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Abstract
The present study was attempted to investigate the dynamics of HSPA1A and redox status in the spermatozoa and fluid of
different segments of buck epididymis. Testes were collected from sexually mature and healthy bucks aged between 2 and
3 years. The fluid and spermatozoa from different segments (caput, corpus and cauda) were harvested for further processing and
analysis. The concentration of HSPA1A in spermatozoa lysate and epididymal fluid and its relative mRNA expression in
spermatozoa from different segments of epididymis were studied. The HSPA1A concentration in epididymal fluid was signif-
icantly (P < 0.01) higher in the corpus as compared with caput and cauda, whereas, its concentration and relative mRNA
expression decreased significantly (P < 0.01) in the spermatozoa from caput to cauda. The activities of SOD, GR, GST, and
concentrations of manoldialdehyde and ROS decreased significantly (P < 0.01) in the spermatozoa from caput to cauda. The
glutathione concentration and GPx activity decreased significantly (P < 0.01) in the spermatozoa of cauda as compared with the
corpus. The SOD activity and ROS concentration were significantly (P < 0.01) higher in corpus, and GR and GST activity were
significantly (P < 0.01) higher in caput fluid as compared with corpus and cauda. It may be concluded that HSPA1A concentra-
tion and its relative mRNA expression in spermatozoa decreased progressively, and redox status was altered during transit from
caput to cauda.
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Introduction

Heat shock proteins (HSPs) act as chaperones of cells and play
an important “housekeeping” role. HSPs were first discovered
in heat-shocked and stressed cells (Lindquist and Craig 1988).
HSPs are required for various developmental stages of sper-
matogenesis, post-meiotic development of spermatids and
maturation of spermatozoa (Purandhar et al. 2014). At least

20 HSPs or heat shock factors have been identified as being
related to male spermatogenesis (Ferlin et al. 2010; Ji et al.
2012). In HSP families, germ cell-specific chaperones have
been identified in the mature spermatozoa of mice (Asquith
et al. 2004; Calvert et al. 2003), humans (Naaby-Hansen and
Herr 2010), pigs (Spinaci et al. 2005), and bovine (Kawarsky
and King 2001).

HSP70 has been identified in male germinal cells during
spermatogenesis in mouse, rat, bull, boar, and human (Allen
et al. 1988; Maekawa et al. 1989; Raab et al. 1995; Son et al.
1999; Huang et al. 2000; Kamaruddin et al. 2004). HSP70 and
HSP70 family members have been detected and appeared to
be abundant components of the sperm surface of the mouse,
rat, bull, boar, and human sperm (Miller et al. 1992; Boulanger
et al. 1995). Changes in HSP70 localization and concentration
were reported during spermatogenesis and sperm maturation
in epididymis and in ejaculated spermatozoa in bulls
(Kamaruddin et al. 2004) and humans (Lachance et al. 2010;
Naaby-Hansen and Herr 2010). A decrease in some variants of
HSP70 (HSPA2 and HSPA5) was also reported in the mouse
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spermatozoa during transit from caput to cauda epididymis
(Ijiri et al. 2011). On the other hand, HSPA5 was found to
be increased in rat cauda epididymal sperm but decreased in
hamster and mouse (Baker et al. 2005). Available literature
suggests that species variation exists in HSP70 expression in
spermatozoa of different segments of the epididymis. Ijiri
et al. (2011) found that HSPA2 was present in the cytoplasmic
droplet of caput epididymal spermatozoa, whereas it was ab-
sent from cauda epididymal spermatozoa. HSP70 was
immunolocalized in spermatozoa acrosome of stallion and
cat (Matwee et al. 2001; Spinaci et al. 2005). In bull sperma-
tozoa, relocalization of HSP70 was found to be from acro-
some to the equatorial segment, post-acrosomal region and
mid piece during capacitation and acrosomal reaction
(Kamaruddin et al. 2004). HSP70 has been proposed to cause
sperm–zona pellucida (ZP) interaction, and antibodies against
HSP70 have been reported to inhibit sperm–ZP interaction in
boar and bovine studies (Matwee et al. 2001; Spinaci et al.
2005).

