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1. Introduction

   Indigenous breeds of cattle are integral part of 
traditional agriculture and are progressively diluted due to 
crossbreeding programme and mechanization of agriculture 
in India. Indigenous cattle contribute 50 percent of milk 
production in India and are able to withstand in the 
extreme conditions. Tharparkar is one of the most important 
dual purpose indigenous breed and its population in this 
country is about 5 lakhs. They are well adapted to harsh 
environmental conditions and are highly resistant to many 
tropical diseases with good heat tolerance ability. Due to 
unplanned breeding and crossbreeding programme, number 
of Tharparkar cattle population is rapidly decreasing, such 

that this breed is considered as “insecure” according 
to FAO expert panel. Under these circumstances, it 
is imperative to improve and conserve this valuable 
germplasm.
   Season is one of the important factors that have influenced 
the variation in semen quality[1-3] and fertility[4]. Seminal 
and biochemical parameters are significantly influenced 
by seasons. Heat tolerance and disease resistance capacity 
of Bos indicus (B. indicus) are better than Bos taurus (B. 
Taurus) bulls characterized by lower values of sperm 
abnormalities.
   Seminal plasma, which is a complex mixture of secretions 
originating from the testis, epididymis and accessory glands 
contain factors that modulate the fertilizing ability of the 
sperm. Seminal plasma factors also have an influence on 
sperm storage. There is evidence revealing that seminal 
plasma prevents premature capacitation of sperm and 
protects sperm from peroxidative damage. Some accessory 

Objective: To assess the effect of different seasons on expression of HSP70 and HSP90 genes of 
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sex gland proteins bind to the spermatozoa membrane and 
affect its function and properties[5]. Seminal plasma of bulls 
contains several proteins[6], some of which are on the surface 
of ejaculated sperm[7]. The potential influence of seminal 
plasma proteins on male reproduction came to attention 
because of the studies showing that their expression is 
associated with fertility and freezability indices of dairy 
bulls[8, 9], beef bulls[10] and horses[11].
   The synthesis of a group of proteins called heat shock 
proteins (HSPs) results during heat stress[12] and these HSPs 
protect cells from toxic effects of heat and other stresses [13]. 
The induction of HSPs is remarkably rapid and intense 
as an emergency response. HSP expression has also been 
correlated with resistance to stress and thresholds for HSP 
expression are correlated with levels of stress they naturally 
undergo[14]. Up regulation of the synthesis of a number 
of these proteins upon environmental stress establishes 
a unique defense system to maintain cellular protein 
homeostasis and to ensure survival of the cell. This increase 
in expression is transcriptionally regulated. Wu[15] reported 
that dramatic up regulation of the HSPs is a key part of the 
heat shock response and is induced primarily by heat shock 
factor (HSF). 
   These HSPs interfere with several heat shock processes 
within cell organelles and proper functioning are 
translocated to different compartments following stress 
induced synthesis. The role of HSPs has been identified 
in most of the livestock species[16]. Lymphocytes isolated 
from large animals and heat stressed in vitro and respond 
by synthesizing heat stressed proteins[16]. This cellular 
response may be an important mechanism by which animals 
are able to protect cells from heat stress. The increased 
HSP 70 expression has positively correlated to DNA damage 
detected in mice sperm[17]. Further, no study has been 
conducted on heat shock protein (HSP 70 and HSP 90) 
preventing heat stress to spermatozoa. Therefore the present 
study was designed to study the effects of different seasons 
on expression of HSP 70 and HSP 90 of spermatozoa of 
Tharparkar bull semen.

2. Material and methods 

2.1. Animals and semen collection 

   Three apparently healthy Tharparkar bulls, approximately 

4 to 6 years of age, were selected with good body condition 
(score 5-6) maintained under uniform feeding, housing and 
lighting conditions at Germplasm Centre, Indian Veterinary 
Research Institute, Bareilly, India, is located at an altitude 
of 564 feet above the sea level and at latitude of 28曘 north 
and a longitude of 79曘 east. The climate touches both the 
extremes of cold and hot weather experienced in the country 
and the relative humidity ranges between 15% and 85%. Each 
experimental animal was offered ad libitum drinking water 
and concentrate: 1 kg/100 kg BW, green fodder: 25 kg, dry 
roughage: 6 kg. Concentrate mixture consists of 30 parts 
of maize, 30 parts of soy bean meal, 37 parts of wheat bran 
which are fortified with mineral mixture and salt daily. 
Semen from Tharparkar bulls was collected using artificial 
vagina (AV) method (40 cm long and 6.5 cm in diameter) 
twice a week between 08.00 to 09.00 hrs, in morning before 
feeding following standard practice in both winter (November 
to January) and summer (May to July) season. During the 
study, all the experimental protocols met the Institutional 
Animal Care and Use Committee regulations. 

