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SUPEROVULATION IN CAMEL: STATE OF THE ART
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ABSTRACT

Superovulation (multiple ovulation) and embryo transfer is relatively an old, cheap and efficient reproductive
technique for taking advantage of an elite she-camel’s genome. It starts with the selection and preparation of donors
followed by the stimulation of ovaries (superovulation) to produce more ovulatory follicles. The rest of the procedure
including mating and/or Al, fertilisation, and construction of zygote and embryo follow the same natural sequence
of embryo production in vivo. The quality of embryo produced by this technique has nearly similar competence
to the one produced normally during reproductive cycle in camel resulting in the birth of healthy and genetically
selected calf. This review article summarises the majority of references used for superovulation in camel in order
to sum up the approaches for synchronisation of elite donors, varying types of gonadotropins and the way of their

administration in camel.
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Camel has low reproductive efficiency resulting
in low genetic progress (Skidmore, 2003). She-camel
could deliver the first calf around 5 to 6 years of age
(Merkt et al, 1990). Considering the calving rates of
40% (Wilson, 1984), she-camel may produce 7 to 8
calves throughout the life span of 15 years (Merkt et
al, 1990). Therefore, embryo production technology
could boost reproductive efficiency of she-camel.

Three main approaches were used to produce
camel embryos. The first approach relied on in-vivo
production of embryos and introduced since early
nineties in camel (Anouassi and Ali, 1990; Cooper et
al, 1990; McKinnon and Tinnson, 1992; Skidmore et al,
1992). This is the most accepted approach to produce
camel embryos well known as MOET (Multiple
Ovulation and Embryo Transfer). In this particular
method, the elite donors receive FSH and/or FSH like
factors during the procedure named superovulation
to induce more follicles to grow. Then, the donor is
mated and following fertilisation and construction
of embryo in vivo, the uterus is flushed and the
embryos are recovered, graded and transferred into
synchronised recipients (Niasari-Naslaji et al, 2009,
2014; Ararooti et al, 2018a,b). Due to the relatively
simple, unexpensive and good embryo quantality
and quality, MOET is well established in several labs
and became the main source of embryo production in
camel (Anouassi and Tibary, 2013).

The second approach, introduced in 2006 in
camel (Khatir and Anouassi, 2006), relied on the

aspiration of oocyte from ovary either collected from
abattoir or through ultrasound-guided transvaginal
ovum pickup (OPU). Good quality oocytes go
through maturation and fertilisation procedures
to produce presumptive zygotes from which after
several cleavage cycles, the embryos are produced
in vitro (IVEP; Wani, 2021). Unfortunately, due to the
special configuration of follicle in camel ovary (El-
wishy, 1992) and high incidence of bleeding following
OPU in camel, the in vitro production of embryos in
camel did not become a popular approach for embryo
production like in other species. Moreover, as a result
of several abnormalities of embryos and health issues
in newborns following in vitro production of embryos
in cattle (Ealy et al, 2019), there could be a chance of
such abnormalities in camel as well which requires
further investigation.

The third approach, introduced in 2010 in camel
(Wani et al, 2010), relied on somatic cell nuclear
transfer (SCNT/ cloning). In this particular technique,
the somatic cell was transferred into enucleated
oocyte. Following reprogramming of the somatic cell,
the totipotent cells started to grow toward embryo
production. Apart from low success rates and being
relatively expensive technique in camel (100000 USD
per calf), there are great concerns for the quality of
embryos and the health of offspring produced by
SCNT (Malin et al, 2022). Recently, there are great
investment on producing an expensive cloned embryo
in camel (Olsson et al, 2021); however, like other
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species, there might be several future health problems
in cloned camels as well, mainly due to epigenetic
modifications (Malin et al, 2022), which is neglected
in camel at the present time.

In this review, superovulation was described
in detail as the most important part of MOET
programme in camel. Synchronisation of donors prior
to superovulation, different types of gonadotropins,
their advantages and disadvantages and the way of
gonadotropin administration were elaborated.

