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Semen quality drops after cryopreservation, which is caused by high oxidative stress
exerts on the sperm during freezing and thawing procedures. The consequenceof this
effect is that the protein composition of the spermatozoa especially P25b is adversely
affected, thereby hindering the protein’s role in fertilization. The sperm surface P25b
is considered a bull fertility marker, very important in zona pellucida binding during
fertilization. Thus, the fertility of spermatozoa may be preserved if P25b is protected.
The aim of this study is to investigate the effects of various concentrations of
antioxidant butylated hydroxytoluene (BHT) in three semen extenders with the view
to preserving the spermatozoa quality and protecting the P25b from damage during
chilling as well as cryopreservation. Four bulls were initially selected and their
ejaculates were assessedfor color, volume, concentration, pH, general and
progressive motilities, morphologically normal spermatozoa, acrosome and DNA
damage, and lipid peroxidation. Transmission electron microscopy (TEM) was also
performed to evaluate the ultrastructures of the spermatozoa.The assessment
revealedthat the semen color varied from creamy-white in bull #1, to milky white in
bulls #2 and 4, then cloudy in bull #3. Highest sperm concentration, lipid
peroxidation and pH were recorded from bull #4. Highest volume, progressive
motility, morphology, less acrosome damage and viability were from bull #2. While
best values for general motility and DNA damage were obtained from bull #1. TEM
revealed 92.5, 90.0 and 82.5 percent of intact heads for bulls #1, 2 and 3,
respectively, significantly higher than bull # 4 (62.5%). In addition, TEM also
showed 32.5, 25.0, and 37.5% of total defective spermatozoa in the respective bulls
#1, 2 and 3, significantly lower than 80.0% in bull # 4. Bulls #1, 2 and 3 were
therefore consistently satisfactory in most parameters evaluated and hence
considered havinghigh semen freezability potential. On the other hand, bull #4
expressed higher (p < 0.05) sperm concentration but yet unsatisfactory in most other
parameters assessed, including the low live/dead ratio and high percentage of
abnormalities, manifesting poor potential of freezability. The three bulls with high
semen freezability potential were then usedfor the study. Semen samples were
collected by electroejaculation, diluted with Bioxcell®, tris- or citrate- egg yolk



extenders supplemented with 0.0 (control), 0.5, 1.0, 1.5, 2.0 and 3.0 mM/mL
concentrations of BHT. Thereafter, the dilutedsamples were either chilled at 4°C for
three days or frozen at -196°C in liquid Nitrogen for 14 days. At the end of storage
time, four straws were randomly pooled from each group and evaluated. Results
showed that addition of BHT at 0.5 mM/mL in Bioxcell®, 1.0 mM/mL in tris- and
1.0 to 1.5 mM/mL in citrate egg yolk extenders have improved (p<0.05)
spermatozoa morphology, viability and protection against acrosomal damage when
compared with the control after chilling. After cryopreservation, general motility,
progressive motility, morphology, protection against acrosomal damage, DNA
damage and lipid peroxidation (LP) of the spermatozoa were significantly improved
compared with the control at the same BHT concentrations as in the chilledsamples
for the various extenders. The appropriate BHT concentration in each extender as
demonstrated in the chilling and freezing were also consistent in the protection of
P25b (p<0.05) than in the control after SDS-PAGE gel densitometry. The
spermatozoa quality parameters assessed in both the chilling and freezing samples
deteriorated (p<0.05) against control at higher BHT concentrations of 2.0 and 3.0
mM/mL in all the extenders. However, the deterioration of the concentration of P25b
at 2.0 and 3.0 mM/mL BHT were the same as the control in all the extenders. The
outcome of this study strongly suggests a better bull sperm fertility potential after
BHT supplementationof 0.5 mM/mL in Bioxcell®, 1.0 mM/mL in tris- egg yolk and
1.0 to 1.5 mM/mL in citrate- egg yolk extenders.

Key words: butylated hydroxytoluene, chilling, cryopreservation, extender, P25b,
semen.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Doktor Falsafah

KESAN HIDROKSITOLUEN BERBUTIL KE ATAS PROTEIN
P25b,SEMEN LEMBU JANTAN DINGIN DAN KRIOAWET DALAM
BIOXSEL®, TRIS- DAN SITRAT —-PELUAS KUNING TELUR

Oleh

KHUMRAN ARMIYA’U MADA

November 2016
Pengerusi :  Nurhusien Yimer Degu, PhD
Fakulti :  Perubatan Veterinar

Kualiti semen menurun selepas pengawetankrio disebabkan oleh tekanan oksidatif
tinggi yang dikenakan ke atas sperma ketika prosedur penyejukbekuan dan
pencairan. Akibatnya, komposisi protein spermatozoa terutama P25b teruk terjejas,
oleh itu menghalang peranan protein dalam fertilisasi. Permukaan sperma P25b yang
dianggap sebagai penanda fertilitilembu jantan, sangat penting dalam zona
pengikatan pelusida ketika fertilisasi. Oleh sebab itu, fertiliti spermatozoa mungkin
diawet sekiranya P25b dilindungi. Tujuan kajian ini adalah untuk menyelidiki kesan
pelbagai konsentrasi antioxidan hidroksitoluen berbutil (BHT) dalam tiga pengekal
semen dengan pandangan untuk mengawet kualiti spermatozoa dan melindiungi
P25b daripada rosak ketika pendinginan juga ketika pengawetankrio. Empat lembu
jantan pada awalnya telah dipilih dan ejakulasi lembu tersebut telah dinilai untuk
warna, isi padu, konsentrasi, pH, motiliti umum dan progresif, spermatozoa normal
secara morfologi, akrosom dan kerosakan DNA, dan pemperoksidaan
lipid.Mikroskopi elektron transmisi (TEM) juga telah dijalankan bagi menilai
ultrastruktur spermatozoa. Penilaian tersebut menunjukkan bahawa warna semen
bervariasi dari putih kuning bagilembu jantan #1, kepada putih susu bagilembu
jantan #2 and 4, kemudian warna keruhbagi lembu jantan #3. Konsentrasi sperma
tertinggi, pemperoksidaan lipid dan pH telah direkodkan daripada lembu jantan #4.
Isi padu tertinggi, motiliti progresif, morfologi, kerosakan akrosom yang kurang dan
viabilitiadalah dari lembu jantan #2. Manakala nilai yang baik dari motiliti umum
dan kerosakan DNA telah diperoleh dari lembu jantan #1. TEM menunjukkan 92.5,
90.0 dan 825 peratus kepala utuh bagi lembu jantan #1, 2 dan 3, masing-
masing,adalah lebih tinggi secara signifikan dari lembu jantan bull # 4 (62.5%). Di
samping itu, TEM juga menunjukkan 32.5, 25.0, dan 37.5% daripada keseluruhan
spermatozoa yang rosak bagi lembu jantan #1, 2 dan 3 tersebut, 80.0% lebih rendah
secara signifikan bagi lembu jantan # 4. Lembu jantan #1, 2 dan 3 oleh itu adalah
memuaskan secara konsisten dalam kebanyakan parameter yang dinilai dan oleh
sebab itu dianggap mempunyai potensi kebolehsejukbekuan semen yang tinggi.
Sebaliknya, lembu jantan #4 memperlihatkan konsentrasi sperma yang lebih tinggi
(p < 0.05) tetapi masih tidak memuaskan dalam kebanyakan parameter lain yang