2.2. Semen processing and evaluation

   A total of 60 ejaculates (10 each from 3 bulls for each 
season), were collected via AV method and pooled each 
other to reduce the individual bull effect. Immediately after 
collection, the samples were kept in a water bath at 37 曟 
and evaluated routine seminal parameters as per standard 
procedure.

2.3. Expression of HSP70 and HSP90 gene

   The study was conducted with use of commercially  
available kits such as RevertAid™ cDNA synthesis Kit 
(Fermentas, USA), Block PCR kit (New England Biolabs 
Inc), DyNAmoTM HS SYBRR Green qPCR kit (Finnzymes, 
Finland).

2.3.1. Primer sequences
   To amplify the genes, a set of gene specific primers were 
designed from the published sequence. These primers were 
synthesized by the IDT (Integrated DNA Technologies) using 
Beacon = and the details have been given in the Table 1.

2.3.2. Isolation of total RNA using Trizol reagent
   Dissolve the sperm pellet with 100 -200 毺L PBS (1伊) then 

Table 1 
Gene transcripts, primer sequences and resulting fragment size.

Target Sequence of nucleotide Fragment size (bp) EMBL/Reference
HSP70 For: 5’-GACGACGGCATCTTCAAG -3’;

Rev: 5’-GTTCTGGCTGATGTCCTTC -3’ 132 FJ975769.1

HSP90 For: 5’-GCATTCTCAGTTCATTGGCTATCC- 3’
Rev: 5’-GTCCTTCTTCTCTTCCTCCTCTTC- 3’ 190 NM_001012670.1

Beta Actin For: 5’-AGTTCGCCATGGATGATGA-3’
Rev: 5’- TGCCGGAGCCGTTGT-3’   54 NM_001009784.1 

EMBL– accession number or reference of published sequence
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transfer to 1.5 mL centrifuge tube (if fresh) or take out the 
stored sperm from -20 曟 and thaw at room temperature for 
10–15 min; Add 1 mL heated Trizole (60 曟) reagent, mix 
properly and aspirate by using 26 G needle and syringe 
(25-30 times) and keep for 30 min. at room temp (20 曟); 
Add 200 毺L chloroform and mix gently by rotate the tube 
for 15-30 times and slight vortex for 30 s then centrifuge 
at 12 000 rpm at 4 曟 for 15 min; Transfer upper layer into 
fresh micro-centrifuge tube and add 0.5 mL isopropanal 
then mix by inverting the tube 20 times and incubate at room 
temperature for 10 min; Then centrifuge at 12 000 rpm at 4 曟 
for 15 min and discard the supernatant; Wash the pellet with 
70% ethanol, repeat centrifugation as before and remove 
ethanol; Air-dry the RNA pellet for 20 min and re-suspend 
in 10-20 毺L of RNase/DNase free water dissolve by keeping 
at 60 曟 for 10 min; RNA samples were stored at –80 曟.

2.3.3. Quantification of RNA
   The purity of total RNA was checked using the 
spectrophotometer by Nanodrop reading. Quantification of 
RNA was done spectrophotometrically. 1 毺L of total RNA 
was used and absorbance at 260 nm and 280 nm wavelengths 
were recorded against nuclease free water as blank. RNA 
samples showing the OD 260: OD 280 value more than 1.8 
would be expected to contain no protein and taken for 
further use.

2.3.4. Confirmation of RNA by gel electrophoresis
   The quality and integrity of the total RNA was checked 
using denaturing agarose gel (1%) electrophoresis and 
visualization under UV light. Two intact bands of 28 s, and 
18s with smearing indicated good quality and intactness of 
RNA.  

