were treated by intramuscular injec-
ions of 3.0 mg of oily suspended GnRH analogue deslo-
elin acetate (BioRelease deslorelin, BET Pharm, Lexing-
on, KY, USA). Further nine anovulatory and six
vulating, regular cycling females were treated with 4.2
g of the GnRH analogue deslorelin acetate, suspended in

wo sustained release implants (Ovuplant, Selectavet Dr.
tto Fischer GmbH, Weyarn/Holzolling, Germany). Both
nRH formulations, the BioRelease oil and the sustained

elease implants, were designed to mimic the pulsatile
ature of endogenous GnRH by releasing the GnRH an-
logue over a period of 48 h. Females received the Deslo-
elin by either hand injection or remote dart delivery [10].
emote delivery of Deslorelin was achieved by standard 3
L blow dart or specific implant-dart (Transponder blow

art TS-ID 100, Telinject, Römerberg, Germany). Ultra-
ound (Voluson i, GE Healthcare, Germany, with 2–5
Hz and 4–8 MHz transducers) assessed the ovarian

tatus 1 day after GnRH analogue application in 18 treated

emales [6,9,11].
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2.2. Hormone analysis

To evaluate treatment success fecal samples were
collected twice per week prior to, throughout and fol-
lowing the estrous induction treatment. All samples
were stored at �20°C until analyzed. Fecal 20-oxo-
regnane concentration was analyzed with a group-
pecific enzyme-immunoassay as described previously
1,9,11]. In two females, blood serum analysis twice
er week was performed instead of fecal hormone anal-
sis as part of the routine health check. Blood samples
ere collected from the leg vein. Plasma progesterone

oncentrations were determined via EIA using a previ-

Table 1
Estrous synchronization in anestrous and estrous white rhinoceroses
analogue.

Location Studbook
number

Age (years) Group size
(male.female)

Estro
trea

alzburg, AT 361 23 2.2 An
alzburg, AT 361 24 2.2 An
alzburg, AT 361 28 2.2 An
alzburg, AT 361 28 2.2 An
alzburg, AT 361 30 2.2 An
alzburg, AT 361 29 2.2 An
chwerin, DE 403 29 1.1 An
chwerin, DE 403 30 1.1 An
a Palmyre, F 767 19 1.1 An
a Palmyre, F 767 20 1.1 An
a Palmyre, F 767 23 1.1 An
unster, DE 967 12 1.2 An
hipsnade, UK 1047 14 2.6 An

ewdley, UK 1062 15 1.3 An
ambridge, CA 1193 12 2.3 An
ambridge, CA 1193 12 2.3 An
ambridge, CA 1194 12 2.3 An
ambridge, CA 1194 12 2.3 An
elwo, ES 1415 9 1.1 An
adrid, ES 1416 10 1.2 An
ambridge, CA 1193 13 1.3 An
rnheim, NL 907 21 2.2 Est
ratislava, SK 1154 24 1.2 Est
ratislava, SK 1154 24 1.2 Est
adrid, ES 1416 13 1.2 An

elwo, ES 1415* 11 1.1 An
mneville, F 1444 10 1.2 An
mneville, F 1445 10 1.2 An
olchester, UK 1457 10 1.2 Est
olchester, UK 1457 11 1.2 Est
openhagen, DK T18 12 2.2 An
openhagen, DK T18 14 2.2 Est
openhagen, DK T18 15 1.2 An
openhagen, DK T19 7 2.2 An
openhagen, DK T19 8 1.2 An

. haem., corpus haemorrhagicum; CMA, chlormadinone acetate; n.d
* Died at 30 days post AI with emrbyonic strucure in the uterus.
usly published slightly modified protocol [12,13].
2.3. Statistical analysis

Comparison between treatments was performed
with GraphPad InStad (Version 3.00, La Jolla, CA,
USA). A contingency table was used to evaluate
variances between treatment groups. Comparison be-
tween treatment groups was done by �2 test with P
values �0.05 considered significant. All other values
are given as means � SEM.