dinilai, termasuk jangka hayat hidup/ratio kematian dan peratusan abnormaliti yang
tinggi, manifestasi potensi  kebolehsejukbekuan yang lemah.Ketiga-tiga lembu
jantan dengan potensi kebolehsejukbekuan semen yang tinggi kemudiannya telah
digunakan dalam Kkajian ini. Sampel semen  telah dikumpulkan melalui
elektroejakulasi, dicairkandengan Bioxsel®, tris- atausitrat- pengekal kuning telur
yang disuplemenkan dengan 0.0 (kawalan), 0.5, 1.0, 1.5, 2.0 dan 3.0
mM/mLKkonsentrasi BHT. Kemudian, sampel yang disimpan sama ada didinginkan
pada 4°Cuntuk tiga hari atau disejukbekukan pada -196°Cdalam cecair
Nitrogenuntuk 14 hari. Pada penghujung masa penyimpanan, empat straw telah
diambil secara rawak daripada setiap kumpulan dan dinilai. Dapatan menunjukkan
bahawa penambahan BHT pada 0.5 mM/mLdalam Bioxsel®, 1.0 mM/mLdalam tris-
dan 1.0 to 1.5 mM/mLdalam sitrat pengekal kuning telurtelah menambah baik
morfologi spermatozoa (p<0.05), viabilitidan perlindungan daripada kerosakan
akrosomal apabila dibandingkan dengan kawalan selepas dibekukan.. Selepas
pengawetankrio, motiliti umum, motiliti progresif, morfologi, perlindungan daripada
kerosakan  akrosomal ,kerosakan DNA  danpemperoksidaan lipid (LP)bagi
spermatozoa adalah memuaskan secara signifikan berbanding dengan kawalan pada
konsentrasi BHT yang sama seperti sampel yang disejukbekukan bagi pelbagai
pengekal.Konsentrasi BHT yang sesuai dalam setiap pengekal sebagaimana yang
didemonstrasikan dalam pendinginan dan penyejukbekuan juga didapati konsisten
dalam perlindungan P25b (p<0.05) daripada kawalan selepas densitomerti gel SDS-
PAGE. Parameter kualiti spermatozoa yang dinilai dalam kedua-dua sampel yang
didinginkan dan disejukbekukan merosot (p<0.05) daripada kawalan pada
konsentrasi BHT yang tinggi, iaitu 2.0 dan 3.0 mM/mL dalam semua pengekal.
Walau bagiamanapun, kemerosotan konsentrasi P25b pada 2.0 dan 3.0 mM/mL BHT
adalah sama seperti kawalan dalam semua pengekal. Dapatan kajian ini
mencadangkan sekuat-kuatnya potensi fertiliti lembu jantan yang lebih baik
selepassuplementasi BHT 0.5 mM/mLdalam Bioxsel®, 1.0 mM/mLdalam tris-
kuning telur danantara 1.0 hingga 1.5 mM/mLdalam sitrat- pengekal kuning telur.

Kata kunci:hidroksitoluen berbutil, pendinginan, pengawetankrio, pengekal, P25b,
semen.
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CHAPTER 1

INTRODUCTION

Artificial insemination (Al) is an effective biotechnological tool for genetic
improvement in cattle. Since its inception in Malaysia in 1963 (Musa, 1974), it has
had a tremendous effect on both dairy and beef industries, producing cross breeds
with higher productivity than the local breeds, reasonably acclimatized to the
tropical environment and sufficiently better disease resistant compared to the pure
temperate breeds (Raymond and Saifullizam, 2010). Nevertheless, when compared
to the Al coverage in other developed countries of the world, whichhas risen to 64%
in dairy cattle and 7.8% in beef cattleas reported by Chupin and Schuh(1993). The
Al coverage in most Asian countries including Malaysia stands at a very low (1-
5%)level. There has been an increase in the trend of Al services in Malaysia from
2000 to 2009 (Azizah et al., 2014)although the proportion of the Al coverage
remains similar (4.2 — 4.3%) due to an increase in the number of breeder females. In
order to rapidly transform the genetic composition of the cattle population in
Malaysia with higher impact in the industry, the breeding service needs to be
heightened by increasing the existing Al coverage to 10% per annum (Raymond and
Saifullizam, 2010). This can be achieved by effective delivery of Al services,
increasing the number of bull stations, semen storage facilities, Al centers and
technicians. However, increasing the Al coverage alone would not bring the desired
change in the cattle industry unless the frozen-thawed semen used for Al is of high
quality that subsequently determines the number of services per conception (SC) and
pregnancy success. Several factors can influence the quality or fertility of frozen-
thawed sperm. These include cryopreservation/freezing and thawing processes, type
of semen extender, and seminal plasma components such as sugars, antioxidantsand
free radicals. Cryopreservation procedures affect many aspects of sperm physiology
and morphology with most damages occurring during freezing and thawing. These
steps have major consequences on the fertilizing ability. Generally, viability is
decreased by 50% whereas fertilizing capacity is affected by seven folds(Lessardet
al., 2000). Subtle sperm damages such as injuries to sperm surface proteins can also
be induced by cryopreservation (Lasso et al., 1994). The deterioration in the quality
and fertilizing ability of fresh semen due to cryopreservation can be minimized by
using cryoprotectants such as glycerol, adding antioxidants and nutrients into best-
suited extenders.

