il
UNIVERSITI PUTRA MALAYSIA

IMPROVING QUALITY OF FROZEN-THAWED BULL SPERMATOZOA VIA
IN VITRO SUPPLEMENTATION WITH ALPHA-LINOLENIC AND
DOCOSAHEXAENOIC ACID

ASMATULLAH KAKA

FPV 2015 12




U[P|M

UNlVERSITI PUTRA MALAYSIA

IMPROVING QUALITY OF FROZEN-THAWED BULL SPERMATOZOA VIA
IN VITRO SUPPLEMENTATION WITH ALPHA-LINOLENIC AND
DOCOSAHEXAENOIC ACID

By

ASMATULLAH KAKA

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in
fulfillment of the Requirement for the Degree of Doctor of Philosophy

June 2015



All materials contained within the thesis, including without limitation text, logo, icon,
photograph, and all other artwork, is copyright material of Universiti Putra Malaysia
unless otherwise stated. Use may be made of any material contained within the thesis of
non-commercial purposes from the copyright holder. Commercial use of material may

only be made within the express, prior, written permission, of Universiti Putra
Malaysia.

Copyright© Universiti Putra Malaysia



DEDICATION

I would like to dedicate this thesis with love and gratitude to my grandfather ALLAH
WARAYO KAKA and my father GHULAM QADIR KAKA always guided, and
encouraged me throughout my life.



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of
the requirement for the degree of Doctor of Philosophy

IMPROVING QUALITY OF FROZEN-THAWED BULL SPERMATOZOA VIA
IN VITRO SUPPLEMENTATION WITH ALPHA-LINOLENIC AND
DOCOSAHEXAENOIC ACID
By

ASMATULLAH KAKA

June 2015
Chairman: Professor Abd Wahid Haron, PhD
Faculty: Veterinary Medicine

Animal production has been modernized through cryopreservation. However,
cryopreservation decreases the quality and fertility of bull sperm by impairing its
normal functions due to thermal, oxidative and osmotic changes and re-distribution of
lipid bonding. Therefore, the present study was conducted to test, if supplementation of
semen extenders with fatty acids and antioxidants could improve the quality of frozen-
thawed of bull semen.

Semen samples from three fertile beef bulls were collected twice a week by an electro
ejaculator. After collection, semen samples were brought to the laboratory for initial
evaluation. Ejaculates with motility > 70% and normal morphology and viability > 80%
were processed for cryopreservation. Ejaculates were extended in Tris and BioXcell®
extenders containing 0 (control), 3, 5, 10 and 15ng/ml of docosahexaenoic acid (DHA)
and a-linolenic acid (ALA). As the fatty acids are insoluble in water, 0.05% ethanol
was added as a solvent. Extended samples were initially incubated at 37°C for 15
minutes to allow absorption of ALA by the sperm membrane, and then chilled for 2
hours, followed by packaging into 0.25ml straws with 20 x 10° sperm per straw. The
straws were placed 3cm above the surface of liquid nitrogen for 10 minutes and finally
immersed into liquid nitrogen for storage. After 24 hours, straws were thawed and
evaluated for sperm motility using a computer assisted semen analyzer (CASA),
membrane functional integrity (hypo-osmotic swelling test), viability, morphology,
acrosome integrity (eosin-nigrosin stain), DNA integrity (comet assay), fatty acid
composition (gas chromatography), lipid peroxidation (thiobarbituric acid reactive
substances, TBARS) and superoxide dismutase (SOD assay). Data of all the parameters
was analyzed with SAS 9.2 version with the general linear model (GLM) and Duncan
multiple range test (DMR).

