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ABSTRACT

Provision of good semen quality is necessary throughout the year for sustainable dairy development. The aim of rearing
crossbred cattle is to enhance the productivity. However, heat stress, which is common to tropical countries, influences their
productivity. The semen quality of crossbred bulls declines under heat stress. The thermoregulatory mechanism of testes is
affected under higher ambient temperature, which in turn enhances reactive oxygen species (ROS) production. ROS attack causes
lipid peroxidation of sperm membrane, which results in reduced sperm motility. The spermatogenesis process and testosterone
production are affected under heat stress. The quality of semen is affected significantly under stressful conditions, which affects
the growth of dairy sector. Poor semen quality contributes to the failure of artificial insemination and conception. Some of the
sperm defect cannot be evaluated through routine examination, viz., the genetic/or molecular defects. The management of bulls
under summer stress is necessary for production of good quality semen. This review aims to focus on examination of semen
quality based on physical, biochemical and heat shock protein expression under tropical climatic conditions

Keywords: Semen quality, Crossbred bulls, Heat stress, ROS, HSPs.

Bulls are considered as the half of the herd and selected
at an early age as future breeding bulls. However, a
considerable number of male animals are culled at various
stages of life due to limited growth and reproductive
potentialities. The subfertility problems in bulls, like
poor libido and poor seminal profile, may be accredited
due to genetic, environmental and managemental causes.
The reproductive performance of bulls is influenced
significantly by environment (Mukhopadhyay et al., 2010).
The macro and microclimatic factors influence the bull’s
performances. Tropical climatic conditions (summer stress)
exert comparatively more adverse effects on the overall
quality of semen of crossbred bulls (Soren et al., 2018).
The heat stress triggers the release of corticosteroids, which
hinders the release of LH, important for spermatogenesis
(Breen et al., 2007). Heat stress reduces the eagerness
of bulls, increases the ejaculation time and declines the

quality of semen in crossbred bulls (Mandal et al., 2000).
The demand of the present scenario is food security. It
strongly directs for improvement of dairy sector and its
sustainable growth as well. The contribution towards
milk production by crossbred dairy cattle is significant.
However, global warming can limit the growth of dairy
sector considerably in tropical countries. The failures in
artificial insemination and conception rate during summer
may not only contribute by female animals but male factor
also. The quality of sperm compromised under hot and
humid condition. Under elevated air temperature or hot
climatic conditions, the thermoregulatory mechanism may
be affected significantly. The suitable spermatogenesis
requires a lower testicular temperature than body
temperature in most of the mammals. The lower testicular
temperature is physiologically maintained by counter-
current mechanism as well as evaporation through scrotal
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sweat gland. The quality of the semen plays a vital role in
development of dairy sector.

Global warming

The accumulation of greenhouse gases increases the
trapping of heat and cause global warming. It is a fact
(IPPC, 2007). The increase of temperature is one of the
major threats to animals’ productivity (Singh et al., 2018).
The high productive animals are very prone to heat stress
due to their high metabolic heat. Animal’s compromise
their metabolism under high ambient temperature
resulting in reduced productive performances. Global
warming is likely to affect the food productivity and its
sustainability. The increase of temperature by 0.2°C per
decade and global average surface temperature would be
between 1.8 and 4.0°C by 2100 (IPCC, 2007). Many parts
of India reported negative impact of climate change on
productivity of farm animals due to rise in temperature
(Upadhyay et al., 2008). The livestock sector is one of the
major contributors in Indian agriculture. Livestock sector
is the sufferer of global warming but also contributor of
greenhouse gases (GHGs). It contributes up to 18% of
the global greenhouse gas (GHG) emissions (Thornton
and Herrero, 2010). About one third is reported to be due
to land use change associated with livestock production,
another one third is nitrous oxide from manure and slurry
management, and roughly 25% is attributed to methane
emissions from ruminant digestion (Thornton and
Herrero, 2010). However, it plays a vital role in Indian
economy contributing 40% to the agricultural GDP. Singh
et al. (2018) reviewed the adverse effect of heat stress on
sustainable development of dairy sector. Heat stress due to
global warming can severely affect the milk production,
growth and reproductive capability of dairy animals
(Singh et al., 2018).