During the epididymal journey of a mammalian spermato-
zoon from caput to cauda, the level of polyunsaturated fatty
acids (PUFA) in the sperm plasmamembrane is increased, and
therefore, it becomes more susceptible to oxidative damage
(Vernet et al. 2004). Metabolic rate, morphology, and motility
pattern of the spermatozoa vary during their transit in the
epididymis, and therefore the redox status also changes
(Noblanc et al. 2011). Multiple redox enzymes have been
detected in the spermatozoa and fluid of different segments
of the epididymis (Tramer et al. 1998; Jeulin et al. 1989;
Bilodeau et al. 2000; Strzeżek et al. 2009; Koziorowska-
Gilun et al. 2011). Rana et al. (2017) reported an increase in
enzymatic antioxidant system in the epididymal fluid from the
caput to cauda and a reverse trend in spermatozoa in goat
epididymis. The antioxidative status of the spermatozoa is
decreased when it undergoes cryopreservation and disturbs
the post-thaw motility and fertilizing capacity (Reddy et al.
2018). The epididymal fluid also contributes to the semen
volume which protects the spermatozoa from any oxidative
insult.

Spermatozoa undergo morphological, cytoplasmic, and
nuclear maturation, and eventually become motile and
gain fertilizing ability during epididymal transit. The or-
chestrated maturation process of the spermatozoa in testes
and epididymis indicate that gene transcription and trans-
lation play an important role (Steger 1999; Wu and Chu
2008). During this process, a number of new proteins are
added to the spermatozoa either by protein synthesis or by
absorption or adsorption from epididymal fluid (Gervasi
and Visconti 2017). Changes in mRNA and protein levels
have been reported in the developmental stages (Welch
et al. 2006; Pandey et al. 2019; Grive et al. 2019) and
capacitation states (Lee et al. 2011) of spermatozoa.
Although variation in protein constituents has been

documented, changes in mRNA expression during epidid-
ymal transit have not been reported.

The available research literature suggests that HSPA1A is
an integral part of the spermatozoa and is necessary for its
structural and functional competence. In our previous study
(Reddy et al. 2018), we reported the transcriptional and trans-
lational changes in HSPA1A in mature spermatozoa during
cryoprocessing which also correlated with post-thaw semen
quality. In this study, we hypothesize that HSPA1A gene and
its protein expression change during spermatozoa transit from
caput to cauda. Although many studies have been carried out
in different stages of spermatogonia and spermatids in the
seminiferous tubule and in the ejaculated spermatozoa to char-
acterize different heat shock family proteins, no study is avail-
able in goats to illustrate a modification in HSPA1A levels and
its expression in the spermatozoa during its transit from caput
to cauda. Similarly, the biochemical estimation of redox status
in spermatozoa and fluid of different segments of goat epidid-
ymis has not been explored comprehensively. Therefore, the
present study was undertaken to examine the changes in
HSPA1A and redox status in spermatozoa and fluid of differ-
ent segments of goat epididymis.

Materials and methods

Collection of testes/processing

The testes were collected from sexually mature and healthy
bucks, between 2 to 3 years of age. Processing of testes for the
removal of epididymis and the retrieval of spermatozoa was
performed as per the procedure described by Rana et al.
(2017) with slight modifications. A total of 20 testes were
collected, and on the basis of gross examination, only 10 testes
were further processed. Within 30 min after the slaughter,
testes were transferred in pre-chilled phosphate buffer saline
(PBS, pH 7.4) and brought to the laboratory. After removing
the fascia, connective tissues, and blood vessels, epididymis
was separated. Anatomically, three segments of epididymis,
i.e., caput, corpus and cauda, were separated and immediately
immersed in PBS (pH 7.4) in clean, separate sterile petri
dishes. Each segment was incised in four to five pieces with
a fine pair of scissors, and the luminal contents were allowed
to exude from the cut ends in a known amount of PBS
(pH 7.4). The residual content of each segment was gently
squeezed out using forceps. The fluid content was transferred
in micro-centrifuge tubes and incubated for 10 min at 37 °C to
settle down the debris. A drop of fluid suspension from each
segment of the epididymis was observed under a microscope
at × 40 magnification to check gross features and observe
progressive motility of the spermatozoa.