Results showed that adding ALA into BioXcell® and Tris semen extender improved
post- thawed quality of bovine semen. Frozen-thawed sperm motility, morphology,
viability, morphology, acrosome integrity, DNA integrity and ALA concentration were
improved significantly in treated groups compared to control. Uptake was observed to
be linear in relation to ALA concentration added. A concentration of 5ng/ml of ALA
was found to be the optimum level for improved semen cryopreservation using



Bioxcell® and Tris extender along with tolerable Lipid peroxidation (LPO) reactions
and amount of MDA production. DHA supplementation into BioXcell® and Tris
extenders also produced positive effects on freezing quality of bull sperm. Frozen-
thawed sperm motility, morphology, viability, morphology, acrosome integrity, DNA
integrity and DHA concentration were significantly improved at 3ng/ml and 10ng/ml of
DHA in BioXcell® and Tris extenders, respectively. Docosahexaenoic acid
supplementation produced higher lipid peroxidation rate as compared to ALA but it did
not affect sperm quality. Superoxide dismutase enzyme was also improved in both
ALA and DHA supplementations. A combined effect of DHA and ALA into BioXcell®
and Tris extenders however decreased frozen-thawed quality of the bull sperm. Frozen-
thawed sperm motility, morphology, viability, morphology, acrosome integrity and
DNA integrity were decreased in treated groups compared to control. Fatty acid and
SOD improved positively but MDA was produced in large quantity that decreased
quality of sperm.

In the last experiment 5ng/ml of ALA level from Experiment 1 and 3 and 10ng/ml of
DHA from Experiment 2 were combined with 0.2, 0.4 and 0.8mM of a-tocopherol to
evaluate the effect of fatty acids and antioxidant combination on post thawed quality of
bull sperm. Results showed that combination of ALA and a-tocopherol improved
frozen-thawed quality compared to control in both BioXcell® and Tris extenders.
Significantly higher values were obtained at Sng/ml of ALA and 0.2mM of a-
tocopherol in BioXcell® extender and 5ng/ml ALA with 0.4mM o-tocopherol in Tris
extender. DHA also improved frozen-thawed quality in both BioXcell® and Tris
extenders, with significant improvement at 3ng/ml of DHA with 0.5mM a-tocopherol
and 10ng/ml of DHA with 0.8mM a-tocopherol in BioXcell® and Tris extenders
respectively. Fatty acid level was improved, MDA and superoxide dismutase
production was decreased. In conclusion, combination of ALA and DHA decreased
quality of frozen-thawed bull semen. However, addition of ALA at 5ng/ml and DHA at
3 and 10ng/ml in combination with a-tocopherol improved quality of frozen-thawed of
bull semen in Tris and BioXcell® extenders respectively.

Keywords: Bull, semen, ALA, DHA, a-tocopherol and cryopreservation.
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Pengeluaran haiwan telah dimodenkan melalui krioawetan. Walau bagaimanapun,
krioawetan mengurangkan kualiti dan kesuburan sperma lembu jantan dengan
merosakkan fungsi normal disebabkan oleh haba, pengoksidaan dan perubahan osmotik
dan pengagihan semula ikatan lipid. Oleh itu, kajian ini dijalankan untuk diuji, jika
suplemen mekanisma air mani dengan asid lemak dan antioksidan dapat meningkatkan
kualiti air mani lembu beku yang dicairkan.

Sampel air mani dari tiga ekor lembu daging yang subur telah diambil dua kali
seminggu menggunakan ejakulator elektro. Selepas pengumpulan, sampel air mani
telah dibawa ke makmal untuk penilaian awal. Proses ejakulasi dengan motiliti 70%
dan morfologi biasa dan daya maju 80% telah diproses untuk krioawetan. Proses
ejakulasi telah disambung dengan mekanisma Tris dan BioXcell® yang mengandungi
0 (kawalan), 3, 5, 10 dan 15ng / ml asid docosahexanoic (DHA) dan asid alfa-linolenik
(ALA). Data telah dianalisis menggunakan SAS versi 9.2 dengan model general linear
(GLM) dan Ujian Duncan multiple range test (DMR).

