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The first part of the present study investigated abnormal ovarian cyclicity (AOC) and
cystic ovarian diseases (COD) based on plasma progesterone (P4) profiles and
ovarian ultrasonogram in 102 cattle which comprised cows open > 90 days
postpartum and heifers with delayed age (>24 months) at first calving. Highest
incidence of AOC associated with either COD or inactive ovaries occurred in
Brangus (BR; 53.3%) and lowest incidence in Kedah Kelantan (KK) cows (12.5%).
The difference in AOC was significant (P< 0.05) between KK and the other three
breeds. In cows, incidence of COD was highest in FRS (30%), followed by BRF
(13.3%), BR (14.3%) and KK (8.7%). Overall, incidence of COD was higher in beef
heifers than in cows. Prolonged luteal phase due to luteal cysts was the predominant
type of AOC in FRS (66.7%) while cessation of cyclicity due to follicular cysts was
the main abnormality in BR (75%) and BRF (76.9%). Thus, this study showed AOC

and COD as major causes of reproductive failure in dairy and beef cattle with KK



cows being the least affected. Moreover, the combination of P, data and

ultrasonograms was able to differentiate the various types of COD.

The study was extended to determine the bulls’ fertility status. Breeding soundness
evaluation (BSE) revealed 3 of the 8 bulls examined had testicle defects and/or poor
semen quality. Testicular lesions included testicular degeneration, hydrocele and
fibrotic foci. In addition, cytogenetic investigation on 20 animals (13 females and 7
bulls) showed normal cattle chromosome complement of 60 and confirmed the
acrocentric Y in KK bulls as of zebu genotype. Thus, the study ruled out

chromosomal aberration as a cause of reproductive failure.

Measurement of faecal progestin levels to monitor reproductive activity in cattle was
another aspect of the present study. Evaluation of modified faecal extraction protocol
was 76.8% efficient to recover faecal progestins and hence subsequently used in this
study. Matched plasma and faecal samples collected twice a week for 3 months, from
cycling as well as pregnant KK and from Brangus cows with either regular cycle or
ovarian disturbance, were assayed for plasma P, and faecal progestin concentrations
respectively, by RIA. There was a significant positive correlation (r= 0.6, P< 0.01)
between faecal progestin and plasma P4 concentrations in the cycling KK cows,
indicating physiological validity of the assay method. Mean faecal progestin
concentrations during the follicular phase (FP; 212.6 = 19.3 ng/g) was significantly
(P< 0.01) lower than the luteal phase (LP; 792.4 + 66.7 ng/g), indicating that the
method can differentiate FP from LP. Comparisons between pregnant and cycling

KK cows revealed a clear difference whereby mean pregnant faecal progestin
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concentrations (728.6 £ 33.5ng/g) were significantly (P< 0.01) higher than FP but not
LP samples. Plasma P, level, known to remain >1 ng/ml in pregnant cows, coincided
with faecal progestin of >344 ng/g. Hence, faecal progestin concentrations that
remain >344 ng/g for >20 days indicate pregnancy in KK cows in the absence of
ovarian and/or uterine disorders. In contrast, Brangus cows with ceased ovarian cycle
had progestin concentrations of <344 ng/g, consistent with plasma P4 of <1 ng/ml.
Mean concentration of faecal progestin was significantly (P<0.01) lower in cows
with cessation of ovarian cycle (86.6 = 7.0 ng/g) than with regular cycle (392.3 +
33.8 ng/g). In conclusion, cessation of ovarian cycle is defined as an AOC
characterised by weak luteal activity and faecal progestin concentration of <344 ng/g
for at least 14 days. Therefore, faccal progestin measurements can be potentially
used to monitor regular or irregular reproductive cycle. High performance liquid
chromatographic (HPLC) separation of faecal extracts followed by RIA analysis
revealed 4 immunoreactive metabolites. Subsequent analysis of HPLC fractions by
gas chromatography mass spectrometry to identify metabolites was limited by lack of
commercial availability of reference standards. However, intact P4 was verified to be
undetected in faeces. According to mass spectra library search, metabolites which
appeared similar to Sa-reduced pregnanes require future research to confirm and test