Looking for the best extender for semen cryopreservation for improved fertility
outcome in Al has been the focus of many researchers in the last decade. However,
findings on types of extenders and their effects on cryopreservation of sperm
remained a debate and hence research has continued through several modifications.
Comparison among different semen extenders is usually done by conventional
andrological tests such as assessment of sperm motility, viability and morphology
before and after cryopreservation (Asadpour and Tayefi-Nasrabadi, 2010; ljazet al.,
2009). These may not fully explain the quality and fertilizing capacity of the
spermatozoa. This is because, although the spermatozoa are morphologically normal
andare capable of propelling to reach the site of fertilization, damage to factors such



as sperm surface proteins that play a key role in the process of interaction with the
oocytewill adversely affect thesuccess of fertilization. Therefore, comparison among
different semen extenders based on the level of sperm surface protein that is known
to have effect on fertility, apparently gives a more detailed and better explanation on
the quality of the spermatozoa after cryopreservation. Hence, the use of sperm
surface proteins as a parameter provides a more detailed means of evaluation to
identify the most suitable extender for sperm cryopreservation or the one that
provides the highest protection to the spermatozoa against cryopreservation injuries.

As mentioned earlier, several different types of semen extenders have been evaluated
byresearchers for bull semen cryopreservation based on conventional andrological
tests. Among the most commonly tested extenders include egg yolk-based Citrate
and Tris extenders(Leite et al., 2010). Studies are rare on comparison of extenders
based on theirlevel of protection to sperm surface proteins from damage during
cryopreservation. Different proteins have been identified and proposed to be
involved in the steps leading to fertilization (McLeskey et al., 1997). Among the
important sperm surface proteins proven to be related to fertility index of bull
spermatozoa used for Al include, P25b sperm surface protein.The loss of P25b
during cryopreservation is sufficient to decrease frozen-thawed semen fertilizing
ability, a decrease that cannot be evaluated by conventional andrological tests
(Lessardet al., 2000).

The quality of post-thawed sperm is affected by oxidants like reactive oxygen
species (ROS) which are produced physiologically in living cells during respiration
as well as by abnormal or dead sperm and phagocytic cells of both the ejaculate and
the female reproductive tract (Asadpour and Tayefi-Nasrabadi, 2010; ljaz et al.,
2009). These ROS can inhibit sperm motility, capacitation and acrosome reaction
mediated by lipid peroxidation of sperm membrane. Lipid peroxidation has been
correlated with exposure of spermatozoa to ROS and it has been demonstrated that
spermatozoa undergoing freeze-thaw cycles produced ROS (Alvarez and Storey,
1992). In mammals, seminal plasma contains a number of antioxidants which
include superoxide dismutase (SOD), catalase, glutathione peroxidase (GPX), free
radical scavengers such as vitamins C and E, hypotaurine, taurine and albumin (ljaz
et al., 2009). The presence of these antioxidants in semen helps to counteract the
oxidants and protect the spermatozoa from damage. Semen dilution using extenders
for the purpose of having more doses from a single ejaculate and cryopreservation
however decreases the concentrations of natural components of antioxidants. The
decrease in the components of antioxidants due to dilution coupled with an increase
in production of ROS during cryopreservation exacerbates the condition of
spermatozoa and further degrades its post-thaw quality and fertilizing ability. To
minimize the effect of oxidants in diluted semen, researchers have tested the impact
of adding antioxidants into extenders in many species of animals including cattle and
have observed improvement in the quality of post-thawedspermatozoa compared to
control based on conventional andrological tests (Beconiet al., 1991).



Addition of natural antioxidant like alphatocopherol and ascorbate, have been
reported to have protective effect on metabolic and cellular viability of
cryopreserved bovine spermatozoa (Beconi et al., 1991). More recently, butylated
hydroxytoluene (BHT) has been tested for its antioxidant effect oncattle(Asadpour
and Tayefi-Nasrabadi, 2010) and buffalo bull spermatozoa (ljaz et al., 2009). These
studies investigated the impact of adding BHT into semen extenders on post-thaw
Holstein bull semen and Nili-Ravi buffalo semen quality based on conventional
andrological tests such as motility and viability. Results of their study indicated
improvement of semen quality following cryopreservation compared to untreated
controls. However, ljaz et al. (2009) worked on buffalo semen, while Asadpour and
Tayefi-Nasrabadi, (2010) evaluated effect of BHT only on motility and viability of
Holstein semen. The present study intends to extensively assess BHT effects on
motility, viability, morphology, acrosome damage and DNA damage. Furthermore,
effective optimum BHT level have not been agreed upon and none of the above
mentioned studies either assessed the impact of adding BHT on the protective level
of sperm surface proteins P25b or its effects in lecithin (non-egg yolk) based semen
extender, which is included in this project. Butylated hydroxytoluene is a synthetic
analogue of Vitamin E that checks the auto-oxidation reaction which is lipid soluble
and has been successfully tested to preserve liquid semen in other species of animals
such as turkey, to minimize cold shock damage in ram, boar and goat spermatozoa
(ljaz et al., 2009). Investigation on the protective level of P25b surface proteins
using different extenders with or without addition of antioxidants like BHT would
provide a detailed explanation on the better semen extender and antioxidant
combination best suited for cryopreservation. This study would also generate
information and new knowledge as to the mechanism of protection of using the
different extenders and addition of antioxidant.