Testicular thermoregulatory mechanism

It is well known that the mammals maintain their testicular
temperature below 2-6° C than their body temperature.
It is necessary for suitable spermatogenesis. When the
testicular thermoregulatory mechanism is disturbed,
the spermatogenesis process is affected, resulting in
increased sperm abnormalities. The pampiniform plexus,
the network of small veins and arteries, maintains the
testicular temperature through counter-current heat
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exchange mechanism. The arteries which brings the blood
from the body having high temperature (38.5-39.0 °C)
than the blood (venous blood) coming from testes (32-34°
C). At the network of veins and arteries, counter current
heat exchange mechanism takes place where, the heat of
arterial blood moves to venous blood and becomes cooler
before entering to testes. The scrotum being rich in sweat
glands; thus the evaporative mechanism is also active in
regulating the testicular temperature.

Heat stress estimation

The severity of heat stress can be measured by several
formulas based on the environmental variables (ambient
temperature, humidity, dry and wet bulb temperature).
One of the widely used formula for estimating temperature
humidity index (THI) is THI=0.72(W+ D) + 40.6, formula,
where ‘W’ is wet bulb and ‘D’ is dry bulb temperature in
°C (McDowell, 1972). When the THI reach above 90, this
is considered as severe stress. The comfortable THI value
for most farm animals ranges 65 to 72 (Upadhyay et al.,
2009). Values above these are an indicative alarm of heat
stress to animal production.

Physiological responses

Physiological responses to any adverse conditions are
to adapt the animals to that particular environment. The
elevation of rectal temperature, respiration, pulse rate, skin
blood flow and other adaptive mechanisms are essential
for maintaining the physiology of the animals. Singh et
al. (2018) reviewed the compromised performances of
crossbred cattle under heat stress. The reduction of dry
matter intake (DMI) under heat stress is to reduce the
internal heat production. Conrad (1985) recorded 10-35%
reduction of feed intake at 35°C ambient temperature. The
feed intake of cows can further decrease in higher ambient
temperature. Mallonee ef al. (1985) recorded reduction of
56% in outdoor cows during hot weather. The reduction
of metabolic hormones i.e., T, and T, causes decrease in
metabolism. The level of the adrenaline and nor adrenaline
increases significantly in higher temperature or any other
stressful condition. Reduction of gastro intestinal motility,
decrease in rate of ingesta passage etc. also occurs.
Aldosterone is also affected due to thermal stress resulting
in reduced sodium reabsorption followed by electrolytes
imbalance. All these changes are necessary to make the
animal adaptive to the challenged conditions.
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Stress indicator hormone (cortisol)

The heat stress activate the hypothalamo-pituitary adrenal
axis resulted in increase secretion of cortisol. The increased
level of cortisol under stressful condition is a physiological
adjustment to cope (Afsal et al., 2018). Several studies
revealed the rise of plasma cortisol significantly when
animals were exposed to heat (Maibam et al., 2014). The
high level of cortisol suppresses the immune system of the
body that makes animal prone to diseases.

Semen quality

The quality of semen depends on the many factors mainly
genetics, epigenetic and the environmental factors. Fig.
1 represents the possible effect of the environment (heat
stress) on sperm production, thermoregulatory mechanism
of testicle, adaptive mechanism and molecular events.