3. Results

After ovulation induction an ovarian response, as

hlormadinone acetate combined with either hCG or GnRH

r Last CMA
treatment

Ovulation trigger Dominant
follicle
(cm)

Luteal activity
(days)

15.07.1994 hCG n.r. 30
01.05.1995 hCG n.r. 30
01.03.1999 hCG n.r. 70
13.12.1999 hCG 3.2 30
11.07.2000 hCG 3.2 No luteal activity
25.2.2001 hCG 3.2 30
18.10.1999 hCG CL 6.0 30
3.10.2000 hCG 3.2 No luteal activity
9.1.2001 hCG CL 3.7 30

13.11.2002 hCG 3.8 No luteal activity
9.5.2005 hCG 3.5 30

27.1.2002 hCG 3.4 No luteal activity
12.9.2008 GnRH biorelease 3.4 70
5.11.2007 GnRH biorelease 3.2 70

10.1.2007 GnRH biorelease n.d. No luteal activity
10.1.2007 GnRH biorelease 3.4 No luteal activity
18.10.2007 GnRH biorelease 3.2 30
18.10.2007 GnRH biorelease 3.2 No luteal activity
30.11.2007 GnRH biorelease 3.3 70
28.11.2007 GnRH biorelease 3.4 Pregnant
13.6.2008 GnRH implant 3.7 70
18.9.2008 GnRH implant CL 5.5 30
14.1.2008 GnRH implant 3.8 70
24.9.2008 GnRH implant 3.8 70
20.10.2010 GnRH implant 3.5 No luteal activity
19.5.2009 GnRH implant 3.7 Pregnant
29.6.2010 GnRH implant n.d. 70
29.6.2010 GnRH implant 3.4 30
6.5.2008 GnRH implant n.r. 30
7.4.2009 GnRH implant n.r. 70

17.10.2008 GnRH implant n.r. 70
22.9.2010 GnRH implant 3.6 70
6.5.2011 GnRH implant 3.4 70

10.8.2010 GnRH implant 3.7 70
6.5.2011 GnRH implant 3.8 70

etected; n.r., not recorded.
using c

us (prio
tment)

estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
estrous
rous
rous
rous
estrous
estrous
estrous
estrous
rous
rous
estrous
rous
estrous
estrous
estrous

., not d
monitored by ultrasonography, was detected in 93.1%
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of the treatments (27/29, Table 1). One day, after ovu-
lation induction a preovulatory sized follicle measuring
3.5 � 0.05 cm was present in 82.8% of treatments
(24/29, Table 1), whereas in 10.3% a fresh corpus
uteum of 5.1 � 0.7 cm had formed (3/29). In 6.9% of
reatments no functional structure was detected on the
vary (2/29).

Elevated fecal pregnane or plasma progesterone
oncentrations 10 days after ovulation induction indi-
ated that chlormadinone combined with hCG or deslo-
elin, succeeded in inducing ovulation. The overall ovu-
ation rate in all treated females was 77.1% (27/35,
able 1). Of the three different triggers used to induce
vulation, GnRH analogue implants were the most ef-
cient. The ovulation rate of 93.3% using GnRH im-
lants was significantly higher (P � 0.05) then ovula-
ion rates achieved by hCG (66.7%) or injectable
nRH analogue (60.5%). HCG was used in one female
times to trigger ovulation. Despite sometimes short

ntervals between hCG applications of 7 or 9 mo this
emale ovulated 5 out of 6 times after estrous induction.

Ovulation rate in cyclic females treated with GnRH
mplants was 100% (6/6) compared with 89% (8/9) in
novulatory females. Despite the presence of a preovu-
atory sized follicle after CMA treatment 33.3%, 37.5%
nd 6.7% of the females treated with hCG, GnRH or
nRH implants, respectively, failed to ovulate as fecal
regnane concentrations remained at baseline levels
below 100 ng/g feces).

The missing presence of a preovulatory sized follicle
r corpus luteum 1 day after ovulation induction in two
emales was not a clear indicator for the failure of
strous induction. In one female, the increase of fecal
regnane concentration suggested that ultrasound was
erformed after the ovulatory follicle had ruptured and
rior to the formation of a corpus luteum. However, in
he other female CMA treatment failed to induce any
varian response and pregnane concentrations re-
ained at baseline levels. Because of logistical prob-

ems, ultrasound was not performed in three of the
reated animals (Table 1).