2.3.5. Synthesis of first strand cDNA 
   The first strand cDNA was synthesized from the isolated total 
RNA. RT-PCR was done using reverse transcription system 
(FERMENTAS, USA) following manufacturers instruction. Reverse 
transcription was carried out in 20 毺L reaction mixtures. 
Calculation was done by using the concentration of total RNA 
from Nanodrop reading (ng/ 毺L) to take 100 毺g of total RNA for 
each reaction and dissolved in nuclease free water to make 
final volume 11 毺L. One microgram of random hexamer 
primer was added and then incubated at 65 曟 for 5 minutes. 
Snap cooled in ice and following mixture was added
   Components of reaction mixture: 5伊 Reaction Buffer 
(4  毺L), dNTP mix. (10 mM, 2  毺L),  Ribonuclease Inhibitor 
(20 Units/ 毺L, 1 毺L), Reverse transcriptase enzyme (200 
units/ 毺L, 1 毺L).

   Reaction mixture was mixed to RNA-primer complex and 
spinned, followed by incubation at 25 曟 for 5 minutes and 
42 曟 for 60 minutes. Reaction was stopped by incubating for 
5 min at 70 曟 and finally at 4 曟 forever. The cDNA is stored 
at -20 曟 for long term use. 

2.3.6. Confirmation of cDNA with Beta Actin primers
   The integrity of the cDNA was checked by PCR with 
毬-Actin primers. The amplification of 54 bp 毬-Actin gene 
fragment from the cDNA indicated that the cDNA was made 
from the RNA extracted from sperm cells and was of good 
quality. 

2.3.7. Optimization of end point PCR 
   End point PCR conditions were optimized to amplify 
bull spermatozoa HSP70 and HSP90 gene sequences in 
gradient thermo cycler. Factor specific primers were used 
for the amplification of genes. The annealing temperature 
was standardized using cDNA prepared from mRNA of 
Tharparkar bull spermatozoa by PCR. The reaction was 
carried out at different annealing temperatures, primer 
concentrations, MgCl2 concentration, template DNA and Taq 
polymerase. The optimum temperature of 58 曟 for HSP70 
and HSP90 were found to be most suitable for annealing for 
respective primers and was used in subsequent polymerase 
chain reaction. The concentration of different component 
which were found suitable for the optimum amplification are 
as follows: cDNA template(1.0 毺L), PCR-H2O (18.30 毺L), 
10伊 Buffer (2.50 毺L), Mgcl2 (1.50 毺L), dNTP Mix (10 mM, 
0.50 毺L), Primer For (10 毺M, 0.50 毺L), Primer Rev (10 毺M, 
0.50 毺L), Roche Taq Polymerase, 0.20 毺L). 
   The above reactants (total volume, 25.0 毺L) were added 
to a nuclease free thin walled 0.2 mL microcentrifuse tube 
pre-chilled on ice. The contents were gently vortexed and 
then spun down to collect at the bottom of tube by brief 
centrifugation.
   The reaction was carried out in a thermal cycler using the 
following cycling parameters that have been found optimum 
for amplification of gene fragments.
   Step I: 95 曟 for 5 min for initial denaturation; Step II: 95 曟 
for 30 sec for denaturation; Step III: 58 曟 for HSP70, HSP90 
for 30 sec for annealing; Step IV: 72 曟 for 30 sec extension; 
Step: II to IV repeated for 35 cycles; Step V: 72 曟 for 10 min 
for final extension

2.3.8. Agarose gel electrophoresis   
   The confirmation of amplification of specific RT-
PCR amplicon was done by agarose gel electrophoresis 
(appendix). 2% agarose was mixed with 40 mL 1X TBE buffer 
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After the run has ended, cycle threshold (Ct) values and 
amplification plot for all determined factors were acquired 
by using the “SYBR Green (with Dissociation Curve)” 
method of the real time machine (Stratagene MxPro3005 
(Agilent technologies, USA). 

2.3.10. Gene expression analysis
   The mRNA expression of the housekeeping gene Beta 
Actin was not statistically regulated. Thus, it is assumed that 
equal amounts of mRNA were used in each sample. In order 
to obtain the mRNA expression differences, the crossing 
points (CP) was not subtracted from a control group, but from 
the value 40, so that a high ‘‘40-CP’’ value indicated a high 
gene expression level and vice versa. 