Heat stress on physical parameters of semen

The maintenance of testicular temperature is necessary
for optimum production of morphologically normal and

fertile spermatozoa. The embryonic death during summer
may also be contributed from the quality of semen affected
by the heat stress (Das et al., 2016). A little emphasis has
also been given on bull management and its improvement
under heat stress. The higher sperm abnormalities and
reduced sperm output were observed during summer
season in crossbred bulls (Soren et al., 2017a). The
elevated testicular temperature decreased the viability
and acrosome integrity of spermatozoa. The percentage
of live spermatozoa with intact acrosome decreased
during hot season (Mandal et a/., 2000). The optimum
ambient temperature for spermatogenesis is around 5 to
15°C (Fuerst-Waltl et al., 2006). The higher percentage
of sperm abnormalities is one of the important indicators
of disturbed spermatogenesis. Kumar et al. (2016) found
less number of hypo-osmotically swelled spermatozoa in
ejaculates of crossbred Karan Fries bulls as compared to
ejaculates of Sahiwal bulls of similar mass activities, and
proposed that the semen parameters of crossbred bulls
are more vulnerable to heat stress as compared to zebu
bulls. Bhakat ef al. (2014) observed the significant effects

Spermatic cord

Tunica dartos —
muscie in the A
scrotal skin

Epigenetics

Sperm damage

Fig. 1: The possible events, which can compromise the semen quality of crossbred bulls under environmental factors (heat stress).

Some diagrams were adapted from internet sources (Soren, 2015).
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Fig. 2. The functional parameters of semen affected during hot humid season under tropical climatic condition and other associated
factors considerable affect the spermatogenesis process (Soren, 2015)

of heat stress on initial motility, non-eosinophilic count,
acrosome integrity, HOST, sperm concentration, sperm
abnormalities and osmolality of semen in crossbred Karan
Fries bulls. The functional parameters of semen affected
significantly at THI 78 in crossbred bulls represented in
Fig. 2 (Soren, 2015).

Lipid peroxidation and semen quality

The elevation of ambient temperature influences the
production of reactive oxygen species (ROS) or free
radicals i.e. atom or molecules with one or more unpaired
electrons. When the concentration of free radicals becomes
higher than physiological level can detrimental to cell
metabolism. It damages the biological structure of DNA,
lipids, carbohydrates and proteins (Agarwal et al., 2014).
The hydroxyl radical (OH"), the superoxide anion (O%) and
hydrogen peroxide (H,O,), are produced endogenously
through cellular pathways of the mitochondria. It is
necessary to maintain the balance between antioxidant
enzymes and ROS production for normal metabolism of
sperm cells.The mammalian sperm membrane is rich in
phospholipids, sterols and polyunsaturated fatty acids.
The higher contents of phospholipids and polyunsaturated
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fatty acids make them more susceptible to free radical
attack. Mild amount of lipid peroxidation is said to be
necessary for sperm functions. For neutralization of higher
concentration of free radicals, the sperm membrane has to
be dependent on antioxidant levels in the seminal plasma
(Agarwal et al., 2014). The cellular defence system
(enzymatic and non-enzymatic antioxidant) in seminal
plasma counteracts the ROS produced from the damage of
sperm membrane. Lipid peroxidation resulted in the loss
of fluidity of sperm membrane and compromise fertilizing
ability of sperm. A balance has to be maintained between
ROS production and the antioxidant activity. When the ROS
concentrations increase continuously, lead to impairment
of spermatozoa functions (Agarwal et al, 2014).
Spermatogenesis is the highly active replicative process
producing approximately 1000 sperm per second (Aitken
and Roman, 2008). It demands high rate of mitochondrial
oxygen consumption by germinal epithelium. Therefore,
spermatozoa are always vulnerable to ROS attack.
The higher concentration of antioxidant enzymes were
estimated during summer season in the semen of Karan
Fires bulls, indicating higher ROS production (Soren et
al., 2016a; Soren et al., 2018). The higher concentration of
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Fig. 3: Variation in the fold change of HSP70.1 (A), HSP70.2 (B), HSP70.8 (C), HSP90 (D) and HSP105 (E) during winter and
summer in spermatozoa of Karan Fries bulls under tropical climate (Soren et al., 2018)