Follicular growth in camel

Camel follicular growth occurs in a wave like
pattern so called as follicular wave cycle (Nawito
et al, 1967; Skidmore et al, 1995; Nikjou et al, 2009).
There is no luteal phase in camel, therefore using
the term “oestrous cycle” may not be appropriate
in this species. Camel is an induced ovulator (Marie
and Anouassi, 1987), seasonal breeder, displaying
complete follicular wave cycles from November
to March in most countries (Al Eknah, 2000). Each
follicular wave cycle includes recruitment, growing,
mature and regressing phases (Skidmore et al, 1995,
1996; Nikjou et al, 2009). During non-breeding
season, the follicle may not reach to the diameter
suitable for mating or Al (Nawito et al, 1967). It is
possible to enhance follicle growth to the final stage
of development or superovulate during non-breeding
season using gonadotropins (Nowshari and Ali, 2005).
However, due to the lack of suitable male with proper
libido and sperm production during non-breeding
season (Ali et al, 2021) breeding of female during
non-breeding season could be a challenging subject
until the availability of fertile frozen semen to achieve
successful fertilisation and pregnancy.

Preparing donors for superovulation

The main concept for successful superovulation
is to initiate superovulation between the emergence
of follicular wave (Ararooti et al, 2018a, b) and before
follicle deviation (Skidmore et al, 2005; Nikjou et
al, 2008; Anouassi and Tibary, 2013; Manjunatha
et al, 2019). Using this strategy, the follicles that
initially emerged by endogenous FSH surge grow
simultaneously with the support of exogenous FSH.
Moreover, there is no mature follicle to suppress
the growth of subordinate follicles. To achieve
the emergence of new follicular wave, nearly all
synchronising treatments relied on eliminating
the existing follicle either by inducing ovulation in
mature follicle using GnRH (Moghiseh et al, 2008),
or by regressing existing follicles using progestogens
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(McKinnon and Tinson, 1992; McKinnon et al, 1994).
Another non-practical way to eliminate mature
follicles in camel is to ablate mature follicle by
ultrasound-guided transvaginal follicle aspiration
(Skidmore et al, 2009).

Camel is induced ovulator with follicular wave
cycles and corpus luteum is present only in camels
that have previously had sterile mating or have been
ovulated by ovulating agents (Nawito et al, 1967;
Skidmore et al, 1996; Moghiseh et al, 2008). In non-
mated camel, the interval between formations of two
consecutive mature follicles (inter-wave interval) is
about 18 days for dromedary (Skidmore et al, 1996)
and 19 days for Bactrian camels (Nikjou et al, 2009).
Induction of ovulation in the mature follicle reduces
the inter-wave interval to about 14 days. When
GnRH is injected at a random stage of follicular
wave cycle, emergence of new follicular emergence
occurs variably within 2 to 6 days after GnRH
injection, depending on the size of follicle at the
time of treatment (Nikjou ef al, 2008). However, the
tightness of synchrony for follicular wave emergence
is increased when the second GnRH is administered
14 days later (Nikjou et al, 2008; Skidmore et al, 2009).
Similar results were found using the combination of
GnRH and prostaglandin Fpo (Manjunatha et al, 2014,
2015). Accordingly, she-camel receives three GnRH
injections on day -22, -12 and 0 (Day of the last GnRH
injection) and two prostaglandin Fya on Days -15
and -5. Superovulation could be started at any time
between emergence of new follicular wave (2 days
after the last GnRH injection; Ararooti et al, 2018a,
b), and prior to the follicle deviation (4 days after the
last GnRH injection; Skidmore et al, 2005; Nikjou ef
al, 2008; Anouassi and Tibary, 2013; Manjunatha et
al, 2019).

