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bstract

The first successful artificial insemination (AI) in a rhinoceros was reported in 2007 using fresh semen. Following that success,

e decided to evaluate the possibility of using frozen-thawed semen for artificial insemination. Semen, collected from a 35–36 year

ld Southern white rhinoceros (Ceratotherium simum simum) in the UK was frozen using the directional freezing technique. This

rozen semen was used in two intrauterine AI attempts on a 30 years old female rhinoceros in Hungary. The first attempt, conducted

0 days postpartum with an insemination dose of�135 � 106 motile cells, failed. The second attempt, conducted two estrus cycles

ater with an insemination dose of �500 � 106 motile cells, resulted in pregnancy and the birth of a healthy offspring. This

epresents the first successful AI using frozen-thawed semen in a rhinoceros, putting it among very few wildlife species in which AI

ith frozen-thawed semen resulted in a live birth. The incorporation of AI with frozen-thawed semen into the assisted reproduction

oolbox opens the way to preserve and transport semen between distant individuals in captivity or between wild and captive

opulations, without the need to transport stressed or potentially disease carrying animals. In addition, cryopreserved spermatozoa,

n combination with AI, are useful methods to extend the reproductive lifespan of individuals beyond their biological lifespan and an

mportant tool for managing genetic diversity in these endangered mammals.
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1. Introduction

As of 2006, the worldwide rhinoceros population

constituted about 14,950 animals in Africa, 2850 in

Asia and approximately 800 in captivity [1]. For many

years, the number of rhinoceros species has declined

significantly due to poaching, hunting, habitat degrada-
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tion and fragmentation, as well as civil wars in range

countries. Although recent reports indicate some

success in conservation efforts [2], two of the three

species in Asia and three of the six subspecies in Africa

are still listed as critically endangered [3]. One of these,

the Northern white rhinoceros, has an estimated four

individuals left in the wild. According to recent reports,

it is unclear whether these animals are still alive as they

have not been seen since 2006 [2]. An additional

African subspecies, the Western black rhinoceros, is

thought to be extinct [4]. Although it is not understood

why, the reproductive success of rhinoceros in captivity

is low, especially among those born in captivity [5]. As a
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result, the rhinoceros has a projected negative annual

growth rate of 3.5% [6]. With this bleak forecast in

hand, extensive efforts were invested in recent years to

understand the reproductive anatomy and biology of the

various rhinoceros species [7–14]. These efforts were

supplemented by the development and extensive use of

ultrasonographic reproductive assessments in captive

animals [15–18]. These evaluations led to the under-

standing that aging of the captive female population as

well as repeated, non-reproductive oestrus cycles are

major contributors to the development of a variety of

reproductive pathologies [16,19]. In male specimens,

ultrasonographic evaluations of the reproductive tract

enabled the development of successful semen collection

and cryopreservation techniques [15,20]. These

advances have allowed the development of an artificial

insemination technique for rhinoceros [21]. This

technique has been modified and improved over the

years, a special intrauterine insemination catheter was

developed and a protocol to induce ovulation was

devised, all of which contributed to the birth of the

world’s first live rhinoceros calf conceived by artificial

insemination at the beginning of 2007 [22]. As

important as this achievement was, the use of fresh

semen collected from a male in the same institution

limited wider application of the technique.

Initial sperm cryopreservation experiments using the

equiaxed liquid nitrogen vapor method resulted in

relatively poor post-thaw survival [15,23]. However,

another freezing technique known as directional freezing

offered a new opportunity. This technique makes it

possible to precisely control ice crystal propagation,

morphology and latent heat dissipation when freezing in

large volumes [24]. Several attempts using this technique

in a variety of species have proved it to be successful [25–

28] and superior to conventional freezing techniques,

notably in stallions which are often used as model species

for the development of analogous protocols in rhinoceros

[29,30]. Using this technique, we showed recently that in

vitro post-thaw rhino semen parameters can be sig-

nificantly enhanced in comparison to the conventional,

liquid nitrogen vapor technique [31]. With these

encouraging results, the next step was to attempt artificial

insemination with frozen-thawed semen in rhinoceros.

2. Materials and methods

2.1. Materials

Unless otherwise stated, all materials were obtained

from Sigma Aldrich Chemie GmbH, Taufkirchen,

Germany.
2.2. Animals

One wild caught female and one non-proven wild

caught male Southern white rhinoceros (Ceratotherium

simum simum; studbook # 902 and # 88, respectively)

participated in this study. The female’s previous two

pregnancies were conceived through artificial insemi-

nation with fresh semen [22]. At the time of conception,

the female was housed at the Budapest Zoo in Hungary

and the male in Colchester Zoo in the UK. The male was

35–36 years old at the time of semen collections and the

female was 30 at the time of insemination using the

frozen-thawed semen.