3. Results 

3.1. RNA isolation and quantification

   Total RNA was isolated from sperms using Trizol reagent 
by standard protocol. The integrity of total RNA was checked 
on 1.0% agarose gel using 1伊 TBE as electrophoresis buffer. 
Total RNA was in good yield in all the samples. The bands of 
28s RNA and 18s RNA reflected the high quality of extracted 
total RNA (Figure 1).

and melted in a microwave oven. When the molten gel had 
cooled to about 60 曟, ethidium bromide (1 毺L) was added 
to final concentration of 0.5 毺g/mL. The gel was mixed 
thoroughly by gentle swirling and then poured into the gel 
casting tray fitted with the comb. The gel was allowed to 
solidify and the comb was removed. The PCR product were 
mixed with 1X gel loading dye (final concentration) and 
loaded into the wells. For the comparison, a 50 bp molecular 
weight marker was gel electrophoresed in parallel to the 
RT-PCR amplicon. The gel was run at a voltage of 5 V/cm 
till the running dye crossed at least two third of the gel. The 
bands were visualized under UV light and recorded on a gel 
documentation system (GELDOC, USA). 

2.3.9. Real time PCR 
   Quantitative Real-time PCR was performed with DyNAmoTM 
HS SYBRR Green qPCR kit and Stratagene M伊3 000 P (Agilent 
technology USA) spectroflouremetric thermal cycler operated 
by MxPro™ QPCR software. Reaction setup was performed 
in area separate from nucleic acid preparation or PCR 
product analysis. Pipetting was done with sterile filter tips. 
Exposure of light to the qPCR mastermix was minimized. 

Careful pipetting was done without creating bubbles to avoid 
interference in reading of fluorescence by the instrument. 
No template control (NTC) was put for gene quantification 
for checking the contamination in the reaction components 
other than the cDNA. To ensure the cDNA samples were 
not contaminated with genomic DNA, reactions were set 
up using 10 ng of non-reverse transcribed RNA in place of 
cDNA. Failure to generate a detectable signal signified the 
samples as DNA free. In negative control, only the real time 
master mix and primers were added. For reaction set up 
optically clear caps were used. 1 毺L of cDNA was taken. 
Following master mix was prepared: (Total volume: 19.0 毺L).
   Nuclease free water (8.0 毺L), Primer forward (0.5 毺L), 
Primer reverse  (0.5 毺L), SYBR green mix (10 毺L), 
   Touching of the optical surface of the caps without gloves 
was avoided. Strips were centrifuged before starting the 
cycling programme to spin down the solution to the bottom 
of the tubes and to remove any possible bubbles. Three 
segmented qPCR amplification programme was used as 
given in Table 2.

   The amplification and denaturation data was acquired. 

Table 2
Thermal cycler protocol of real time PCR.
Segment Thermal profile Time No. of cycles Comments 
Segment 1 95 曟 15 min 1 cycle Hot start PCR

Segment 2
95 曟 10 sec

35 cycles
Denaturation 

58 曟 for HSP70 and HSP90 30 sec Annealing 
72 曟 30 sec Extension 

Segment 3

95 曟 1 min 

1 cycle Dissociat ion curve 
analysis 

65 曟 30 sec
65 曟-95 曟 2 degrees per min 

95 曟 30 sec
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28 S

18 S

   

Figure 1.  Gel showing integrity of total RNA sample.

   The purity and concentration of total RNA was checked 
using Nanodrop. Isolated RNA samples were free from the 
protein contamination as the OD 260: OD 280 values were 
more than 1.8. The concentrations of the RNA samples were 
in the range of 35-65 ng/毺L.

3.2.  cDNA synthesis and its confirmation

   One hundred nanogram (100 ng) of total RNA was 
directly used for cDNA synthesis in thermo cycler using 
cDNA synthesis kit (Fermentas, USA) as per manufactures 
instructions. cDNA integrity was checked by Beta Actin gene 
amplification with already published primer whose reaction 
conditions were already known. After running on 2% agarose 
gel, single band of 54 bp was visualized (Figure 2). In order 
to ensure the amplification of specific fragment with higher 
yield, the PCR protocol was optimized with respect to 
reaction conditions as well as cycle parameters.

M 5 6 7 8 9 10

50 bp 54 bp

Figure 2.   RT-PCR amplification of Beta Actin gene.
Lane M: Molecular weight Marker (50 bp), 
Lane 5 to 10: 54 bp PCR product.