ROS correlated with low fertility (Agarwal et al., 2014).
The neutralization of ROS is necessary to maintain good
quality semen. The routine analysis of semen doesn’t
incorporate ROS estimation or antioxidant enzymes assay.
The reduction of antioxidant activity in semen plasma
was found to have strong significance. The activities of
glutathione reductase, glutathione peroxidase, superoxide
dismutase and catalase were higher in semen of poor
quality during non-breeding season, which might be
an indicative of protective mechanism to maintain the
sperm quality under adverse conditions (Cardozo et al.,
2006). The higher lipid peroxidation was estimated during
the summer season compared to the winter in Karan
Fries bulls under tropical climatic conditions (Soren et
al., 2016b). The higher level of glutathione activity in
seminal plasma of Bos faurus versus Bos indicus bulls
during summer season is an indicative of oxidative stress
(Nichi et al., 2006). Bulls with lower lipid peroxidation
had higher siring calves (Kasimanickam et al, 2007).
The antioxidant enzymes assay in seminal plasma is one
of the important semen quality parameters for assisted
reproductive biotechnology.

Heat shock proteins (HSPs)

Induction of HSPs occurs in cells exposed to thermal,
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chemical or physical stress, viral infection, drugs and
transforming agents. These HSPs refolds the denatured
and misfolded proteins, which mainly occurs due to
different stresses, thereby avoiding the cell death due to
protein toxicity. HSPs are also induced by physiological
events such as cell growth, differentiation and ageing
(Calderwood et al., 2006). HSPs are highly conserved
proteins and its expression is influenced by heat stress
with important role to help and cope with heat stress (Van
Oosten-Hawle et al., 2013). The HSPs play crucial roles in
thermal adaptation (Sorensen et al., 2003).

Several studies indicated that the constitutive elevation
of inducible HSPs levels provides cytoprotection against
thermal stress (Oksala ef al., 2014). Aberrant expression
of HSPs and heat shock factors (HSFs) seemed to cause
male infertility (Ji et al., 2012). Normally 1-2% of HSPs
are present in the cells out of total proteins; which may
increase up to 4 to 6% under stressful condition (Crevel
et al., 2001). Cells respond to heat stress stimuli by
increasing the synthesis of HSPs (Oksala et al., 2014).
Soren et al. (2018) observed the higher expression of
HSP70.1, HSP70.2, HSP70.8, HSP90 and HSP105 in
spermatozoa of Karan Fries bulls during summer season
than winter season (Fig. 3).
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Heat shock protein 70 (HSP70)

The heat shock protein 70 (HSP70) assumed to regulate
the activity of some antioxidant enzymes (superoxide
dismutase) in the sperm cells (Zhang et al., 2015). The
increasing level of HSP70 in cells restrained the activity
of protein kinase including p38 and Jun N-terminal kinase
(JNK), prevented cell apoptosis and strengthened the
resistance of cell (Kennedy et al., 2014). The reduced
expression of HSP70.2 was observed in maturation arrest
testes compared to normal testes (Feng et al., 2001) and
suggested crucial role of HSP70.2 for spermatogenesis. Its
expression correlated with maturity, function and fertility
(Huszar et al., 2000). The higher expression of HSP70
observed in ejaculated spermatozoa during summer (Soren
et al., 2018) indicated their important role in maintaining
the quality of semen.

Heat shock protein 90 (HSP90)

The Heat shock protein 90 (HSP90) expressed considerably
under heat stress and displayed its role in protein folding
(Oksala et al, 2014). It is localised in the sperm tail
in all species and associated with sperm motility and
fertility (Wang et al., 2012). Many proteins like tryrosin
kinases, serine-threonine kinases and other enzymes

(Pratt, 1998) are associated with HSP90, which may have
direct or indirect influence on sperm motility (Huang et
al., 2000). Zhang et al. (2015) observed the expression
level of HSP90 decreasing gradually in bull spermatozoa
during the process of freezing-thawing, therefore, it was
suggested that the HSP90 might be associated with sperm
motility, plasma membrane and acrosome integrity. In
respect to the external stresses, increasing HSPs is to
maintain the metabolic and structural integrity of the cells
and try to counteract the negative effect of stress condition
(Kwon et al., 2002). The decreased level of HSP90 was
also observed by Cao et al. (2003), which were associated
with decline in semen characteristics (Wang et al., 2005).
The HSP90 may be involved in protection of cells from
ROS (Oksala et al., 2014). The protective role of HSP90
against oxidative stress during cryopreservation is yet to
be clarified. It was demonstrated that HSP90 was involved
in ATP metabolism (Prodromou et al., 1997).