antibodies against these metabolites for more pronounced profiles.
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Bahagian pertama kajian ini menyiasat keabnormalan kitaran ovari (AOC) dan
penyakit ovari sista (COD) berasaskan profil progesteron plasma (P4) dan
ultrasonogram ovari pada 102 lembu yang terdiri daripada lembu terbuka > 90 hari
pasca kelahiran dan lembu dara yang lewat (>24 bulan) melahirkan anak pertama.
Insiden AOC tertinggi yang dikaitkan dengan COD atau ovari tidak aktif berlaku
pada Brangus (BR; 53.3%) sementara insiden terendah berlaku pada lembu Kedah
Kelantan (KK) (12.5%). Perbezaan AOC yang signifikan (P<0.05) terdapat antara
baka KK dan baka lain. Kejadian COD (30%) adalah tertinggi pada FRS, diikuti oleh
BRF (13.3%), BR (14.3%) dan KK (8.7%). Keseluruhannya insiden COD lebih
tinggi pada lembu dara berbanding lembu dewasa. Fasa luteum yang berpanjangan
adalah jenis utama AOC pada FRS (66.7%) yang disebabkan oleh sista luteum
manakala pemberhentian kitaran yang disebabkan sista folikel adalah keabnormalan
utama pada BR (75%) dan BRF (76.9%). Oleh itu, kajian ini menunjukkan AOC dan
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COD sebagai punca utama kegagalan pembiakan lembu tenusu dan pedaging, dengan
lembu KK paling kurang terjejas. Selain itu, kombinasi data P, dan ultrasonogram

dapat membezakan pelbagai jenis COD.

Kajian ini dilanjutkan untuk menentukan status kesuburan lembu jantan berdasarkan
penilaian kesempurnaan pembiakan (BSE). Ultrasonograf transkrotum mendedahkan
3 daripada 8 lembu jantan yang diperiksa gagal memenuhi standard BSE. Walau
bagaimanapun, siasatan sitogenetik pada 20 ekor haiwan (13 ekor betina dan 7 ekor
lembu jantan) menunjukkan lembu normal mempunyai pelengkap kromosom 60 dan
pengesahan kromosom Y berbentuk akrosentrik pada lembu jantan KK menunjukkan
genotip zebu. Oleh itu, kajian menolak keabnormalan kromosom sebagai penyebab

kegagalan pembiakan.

Pengukuran aras progestin tinja untuk memantau aktiviti pembiakan lembu adalah
satu lagi aspek dalam kajian ini. Penilaian protokol ekstrak tinja yang diubahsuai
adalah 76.8% berkesan untuk mendapatkan semula progestin tinja dan seterusnya,
digunak dalam kajian ini. Sampel secocok plasma dan tinja dikumpulkan dua kali
seminggu selama 3 bulan dari lembu KK berkitaran serta bunting dan lembu Brangus
yang berkitaran biasa atau gangguan ovari diasei untuk masing-masing kepekatan P4
plasma dan tinja progestin melalui RIA. Terdapat hubungan signifikan yang positif

(r = 0.6, P <0.01) antara kepekatan tinja progestin dan P4 plasma pada lembu KK
berkitaran, menunjukkan kesahihan fisiologi kaedah asei tesebut. Purata kepekatan
tinja progestin semasa fasa folikel (FP; 212.6 + 19.3 ng/g) nyata lebih rendah