2.3. Endocrinology

The female’s endocrine function was monitored by

serum and fecal progesterone metabolite analysis at

least on a bi-weekly basis since it gave birth in January,

2007. For collection of blood samples, the female

rhinoceros was conditioned to accept blood withdrawal

from an ear vein. Freshly defecated faeces were

collected in the stalls. Plasma and fecal samples were

stored at �20 8C pending analysis, which was

conducted using a group-specific enzyme-immunoas-

say for 20-oxo pregnanes as described previously

[22,32]. Briefly, before analysis plasma samples were

extracted with diethyl ether and faecal samples were

extracted with methanol and petroleum ether. The

extracts were diluted with assay buffer depending on

concentrations.

To induce and time ovulation in accordance with the

planned AI, 4.2 mg synthetic GnRH analogue, deslor-

elin acetate (OvuplantTM, Peptech, Melbourne, Aus-

tralia) were administered by a biocompatible, sustained

release subcutaneous implant as previously described

[22].

2.4. Anaesthesia

Standing sedation was used for transrectal ultra-

sonographic examinations, for AI and for pregnancy

determination. This was achieved by injecting 25.0 mg

detomidine hydrochloride (Domosedan1, Orion Cor-

poration, Espoo, Finland) and 25.0 mg butorphanol

(Butormidor1, Richter Pharma AG, Wels, Austria).

Due to the short period between anaesthesia, sedation of

the female for artificial insemination required the

additional application of etorphine hydrochloride

(0.98–1.72 mg) and acepromazine maleate (4–7 mg)

(Large Animal Immobilon1, Novartis Animal Health

UK Ltd., Royston, UK) and 200 mg ketamine (Bela
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Pharm GmbH & Co. KG, Vechta, Germany). Local

anaesthetic lidocaine-hydrochloride Gel (Xylocain1

Gel 2%, AstraZeneca GmbH, Wedel, Germany) was

applied to the vaginal labia to avoid reflex reactions

when manipulating the clitoris during insemination.

Electro-ejaculation required general anaesthesia

which was achieved with 15.0 mg detomidine hydro-

chloride and 15.0 mg butorphanol. This was followed by

3.06 mg etorphine hydrochloride and 12.5 mg acepro-

mazine maleate. In addition, 150 mg ketamine were

injected into the ear vein. For reversal, 200–250 mg

naltrexone hydrochloride (Wildlife Pharmaceuticals,

Fort Collins, CO) was administered intra venous This

was accompanied by intra venous application of 100–

125 mg atipamezole (Antisedan1, Orion Corporation,

Espoo, Finland) in cases when Large Animal Immobi-

lon1 was used [19].

2.5. Semen collection and cryopreservation

Semen was collected on two occasions using electro-

ejaculation (Seager model 14, Dalzell USA Medical

Systems, The Plains, VA) as previously described [15].

Briefly, a specially designed probe, 125 mm long with a

diameter of 105 mm and three longitudinal, slightly

raised electrodes, was introduced into the male’s rectum.

On each occasion, a total of 18 stimulations, divided into

sets of 3–4 stimulations, were applied with increasing

voltage (range 3–15 V) and amperage (maximum

500 mA). After collection, the total volume was noted

and the semen was immediately extended with isothermal

Berliner Cryomedium (BC) [15,33], a TEST-egg yolk

extender with 6.25% Me2SO, at a ratio of 1:1. Subjective

progressive motility on a scale of 0 to 5 (0 = immotile,

5 = fast progressive motility) and total motility of the

extended native semen was evaluated by dark field

microscope (Olympus CH 40, Olympus, Hamburg,

Germany) equipped with a heating stage (37 8C). Sperm

concentration was estimated using an improved Neu-

bauer haemocytometer. Smears were prepared for later

evaluation of sperm morphology and acrosome integrity

and an aliquot of native sperm was incubated for a hypoo-

smotic swelling (HOS) test as previously reported [31].

The extended semen was chilled slowly over�2 h by

placing the test tube with the semen inside an isothermal

water bath stored at 4 8C. Following chilling, the semen

was packaged into 8 mL and 2.5 mL HollowTubes and

frozen using the MTG-516 apparatus (IMT Ltd., Nes

Ziona, Israel) as previously described [26,27,30,31].