Heat shock protein 105 (HSP105)

Heat shock protein105 (HSP105) forms a complex with
pS3 at the scrotal temperature and dissociates from it at
suprascrotal temperatures (Kumagai et al., 2000). HSP105
may contribute to the stabilization of p53 proteins in
the cytoplasm of the germ cells and thus preventing
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Fig. 4: Possible strategies for improvement of semen quality during summer season under tropical climatic conditions (Soren et al.,

2017b)
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the potential induction of apoptosis by p53 at scrotal
temperature (Kumagai et al., 2000). Zhang et al. (2005)
observed that the transient increase of scrotal temperature
at 43 °C for 30 minutes once daily for two consecutive
days induced germ cells apoptosis in non-human primates.
The sperm concentration was decreased by 8.4 % on 28t
day after heat shock compared to pretreatment levels and
recovered back to normal on day 144. Increased numbers
of apoptotic spermatocytes and round spermatids were
detected by TUNEL assay on days 3, 8 and 30 after heat
treatment. HSP105 decreased dramatically with the loss
of spermatids on days 3, 8 and 30 after heat treatment and
the expression of HSP60 was high on days 3, 8 and 30,
detected in sertoli and spermatogonial cells. The decreased
expression of HSP105 with germ cell death suggested
their involvement in regulation of germ cell apoptosis.
The increase numbers of dead spermatozoa during
summer than winter consequently increase expression of
HSP105 might afford to prevent sperm cell death (Soren
etal., 2018).

Nutritional management

Supplementation of antioxidants minimizes the load of
oxidative stress which protects the sperm cells from cellular
oxidants and prevents the accumulation of oxidative
damaged molecules. Antioxidants, both enzymatic and
non-enzymatic are necessary to supply as an amelioration
measure against heat stress. Some of the strategies were
presented in a graphical presentation adopted from Soren
et al. (2017b) with minor modification.

CONCLUSION

Sustainable dairy growth has to be achieved in the present
scenario to fulfil the demand of increasing population.
Global warming is a threat to animal’s productivity
under tropical climatic condition. The failure in artificial
insemination and conception during hot climatic condition
is not only due to female factor but also contributed by
male factor. The physical, biochemical and molecular
properties of semen are affected significantly under
heat stress. Some defects of sperm cannot be detected
through routine evaluation tests. Therefore, more studies
are necessary for evaluating the quality of semen at the
molecular level and formulating ameliorative measures
during summer season under tropical climatic conditions.

Journal of Animal Research: v.8 n.5, October 2018

REFERENCES

Afsal, A., Sejian, V., Bagath, M., Krishnan, G., Devaraj, C. and
Bhatta, R. 2018. Heat stress and livestock adaptation: neuro-
endocrine regulation. Int. J. Vet. Anim. Med., 1(2): 108.

Agarwal, A., Virk, G., Ong, C. and du Plessis, S. S. 2014. Effect
of oxidative stress on male reproduction. World J. Mens
Health, 32(1): 1-17.

Aitken, R.J. and Roman, S.D. 2008. Antioxidant systems and
oxidative stress in the testes. Oxid. Med. Cell Longev., 1(1):
15-24.

Bhakat, M., Mohanty, T.K., Gupta, A.K. and Abdullah, M. 2014.
Effect of season on semen quality of crossbred (Karan Fries)
bulls. Adv. Anim. Vet. Sci., 2(11): 632-637.