3.3. Optimization of end point PCR protocol

   Primers were synthesized using BEACON software. Details 
of primers have been given in Table 2. Gradient PCR 
conducted in special cyclers that allow different temperature 
profiles to be programmed for each cavity in the cycler. 
Gradient PCR used to optimize PCR conditions with respect 
to the primer annealing temperature. All samples were 
treated equally, but different annealing temperatures were 
used. The reaction conditions were optimized using different 
combinations of the primers, MgCl2 and dNTPs for all the 
genes.
   In agarose gel, the PCR efficiency analyzed investigating 
intensity and integrity of the product bands. It was observed 
that annealing temperature of 58 曟 for HSP70 and HSP90 
gave best results. The optimized concentrations that gave 
the best results were 1.5 mM of MgCl2, 200 毺M of dNTPs 
and 10 pMole of each primer. Finally PCR was carried out 
in 25 毺L volume of reaction mixture containing optimized 
concentrations of MgCl2, dNTPs and primers, and 1 毺L 
cDNA as template, 1X PCR assay buffer and 1 unit of Taq 
DNA polymerase.

3.4.  Amplification of HSP70 and HSP90 genes

   Following PCR, the amplicon length was checked using 
high resolution agarose gel electrophoresis. As expected a 
single and specific band of 132 bp for HSP70 (Figure 3), 190 
bp for HSP90 (Figure 4) was amplified from the cDNA. 

3.5. Real time PCR
   
   Real time PCR was optimized using different dilutions of 
templates of cDNA. 1.0 毺L of the template gave good results 
for all genes. After standardization, real time PCR was 
performed for each gene taking all the samples. After the 
run has ended, cycle threshold (Ct) values and amplification 
plot for HSP70 (Fig.3), HSP90 (Figure 4) were acquired by 
using the “SYBR Green (with Dissociation Curve)” method of 
the real time machine (Stratagene  M伊 3005P QPCR System, 
Agilent Technologies, USA). The PCR-product was identified 
by the characteristic melting curve of HSP70, HSP90 (Figure 
5, 6). The melting curve showed only one peak. 

20000

10000

Fl
uo

ne
so

en
oe

 (d
R)

      2          4          6          8          10        12       14        16         18        20        22        24        26         28       30         32         34       36        38        40

Figure 3. Amplification plot of HSP 70 mRNA expression.
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Figure 4. Amplification plot of HSP 90 mRNA expression.
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Figure  5. Dissociation curve of HSP 70 mRNA expression.
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Figure  6. Dissociation curve of HSP 90 mRNA expression.

3.6. Expression of mRNA for HSP70 and HSP90

   The expressions of mRNA for HSP70 and HSP90 in sperm 
of Tharparkar bull during winter and summer are presented 
in (Figure 7 & 8). The mRNA expression during summer 
season was found non-significantly higher in comparison to 
winter season. 
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Figure 7.  HSP70 mRNA expression in sperms of Tharparkar 
bulls. 

Figure 8.  HSP90 mRNA expression in sperms of Tharparkar 
bulls. 

4. Discussion 

4.1. HSP70 and HSP90 expression

   Most of the livestock species experiences stress of 
varying degrees due to thermal challenges beyond their 
comfort zone and are able to cope with these environmental 
stressors through behavioural and physiological measure 
such as sweating, panting, drinking water or shivering or by 
regulating their metabolic rates. Comfort zone is a range of 
environmental temperature within which body temperature 
is maintained constant with a minimal effort from 
thermoregulatory mechanism and within which the sensation 
of cold or heat is absent. Despite animal’s physiological 
and behavioural response to ameliorate the discomfort of 
thermal stress, there might be some molecular mechanisms 
to maintain their cellular homeostasis. Further, there are 
numerous intrinsic mechanisms in the cell which protect it 
from deleterious effects of environmental stress and maintain 
homeostasis, release of HSPs is one those mechanisms. HSP 
is considered as potential indicator of animal adaptation 
to harsh environmental stress and its expression has been 
correlated with resistance to stress[14]. HSPs participate in 
numerous functions including folding of newly synthesized 
proteins, transport of proteins into cell compartments, 
disaggregation of protein complexes and others functions [18]. 
HSPs account for 1%-2 % of total protein in unstressed cells 
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which increased to 4%-6% of cellular proteins when cells are 
heated[19]. In the present investigation, the effects of thermal 
stress on the mRNA expression of HSP70 and HSP90 in 
spermatozoa of Tharparkar bull were studied during winter 
and summer seasons. 