Therefore the objectives of this study were:

1. To evaluate the physical and ultrastructural attributes offresh bull’s semen
parameters

2. To evaluate the effects of BHT combined with different semen extenders on
chilled bull semen stored for3 days.

3. To evaluate the effects of BHTcombined with different semen extenders on
frozen-thawed bull semenstored for 14 days.

4. To compare the effects of different semen extenders treated with different
concentrations of BHT on bull sperm surface protein P25b.

Hypothesis of the study

Ho= Treatment of semen extenders with low levels of BHTconcentrationwill not
exert any positive effect onsurface protein P25b, chilled andpost thawedbull semen.

Ha. = Treatment of semen extenders with low BHTconcentration will improve
surface protein P25b, chilled andpost thawedbull semen.






REFERENCES

Acott, T. S.and Carr, D. W. (1984). Inhibition of bovine spermatozoa by caudal
epididymal fluid: Il. Interaction of pH and a quiescence factor. Biology of
Reproduction, 30(4), 926-935.

Aebersold, R., Burlingame, A. L.and Bradshaw, R. A. (2013). Western blots versus
selected reaction monitoring assays: time to turn the tables? Molecular and
Cellular Proteomics, 12(9), 2381-2382.

Akers, R. M. and Denbow, D. M. (2008). Anatomy and Physiology of Domestic
Animals (B. P. Ltd. Ed. First ed.). USA: American Veterinary Medical
Association.

Akhter, S., Ansari, M. S., Rakha, B. A., Andrabi, S. M. H., Igbal, S. and Ullah, N.
(2010). Cryopreservation of buffalo (Bubalus bubalis) semen in Bioxcell®
extender. Theriogenology, 74(6), 951-955.

Akhter, S., Ansari, M. S., Rakha, B. A., Ullah, N., Andrabi, S. M. H. and Khalid, M.
(2011). In vitro evaluation of liquid-stored buffalo semen at 5°Cdiluted in
soya lecithin based extender (bioxcell®), tris-citric egg yolk, skim milk and
egg yolk-citrate extenders.Reproduction in Domestic Animals, 46(1), 45-49.

Alvarez, J. G. and Storey, B. T. (1992). Evidence for increased lipid peroxidative
damage and loss of superoxide dismutase activity as a mode of sublethal
cryodamage to human sperm during cryopreservation. Journal of Andrology,
13(3), 232-241.

Amann, R. P., Shabanowitz, R. B., Huszar, G. and Broder, S. J. (1999). In vitro
sperm-binding assay to distinguish differences in populations of human
sperm or damage to sperm resulting from cryopreservation. Journal of
Andrology, 20(5), 648-654.

Amirat, L., Anton, M., Tainturier, D., Chatagnon, G., Battut, I. and Courtens, J. L.
(2005). Modifications of bull spermatozoa induced by three extenders:
Biociphos, low density lipoprotein and Triladyl, before, during and after
freezing and thawing. Reproduction, 129(4), 535-543.

Ansari, A. H. (1980). Repeated freeze-thawing for assessment of semen freezability.
In J. C. Emperaire, A. Audebert, and E. S. E. Hafez (Eds.), Homologous
Artificial  Insemination (AIH) (pp. 177-182). Dordrecht: Springer
Netherlands.

Ansari, M. S., Rakha, B. A. and Akhter, S. (2011). Effect of butylated
hydroxytoluene supplementation in extender on motility, plasmalemma and
viability of Sahiwal bull spermatozoa. Pakistan Journal of Zoology, 43(2),
311-314.

Asadpour, R., Jafari, R. and Tayefi-Nasrabadi, H. (2012). The effect of antioxidant
supplementation in semen extenders on semen quality and lipid peroxidation

78



of chilled bull spermatozoa. Iranian Journal of Veterinary Research, 13(3),
246-249.

Asadpour, R. and Tayefi-Nasrabadi, H. (2010). The effect of butylated
hydroxytoluene (BHT) on bull spermatozoa frozen in two different
extenders. Comparative Clinical Pathology, 1-5.

Azizah, A., Ariff, O. M., Ahmad Nazri, A. R., Wahid, H., Ahmad, J. and Saadiah, J.
(2014). Pregnancy rate from timed-artificial insemination and natural service
of oestrus synchronized Kedah-Kelantan and crossbred cows in two
management systems. Malaysian Journal of Animal Science, 17(2), 11-21.

Bailey, J. L., Lessard, C., Jacques, J., Bréeque, C., Dobrinski, I., Zeng, W. and
Galantino-Homer, H. L. (2008). Cryopreservation of boar semen and its
future importance to the industry. Theriogenology, 70(8), 1251-1259.

Balercia, G., Armeni, T., Mantero, F., Principato, G. and Regoli, F. (2003). Total
oxyradical scavenging capacity toward different reactive oxygen species in
seminal plasma and sperm cells. Clinical Chemistry and Laboratory
Medicine, 41(1), 13-19.

Baluja, S., Bhesaniya, K., Bhalodia, R. and Chanda, S. (2014). Solubility of
butylated hydroxytoluene (BHT) in agqueous and alcohol sulutions from
293.15 to 313.15 K. International Letters of Chemistry, Physics and
Astronomy, 9, 48-58.

Bansal, A. K. and Bilaspuri, G. S. (2010). Impacts of oxidative stress and
antioxidants on semen functions. Veterinary Medicine International,
2011(2011), 7.

Bantscheff, M., Lemeer, S., Savitski, M. M. and Kuster, B. (2012). Quantitative
mass spectrometry in proteomics: critical review update from 2007 to the
present. Analytical and Bioanalytical Chemistry, 404(4), 939-965.

Bantscheff, M., Schirle, M., Sweetman, G., Rick, J. and Kuster, B. (2007).
Quantitative mass spectrometry in proteomics: a critical review. Analytical
and Bioanalytical Chemistry, 389(4), 1017-1031.