Breen, K.M., Oakley, A.E., Pytiak, A.V., Tilbrook, A.J.,
Wagenmaker, E.R. and Karsch, F.J. 2007. Does cortisol acting
via the type II glucocorticoid receptor mediate suppression
of pulsatile luteinizing hormone secretion in response to
psychosocial stress? Endocrinology, 148: 1882—-1890.

Calderwood, S.K., Khaleque, M.A., Sawyer, D.B. and Ciocca,
D.R. 2006. Heat shock proteins in cancer: chaperones of
tumorigenesis. Trends Biochem. Sci., 31:164-172.

Cao, WL., Wang, Y.X., Xiang, Z.Q. and Li, Z. 2003.
Cryopreservation-induced decrease in heat-shock protein 90
in human spermatozoa and its mechanism. Asian J. Androl.,
5: 43-46.

Cardozo, J., Fernandez-Juan, M., Forcada, F., Abecia, A., Muino-
Blanco, T. and Cebrian-Perez, J. 2006. Monthly variations in
ovine seminal plasma proteins analyzed by two-dimensional
polyacrylamide gel electrophoresis.  Theriogenology,
66:841-850.

Conrad, J. 1985. Feeding of farm animals in hot and cold
environments. In: YOUSEF, M. K. (ed.) Stress physiology
in livestock, vol. 2: Ungulates. CRC Press, Boca Raton, FL,
U.S.A.

Crevel, G., Bates, H., Huikeshoven, H. and Cotterill, S. 2001. The
Drosophila Dpit47 protein is a nuclear HSP90 cochaperone
that interacts with DNA polymerase alpha. J. Cell Sci., 114:
2015-2025.

Das, R., Sailo, L., Verma, N., Bharti, P., Saikia, J., Imtiwati
and Kumar, R. 2016. Impact of heat stress on health and
performance of dairy animals: A review. Vet. World, 9(3):
260-268.

Feng, H.L., Sandlow, J.I. and Sparks, A.E.T. 2001. Decrease
expression of the heat shock protein HSP70.2 is associated
with the pathogenesis of male infertility. Fertil. Steril., 76(6):
1136-1139.

Fuerst-Waltl, B., Schwarzenbacher, H., Perner, C. and Solkner,
J. 2006. Effects of age and environmental factors on semen

737



o

[ O]

Soren et al.

~

production and semen quality of Austrian Simmental bulls.
Anim. Reprod. Sci., 95: 27-37.

Huang, S.Y., Kuo, Y.H., Tsou, H.L., Lee, Y.P.,, King, Y.T., Huang,
H.C., Yang, P.C., and Lee, W.C. 2000. The decline of porcine
sperm motility by geldanamycin, a specific inhibitor of heat-
shock protein 90 (HSP90). Theriogenology, 53: 1177-1184.

Huszar, G., Stone, K., Dix, D. and Vigue, L. 2000. Putative
creatine kinase M-isoform in human sperm is identified as
the 70-kilodalton heat shock protein HspA2. Biol. Reprod.,
63: 925-932.

IPCC. 2007. Fifth assessment report of intergovernmental panel
on climate change.

Ji, Z.L., Duan, Y.G., Mou, L.S., Allam, J.P., Haidl, G. and Cai,
Z.M. 2012. Association of heat shock proteins, heat shock
factors and male infertility. Asian Pac. J. Reprod., 1(1): 76-
84.

Kasimanickam, R., Kasimanickem, V., Thatcher, C.D., Nebel,
R.L. and Cassell, B.G. 2007. Relationships among lipid
peroxidation, glutathione peroxidase, superoxide dismutase,
sperm parameters, and competitive index in dairy bulls.
Theriogenology, 67(5): 1004-1012.

Kennedy, D., Jager, R., Mosser, D.D. and Samali, A. 2014.
Regulation of apoptosis by heat shock proteins. [UBMB. Life,
66(5): 327-338.