(P<0.01) daripada fasa luteum (LP; 792.4 + 66.7 ng/g), menunjukkan kaedah ini
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boleh membezakan FP daripada LP. Perbandingan antara lembu KK bunting dan
berkitaran menunjukkan perbezaan yang jelas di mana purata kepekatan tinja
progestin (728.6 + 33.5ng/g) nyata lebih tinggi (P<0.01) daripada sampel FP tetapi
tidak pada sampel LP. Aras plasma P4, yang diketahui berada pada aras >1ng/ml
pada lembu bunting, bertepatan dengan progestin tinja >344 ng/g. Oleh itu, tinja
progestin yang >344 ng/g untuk >20 hari dengan ketiadaan gangguan ovari dan/atau
rahim menunjukkan kehamilan pada lembu KK. Sebaliknya, lembu Brangus dengan
kitaran ovari terhenti menunjukkan kepekatan progestin < 344 ng/g, selaras dengan
plasma P4 < 1 ng/ml. Purata kepekatan tinja progestin adalah lebih rendah (P<0.01)
pada lembu berkitaran ovari terhenti (86.6 = 7.0 ng/g) berbanding dengan kitaran
normal (392.3 &+ 33.8 ng/g). Oleh itu, kitaran ovari terhenti ditakrifkan sebagai AOC
yang bercirikan aktiviti luteum lemah dan kepekatan progestin tinja < 344 ng/g untuk
sekurang-kurangnya 14 hari. Secara umumnya, kajian mengenai pengukuran
progestin tinja berpotensi digunakan untuk memantau kitaran pembiakan normal atau
sebaliknya. Analisis kromatografi cecair prestasi tinggi (HPLC) terhadap ekstrak
tinja dan diikuti analisis RIA mendedahkan 4 metabolit imunoreaktif. Analisa
seterusnya terhadap pecahan HPLC oleh spektrometri massa kromatografi gas untuk
mengenalpasti metabolit adalah terhad oleh kekurangan ketersediaan komersil
standard rujukan. Walau bagaimanapun, P, tidak terjejas telah disahkan tidak dapat
dikesan di dalam tinja. Mengikut carian perpustakaan spektra jisim, metabolit yang
kelihatan serupa dengan Sa-terkurang pregnane perlu dikaji pada masa akan datang
bagi mengesah dan menguji antibodi terhadap metabolit tesebut untuk profil lebih

ketara.
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CHAPTER ONE

INTRODUCTION

In the tropics where smallholder farming predominates, livestock including sheep,
goat and cattle provide the well recognized products such as meat and milk for
consumption or sale, act as a source of fibre and hides, and their manure can be used
as fuel and fertilizer. Export of live animals and animal products make substantial
contribution to the foreign exchange of especially many third world countries
including Ethiopia while importation causes a loss of foreign exchange in developing
countries like Malaysia due to low self-sufficiency and high demand for livestock
products such as milk and meat. Despite their economic importance, the productivity
of cattle in the tropics is low due to low genetic potential of indigenous breeds, poor
husbandry, and other animal and environmental factors. Cross breeding indigenous
cattle breeds with Bos taurus breeds like Holstein-Friesian and Hereford, has been

used as a strategy to improve productivity.

Successful production in dairy and beef farming depends on a year round calving
interval in cows and establishment of fertile ovarian cyclicity in heifers following
puberty and sexual maturity. In heifers, first calving at 24 months old is generally
considered to be economically optimal with regards to productivity and duration of
herd life (Hanzen et al., 1994). Calving interval is an important index of cow
reproductive performance and, a calving interval of 365 days is desirable for efficient
production (Lyimo et al., 2004). The calving interval in cows is influenced by the

time lag between calving and the resumption of ovarian activity, between first



observed oestrus and first mating, and between first mating and conception in the

postpartum period (Shrestha et al., 2004a).

Generally, an optimum postpartum period of 65 days, which is a voluntary waiting
period, is recommended in cows followed by conception by the 85™ day postpartum
to achieve a year round calving interval (Opsomer et al., 1998; Noakes, 2000).
However the postpartum period can be affected by a number of factors such as a
prolonged postpartum anestrus period and incidence of abnormal ovarian cyclicity
(AOC). A number of studies have been conducted, targeted at the early postpartum
period which varies between two and three months in both dairy and beef cows, to
investigate ovarian dysfunction (Opsomer et al., 1998), endocrine patterns
(Humphrey et al., 1983), risk factors associated with anoestrus (Opsomer et al., 2000;
Yavas and Walton, 2000; Santos et al., 2009), and effects of AOC during the early
postpartum period on subsequent reproductive performance (Shrestha et al., 2004b).
Consequently, much has been understood about the early postpartum ovarian activity
and associated disturbances in cattle but studies are rarely carried out in different
breeds of cows with a prolonged postpartum period of more than 90 days as well as

in heifers with delayed age (> 24 months) at first calving.