The second approach for synchronising
donors is to use follicle regressing agents such as
progesterone (McKinnon and Tinson, 1992; McKinnon
et al, 1994). In this particular approach used in
dromedary camel, superovulation is initiated when
there is limited follicular activity in the ovaries (i.e.
no follicle > 7 mm in diameter) which can be achieved
by daily intramuscular injection of progesterone (100
mg) for 8-15 days (McKinnon and Tinson, 1992, 1994).
However, we could not find any benefit of using
progestogens in controlling follicular dynamics in
Bactrian camel (Nikjou et al, 2008).

Evaluation of superovulatory response

Superovulatory response could be evaluated
by the number and diameter of follicles induced
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to grow prior to ovulation, the number of corpora
lutea (CL), the number of total ova/embryos, the
number of transferable embryos, and the number of
un-ovulated follicles at the time of embryo recovery.
The best superovulatory response occurs when there
is high number of CL and transferable embryos (=
5; Table 1) with low number of un-ovulated follicles
and no unfertilised ova. This could be achieved
when good type, right amount and right procedure
for gonadotropin injections is used. Having good
and safe gonadotropin such as highly purifies FSH
(Folltropin-V) and/or hMG, still it is necessary to
use right total amount and correct procedure of daily
gonadotropin administration (Ararooti et al, 2017,
2018a). Small proportion of camels (10-20%) do not
respond at all; whereas, some donors (15-20%) could
be over-stimulated and produce 2 30 follicles in each
ovary (McKinnon et al, 1994; Tibary and Anouassi,
1997; Skidmore et al, 2002; Anouassi and Tibary,
2013). The great number of un-ovulated follicles at
the time of embryo recovery, in association with the

low number of CLs and recovered embryos, could
imply that the type, the amount and/or the way of
gonadotropin administration may not be suitable. The
presence of great number of un-fertilised ova could
imply over-response to gonadotropin and/or using
immature bull or using the bull at the beginning of
breeding season.

Prediction of superovulatory response could
be an essential part of superovulation program in
order to estimate the right number of recipients
necessary to receive embryo. We have demonstrated
positive correlations between the ratio of follicles >6
mm/follicles <6 mm, detected on Day 4 of 5.5 days
program, and the number of CLs and embryos in FSH
treated camel (r=0.9; P<0.05; Ararooti et al, 2018a). As
a result, a great percentage of follicles >6 mm, detected
on Day 4 of superovulation, ovulated and established
corpora lutea (90%), and embryos (70 %). This protocol
allows the estimation of superovulatory response and
the number of recipients that has to be prepared prior
to embryo recovery in dromedary camel.

Table 1. Summary of the number of transferable embryos found following different superovulation protocols in dromedary camel

since 1990.

Investigators Year D(l)\lr?(;rs No. Re(?)/};)o nders Superovulation E:s:;iiﬁ;g;i)
Anouassi & Ali 1990 9 3(33) eCG (1500 IU) 2.1
Anouassi & Ali 1990 21 7 (33) eCG (2000 IU) 4.9
Skidmore et al 1992 30 5(17) eCG (2000-4000 IU) 1.3
Skidmore et al 1992 11 3 (27) Ovagen (20—30 IU) 2.5
Mckinnon and Tinson 1992 14 9 (62) eCG (4500 IU) 2.7
Mckinnon and Tinson 1992 13 9 (69) Ovine FSH (?) 45
Mckinnon et al 1994 68 N/A Folltropin-V (?) 3.8
Mckinnon et al 1994 84 N/A eCG (3000-60001U) 23
Skidmore et al 2002 42 36 (86) eCG (2500IU) + Folltropin-V (400 mg) 6.7
Skidmore et al 2005 12 10 (83) eCG (2500IU) + Folltropin-V (400 mg) 4.0
Nowshari et al 2005 15 15 (100) eCG (2000IU) + Folltropin-V (400 mg) 5.1
Nowshari et al 2005 11 10 (91) Folltropin-V (400 mg) 1.8
Anouassi & Tibary 2013 153 106 (69) eCG (3000 IU) 7.1
Anouassi & Tibary 2013 176 123 (70) Folltropin-V (400 mg) 8.2
Ararooti et al 2017 6 (100) hMG (16.5 ampules) 5.8
Ararooti et al 2018 5 (100) Folltropin-V (390 mg) 16.2
Ararooti et al 2018 5 (100) eCG (1000IU) + Folltropin-V (330 mg) 7.2
Manjunatha et al 2019 13 N/A Pluset (2000 IU) 6.1
Manjunatha et al 2019 45 N/A Folltropin-V (200 mg) dissolved in 5