Kumagai, J., Fukuda, J., Kodama, H., Murata, M., Kawamura,
K., Itoh, H. and Tanaka, T. 2000. Germ cell-specific heat
shock protein 105 binds to p53 in a temperature-sensitive
manner in rat testis. Eur. J. Biochem., 267: 3073-3078.

Kumar, A., Baghel, G., Anand Laxmi, N., Dwivedi, D.K.
and Pandita, S. 2016. Comparison of conventional semen
parameters and hypo-osmotic swelling test between Karan
Fries and Sahiwal bulls under heat stress. J. Anim. Res.,
6(4):663-667.

Kwon, S.B., Young, C., Kim, D.S., Choi, H.O., Kim, K.H.,
Chung, J.H., Eun, H.C., Park, K.C., Oh, C.K. and Seo, J.S.
2002. Impaired repair ability of hsp70.1 KO mouse after
UVB irradiation. J. Dermatol. Sci., 28: 144—-151.

Maibam, U., Singh, S.V., Singh, A.K., Kumar, S. and Upadhyay,
R.C.2014. Expression of skin colour genes in lymphocytes of
Karan Fries cattle and seasonal relationship with tyrosinase
and cortisol. Trop. Anim. Health Prod., 46 (7): 1155-1160.

Mallonee, P., Beede, D., Collier, R. and Wilcox, C. 1985.
Production and physiological responses of dairy cows to
varying dietary potassium during heat stress. J. Dairy Sci.,
68(6): 1479-1487.

Mandal, D.K., Nagpaul, P.X. and Gupta, A.K. 2000. Seasonal
variation in seminal attributes and sexual behaviour of
Murrah buffalo bulls. Indian J. Dairy Sci., 53: 278-283.

738

McDowell, R.E. 1972. Improvement of livestock production in
warm climates. San Francisco, CA, USA: W.H. Freeman and
company publishers, pp. 51-53.

Mukhopadhyay, C.S., Gupta, A.K., Yadav, B.R., Khate, K.
Raina, V.S., Mohanty, T.K. and Dubey, P.P. 2010. Subfertility
in males: an important cause of bull disposal in bovines.
Asian-Aust. J. Anim. Sci., 23: 450-4.

Nichi, M., Bols, P.E.J., Zuge, R.M., Barnabe, V.H., Goovaerts,
I.G.F., Barnabe, R.C. and Cortada, C.N.M. 2006. Seasonal
variation in semen quality in Bos indicus and Bos taurus
bulls raised under tropical conditions. Theriogenology, 66:
822-828.

Oksala, N.K.J., Ekmekci, F.G., Ozsoy, E., Kirankaya, S.,
Kokkola, T., Emecen, G., Lappalainen, J., Kaarniranta, K.
and Atalay, M. 2014. Natural thermal adaptation increases
heat shock protein levels and decreases oxidative stress.
Redox Biol., 3: 25-28.

Pratt, W.B. 1998. The HSP90-based chaperone system:
involvement in signal transduction from a variety of hormone
and growth factor receptors. Proc. Sot. Exp. Biol. Med., 217
420-434.

Prodromou, C., Roe, S.M., OBrien, R., Ladbury, J.E., Piper,
P.W. and Pearl, L.H. 1997. Identification and structural
characterization of the ATP/ADP-binding site in the Hsp90
molecular chaperone. Cell, 90: 65-75.

Singh, S.V,, Soren, S., Shashank, C.G., Kumar, S., Lakhani, P.,
Grewal, S. and Kumar, P. 2018. Global warming: Impact,
adaptation and amelioration strategies for bovine under
tropical climatic conditions. Indian J. Anim. Sci., 88(1): 5-20.

Soren, S. 2015. Assessment of sperm transcripts during different
seasons and ameliorative effect of astaxanthin on semen
quality in Karan Fries bulls. Ph.D. thesis submitted to ICAR-
National Dairy Research Institute, Karnal (Haryana).

Soren, S., Singh S.V. and Kumar, A. 2016b. Influence of season
on semen quality in Karan Fries (Tharparkar X Holstein
Friesian) bulls. J. Anim. Res., 6(2): 121-125.