Reproductive success is mainly influenced by hormones. Some of the important
hormones that regulate female reproductive behavior and functions include
progesterone (P4) and estrogen, which are produced by the ovaries. Analyses of these
hormones are used to validate the reproductive activity of animals (Dehnhard et al.,
2008). The information obtained can also be used to improve genetics and

reproductive performance (Capezzuto et al., 2008) by increasing the understanding



of reproductive cycling and breeding behaviour, improvement of estrus
synchronization and induction protocols for successful artificial insemination (Al) as
well as treating infertility (Penfold et al., 2005; Asa et al., 2006; Graham et al., 2006;

Dehnhard et al., 2008).

The measurement of steroid hormones traditionally involves invasive techniques
including blood collection. Accurate investigation requires a repeated collection of
samples, which is rather stressful even to docile domestic animals (Capezzuto et al.,
2008). Moreover, the use of blood samples to measure stress related hormones like
cortisol is also limited as stress caused by the capture and restraining during blood
collection, together with venu-puncture may increase their concentrations in the
plasma (Palme et al., 1996; Dehnhard et al., 2008). Apart from blood sampling, other
body fluids such as milk (Schwarzenberger et al., 1996a) and urine (Evans et al.,
1984) can be non-invasively collected from animals to determine concentrations of
steroid hormones. However, the milk sample is restricted to lactating cows and can
not be collected from heifers and dry cows. Urine sampling on the other hand
necessitates restraining the animal in a metabolic cage or following it around to

collect midflow samples during urination (Masunda et al., 1999).

The measurement of steroids from non-invasively collected faecal samples has been
reported in various species of animals related to reproduction, particularly in free
ranging and captive wildlife (Graham, 2004). In domestic ruminants, using the non-
invasive methods of measuring of faecal steroid metabolites, a correlation between
faecal concentrations of progesterone metabolites and blood plasma level of

progesterone in goats (Hirata and Mori, 1995; Capezzuto et al., 2008), ewes (Adams



et al., 1994; Palme et al., 1996), and cows (Masunda et al., 1999; 2002; Isobe et al.,
2005b) has been reported. These studies employed various methods of extraction and
immunoassay techniques to determine the concentrations of steroids following
normal ovarian activity. Extraction procedures based on the availablility of dry faecal
samples used by previous studies need further research for modifications as they are
time consuming and involve the use of large amounts of solvents. At present, there is
no information available on the use of faecal steroid hormone metabolites in cattle
related to ovarian disturbances. Despite enormous progress in using faecal hormone
analysis for research on reproductive biology, each analytical method needs to be
validated each time for a particular animal species and hormone, as steroid
metabolism by the liver generates a vast number of faecal steroid metabolites, yet
different in even closely related species (Palme et al., 1996; Heistermann et al., 1998;
Dehnhard et al., 2008). So far there has not been any research conducted on the
detection and measurement of faecal steroid hormone metabolites using commercial
assay methods for monitoring ovarian activity and pregnancy in Kedah Kelantan
(KK) cows. It is believed that KK cows will also benefit from establishment of a
non-invasive method of measuring faecal steroid metabolites for monitoring

reproduction.

Although artificial insemination (AI) for cattle breeding has progressively displaced
natural service as the preferred method of breeding in the dairy industries of most
developed countries of the world, natural breeding is still the most predominant
method used in beef cattle operations throughout the world (Parkinson, 2004). Where
natural breeding is employed, reproductive statistics on the farm are greatly

influenced by the handling and fertility of the bulls. To impregnate a cow by natural