Frozen samples were kept under liquid nitrogen

pending insemination. For thawing, samples were first

held in the air at room temperature (22–23 8C) for 60 s
and then plunged into a water bath at 37 8C for 30 s.

Following thawing, samples were kept in the water bath

at 37 8C pending evaluation and artificial insemination.

2.6. Artificial insemination and pregnancy

confirmation

Several days prior to insemination, a thorough

ultrasound examination of the reproductive tract was

conducted (Voluson i, GE Medical Systems, Zipf,

Austria, with 2–5 MHz and 4–8.5 MHz transducers or

SonoSite 180Plus, SonoSite Inc., Borthell, WA, with 2–

5 MHz C60/5-2 transducer). On each occasion, a single

insemination was performed in the sedated female with

16 mL of extended sperm which was thawed just prior

to the procedure. For insemination, a special catheter

was designed to overcome the two main anatomical

obstacles for intrauterine insemination in the rhino-

ceros. These obstacles are the hymeneal membrane in

nulliparous females and the anatomically long and

tortuous rhinoceros cervix, which has extremely tight

cervical folds. This 115 cm long catheter is composed

on the outside of a conic (4–9 mm) flexible carbon

sheath with a handle. On the inside, the carbon sheath

holds a 90 cm luer-lock cannula, which ends in an

angled, smoothly edged stainless steel catheter tip

(Patent: DE 10203094A1, Schnorrenberg Chirurgie-

mechanik GmbH, Woltersdorf, Germany).

Pregnancy diagnosis and foetal development were

evaluated in the standing sedated animal with the aid of

ultrasound. Foetal measurements of different biometric

parameters included: crown-to-rump length, biparietal

width, thoracic width and femur length. Biometric

measurements of the fetus were extracted directly from

on board stored scans and processed with 4D View

software (GE Medical Systems).

3. Results

Two inseminations were performed. The first was

conducted during the postpartum heat, 28 days

postpartum. This AI failed to result in a pregnancy as

was indicated by the appearance of the following

oestrus cycle. A second attempt was carried out during

the third postpartum cycle. In this attempt, a pregnancy

was achieved as a result of artificial insemination with

frozen-thawed semen and a live male calf was born.

3.1. Semen collection and cryopreservation

The semen was collected on two occasions from an

aged male who never sired offspring. On the two
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Table 1

Fresh and post-thaw sperm parameters.

First AI Second AI

Fresh Frozen-thawed Fresh Frozen-thawed

Concentration (�106 cells/mL) 80 40 80 40

Total motility (%) 90 21 90 78

Progressive motility (0–5 scale) 3 2 5 5

Normal morphology (%) 71 25 76 61

Intact acrosome (%) 91 30 76 65

Viability (HOS positive) (%) 79 74 70 48

Total cells for AI (�106) 640 640

Total motile cells for AI (�106) 135 500
occasions, a total of 56 mL and 27.5 mL were collected

in 5 and 3 fractions, respectively. Fresh and post-thaw

sperm evaluations indicated good to moderate quality

sperm (Table 1). The semen was frozen and kept under

liquid nitrogen for 2–3 years before it was used for the

AI. For each AI, 2 � 8 mL tubes were thawed. Both

insemination doses contained a total of �640 � 106

cells. However, the first insemination was performed

with about 135 � 106 motile cells while the second with

about 500 � 106 motile cells.

3.2. Artificial insemination and pregnancy

confirmation

During ultrasound evaluations conducted 1–4 days

prior to AI, a Graafian follicle was identified with a

diameter of 3.4 and 2.65 cm for the first and second AI,

respectively. Administration of the GnRH analogue in

both attempts resulted in ovulation within 24 h. This

was confirmed by the appearance of corpus haemor-

rhagicum, Ø 3.5 and Ø 3.4 cm on the first and second
Fig. 1. Serum and fecal 20-oxo-pregnane from last parturition to the 12t
AI, respectively. Under ultrasonographic guidance, the

specially designed insemination catheter was directed

through the cervix and the uterine body into the uterine

horn on the ovulating side.

Serum pregnane concentrations rose and remained

elevated after the second AI. However, fecal pregnane

concentrations were slower to raise and did not indicate

gestation until 4–5 months after the insemination

(Fig. 1). Pregnancy was confirmed by ultrasound on day

109 of gestation and the fetal measurements of the

different biometric parameters were: biparietal width

3.08 cm, thorax width 5.23 cm, crown-to-rump length

15.23 cm and femur length 2.04 cm. A healthy male

calf was born after 495 days of gestation (Fig. 2).