Soren, S., Singh, S.V. and Kumar, P. 2018. Seasonal variation of
mitochondria activity related and heat shock protein genes
in spermatozoa of Karan Fries bulls in tropical climate. Biol.
Rhythm Res., 49(3): 366-381.

Soren, S., Singh, S.V. and Singh, P. 2016a. Influence of season
on seminal antioxidant enzymes in Karan Fries bulls under
tropical climatic conditions. Turk. J. Vet. Anim. Sci., 40(6):
797-802.

Soren, S., Singh, S.V., Shashank, C.G. and Bharath K.B.S.
2017b. Heat stress in crossbred cattle bulls and ameliorative
approaches under tropical climatic conditions. Indian
Dairyman, 69(8): 92-96.

Journal of Animal Research: v.8 n.5, October 2018



Antioxidants, heat shock proteins and semen quality under heat stress JY)

Soren, S., Singh, S.V., Upadhyay, R.C., Singh, P. and Kumar,
S. 2017a. Seasonal effect on viability and morphology of
spermatozoa in Karan Fries (Tharparkar x Holstein Friesian)
bulls under tropical climatic condition. Indian J. Anim. Sci.,
51(3): 420-422.

Sorensen, J.G., Kristensen, T.N. and Loeschcke, V. 2003. The
evolutionary and ecological role of heat shock proteins. Ecol.
Lett., 6: 1025-1037.

Thornton, P.K. and Herrero, M. 2010. Potential for reduced
methane and carbon dioxide emissions from livestock and
pasture management in the tropics. PNAS., 107(46): 19667-
19672.

Upadhyay, R.C., Singh, S.V. and Ashutosh. 2008. Impact of
climate change on livestock. Indian Dairyman, 60(3): 98-
102.

Upadhyay, R.C., Sirohi, S., Ashutosh, Singh, S.V., Kumar, A.
and Gupta, S.K. 2009. Impact of climate change of milk
production in India. In book: Global climate change and
Indian agriculture (edited by P.K. Aggarwal & published by
ICAR, New Delhi), pp. 104-106.

Van Oosten-Hawle, P., Porter, R.S. and Morimoto, R.I. 2013.
Regulation of organismal proteostasis by transcellular
chaperone signaling. Cell, 153(6): 1366—1378.

Journal of Animal Research: v.8 n.5, October 2018

Wang, P., Wang, Y.F., Wang, H., Wang, C.W., Zan, L.S., Hu, J.H.,
Li, Q.W,, Jia, Y.H. and Ma, G.J. 2012. HSP90 expression
correlation with the freezing resistance of bull sperm. Zygote,
22:239-245.

Wang, P.T., Shu, Z.Q., He, L.Q., Cui, X.D., Wang, Y.Z. and
Gao, D.Y. 2005. The pertinence of expression of heat shock
proteins (HSPs) to the efficacy of cryopreservation in HELAs.
Cryo Letters, 26: 7-16.

Zhang, X.S., Lue, Y.H., Guo, S.H., Yuan, J.X., Hu, Z.Y, Han,
C.S., Sinha Hikim, A.P., Swerdloff, R.S., Wang, C. and Liu,
Y.X. 2005. Expression of HSP105 and HSP60 during germ
cell apoptosis in the heat-treated testes of adult cynomolgus

monkeys (Macaca fascicularis). Front. Biosci., 10: 3110-
3121.

Zhang, X.G., Hong, 1.Y., Yan, G.J., Wang, Q.W. and Hu, Li. J.
2015. Association of heat shock protein 70 with motility of
frozen-thawed sperm in bulls. Czech J. Anim. Sci., 60(6):
256-262.

Zhang, X.G., Hu, S., Han, C., Zhu, Q.C., Yan, G.J. and Hu, J.H.
2015. Association of heat shock protein 90 with motility of
post-thawed sperm in bulls. Cryobiology, 70: 164—169.

739