Sebagai asid lemak tidak larut dalam air, 0.05% etanol telah ditambah sebagai pelarut.
Sampel dilanjutkan pada mulanya dieram pada suhu 37°C selama 15 minit dengan
membenarkan penyerapan ALA oleh membran sperma, kemudian disejukkan selama 2
jam diikuti dengan pembungkusan ke dalam tiub kecil bersaiz 0.25ml dengan 20 x 106°
sperma per tiub. Tiub diletakkan 3 cm di atas permukaan cecair nitrogen selama 10
minit dan akhirnya tenggelam ke dalam cecair nitrogen untuk simpanan. Selepas 24
jam, tiub telah dicairkan dan dinilai untuk motiliti sperma menggunakan komputer
untuk analisa sperma (CASA), integriti fungsi membran (tidak menimbulkan osmosis
ujian bengkak), daya maju, morfologi, integriti akrosome (noda eosin-nigrosin),
integriti DNA (ujian komet), komposisi asid lemak (gas kromatografi), peroksidaan
lipid (bahan reaktif asid thiobarbiturik, TBARS) dan superoxide dismutase (SOD kit).

Keputusan menunjukkan bahawa penambahan ALA ke dalam mekanisma BioXcell®

dan Tris air mani bertambah baik selepas dicairkan kualiti air mani lembu beku.
Motiliti sperma beku yang dicairkan, morfologi, daya maju, morfologi, integriti



akrosome, integriti DNA dan kepekatan ALA telah meningkat dengan ketara dalam
kumpulan dirawat berbanding dengan kawalan. Pengambilannya diperhatikan menjadi
selari berhubung dengan kepekatan ALA yang ditambah. Kepekatan 5ng / ml ALA
didapati tahap optimum untuk krioawetan air mani bertambah baik menggunakan
mekanisma Bioxcell® dan Tris dan juga dengan reaksi peroksidaan lipid yang boleh
diterima (LPO) dan jumlah pengeluaran MDA. Penambahan DHA ke dalam
mekanisma BioXcell® dan Tris juga menghasilkan kesan positif terhadap kualiti
sperma beku lembu. Motiliti sperma beku yang dicairkan, morfologi, daya maju,
morfologi, integriti akrosome, integriti DNA dan kepekatan DHA telah bertambah baik
dengan ketara dalam 3ng / ml dan 10ng / ml DHA dalam mekanisma BioXcell® dan
Tris masing-masing. Suplemen DHA menghasilkan kadar peroksidaan lipid yang lebih
tinggi berbanding ALA tetapi ia tidak menjejaskan kualiti sperma. Penambahan asid
docosahexaenoic telah juga bertambah baik pada kedua-dua tambahan DHA dan ALA.

Gabungan DHA dan ALA ke dalam mekanisma BioXcell® dan Tris bagaimanapun
menurunkan Kkualiti sperma lembu yang beku yang dicairkan. Motiliti sperma beku
yang dicairkan, morfologi, daya maju, morfologi, integriti akrosome dan DNA integriti
telah menurun dalam kumpulan dirawat berbanding dengan kawalan. Asid lemak dan
SOD bertambah baik secara positif tetapi MDA dihasilkan dalam kuantiti yang besar
yang menurunkan kualiti sperma.

Dalam penyelidikan terakhir 5ng / ml tahap ALA daripada eksperimen 1 serta 3 dan
10ng / ml DHA dari eksperimen 2 telah digabungkan dengan 0.2, 0.4 dan 0.8mM
daripada a-tokoferol untuk menilai kesan asid lemak dan gabungan antioksidan pada
kualiti sperma lembu beku yang dicairkan. Hasil kajian menunjukkan bahawa
kombinasi ALA dan a-tokoferol membaiki lebih baik kualiti sperma lembu beku yang
dicairkan berbanding kawalan dalam mekanisma BioXcell® dan Tris. Nilai-nilai yang
lebih tinggi diperolehi dalam 5ng / ml ALA dan 0.2mM a-tokoferol dalam mekanisma
BioXcell® dan 5ng / ml ALA dengan 0.4mM o-tokoferol dalam mekanisma Tris. DHA
juga meningkatkan kualiti sperma beku yang dicairkan dalam mekanisma BioXcell®
dan Tris, dengan peningkatan yang ketara dalam 3ng / ml DHA dengan 0.5mM a-
tokoferol dan 10ng / ml of DHA dengan 0.8mM a-tokoferol dalam mekanisma
BioXcell® dan Tris masing-masing. Tahap asid lemak juga telah bertambah baik dan
MDA telah menurun dan pengeluaran superoxide dismutase. Kesimpulannya,
kombinasi ALA dan DHA menurunkan kualiti air mani lembu beku yang dicairkan.
Walau bagaimanapun, penambahan ALA dalam 5ng / ml dan DHA pada 3 dan 10ng /
ml, dan gabungan tahap terbaik dengan a-tokoferol meningkatkan kualiti air mani
lembu jantan beku yang dicairkan dalam mekanisma Tris dan BioXcell® masing-
masing.