Sperm viability was examined using Eosin-Nigrosin
stain. The epididymal fluid containing spermatozoa was
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centrifuged twice at 10000×g for 15 min at 4 °C to pro-
duce clear, sperm-free epididymal fluid that was stored at
− 20 °C until further analysis. The sperm pellets from
each of the segments were washed in Sp-TALPH
(pH 7.4) (sodium chloride, 100 mM; potassium chloride,
3.1 mM; sodium bicarbonate, 25 mM; sodium dihydrogen
phosphate, 0.3 mM; sodium lactate, 21.6 mM; calcium
chloride, 2.0 mM; magnesium chloride, 0.4 mM;
HEPES, 100 mM; sodium pyruvate, 1.0 mM; and bovine
serum albumin, 6.0 mM), by centrifugation at 1000×g for
5 min at room temperature. For the lysis of somatic cells,
the sperm pellet was incubated in 1% Triton-X-100 at
room temperature for 10 min, and then sperm suspension
was centrifuged at 2000×g for 10 min, and the supernatant
was discarded. The sperm pellet was washed thrice, and
the pellet was resuspended in 200 μl of Sp-TALPH. The
sperms were mechanically lysed using liquid nitrogen,
and the lysate was centrifuged at 12000×g for 15 min at
4 °C. The supernatant was stored at − 20 °C till further
analysis.

Estimation of redox status in spermatozoa and fluid

The antioxidant enzyme activity and concentration of pro-
oxidants and antioxidants were measured in 10 × 108 sperma-
tozoa and per mg protein in the fluid. Lipid peroxidation in
sperm lysate and epididymal fluid was measured as per the
method (Placer et al. 1966). Content of manoldialdehyde
(MDA) was measured spectrophotometrically using a UV-
VIS double beam spectrophotometer (Systronics-2203). The
results were expressed as nMMDA/10 × 108 spermatozoa and
nM MDA/mg protein in the epididymal fluid. Reactive oxy-
gen species was estimated in terms of mM of H2O2 in test
samples as developed by Alberti et al. (2000), and superoxide
dismutase (SOD) activity was determined as described by
Madesh and Balasubramanian (1998) in 96 well plate method.

Catalase (CAT) activity (Bergmeyer 1983), glutathione
peroxidase (GPx) (Rotruck et al. 1973), glutathione-S-
transferase (GST) (Habig et al. 1974), and glutathione reduc-
tase (GR) activities (Carlberg and Mannervik 1985) were also
estimated. The amount of reduced glutathione (GSH) was
estimated by the method described by Boyne and Ellman
(1972). Protein content of the sperm lysate and epididymal
fluid was estimated as per Bradford (1976).

Estimation of HSPA1A

Heat shock protein70A1A concentration was estimated in the
sperm lysate and fluid of different segments of buck epididy-
mis, using goat based heat shock protein 70 ELISA Kit
(BlueGene Biotech, China) as per the manufacturer’s
instructions.

Isolation of total RNA

Total RNA was isolated from 50 million spermatozoa using
RNA Purification kit (GeneJET, ThermoFischer Scientific,
USA) as per manufacturer’s instructions. The quantification
and purity of total RNA were checked using Eppendorf
BioPhotometer (Eppendorf, Germany). RNA samples with
A260/A280 value approximately equal or more than 1.8 were
used for cDNA synthesis. DNase treatment was carried out
using RNase-free DNase I (SIGMA-ALDRICH, USA). The
first strand cDNAwas synthesized from 1 μg of total isolated
RNA using Revert Aid First Strand cDNA Synthesis Kit
(ThermoFischer Scientific, USA) in thermocycler (T100™
Bio-Rad, USA). Reaction mixture was mixed and incubated
at 25 °C for 5 min followed by 42 °C for 60min. Reaction was
stopped by incubation for 5 min at 70 °C. The presence of
cDNA was checked by amplifying RPS15A gene primers
using Dream Taq PCR Master Mix (Thermo Fisher
Scientific, USA), and the confirmation of amplification prod-
uct was done by agarose gel electrophoresis. The cDNAwas
stored at − 20 °C.

Primer sequence

To amplifyHSPA1A and RPS15A genes, specific primers were
taken from the already published primer sequences (Dangi
et al. 2012). These primers were further aligned by using
PRIMER BLAST at NCBI, and the details have been given
in Table 1.

