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At present, most of the information on the pattern of antral follicular development on
ruminants were gathered from studies conducted in cattle and sheep. However, very
little amount of literature exists for goats, especially the non-seasonal polyoestrous
goats domesticated in the humid tropics. Thus, the focus of this thesis was to examine
the effects of oestrus synchronisation with PGF,, and P4, alone or in combination, with
and without gonadotrophins on antral follicular development in goats. In the first

experiment, the effects of oestrus synchronisation with PGF,, and CIDR on follicular



development, plasma IGF-1 concentration and its association with follicle population

were studied.

Twenty-four Boer x Australian feral crossbred goats that were between 3-4 years of
age, with a mean bodyweight of 35.0 + 2.7 kg and a median body condition score of 3
were used in this study. The goats were equally divided into 3 groups: PGF,, (A),
CIDR (B) and naturally cycling (C). Group A was synchronised with two
intramuscular injections of 125 pg cloprostenol, 11 days apart while Group B was
synchronised with CIDR inserted in the vagina for 17 days. Group C was not oestrus
synchronised. Three waves of follicular development were most frequently observed
(58%), followed by 4 waves (31.6%). There were no significant differences (P>0.05)
between treatment groups for the other parameters associated with follicular
development. A low positive correlation (r=0.14) was observed between IGF-1
concentration and the number of 3 mm follicles and between IGF-1 concentration and
mean number of follicles (r=0.13). The low correlation between IGF-1 concentration
and follicular population suggests a weak association between plasma IGF-1

concentration and follicular development in goats.

The objective of the second experiment was to analyse the effects of PGF,, and P,
methods of oestrus synchronisation with or without eCG and FSH on oestrus response
and ovulation rates in the goats. The serum cortisol concentrations were also measured

to determine if stress occurred during handling for ultrasonography, in the goats raised



under a hot and humid tropical environment. There were 9 groups of goats and each
group was synchronised with different protocol using PGF,, FGA and their
combinations and either 5 mg FSH or 300 IU eCG. All the synchronised goats that
were given eCG exhibited oestrus (100%). However, the number of follicles was
higher (P< 0.05) in FSH synchronised groups than the eCG synchronised groups. It
was concluded that the PGF,, + FGA + FSH method of oestrus synchronisation is the
most promising alternative to oestrus synchronisation with eCG in goats. The serum
cortisol concentrations were not significantly different (P< 0.05) between goats
handled for ultrasonography and the control group. The third experiment was
conducted to examine the effects of eCG on preovulatory follicle growth and time of
ovulation. The number of follicles, maximum size of the ovulatory follicles and time of
ovulation in a total of fifty-one FGA + PGF,, + eCG synchronised goats and those
without eCG were determined. It was found that eCG significantly (P<0.05) increased
the total follicle number, maximum follicle diameter and reduced the time to ovulation

by 20 hrs.

In conclusion, this is the first report of the pattern of follicular development during
natural and synchronised oestrous cycles in non-seasonal polyoestrous goats raised in
the hot humid tropics. The effects of oestrus synchronisation with prostaglandin F,
and P, on follicular development were similar and both hormones increased the
number of follicles and IGF-1 concentration in the synchronised and subsequent
oestrous cycles compared with the naturally cycling group. Of the FSH-based oestrus

synchronisation protocols, the PGF,, + FGA + FSH resulted in higher number of



follicles than any of the eCG-based oestrus synchronisation protocols evaluated and is

the most promising alternative to oestrus synchronisation with eCG in goats.

Key words: Ultrasonography, follicular development, oestrus response, IGF-1
concentration, cortisol
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PERKEMBANGAN FOLIKEL ANTRUM DAN GERAKBALAS OESTRUS
PADA KAMBING YANG DISELARASKAN ESTRUS DAN YANG
BERKITARAN SEMULA JADI

Oleh

MUHAMMAD MODU BUKAR
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Pengerusi: Profesor Madya Rosnina Yusoff, PhD

Fakulti: Perubatan Veterinar

Sehingga kini banyak maklumat mengenai perkembangan folikel antrum pada haiwan
ruminan diperolehi daripada kajian yang melibatkan lembu dan biri-biri, dan maklumat
mengenainya pada kambing adalah sangat sedikit, terutama bagi kambing poliestrus
tidak bermusim yang dibelajinak di tropik melengas panas. Sehubungan itu, fokus tesis
ini adalah untuk mengkaji kesan penyelarasan estrus dengan PGF,, dan Py,
bersendirian atau secara kombinasi, dengan dan tanpa gonadotropin terhadap
perkembangan folikel antrum. Dalam eksperimen pertama, kesan penyelarasan estrus
menggunakan PGF,, dan CIDR terhadap perkembangan folikel, kepekatan plasma
IGF-1 dan korelasi dengan populasi folikel dikaji. Dua-puluh empat ekor kambing