hyaluronan
Manjunatha et al 2019 42 N/A Pluset (1000 mg) dissolved in hyaluronan 5.2
Manjunatha et al 2020 11 N/A Folltropin-V (400 mg) 5.6
Manjunatha et al 2020 14 12 (86) Recombinant eCG (3000 IU) 4.6
Average number of transferable embryos 51
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Superovulation in camel

Three main gonadotropins used for
superovulation in camel are equine Chorionic
Gonadotropin (eCG), Follicle Stimulating Hormone
(FSH) and human Menopausal Gonadotropin
(hMG). Early efforts to superovulate camel in the
early 1990s used eCG at various doses (Anouassi
and Ali, 1990; McKinnon Tinson, 1992; Skidmore
et al, 1992; Table 1). Anouassi and Tibary (2013)
summarised the result of single injection of eCG
(3000 IU) on 153 dromedary camels. They found
that 31% of donors did not respond to eCG and
the number of transferable embryos were 7.1+4.3
with great variation (0-19; Table 1). More recently,
Manjunatha et al (2020) used newly released
recombinant eCG (reCG) to superovulate camel.
Accordingly, single injection of 3000 IU reCG could
produce between 5-25 ovulation and 4.6+1.3 (0-7)
transferable embryos. Most studies using eCG suffers
the variation in response due to the inherent impact
of eCG of any kind on superovulatory response. Two
main advantages of using eCG for superovulation
are easy administration (single injection) and low
cost compared to other gonadotropins. However,
several negative impacts of eCG on superovulatory
response need to be considered including long half-
life, the possibility of producing different generation
of follicles, having both FSH and LH like effects,
the possibility of luteinisation of follicles prior to
ovulation which delays or entirely inhibits ovulation,
and antigenic properties resulting in ovarian
refractoriness following repeated administration
of eCG, which ultimately results in low or lack of
desired superovulatory response (Skidmore, 2003;
Anouassi and Tibary, 2013).

The main negative impact of gonadotropins
with prolonged half-life or at the doses beyond the
requirement for suitable superovulation is continuous
daily recruitment of different generation of follicles
resulting in the formation of follicles with different
diameters that could interfere in the process of
ovulation followed by the production of un-ovulated
follicles at the time of embryo recovery, which in turn,
interrupt with the process of uterine flushing and
embryo recovery (Ararooti et al, 2018a).

Ovine FSH (20 or 30 IU; Ovagen), twice daily,
over 3 days were used in camel (Cooper et al, 1992;
Skidmore et al, 1992; Table 1). However, follicular
response and embryo recovery using these protocols
were poor. From more than two decades ago, highly
purified porcine FSH (Folltropin-V; LH to FSH
ratio:0.12; Mikkola and Taponen, 2017) was used for
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superovulation in camel. Because of very short half-
life of FSH, about 5 hours, typically, donor animals
received FSH twice daily in decreasing doses manner,
over 4 days (Anouassi and Tibary, 2013; Ararooti et al,
2017, 2018a). Anouassi and Tibary (2013) summarised
the result of Folltropin-V injections (400 mg, twice
daily over 4 days) on 176 dromedary camels. They
found that 30% of donors did not respond to FSH and
the number of transferable embryos were 8.2+6.1 with
great variation (0-36; Table 1).