4. Discussion

In this study we used frozen-thawed semen collected

from an aged male Southern white rhinoceros that had

never sired offspring, and was therefore not represented

in the population, to inseminate a female housed at a
h month of the pregnancy following AI with frozen-thawed semen.
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Fig. 2. The world’s first rhinoceros to be born following artificial insemination with frozen-thawed semen, several hours after birth.
distant institution. During the first AI we unsuccessfully

attempted to ‘‘catch’’ the foal heat. This failure might

have been due to insufficient sperm quality in terms of

low post thaw motility and low levels of normal

morphology and acrosome integrity. The quantity of

motile cells (approximately 135 �106) may have been

below the minimum threshold required to achieve

fertilization in this species. It might also be that the low

post thaw motility in this sample was due to extensive

DNA fragmentation, which seem to be a frequent

problem in frozen-thawed rhinoceros semen (unpub-

lished data). The second, successful attempt which took

place during the third postpartum cycle used approxi-

mately 500 � 106 motile cells.

This achievement joins a fairly short list of fewer

than 30 wildlife species, most of which closely related

to domestic species, in which artificial insemination

with frozen-thawed semen has been successful in

producing live offspring (For reviews see: [35,36–38]).

The use of frozen-thawed semen holds a great potential

as a mean to help overcome the crisis most captive and

wild rhinoceros populations are facing in many different

ways.

As was demonstrated here and in our previous study

[22], artificial insemination with both fresh and

cryopreserved semen is now possible in the rhinoceros.

This very important reproductive technique can now be

incorporated into the rhinoceros conservation toolbox

and is expected to enhance the poor reproductive

performance of the captive rhinoceros populations. It

may also help in saving the Northern white rhinoceros
subspecies from extinction. For other rhinoceros species

and subspecies, semen can also be collected in the wild

to increase the genetic diversity of the captive

population without the need to remove individuals

from their habitat and without the risk of transferring

potentially disease-carrying animals between countries.

Frozen semen can be stored while blood samples are

evaluated to ascertain that it carries no transmissible

disease before using it for insemination. Collection and

freezing of rhinoceros semen also allows samples to be

collected from captive males and used to invigorate

small and isolated populations in the wild. The

possibility to move semen between distant institutions

for the purpose of AI, as demonstrated in this study,

should also help to reverse the premature reproductive

aging due to the development of reproductive tract

pathologies and the secession of ovarian activity

[16,19].

As if to worsen the already poor reproductive record

of the various rhinoceros species and subspecies in

captivity, reports on both the Indian (greater one-

horned) and the black rhinoceroses indicate that the

captive birth sex ratio is skewed towards males. In the

Indian rhinoceros the reported zoo-born sex ratio is

60:40 (male:female) [39]. In the wild-caught black

rhinoceros population it was reported that the odds of

having a male offspring increase several fold with the

age of the dam or with the duration that the female is

held in captivity [40] or if the female is translocated just

prior to conception or during early pregnancy [41]. We

have recently demonstrated the possibility to sort the
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rhinoceros sperm into X- and Y-chromosome bearing

sperm populations with the aid of flow cytometry [42].

Combining this technique with sperm freezing and

artificial insemination may help not only to counter

skewed sex ratio trends, but also through insemination

with X-chromosome bearing spermatozoa to increase

the proportion of females in the population and thus to

speed-up offspring production.

It was previously reported in the black, white, Indian

and Sumatran rhinoceros species that, while fecal

progesterone metabolites are reliable indicators of

pregnancy, as fecal steroid metabolites rise substantially

over and above the level of the luteal phase within the

first 3–5 months of gestation [7–11,13,14,18,22,34].

This pattern was confirmed in the present case (Fig. 1).

However, fecal pregnane metabolites did not closely

reflect the elevated serum progesterone levels during the

first 4–5 months of pregnancy and therefore may not be

accurate for determining early pregnancy. The reasons

for this inconsistency in plasma and fecal hormone

levels after frozen-thawed semen are not clear, as during

two previous gestations in this same animal fecal

hormones clearly increased already after the second

month of pregnancy [22]. This is also true for steroid

metabolites measured over the course of pregnancy

following natural mating [8,9,32].

In conclusion, the world’s first successful artificial

insemination with frozen-thawed semen in rhinoceros

holds great promise for the future of these mega-

herbivores. Semen samples can be collected and

preserved from both wild and captive populations to

maintain a genome resource bank and to boost

reproduction in these endangered mammals.
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