mating, the stipulated bull must produce semen of satisfactory quality and be able to
successfully mount and deposit the semen in the vagina of the cow. Failure to meet
either criterion results in poor reproductive performance (Kreplin, 1992). The role of
the bull in the fertility of both beef and dairy cows is therefore required to be
understood in terms of the overall impact on fertility in cattle. Determining the
potential fertility of the bull is much more important than determining the fertility of
the individual cow (Kreplin, 1992; Chenoweth, 1999; Parkinson, 2004). However,
despite frequent grievances from dairy and beef farms of Malaysia for failure to meet
the required fertility (including the farm in which this study conducted), the potential
effect of the bulls’ fertility on the overall reproductive efficiency of cattle herd and
their role in the breeding programmes are often underestimated. In addition, the use
of standard breeding soundness evaluation (BSE) for bulls before use for breeding is
overlooked. Apart from the routine BSE technique, trans-scrotal ultrasonography
(TSU) has been reported recently to enhance evaluation of breeding soundness in
bulls (Chapwanya et al., 2008). However its application and interpretation of
findings in determining fertility status of bulls in relation to the routine BSE

technique needs further research.

Cattle, like other domestic species, cannot escape from inherited disorders and
congenital malformations which comprise a substantial proportion of economic loss
to the cattle breeders. At present, chromosome anomalies which occur occasionally
through accidents at either meiosis or mitosis are not preventable since our
knowledge on the aetiological mechanisms for these aberrations is limited. In general
numerical chromosome anomalies are readily removed by natural selection but

structural anomalies may lead to polymorphic systems with pernicious effects on



fertility. Reduced fertility and infertility due to chromosomal anomalies are relatively
common in cattle, with a wide range in prevalence rates among breeds or
populations. Among the chromosomal anomalies, the Robertsonian translocation,
t(1;29) formed by centric fusion between chromosomes 1 and 29, is the most
troubling and widely distributed in cattle, mainly of European breeds, and with
greatest economic consequences via reductions in fertility (Dyrendahl and
Gustavsson, 1979; Schifferli et al., 2003). Following the identification of t(1;29) at
higher incidences (Gustavsson and Rockborn, 1964), a national eradication
programme which was started in Sweden and later in Brazil, have been initiated in
many European countries to bring the translocation under control (Buoen et al.,
1988; Popescu, 1996). Subsequently, countries like Sweden have managed to
increase fertility by culling Al translocation sires and thus, increase the non-return

rate in heifers (Blazak and Eldridge, 1977)

In Malaysia, despite the prevailing problems of reduction in cattle fertility especially
in imported breeds, there is no data available on the status of chromosomal
anomalies in the country. Moreover, unlike many of the European countries, there
has been no routine cytogenetic evaluation of imported or local cattle intended for
breeding. This could lead to a risk of rapid distribution of heritable anomalies to
subsequent generations. Therefore, owing to the gaps present in the control of
chromosomal anomalies, it is likely that chromosomal aberrations do exist in cattle
with infertility problems. In this study, cows and heifers with fertility problems as
well as the bulls involved in breeding have been subjected to cytogenetic studies with
the aim of determining if numerical or structural chromosomal anomaly is a cause of

poor fertility in the herd. Furthermore, it has been described that the taurus



(temperate) and indicus (zebu) breeds of cattle despite having the same diploid

number of chromosomes (2n= 60), differ in the morphology of the Y chromosome.

The Y chromosome is submetacentric in faurus but acrocentric in indicus breeds

(Halnan and Watson, 1982). Although KK bulls belong to the zebu cattle breeds,

there 1s no scientific evidence that shows the acrocentric nature of the Y chromosome

in this breed.

Therefore, the objectives of this study were:

1.

To determine the occurence of AOC and associated ovarian disorders in
postpartum cows with more than 90 days open and in heifers that fail to
conceive by 24 months old.

To evaluate the fertility status of breeding bulls.

To investigate if structural or numerical chromosomal anomalies are involved
in the poor reproductive performance of the herd.

To evaluate a modified faecal extraction procedure for Ps metabolites
(progestins) as well as to detect and identify immunoreactive progestins
against P4 antibody RIA in cows.

To determine the correlation between faecal progestins and plasma P4 during
the estrous cycle of KK cows as well as to compare the faecal progestin

pattern with pregnant KK cows and cows with ovarian disturbance.
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