Three gonadotropins for superovulation in
dromedary camel have been investigated (Ararooti
et al, 2018a). Donors received porcine FSH alone
(Folltropin-V; 390 mg), or combination of eCG (1000
IU im) and FSH (330 mg), and hMG (17.5 ampules.
Donors in the first group, received twice daily FSH
in decreasing doses (80, 50, 30, 20, 10 mg) for 5 days
and single dose of FSH on Day 6 (10 mg). Donors
in eCG-FSH group, received a single dose of eCG
(1000 IU) on Day 0, followed by twice daily FSH in
decreasing doses (60, 40, 30, 20, 10 mg), beginning
on Day 0, followed by a single dose of 10 mg FSH
on Day 5. In hMG group, donors received hMG (3,
2,1.5,1, 1 ampules) twice daily between Days 0 to 4,
and 0.5 ampule on Day 5. The number of transferable
embryos were 16.2, 7,2 and 1.6 in FSH alone, eCG-FSH
and hMG, respectively (Table 1). We hypothesised
that low superovulatory response in hMG group
could be due to high total dose of hMG and/or the
way of hMG administration. In another study, we
have reduced the total dose of hMG to 16.5 ampules
and we changed the injection protocol to twice daily
injections over 5 days of 4, 2, 1, 0.5, 0.5 ampules and
0.5 ampule on Day 6. These modifications resulted in
5.8 transferable embryos which was comparable to
FSH treatment (Ararooti et al, 2017; Table 1).

In earlier study porcine FSH (Folltropin-V; 400
mg) in decreasing doses (80, 60, 40, 20 mg) over 4 days
was associated with low response (1.8 transferable
embryos; Nowshari and Ali, 2005). However, in
more recent study using the same amount of porcine
FSH, twice daily, in decreasing dosages (60, 50,
40, 30, 20 mg), over 5 days was associated with
good superovulatory response (5.6 transferable
embryos; Manjunatha et al, 2020).The later authors
used 2000 IU Pluset (LH to FSH ratio: 1; Mikkola and
Taponen, 2017) in twice daily, in decreasing dosages
(300, 250, 200, 150, 150 mg), over 5 days, which was
associated with good superovulatory response (6.1
transferable embryos; Manjunatha et al, 2019). In
order to simplify the administration of FSH, two
intramuscular injections of FSH dissolved into 5 mg/
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ml hyaluronan solution, 48 hrs apart, were examined
to superovulate dromedary camel (Manjunatha et
al, 2019). Using 200 mg Folltropin-V (120 and 80 mg
at 48 hrs interval) or 1000 IU Pluset (600 and 400 IU
at 48 hrs interval) were associated with 5 and 5.2
transferable embryos, respectively (Manjunatha et al,
2019; Table 1). Although this method of FSH delivery
seems to be very simple, it needs to be repeated
in large scale and by different groups to become
routine procedure for superovulation in camel. The
combination of eCG and FSH were also used in
camel. Donors received a single injection of eCG
(2000-2500 IU), in association with porcine FSH (400
mg) administered in decreasing doses (80, 60, 40, 20
mg twice daily) over 4 d. The average numbers of 4,
5.1 and 6.7 embryos were recovered using the latter
protocol (Skidmore et al, 2002, 2005; Nowshari and
Ali, 2005).

In conclusion, different gonadotropins could
be used for superovulation in camel with great
variation in superovulatory response. Although
eCG seems to be a simple and cheap gonadotropin
for superovulation, great variation and several
drawbacks of eCG, might remove this gonadotropin
as the first choice for superovulation in camel.
Highly purified FSH seems to be the first choice
for superovulation in camel. Although it is more
expensive than eCG, it provides better response.
The number of FSH injections could be reduced by
dissolving FSH in hyaluronan. It could be possible
to predict superovulatory response by using the right
amount and the way of gonadotropin administration.
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