The length of elevated luteal activity when induced
ith hCG was primarily 4 wk (85.7%, Fig. 1). Luteal

ctivity when induced with GnRH analogue was pre-
ominantly 10 wk long (injectable GnRH: 60%; GnRH
mplants: 71.4%; Fig. 2). The first 3 wk of luteal ac-
ivity pregnane concentration was similar for both types
f luteal activity. In females with a short estrous cycle
n response to ovulation induction, pregnane concen-
ration started to cease after 3 wk. In females with a

ong estrous cycle, pregnane concentration further in-
creased to slowly start ceasing only after 5 wk (Fig. 2).
Two anovulatory females, one treated with GnRH im-
plants the other with GnRH injection became pregnant.

Fig. 1. Fecal pregnane concentration of white rhinoceros from 12
estrous inductions using CMA and hCG. (A) In four treatments luteal
activity remained at baseline. (B) In eight treatments luteal activity
increased after ovulation induction and ceased after 4 wk except for
one. (C) In three females luteal response was less pronounced.
One of these females carried an embryonic vesicle
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when she died 4 wk after ovulation of an unrelated
cause. The other carried the pregnancy to term. Inter-
estingly, pregnane concentration in the pregnant female
was above baseline but clearly elevated only two mo
after estrus induction (Fig. 2). In four of five cycling
emales regular luteal cycle activity resumed after the
MA treatment. Two of the anovulatory females

tarted displaying spontaneous estrous cycles following

Fig. 2. Fecal pregnane concentration of white rhinoceros from 15 estro
10 days after ovulation induction. (A) Luteal activity remains eleva
animals with the 4-wk cycles the induced luteal activity continued. (B
occurred 60–80 days post ovulation induction; samples from anothe
strus induction treatment (Table 1, Fig. 2).
. Discussion

Mature, healthy, but anovulatory captive white rhi-
oceroses represent one of the greatest challenges for
aptive breeding programs in this species [1,2,5]. The

principle of estrus synchronization in a rhinoceros was
first reported more than 15 yr ago [1,8]. When this
initial treatment protocol was repeated in anovulatory

ctions using CMA and GnRH analogue implants: pregnane increases
10 wk (mean � SEM) or for 4 wk post ovulation induction; in the
nounced increase of pregnane concentration in one pregnant female

ant female were collection for approximately 4 wk after conception.
us indu
ted for
) A pro
rhinoceroses 10 yr later, the success rate for inducing
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ovulation was 30% [6]. In this study, the ovulation rate
sing chlormadinone acetate with hCG or deslorelin for
vulation induction was over 77%, significantly im-
roving the efficiency of estrus induction for this spe-
ies. Key improvement of estrous induction was the
xtended period of 9.5 days after the completion of the
MA treatment before ovulation was induced. The use
f synthetic GnRH analogue implants replacing hCG
nd injectable GnRH analogue as ovulation inducer
urther improved ovulation rate to over 93%. The com-
ination of CMA treatment with deslorelin implants
rovided a highly efficient and accurate estrous induc-
ion protocol for the white rhinoceros. The sustained
elease of GnRH analogue using implants was more
ffective compared with the liquid formulation suggest-
ng a better bioavailability of the GnRH in the rhinoc-
ros when slowly released from implants.

Although antibody production against the human
horiogonadotropin has not been tested in this study,
ultiple use of hCG seemed not to influence the effi-

acy to induce ovulation in the white rhinoceros. One
emale ovulated five out of six times when induced with
CG with as short as 7 mo between inductions. Other
emales did not respond at first but in subsequent in-
uctions. The glycoprotein, hCG, with the human spe-
ific �-subunit might rather lack specific receptor bind-

ing properties in the rhinoceros, necessary to induce
ovulation at a higher rate.

White rhinoceroses are monovulatory. Follicles
grow in waves, from which one dominant preovulatory
sized follicle develops [3,6,9,11]. In anovulatory fe-

ales the fate of this preovulatory follicle is atresia or
emorrhage with fecal progesterone metabolites con-
entrations remaining at baseline [3]. The sustained
elease of the GnRH analogue deslorelin acetate has
reviously been shown to induce ovulation in anovula-
ory and postpartum white rhinoceroses [9,11]. Yet, in
hese previous studies the development of the dominant
ollicle to preovulatory size was closely monitored by
ltrasound before ovulation was induced. Different
rom this setting, most anovulatory white rhinoceros
re not conditioned for ultrasound monitoring of ovar-
an events. For the estrus induction protocol described
ere, folliculogenesis was not closely monitored by
ltrasound prior treatment. The synthetic progesterone,
MA, temporarily suppressed the folliculogenesis. The

ength of synthetic progesterone treatment was calcu-
ated to last longer than the physiological life time of a
orpus luteum in cycling females. After ceasing the
MA application, folliculogenesis resumed and a pre-

vulatory sized follicle developed within 9.5 days.
vulation was then triggered by hcG or GnRH induc-
ng luteal activity.