Tahap asid lemak telah ditingkatkan, MDA dan penghasilan superoxidae dismutase
telah diturunkan. Secara kesimpulannya, kombinasi ALA dan DHA telah menurunkan
kualiti semen lembu beku yang cairkan. Walaubagaimanapun, penambaahn ALA pada
Sng/ml dan DHA pada 3 dan 10ng/ml dalam kombinasi dengan a-tocopherol telah
membaiki kualiti semen lembu beku yang dicairkan dalam Tris dan  BioXcell®
masing-masing.

Kata Kunci: Lembu jantan, air mani, ALA, DHA, a-tokoferol dan krioawetan
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CHAPTER 1

INTRODUCTION

1.1 Background

Cattle, domesticated largely throughout the world, belong to the subfamily bovine,
genus Bos and are generally classified as Bos primigenius. Cattle are domesticated for
several purposes including meat, milk, drought power, production of leather and
breeding. The estimated population of cattle is about 1.467 billion in the world (FAO,
2015). Demand of livestock products are increasing throughout the world, due to the
shifting of consumption patterns towards livestock products and increase in human
population. Meat and dairy consumption over the last decade increased at a rate of 3-
5% annually in Asian countries (FAO, 2013). In Malaysia, the total population of cattle
is about 784,684, which is 23.5% of its total animal population (DVS, 2012). Although
there is a slight decline in the total number of cattle during recent years, the country is
improving its self-sufficiency in milk and meat production (DVS, 2012).

Artificial insemination (Al) has modernized animal production through genetic
improvement. Cryopreservation supports beneficial uses of Al in terms of short and
long term storage and easy transportation of semen throughout the globe (Baily et al.,
2000; Kaka et al., 2012). However, cryopreservation has some disadvantages such as
reduction in the viability of frozen spermatozoa compared to fresh semen by increasing
spermatozoa deaths and impairing the functions of live spermatozoa (Watson, 2000;
Celeghini et al., 2008). Cryopreservation mainly affects motility and integrity of
plasma membrane of spermatozoa (Hammerstedt et al., 1990; Parks and Graham, 1992,
Watson, 1995; Yoshida, 2000). Therefore, a higher concentration of frozen semen is
needed to obtain the fertilization rate that is comparable with fresh semen (Watson,
2000). Furthermore, both freezing and thawing have thermal, oxidative and osmotic
effects, which cause remarkable mechanical damage to the spermatozoa membrane
(Hammerstedt et al., 1990; Holt, 2000; Thuwanut et al., 2008). Cryopreservation also
causes redistribution of membrane lipids and alters lipid-lipid and lipid-protein bonds
(Royere et al., 1996: Marti et al., 2003; Chakrabarty et al., 2007). It also reduces head
size of bull spermatozoa and cuases other irreversible alterations on membrane and
acrosome structures (Gravance et al., 1998; Chakrabarty et al., 2007). Cooling rapidly
to 0°C causes severe damage to the spermatozoa (cold shock). However, sensitivity to
cold shock varies with animal species and ratio of unsaturated and saturated fatty acid
present in the spermatozoa plasma membrane.