Bearden, H., J.,, Fuquay, J., W. and Willard, S., T. (2004). Applied Animal
Reproduction (6th ed.): Pearson Prentice Hall.

Beconi, M. T., Affranchino, M. A., Schang, L. M. and Beorlegui, N. B. (1991).
Influence of antioxidants on SOD activity in bovine sperm. Biochemistry
International, 23(3), 545-553.

Benson, J. D., Woods, E. J.,, Walters, E. M. and Critser, J. K. (2012). The
cryobiology of spermatozoa. Theriogenology, 78(8) 1682-1699.

Berube, B. and Sullivan, R. (1994). Inhibition of in vivo fertilization by active
immunization of male hamsters against a 26-kDa sperm glycoprotein.
Biology of Reproduction, 51(6), 1255-1263.

79



Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72(1), 248-254.

Brannigan, R. and Lipshultz, L. (2008). Global library of women's medicine. (ISSN:
1756-2228). DOI: 10.3843/GLOWM.10316.

Brouwers, J. F. H. M. and Gadella, B. M. (2003). In situ detection and localization of
lipid peroxidation in individual bovine sperm cells. Free Radical Biology and
Medicine, 35(11), 1382-1391.

Bucak, M. N., Tuncer, P. B., Sariozkan, S., Baspinar, N., Taspinar, M., Coyan, K,
Bilgili, A., Akalin, P. P., Buyukleblebici, S., Aydos, S., llgaz, Seda,
Sunguroglu, A. and Oztuna, D. (2010). Effects of antioxidants on post-
thawed bovine sperm and oxidative stress parameters: Antioxidants protect
DNA integrity against cryodamage. Cryobiology, 61(3), 248-253.

Carr, D. W. and Acott, T. S. (1984). Inhibition of bovine spermatozoa by caudal
epididymal fluid: 1. Studies of a sperm motility quiescence factor. Biology of
Reproduction, 30, 913-925.

Chaudhari, S. and Mshelia, G. (2002). Continuing education article: An overview of
cryopreservation of cattle and buffalo bull semen. International Journal of
Agriculture and Biology, 4(4), 572-575.

Chupin, D. and Schuh, H. (1993). Survey of present status of the use of artificial
insemination in developing countries. World Animal Review, 74(75), 26-35.

Curry, M. (2000). Cryopreservation of semen from domestic livestock. Reviews of
Reproduction, 5(1), 46-52.

D'Occhio, M. J., Hengstberger, K. J., Tutt, D., Holroyd, R. G., Fordyce, G., Boe-
Hansen, G. B. and Johnston, S. D. (2013). Sperm chromatin in beef bulls in
tropical environments. Theriogenology, 79(6), 946-952.

Davis, H. P. and Williams, N. K. (1939). Evaluating bovine semen 1. Influence of the
number of ejaculates upon various physical and chemical characteristics and
the relationship between those factors. Journal of Animal Science, 1939(1),
232-242.

De Pauw, I. M. C., Van Soom, A., Mintiens, K., Verberckmoes, S. and de Kruif, A.
(2003). In vitro survival of bovine spermatozoa stored at room temperature
under epididymal conditions. Theriogenology, 59(5-6), 1093-1107.

Dhawan, A., Bajpayee, M. M., Pandey, A. K. and Parmar, D. (2009). Protocol for
the single cell gel electrophoresis/comet assay for rapid genotoxicity
assessment. Sigma, 1077, 1.

Donoghue, A. and Donoghue, D. (1997). Effects of water- and lipid-soluble
antioxidants on turkey sperm viability, membrane integrity, and motility
during liquid storage. Poultry Science, 76(10), 1440-1445.

80



El-Harairy, M., Eid, L. N., Zeidan, A., El-Salaam, A. A. and EI-Kishk, M. (2011).
Quality and fertility of the frozen-thawed bull semen as affected by the
different cryoprotectants and glutathione levels. Journal of American
Science, 7(5), 791-801.

Eversole, D. E., Browne, M. F., Hall, J. B.and Dietz, R. E. (2009). Body condition
scoring beef cows. (400-791). Retrieved 06/06/2010, from Virginia
Cooperative Extension http://pubs.ext.vt.edu/400/400-795/400-795.pdf

Foote, R., H. (2002). The history of artificial insemination: Selected note and
notables. Journal of Animal Science, 80, 1-10.

Foote, R.and Bratton, R. (1950). The fertility of bovine semen in extenders
containing sulfanilamide, penicillin, streptomycin and polymyxin. Journal of
Dairy Science, 33(8), 544-547.

Frenette, G., Lessard, C. and Sullivan, R. (2002). Selected proteins of “prostasome-
like particles” from epididymal cauda fluid are transferred to epididymal
caput spermatozoa in bull. Biology of Reproduction, 67(1), 308-313.

Funahashi, H. and Sano, T. (2005). Select antioxidants improve the function of
extended boar semen stored at 10°C. Theriogenology, 63(6), 1605-1616.

Garfin, D. V. (2003). Gel eletrophoresis of protein. In J. Davey and M. Lord (Eds.),
Essential Cell Biology: Cell structure (Vol. 1, pp. 197-268). UK: Oxford
University Press.

Gassmann, M., Grenacher, B., Rohde, B. and Vogel, J. (2009). Quantifying Western
blots: pitfalls of densitometry. Electrophoresis, 30(11), 1845-1855.

Gautier, V., Mouton-Barbosa, E., Bouyssié, D., Delcourt, N., Beau, M., Girard, J.,
Corinne, C., Odile, B., Bernard, M. and de Peredo, A. G. (2012). Label-free
quantification and shotgun analysis of complex proteomes by one-
dimensional SDS-PAGE/nanoLC-MS evaluation for the large scale analysis
of inflammatory human endothelial cells. Molecular and Cellular
Proteomics, 11(8), 527-539.