kacukan Boer x feral Australia yang berumur antara 3 dan 4 tahun, dengan berat badan
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35.0 £ 2.7 kg dan skor median 3 bagi keadaan badan digunakan untok kajian ini.
Kambing tersebut dibahagi sama kepada 3 kumpulan: PGF,, (A), CIDR (B) dan
berkitaran semulajadi/kawalan (C). Kumpulan A diselaraskan dengan dua kali suntikan
125pg cloprostenol melalui intraotot dengan jarak 11 hari, manakala Kumpulan B
diselaraskan dengan CIDR yang diletakkan ke dalam faraj selama 17 hari. Kumpulan C
tidak diselaraskan estrusnya. Perkembangan folikel 3-gelombang paling kerap dicerap
(58%), diikuti oleh 4 gelombang (31.6%). Tiada perbezaan signifikan (P>0.05) di
antara kumpulan yang dikaji bagi parameter yang berkaitan dengan perkembangan
folikel. Suatu korelasi positif rendah (r = 0.14) dicerap antara kepekatan IGF-1 dan
bilangan 3 mm folikel dan antara kepekatan IGF-I dan purata bilangan folikel (r =
0.13). Korelasi yang rendah antara kepekatan IGF-1 dan populasi folikel
mencadangkan perhubungan lemah antara kepekatan plasma IGF-1 dan perkembangan

folikel pada kambing.

Obijektif eksperimen kedua adalah untuk menganalisis kesan kaedah penyelarasan
estrus menggunakan PGF,, dan P, dengan atau tanpa eCG dan FSH terhadap
gerakbalas estrus dan kadar pengovulanan pada kambing. Kepekatan serum kortisol
juga disukat untok menentukan jikalau stress berlaku semasa pengendalian untok
ultrasonografi di kalangan kambing yang dibelajinak di bawah persekitaran tropik
panas dan melengas. Terdapat 9 kumpulan kambing dan setiap kumpulan diselaras
dengan protokol yang berbeza menggunakan PGF,,, FGA serta kombinasi mereka dan
5 mg FSH atau 300 IU eCG. Semua kambing terselaras dan diberikan eCG

mempamerkan oestrus (100%). Walau bagaimanapun, bilangan folikel adalah lebih
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tinggi (P<0.05) dalam kumpulan FSH daripada kumpulan eCG. Kesimpulannya ialah
kaedah PGF,, + FGA + FSH merupakan alternatif harapan terhadap penyelarasan
estrus mengguna eCG pada kambing. Kepekatan serum kortisol tidak memberi
perbezaan signifikan (P>0.05) antara kambing yang dikendalikan untok ultrasonografi

dan kumpulan kawalan.

Eksperimen ketiga dijalankan untuk meneliti kesan eCG terhadap pertumbuhan folikel
praovulatori dan masa pengovulanan. Bilangan folikel, saiz maksimum folikel
ovulatori dan masa pengovulanan pada 51 ekor kambing yang diselaraskan dengan
FGA + PGF,, + eCG dan tanpa eCG ditentukan. Didapati bahawa eCG meningkatkan
dengan signifikan (P<0.05) jumlah bilangan folikel, garispusat folikel maksimum dan

mengurangkan masa pengovulanan ovulasi sebanyak 20 jam.

Kesimpulannya, ini merupakan laporan pertama terhadap corak perkembangan folikel
semasa kitaran estrus semulajadi dan estrus terselaras di kalangan kambing poliestrus
tidak bermusim yang dibelajinak di tropik melengas panas. Kesan penyelarasan estrus
menggunakan PGF,, dan P, terhadap perkembangan folikel adalah sama, dan kedua-
dua hormon telah meningkatkan bilangan folikel dan kepekatan IGF-1 pada Kitaran
estrus yang diselaraskan dan kitaran estrus berikutnya berbanding kumpulan kitaran
semulajadi. Dari protokol penyelarasan estrus berdasarkan FSH, kumpulan PGF,, +
FGA + FSH menghasilkan bilangan folikel yang tinggi berbanding penyelarasan estrus
berasaskan eCG dan ia merupakan alternatif harapan terhadap penyelarasan estrus

menggunakan eCG pada kambing.
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CHAPTER 1

GENERAL INTRODUCTION

In 2009, the world goat population was estimated at 879 million (Dubeuf and
Boyazoglu, 2009; FAOSTAT, 2011). Out of this total, the largest population is
found in Asia (524 million), followed by Africa (298 million). When these two
populations are combined, they make up 94 % of the world goat population
(FAOSTAT, 2011). The world-wide appeal of goats is due to their small
manageable size, prolificacy, superior adaptive characteristics and their ability to
thrive in adverse conditions and limited feed resources of arid, semi arid or tropical
environment (Silanikove, 2000a; Lebbie, 2004). Overall goat productivity depends
on genotype, environment and husbandry factors, thus the intensive management
system is used to mitigate the negative effects of these factors in order to improve

the efficiency of goat reproduction (Alexandre and Mandonnet, 2005).