4.2. HSP70 

   HSP70 is mostly found in the cytosol and nucleus. Its 
functions are protein folding, cyto-protection and as 
molecular chaperones. In the present investigation, it was 
observed that HSP70 mRNA expression in Tharparkar 
bull’s sperms during summer season was found non-
significantly higher in comparison to winter season. In 
previous studies, heat stress induced HSP70 expression 
was observed in the bovine lymphocytes[16, 20],  in 
myocardium[21], in lung cells [22] and in hepatocytes 
and liver[23]. Cao et al. [24] reported that higher heat stress 
level led to higher concentration of HSP70 in the testis 
and epididymis of mice. HSP 70, which is a constitutively 
expressed member of the family, is shown to be especially 
important in murine spermatogenesis[25]. The increased 
HSP 70 expression has positively correlated to DNA damage 
detected in sperm[17]. Heat shock factor (HSF)-1 is activated 
and consequently HSP 70 expression is increased in 
spermatids exposed to heat[26].

4.3. HSP90

   HSP90 is mostly found in the cytosol, endoplasmic 
reticulum and nucleus. Its main functions are protein 
translocation and regulation of steroid hormone receptors. 
In the present study, it was noticed that during summer 
season, HSP90 mRNA expression was found non-
significantly higher in comparison to winter season in 
Tharparkar bull sperms. Earlier study reported that HSP 
90 expression was increased due to heat stress in human 
blood lymphocytes[27], in T cells [28], rat myocytes[29], in 
heart, liver and kidney of broilers [30], in murine embryonic 
fibroblast cells[31], lung, heart, spleen, liver, and brain of 
human[32]. 
   It was concluded from the present study that there was no 
significant difference was observed in the mRNA expression 
of HSP 70 and HSP 90 between the winter and summer season 
indicates, presence of similar type of stress resistant spermatozoa 
in Tharparkar bull semen and the semen can be cryopreserved 
throughout the year in this prestigious Indian breed.

Conflict of interest statement

   We declare that we have no conflict of interest.

References

[1]   Parkinson TJ. Seasonal variation in semen quality of bulls and 
correlations with metabolic and endocrine parameters. Vet Rec 
1985; 117: 303-307.

[2]   Quereshi MS, Samad HA, Khan Z, Hussain S. Environmental effects 
on the quality of bovine semen. Thai J Vet Med 1995; 25: 75-80.

[3]   Mathevon M, Buhr MM, Dekkers JCM. Environmental, management, 
and genetic factors affecting semen production in Holstein bulls. J 
Dairy Sci 1998; 81: 3321-3330.

[4]   Sullivan JJ, Elliott FI. Season and fertility in artificial insemination. 
In: Proceedings of the VI International Congress on Reproduction 
Animal and Artificial Insemination, Paris. 1968, p. 329-332.

[5]   Yanagimachi R. Mammalian fertilization. In: Konbil E, Neill JD 
(eds). Physiology of reproduction. 2nd ed. New York: Raven press; 
1994, p. A189 - A317.

[6]   Mann T, Lutwak-Mann C. Male reproductive function and semen. 
Berlin Heidelberg, New York: Springer-Verlag;1981, p. 212 - 216.

[7]   Amann RP, Seidel GE, Brink ZA. Exposure of thawed frozen 
bull sperm to a synthetic peptide before artificial insemination 
increases fertility. J Androl 1999; 20: 42 - 46.

[8]   Killian GJ, Amann RP. Reproductive capacity of dairy bulls. IX. 
Changes in reproductive organ weights and semen characteristics 
of Holstein bull, during first 30 weeks after puberty. J Dairy Sci 
1972; 55: 1631 - 1635.

[9]   Cancel AM, Chapman DA, Killian GJ. Osteopontin is the 55 kDa 
fertility associated protein in Holstein bull seminal plasma. Biol 
Reprod 1997; 57: 1293-1301.

[10] Bellin ME, Hawkins HE, Ax RL. Fertility of range beef bulls 
grouped according to presence or absence of heparin-binding 
proteins in sperm membranes and seminal fluid. J Androl Sci 1994; 
72: 2441-2448.

[11] Brandon CI, Heusner GL, Caudle AB, Fayrer-Hosken RA. Two-
dimensional polyacrylamide gel electrophoresis of equine seminal 
plasma proteins and their correlation with fertility. Theriogenology 
1999; 52: 863 - 873.

[12] Lindquist S, Craig. The heat shock proteins. Ann Rev Genet 1988; 
22: 631-677.