Gharagozloo, P. and Aitken, R. J. (2011). The role of sperm oxidative stress in male
infertility and the significance of oral antioxidant therapy. Human
Reproduction, 26(7), 1628-1640.

Girouard, J., Frenette, G. and Sullivan, R. (2009). Seminal plasma proteins regulate
the association of lipids and proteins within detergent-resistant membrane
domains of bovine spermatozoa. Biology of Reproduction, 78(5), 921-931.

Guthrie, H. D. and Welch, G. R. (2012). Effects of reactive oxygen species on sperm
function. Theriogenology, 78(8), 1700-1708.

81


http://pubs.ext.vt.edu/400/400-795/400-795.pdf

Hamilton, T. (2007). The catle site: Maximizing beef bull fertility and reproduction.
Retrived on 06/06/2015.
http://www.thecattlesite.com/articles/838/maximizing-beef-bull-fertility-and-
reproduction/

Hammerstedt, R., Graham, J. K. and Nolan, J. P. (1990). Cryopreservation of
mammalian sperm: what we ask them to survive. Journal of Andrology,
11(1), 73-88.

Hammerstedt, R. H., Amann, R. P., Rucinsky, T., Morse, P. D., Lepock, J., Snipes,
W. and Keith, A. D. (1976). Use of spin labels and electron spin resonance
spectroscopy to characterize membranes of bovine sperm: Effect of butylated
hydroxytoluene and cold shock. Biology of Reproduction, 14(4), 381-397.

Holt, W. V. (2000). Basic aspects of frozen storage of semen. Animal Reproduction
Science, 62(1-3), 3-22.

Hossain, M., Khatun, M., Islam, M. and Miazi, O. (2012). Semen characteristics of
breeding bulls at the Central Cattle Breeding and Dairy Farm of Bangladesh.
Bangladesh Journal of Animal Science, 41(1), 1-5.

lida, H., Yoshinaga, Y., Tanaka, S., Toshimori, K. and Mori, T. (1999).
Identification of Rab3A GTPase as an acrosome-associated small GTP-
binding protein in rat sperm. Developmental Biology, 211(1), 144-155.

ljaz, A., Hussain, A., Aleem, M., Yousaf, M. S. and Rehman, H. (2009). Butylated
hydroxytoluene inclusion in semen extender improves the post-thawed semen
quality of Nili-Ravi buffalo (Bubalus bubalis). Theriogenology, 71(8), 1326-
1329.

Januskauskas, A., Johannisson, A. and Rodriguez-Martinez, H. (2001). Assessment
of sperm quality through fluorometry and sperm chromatin structure assay in
relation to field fertility of frozen-thawed semen from Swedish Al bulls.
Theriogenology, 55(4), 947-961.

Juyena, N. S. and Stelletta, C. (2012). Seminal plasma: an essential attribute to
spermatozoa. Journal of Andrology, 33(4), 536-551.

Karunakaran, M. and Devanathan, T. G. (2016). Evaluation of bull semen for
fertility-associated protein, in vitro characters and fertility. Journal of
Applied Animal Research, 1-9.

Kennedy, C., E. and Sutovsky, P. (2012). Negative biomarkers of sperm quality and
male fertility. Paper presented at the Association for Applied Animal
Andrology Conference, Vancouver, Canada.

Khalifa, T., Lymberopoulos, A. and El-Saidy, B. (2008). Testing usability of
butylated hydroxytoluene in conservation of goat semen. Reproduction in
Domestic Animals, 43(5), 525-530.

82


http://www.thecattlesite.com/articles/838/maximizing-beef-bull-fertility-and-reproduction/
http://www.thecattlesite.com/articles/838/maximizing-beef-bull-fertility-and-reproduction/

Lanigan, R. and Yamarik, T. (2001). Final report on the safety assessment of BHT
(1). International Journal of Toxicology, 21, 19-94.

Lasley, J. F. (1943). Some factors influencing reproductive efficiency of range cattle
under artificial and natural breeding conditions (pp. 1-56): University of
Missouri, USA.

Lasso, J. L., Noiles, E. E., Alvarez, J. G. and Storey, B. T. (1994). Mechanism of
superoxide dismutase loss from human sperm cells during cryopreservation.
Journal of Andrology, 15(3), 255-265.

Leite, T. G., do Vale Filho, V., de Arruda, R., de Andrade, A., Emerick, L., Zaffalon,
F., Martins, J. A. M. and Andrade, V. J. (2010). Effects of extender and
equilibration time on post-thaw motility and membrane integrity of
cryopreserved Gyr bull semen evaluated by CASA and flow cytometry.
Animal Reproduction Science, 120(2010), 31-38.

Lemma, A. (2011). Effect of cryopreservation on sperm quality and fertility
Artificial Insemination in Farm Animals (Dr. Milad Manafi ed., pp. 191-216).
Croatia: In Tech.

Lessard, C., Parent, S., Leclerc, P., Bailey, J. L. and Sullivan, R. (2000).
Cryopreservation alters the levels of the bull sperm surface protein P25b.
Journal of Andrology, 21(5), 700-707.

Lessard, C., Siqueira, L., G.,, D'Amours, O., Sullivan, R., Leclerc, P. and Palmer, C.
(2011). Infertility in a beef bull due to a failure in the capacitation process.
Theriogenology, 76(5), 891-899.

Makhlouf, A. A. and Niederberger, C. (2006). DNA integrity tests in clinical
practice: it is not a simple matter of black and white (or red and green).
Journal of Andrology, 27(3), 316-323.

Malpani, A. (2003). How to have a baby: overcoming infertility: Malpani Infertility
Clinic.

Marcus-Braun, N., Braun, G., Potashnik, G. and Har-vardi, I. (2004). Effect of
cryopreservation on quality and fertilization capacity of human sperm.
European Journal of Obstetrics and Gynecology and Reproductive Biology,
116(1), 63-66.

Matharoo, J. (2015). Effect of semen colour on seminal characteristics in cattle bulls.
Indian Journal of Animal Research, 49(1).