In this study, CMA combined with hCG or GnRH
nalogue deslorelin reliably produced an ovarian re-
ponse documented by the presence of the preovulatory
ized follicle or corpus luteum one day after ovulation
nduction, irrespective of the luteal activity at the start
f the treatment. The presence and size of a preovula-
ory sized follicle one day after ovulation induction or
.5 days after the end of the 45-day chlormadinone
reatment was in accordance with previous reports on
vulation induction without a preceding oral synthetic
rogestin treatment [3,6,9,11]. Between the three trig-
ers used to induce ovulation the slow release GnRH
nalogue implant achieved a significantly higher ovu-
ation rate and was therefore superior in triggering
vulation compared with hCG and the oily suspension
f deslorelin acetate. However, most of the treated
emales were difficult to approach for a hand injection.
n this regard, the remote delivery of the implants in a
pecific implant-dart [10] was less convenient than the
emote delivery of the water soluble hCG or the oily
nRH analogue suspension in a standard blow dart.
Pregnane concentration increased markedly approx-

mately 10 days post ovulation. In animals with 4 wk of
uteal activity the pregnane concentration started to
egress 3 wk after estrous induction. In animals with 10
k of luteal activity pregnane concentration started to

lowly regress after 5 wk. In pregnant females, a clear
ncrease of pregnane concentration was observed two
o after ovulation. This delay in gestational increase of

regnane concentrations is consistent with previous re-
orts for the white rhinoceroses [2,9,11] and is similar
o results found in black [14,15] and greater one-horned

rhinoceroses [16]. This suggests that fecal pregnane
metabolite excretion during early pregnancy might be
different as compared with nonfertile estrous cycles. In
this regard, plasma progesterone concentration pro-
vides more diagnostic value for pregnancy determina-
tion as progesterone concentration after conception
rises without delay [9,11].

In the wild, courtship and mating behavior is obvi-
ous and well described [17]. In captivity, behavioral
estrus in female white rhinoceros is more cryptic and
occurs mostly unnoticed by animal managers. An ex-
perienced male in the captivity can detect estrous fe-
males by showing behavioral interest. However, intro-
duction of territorial males to females without luteal
activity can be associated with severe aggression or the
death of the female, if the female has ceased her fol-

liculogenesis and does not produce preovulatory sized
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follicles due to age or pathologic lesions in the repro-
ductive tract [17]. Most males in captivity however are
inexperienced, non-proven breeders that often do not
respond to females in (silent) heat or females with
regular estrous cycle activity. This greatly hampers
breeding management and reproductive success in cap-
tivity. Estrus induction following the protocol de-
scribed in this study will allow for more accurate timing
of natural breeding attempts in both, regular cycling
and females without luteal activity. Access of the male
to the female can be restricted to the receptive period,
occurring 9 to 11 days after the completion of the
progestin treatment.

Our results show that estrus and ovulation was reli-
ably and timely induced in anovulatory and regular
cycling females. Females showing regular estrus prior
to the treatment mostly continued with estrous cycle
activity after treatment, demonstrating the safety of the
protocol. Failure to resume the cycle in one female was
possibly influenced by shortening daylight during the
winter time. This female had a previous record of
cessation of reproductive cyclicity during the winter
months. Treatment with CMA and GnRH analogue in
two anestrous females stimulated subsequent regular
spontaneous estrous cycles overcoming anestrous for
the duration of the study.

This is the first report of hormone treatments that
initiated regular cyclical reproductive activity in anovu-
latory white rhinoceros. In the majority of cases, estrus
induction failed to induce a lasting effect. Further use
and improvements of the estrus induction protocol are
warranted in order to initiate regular, spontaneous re-
productive activity in captive, anestrous, female white
rhinoceros.
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