[13] Pockley, Graham A. Heat shock proteins in health and disease: 
therapeutic targets or therapeutic agents? Expert Rev Mol Med 
2001; 9: 1-19.

[14] Feder ME, Hofman GE. Heat-shock proteins, Molecular 
chaperones, and the stress response: Evolutionary and ecological 
physiology. Annu Rev Physiol 1999; 61: 243 - 282.



199J. S. Rajoriya et al./ Asian Pacific Journal of Reproduction (2014)192-199

[15] Wu C. Heat shock transcription factors: structure and regulation. 
Ann  Rev Cell Developm l Biol 1995; 11: 441-469.

[16] Guerriero (Jr) V, Raynes AD. Synthesis of heat shock proteins in 
lymphocytes from livestock. J Anim Sci 1990; 68: 2779 - 2783.

[17] Rockett JC, Mapp FL, Garges JB, Luft JC, Mori C, Dix DJ. Effects of 
hyperthermia on spermatogenesis, apoptosis, gene expression, and 
fertility in adult male mice. Biol Reprod 2008; 65:229-239.

[18] Zeng X, Bhasin S, Wu X, Lee J, Maffi S, Nichols C, et al. HSP70 
dynamics in vivo: effect of heat shock and protein aggregation. J 
Cell Sci 2004; 117: 4991-5000.

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

[20] Mishra A, Hooda OK, Singh G, Meur SK. Influence of induced heat 
stress on HSP70 in buffalo lymphocytes. J Anim Physiol Anim Nutr 
(Berl) 2010; 22: doi: 10.1111/j.1439-0396.2010.01082. x., 2010.

[21] Gray CC, Amrani M, Smolenski RT, Taylor GL, Yacoub MH. Age 
dependence of heat stress mediated cardioprotection. Ann Thorac 
Surg 2000; 70: 621-626.

[22] Fargnoli J, Kunisada T, Fornace (Jr) AJ, Schneider EL, Holbrook NJ. 
Decreased expression of heat shock protein 70 mRNA and protein 
after heat treatment in cells of aged rats. Proc Natl Acad Sci USA 
1990; 87: 846-850.

[23] Heydari AR, Conrad CC, Richardson A. Expression of heat shock 
genes in hepatocytes is affected by age and food restriction in rats. 
J Nutr 1995; 125: 410-418.

[24] Cao W, Huang P, Zhang L, Wu HZ, Zhang J, Shi FX.  Acute heat 
stress increases HSP70 expression in the testis epididymis and vas 
deferens of adult male mice. National J Androl 2009;15(3): 200- 
206.  

[25] Christians ES, Zhou Q, Renard J, Benjamin IJ. Heat shock proteins 

in mammalian development. Sem Cell Dev Biol 2003; 14: 283 - 290.

[26] Sarge KD. Male germ cell-specific alteration in temperature set 

point of the cellular stress response. J Biol Chem 1995; 270: 18745- 

18748.

[27] Schimidt JA, Abdulla E. Down regulation of IL-1 biosynthesis by 

inducers of heat shock response. J  Immunol 1988; 141: 2027 - 

2034.

[28] Ciavarra RP, Simeone A. T lymphocyte stress response. I. Induction 

of heat shock protein synthesis at febrile temperatures is correlated 

with enhanced resistance to hyperthermic stress but not to heavy 

metal toxicity or dexamethasone induced immunosuppression. Cell 

Immunol 1990; 129: 363 - 376.

[29] Richard J, Heads DM, Yellon, David SL. Differential cytoprotection 

against heat stress or hypoxia following expression of specific 

stress protein genes in myogenic cells. J Mol Cell Cardiol 1995; 27: 

1669 - 1678.

[30] Lei L, Yu J, Bao E. Expression of heat shock protein 90 (Hsp90) and 

transcription of its corresponding mRNA in broilers exposed to 

high temperature. Bri Poul  Sci 2009; 50: 504 - 511.

[31] Beckham JT, Wilmink GJ, Opalenik SR, Mackanos MA, Abraham 

AA, Takahashi K, Contag CH, Takahashi T, Jansen ED. Microarray 

analysis of cellular thermo tolerance. Lasers Surg Med 2010; 42: 

752 - 765.

[32] Sareh H, Tulapurkar ME, Shah NG, Singh IS, Hasday JD. Response 

of mice to continuous 5-day passive hyperthermia resembles 

human heat acclimation. Cell Stress Chaperones 2011; 16: 297 - 

307.