McLeskey, S. B., Dowds, C., Carballada, R., White, R. R., Saling, P. M. and Kwang,
W. J. (1997). Molecules involved in mammalian sperm-egg interaction
International Review of Cytology177, 57-113.

Medeiros, C., Forell, F., Oliveira, A. and Rodrigues, J. (2002). Current status of
sperm cryopreservation: why isn't it better? Theriogenology, 57(1), 327-344.

83



Memon, A. A., Wahid, H., Rosnina, Y., Goh, Y. M., Ebrahimi, M., Nadia, F. M. and
Audrey, G. (2011). Effect of butylated hydroxytoluene on cryopreservation
of Boer goat semen in Tris egg yolk extender. Animal Reproduction Science,
129(1), 44-49.

Mercier, Y., Gatellier, P., Viau, M., Remignon, H. and Renerre, M. (1998). Effect of
dietary fat and vitamin E on colour stability and on lipid and protein
oxidation in Turkey meat during storage. Meat Science, 48(3-4), 301-318.

Merino, O., Aguaglifia, W. E., Esponda, P., Risopatron, J., Isachenko, E., Isachenko,
V. and Sanchez, R. (2015). Protective effect of butylated hydroxytoluene on
sperm function in human spermatozoa cryopreserved by vitrification
technique. Andrologia, 47(2), 186-193.

Michael, A. J., Alexopoulos, C., Pontiki, E. A., Hadjipavlou-Litina, D. J., Saratsis,
P., Ververidis, H. N. and Boscos, C. M. (2009). Effect of antioxidant
supplementation in semen extenders on semen quality and reactive oxygen
species of chilled canine spermatozoa. Animal Reproduction Science, 112(1-
2), 119-135.

Miller, L. (2010). Analyzing gels and western blots with ImageJ. Lukemiller. org
Miscellaneous Topics Vaguely Related to Science.

Musa A., B. (1974). The development of the cattle artificial insemination service in
peninsula Malaysia. In B. P. N. A. Division (Ed.). Kuala Lumpur, Malaysia:
Ministry of Agriculture and Fisheries.

Nagy, S., Johannisson, A., Wahlsten, T., ljas, R., Andersson, M. and Rodriguez-
Martinez, H. (2013). Sperm chromatin structure and sperm morphology:
Their association with fertility in Al-dairy Ayrshire sires. Theriogenology,
79(8), 1153-1161.

National Cancer Institute ‘NCI’. (1979). Bioassay of butylated hydroxytoluene
(BHT) for possible carcinogenicity, Series No. 150, 128 pp. National
Institutes of Health. Carcinogenesis Technical Report.

Oliveira, L. Z., Arruda, R. P. d., Andrade, A. F. C. d., Celeghini, E. C. C., Reeb, P.
D., Martins, J. P. N. Santos, R. M., Beletti, M. E., Peres, R. F. G., Monteiro,
F. M.and Hossepian de Lima, V. F. M. (2013). Assessment of in vitro sperm
characteristics and their importance in the prediction of conception rate in a
bovine timed-Al program. Animal Reproduction Science, 137(3-4), 145-155.

Ozkavukcu, S., Erdemli, E., Isik, A., Oztuna, D. and Karahuseyinoglu, S. (2008).
Effects of cryopreservation on sperm parameters and ultrastructural
morphology of human spermatozoa. Journal of Assisted Reproduction and
Genetics, 25(8), 403-411.

Pace, M. M. and Graham, E. F. (1974). Components in egg yolk which protect

bovine spermatozoa during freezing. Journal of Animal Science, 39, 1144—
1149.

84



Papas, A. M. (1993). Oil-soluble antioxidants in foods. Toxicology and Industrial
Health, 9(1-2), 123.

Parent, S., Lefiévre, L., Brindle, Y. and Sullivan, R. (1999). Bull subfertility is
associated with low levels of a sperm membrane antigen. Molecular
Reproduction and Development, 52(1), 57-65.

Parks, E. J. (2013). Processing and Handling Bull Semen for Artificial Insemination
- Don't Add Insult to Injury! , 1-6.
http://www.ansci.cornell.edu/pdfs/bullsemen

Parrish, J., Susko-Parrish, J., Winer, M. and First, N. (1988). Capacitation of bovine
sperm by heparin. Biology of Reproduction, 38(5), 1171-1180.

Patel, B. R. and Siddiquee, G. M. (2013). Physical and morphological characteristics
of Kankrej bull semen. Veterinary World, 6(7), 405-408.

Penny, C. D. (2014). Beef herd fertility; Bull fertility: National Animal Disease
Information Services (NADIS) http://www.nadis.org.uk/bulletins/beef-herd-
fertility/bull-fertility.aspx.

Phillips, P. H. and Lardy, H. A. (1940). A Yolk-buffer pabulum for the preservation
of bull semenl. Journal of Dairy Science, 23(5), 399-404.

Piomboni, P., Focarelli, R., Stendardi, A., Ferramosca, A.and Zara, V. (2012). The
role of mitochondria in energy production for human sperm motility.
International Journal of Andrology, 35(2), 109-124.

Rakha, B. A., Hussain, I., Akhter, S., Ullah, N., Andrabi, S. M. H. and Ansari, M. S.
(2013). Evaluation of Tris—citric acid, skim milk and sodium citrate
extenders for liquid storage of Punjab Urial (Ovis vignei punjabiensis)
spermatozoa. Reproductive Biology, 13(3), 238-242.

Ray, K. and Ghosh, B. B. (2013). Semen ejaculates characteristics, in vitro fertility
and their interrelationships in sahiwal bull semen. Iranian Journal of Applied
Animal Science, 3(3), 483- 489.

Raymond, A., K. and Saifullizam, A., K. (2010). The cattle artificial insemination
industry in Malaysia. Malaysian Journal of Veterinary Research, 1(1), 1-7.

Rath, A., Glibowicka, M., Nadeau, V. G., Chen, G.and Deber, C. M. (2009).
Detergent binding explains anomalous SDS-PAGE migration of membrane
proteins. Proceedings of the National Academy of Sciences, 106(6), 1760-
1765.