In tropical countries like Indonesia and Malaysia, goats breed throughout the year
from January to December (Devendra and Burns, 1983; Sodiq et al., 2003). This
provides an opportunity for a greater control of their reproductive cycle to exploit
the naturally high prolificay of the goats. Manipulation of the oestrous cycle
through oestrus synchronisation is an effective tool to improve reproduction in food
animals (Greyling, 2010). Exogenous hormones are used to control the oestrous
cycle so that a large number of females exhibit oestrus behaviour within a short

period of time. In goats, the treatments used for oestrus synchronisation include the



administration of prostaglandin F,, (PGF,,), or progesterone (P;) and their

combination (Adams et al., 1992a; Wildeus, 2000; Whitley and Jackson, 2004).

In earlier studies, oestrus synchronisation gave better results when PGF,, or P, was
co-treated with gonadotrophins (Oliveira et al., 2001; Husein et al., 2007). Equine
chorionic gonadotrophin (eCG) and follicle stimulating hormone (FSH) are the
common gonadotrophins in oestrus synchronisation of domestic animals (Wildeus,
2000). However, eCG is more commonly used than FSH despite previous reports of
the development of antibodies against eCG which adversely affects subsequent
fertility (Baril et al., 1996). On the other hand, there are no reports of similar effects
associated with the use of FSH (Viudes De Castro et al., 2009). Thus, there is a

need to evaluate the use of FSH in oestrus synchronisation in goats.

Most research on oestrus synchronisation had been conducted in the developed
temperate countries such as France and USA, in seasonally polyoestrous goat
breeds and in temperate climates (Baril et al., 1993; Wildeus, 2000; Whitley and
Jackson, 2004). However, it is necessary to observe the oestrus response in oestrus
synchronised goats under the conditions they are raised. Consequently, many
previous oestrus synchronisation studies in goats have been carried out in many
countries under different management and environmental conditions (Ahmed et al.,
1998; Amarantidis et al., 2004; De Santiago-Miramontes et al., 2009; Zhao et al.,

2010).



Further studies could also be aided by serial ultrasonography which was introduced
as a safe tool to monitor the growth and regression of ovarian antral follicles,
repeatedly in the same animal regardless of their depth within the ovary (Bartlewski
et al., 2000a; Bartlewski et al., 2002; Filho et al., 2007). This has made
ultrasonography the preferred technique for the study of follicular development in
domestic animals. However, ultrasonographhy has not been used to monitor
follicular development in naturally cycling or oestrus synchronised non-seasonal
polyoestrous goats in the humid tropics. Thus, an accurate depiction of the
relationship between follicle development and plasma reproductive hormones
concentrations could provide valuable information which could be used as a tool to

control reproductive cycles in tropical goat breeds.

Follicular dynamics is closely associated with ovarian factors, which include
insulin-like growth factor-1 (IGF-1), their binding proteins, and proteases (Hwa et
al., 1999; Monget and Bondy, 2000; Monget et al., 2002). The positive effects of
IGF-1 on ovarian physiology and follicular development has been reported in sheep
(Scaramuzzi et al., 1999). In cattle, close association was found between endocrine
IGF-1 concentration and some reproductive traits such as early age at first calving
and first service to conception (Yilmaz et al., 2006). These associations led to the
suggestion that endocrine IGF-I levels could be used as a selection tool for
reproductively high performing sheep and cattle (Roberts et al., 1990; Taylor et al.,
2004). However, in this study, the focus was to determine the correlation between
endocrine IGF-1 and ovarian follicular development during induced and natural

oestrous cycle as a more reliable indicator of the relationship between them. Thus, a



better understanding of the effects of oestrus synchronisation on endocrine IGF-1
concentration would also aid in the assessment of the actual clinical significance

and usefulness of the measurement of circulating IGF-1 concentration.

It was hypothesized that oestrus synchronisation with PGF,, and P4 increased antral
follicular development and plasma IGF-1 concentration and gonadotrophins
stimulate the follicular development, increased the percentage oestrus response and
the ovulation rate in goats. Thus, the aim of this study was to examine the
relationship between plasma IGF-1 concentrations and antral follicular
development during the oestrous cycles of PGF,, or P4 synchronised and naturally
cycling goats. The efficiency of oestrus synchronisation with prostaglandin F,, and

P, with and without gonadotrophins was also evaluated.

The specific objectives were:

1. To determine the effects of PGF,, or P4 on follicular dynamics in oestrus

synchronised and naturally cycling goats.

2. To determine the relationship between follicular development and plasma

IGF-1 concentration in oestrus synchronised and naturally cycling goats.

3. To determine the effects of eCG on preovulatory follicle growth and time of

ovulation in non-seasonal, polyoestrous goats

4. To determine the effects of PGF,, and P, with or without eCG and FSH
treatments on oestrus response and ovulation rates in non-seasonal

polyoestrous goats raised under hot and humid condition.
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