Fatty acids are vital components of phospholipids and glycerides. Fatty acids may be
saturated or unsaturated; unsaturated fatty acids can be divided as monounsaturated
(MUFAs) or polyunsaturated (PUFAS). Polyunsaturated fatty acids are further
classified as omega-3, 6 and 9 unsaturated fatty acids depending on the site of the first
double bond from the methyl terminal (Lenzi et al., 1996). Bulls, boars and humans
obtain them from their diet and are synthesized in the body by de novo synthesis (Lenzi
etal., 1996).



Bull, ram, and boar spermatozoa have high concentrations of omega-3 fatty acid
(White, 1993) which maintain the structure and function of the plasma membrane
during freezing and thawing, improve fluidity of the plasma membrane, prevent
formation of ice crystals, osmotic and chilling injuries, cytoplasmic fractures, as well as
cytoskeleton and genomic abnormalities (Isachenko, 2003; Robinson et al., 2006).
Cryopreservation changes the fatty acid structure from crystalline phase to rigid (gel)
structure (Watson, 2000) and decreases omega-3 fatty acid concentration (Chakrabarty
et al., 2007; Nasiri et al., 2012). Previous studies focused to maintain omega-3 fatty
acid concentration by including fatty acids in the diet of different animals species
(Comhaire and Mahmoud, 2003; Keirnan et al., 2013). Supplementation of dietary oils
(alternative sources of omega-3 fatty acids) have successfully modified the fatty acid
profile of the spermatozoa plasma membrane in many species with varying levels of
success (Kelso et al., 1997a; Comhaire et al., 2000; Rooke et al., 2001; Castellano et
al., 2010; Gholami et al., 2010).

As the fatty acids are considered susceptible of lipid peroxidation, therefore, different
antioxidant is being used to to diminish the lipid peroxidation (LPO). a-tocopherol is
lipid soluble and considered most effective antioxidant. It decreases formation of free
radical in the semen and spermatozoa of bull, in results reduces lipid peroxidation and
improves frozen thawed quality of bull spermatozoa (Nasiri et al., 2012).

In vitro models provide an opportunity to study the effect of exogenous fatty acids on
frozen-thawed bull spermatozoa. In humans, the in vitro addition of unsaturated fatty
acids (arachidonic, linoleic, docosahexaenoic, palmitoleic and oleic) have increased
lipid peroxidation of spermatozoa (Aitken and Baker, 2006; Koppers et al., 2010).
However, in boars, motility, viability and acrosome reactions were improved after
exogenous unsaturated fatty acid (oleic and linoleic, combination of oleic and
arachidonic acid) in vitro supplementation to boar spermatozoa (Hossain et al., 2007).
In bulls, spermatozoa viability and motility were maintained with addition of a-
linolenic acid (ALA) but declined with the supplementation of docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) in semen chilled at 5°C for seven days
(Kiernan et al., 2013).

There is limited research work published on the effect of unsaturated fatty acids on the
quality of frozen-thawed bull spermatozoa. Therefore, the main aim of this study was to
investigate if exogenous a-linolenic acid (ALA) and docosahexaenoic acid (DHA)
with and without o-tocopherol can ameliorate the quality of frozen-thawed bull
spermatozoa.

1.2 Objectives

The specific objectives of this study were



1. To determine the effects of exogenous a-linolenic acid (ALA) and
docosahexaenoic acid (DHA) added into semen extenders on the quality of frozen-
thawed bull spermatozoa.

2. To determine the effects of combined supplementation of ALA and DHA on the
quality of frozen-thawed bull spermatozoa.

3. To enhance the quality of frozen-thawed bull spermatozoa with addition of a-
tocopherol in combination with ALA and DHA.

1.3 Hypothesis

Hypothesis for this study is that the supplementation of ALA and DHA with or without
a-tocopherol would improve motility, viability, membrane integrity, acrosome
integrity, fatty acid composition, reduce DNA damage, and diminish lipid peroxidation
of frozen-thawed bull semen.
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