Roberts, S. J. (1986). Veterinary Obstetrics and Genital Diseases (3 ed.).
Woodstock, VT, USA: Stephen Roberts.

Ross, C., Morriss, A., Khairy, M., Khalaf, Y., Braude, P., Coomarasamy, A. and El-
Toukhy, T. (2010). A systematic review of the effect of oral antioxidants on
male infertility. Reproductive BioMedicine Online, 20(6), 711-723.

85



Rouge, M. (2002). Semen Collection from Bulls. Retrived on 06/05/2014 from
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/semeneval/bull.html

Rules, I. 1. T. (1969). A one letter notation for amino acid sequence. Biochemical
Journal, 113, 1-4.

Safarinejad, M. R., Hosseini, S. Y., Dadkhah, F. and Asgari, M. A. (2010).
Relationship of omega-3 and omega-6 fatty acids with semen characteristics,
and anti-oxidant status of seminal plasma: a comparison between fertile and
infertile men. Clinical Nutrition, 29(1), 100-105.

Saladin, K. S. and Porth, C. M. (1998). Anatomy andPhysiology: WCB/McGraw-
Hill.

Salisbury, G. W., Fuller, H. K. and Willett, E. L. (1941). Preservation of bovine
spermatozoa in yolk-citrate diluent and field results from its use. Journal of
Dairy Science, 24(11), 905-910.

Sarsaifi, K., Haron, A. W., Vejayan, J., Yusoff, R., Hani, H., Omar, M. A., Hong, L.
W., Yimer, N., Ju, T. Y. and Othman, A. M. (2015). Two-dimensional
polyacrylamide gel electrophoresis of Bali bull (Bos javanicus) seminal
plasma proteins and their relationship with semen quality. Theriogenology,
84(6), 956-968.

Shaha, S., Alam, M., Khatun, M. and Ahmed, J. (2008). Breeding soundness of stud
bulls. Bangladesh Veterinarian, 25(2), 51-61.

Shelke, V. B. and Dhami, A. J. (2014). Comparative evaluation of physico-
morphological attributes and freezability of semen of Gir cattle (Bos indicus)
and Jafarabadi buffalo (Bubalus bubalis) bulls. The Indian Journal of Animal
Sciences, 71(4).

Shoae, A. and Zamiri, M. J. (2008). Effect of butylated hydroxytoluene on bull
spermatozoa frozen in egg yolk-citrate extender. Animal Reproduction
Science, 104(2), 414-418.

Smith, A. U. and Polge, C. (1950). Storage of bull spermatozoa at low temperatures.
Veterinary Record, 62, 115-116.

Spector, T. (1978). Refinement of the Coomassie blue method of protein
quantitation: A simple and linear spectrophotometric assay for< 0.5 to 50 pg
of protein. Analytical biochemistry, 86(1), 142-146.

Swanson, E. W. and Herman, H. A. (1941). Variations in bull semen and their
relation to fertility. Journal of Dairy Science, 24(4), 321-331.

Tan, H. Y., Ng, T. W. and Liew, O. W. (2007). Effects of light spectrum in flatbed
scanner densitometry of stained polyacrylamide gels. Biotechniques, 42(4),
474-478.

86



Tasdemir, U., Biiyiikleblebici, S., Tuncer, P. B., Coskun, E., Ozgiirtas, T., Aydin, F.
N.,Blyikleblebici, O.and Giircan, 1. S. (2013). Effects of various
cryoprotectants on bull sperm quality, DNA integrity and oxidative stress
parameters. Cryobiology, 66(1), 38-42.

Tiwari, R., Mishra, G., Singh, R., Rehman, S., Rathora, K., Saxena, S. and Siddiqui,
M. (2012). Seasonal variations in the quality and freezability of Red Sindhi
bull semen. The Indian Journal of Animal Sciences, 82(11), 1344-1346.

Tummaruk, P., Lundeheim, N., Einarsson, S. and Dalin, A.-M. (2000). Reproductive
performance of purebred Swedish Landrace and Swedish Yorkshire sows: II.
Effect of mating type, weaning-to-first-service interval and lactation length.
Acta Agriculturae Scandinavica, Section A-Animal Science, 50(3), 217-224.

VanDemark, N. L, Miller, W. J, Kinney Jr., W. C, Rodriguez, C. andFriedman, M.
E. (1957). Preservation of bull semen at sub-zero temperatures Bulletin 621
(pp. 52): University of Illinois Agricultural Experiment Station.

Waterhouse, K. E., Haugan, T., Kommisrud, E., Tverdal, A., Flatberg, G., Farstad,
W., Evenson, D. P. and De Angelis, P. M. (2006). Sperm DNA damage is
related to field fertility of semen from young Norwegian Red bulls.
Reproduction, Fertility and Development, 18(7), 781-788.

Watson, P. (1995). Recent developments and concepts in the cryopreservation of
spermatozoa and the assessment of their post-thawing function.
Reproduction, Fertility and Development, 7(4), 871-891.

Woelders, H. (1997). Fundamentals and recent development in cryopreservation of
bull and boar semen. Veterinary Quarterly, 19(3), 135-138.

Yildiz, C., Kaya, A., Aksoy, M. and Tekeli, T. (2000). Influence of sugar
supplementation of the extender on motility, viability and acrosomal integrity
of dog spermatozoa during freezing. Theriogenology, 54(4), 579-585.

Yimer, N., Rosnina, Y., Wahid, H., Saharee, A., Yap, K., Ganesamurthi, P. and
Fahmi, M. (2011). Trans-scrotal ultrasonography and breeding soundness
evaluation of bulls in a herd of dairy and beef cattle with poor reproductive
performance. Pertanika Journal of Tropical Agricultural Science, 34(2), 217-
228.

87



	834 A4-KHUMRAN title
	834 A4- KHUMRAN chapter
	Blank Page
	Blank Page
	Blank Page