Real-time PCR

Quantitative real-time PCR was performed using PowerUp
SYBR Green qRT-PCR Master Mix (Applied Biosystems).
The 20 μL reaction mixture contained 1.0 μL of cDNA,
1 μL each of forward primer (10 pmol), reverse primer, and
cDNA template in addition to 10 μL PowerUp SYBR qPCR
Mix and 7 μL of nuclease-free water. The thermal cycling
profile was fixed as, one denaturing cycle for 3 min at
95 °C, and 35 cycles of PCR (95 °C for 10 s; 60 °C for 60 s
for RPS15A; 62 °C for 60 s for HSPA1A). No template control
(NTC) was placed for gene quantification for checking the
contamination. Six biological samples in triplicate from each
epididymal segment were used for real-time PCR measure-
ments. For normalization, RPS15A was amplified for each
sample as a housekeeping gene. Cycle thresholds (Ct) values
for both the genes were obtained using Bio-Rad CFX96
Touch™ Real-Time PCR Detection System, USA. The
analysis of resultant Ct values was performed using the
relative comparative Ct method, commonly designated as 2−
ΔΔCt (Livak and Schmittgen 2001).
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Statistical analysis

Analysis of variance was performed to determine the presence
or absence of significant differences in the analytical variables
among different segments using one-way ANOVA using
SPSS 23.0 statistical software package, and differences be-
tween segments were tested using Tukey’s-b test. P values
< 0.05 were considered significant.

Results

Progressive motility and viability of spermatozoa

Progressive motility and viability of spermatozoa retrieved
from different segments of the epididymis are presented in
Table 2. Progressive motility and viability of spermatozoa
were significantly (P < 0.01) higher in cauda as compared
with corpus and caput epididymis; however, both the param-
eters were similar in caput and corpus epididymis.

Concentration of HSPA1A in spermatozoa
and epididymal fluid

The mean ± SE of the concentration of HSPA1A in spermato-
zoa lysate and epididymal fluids in different segments of goat
epididymis is presented in Table 3. The HSP70 concentration
in epididymal fluid was significantly (P < 0.05) higher in the
corpus as compared with caput and cauda. The HSPA1A con-
centration was found to be significantly (P < 0.01) higher in
caput as compared with corpus and cauda spermatozoa lysate.

Relative expression of HSPA1A mRNA

The relative expression HSPA1A mRNA in the sperm of dif-
ferent segments of epididymis is presented in Fig. 1. The rel-
ative expression of HSPA1A mRNA significantly (P < 0.05)

decreased in corpus and cauda epididymis as compared with
caput; however, expression did not change significantly
(P > 0.05) in the cauda as compared with corpus epididymis.

Redox status in fluid and spermatozoa lysate

The mean ± SE of the activity of GPx, SOD, GR, and GST,
and the concentration of MDA, ROS, and GSH in epididymal
fluid and spermatozoa lysate are presented in Tables 4 and 5,
respectively. In the epididymal fluid, SOD activity and ROS
concentration were significantly (P < 0.01) higher in corpus
and cauda as compared with caput. GR and GST activities
were found to be significantly (P < 0.01) higher in caput as
compared with corpus and cauda epididymis. GPx activity,
MDA, and GSH levels did not change significantly
(P > 0.01) among different segments of the epididymis.

The GR and GST activity and MDA concentration were
significantly (P < 0.01) higher in the spermatozoa lysate of
caput as compared with corpus and cauda. GSH concentration
and GPx activity were found to be significantly (P < 0.01)
higher in corpus as compared with caput and cauda sperma-
tozoa lysate. The CAT activity could not be estimated spec-
trophotometrically either in spermatozoa lysate or in epididy-
mal fluid.

Discussion

HSPs are chaperone molecules, a prerequisite for spermato-
genesis, capacitation, acrosomal reaction, sperm-oocyte inter-
action, and early embryonic development, and protect sper-
matozoa from environmental hazards. One of the most studied
HSPs is HSP70A1A, and its presence is well established in
different germ cells during spermatogenesis and ejaculated
spermatozoa (Kamaruddin et al. 2004; Huang et al. 2005).
In domestic animals, artificial insemination using cryopre-
served spermatozoa is most effectively used assisted

Table 2 Progressive motility and
viability of spermatozoa from
different segments of goat
epididymis

Parameters Caput Corpus Cauda P value

Progressive motility (%) 3.32 ± 0.78a 4.83 ± 1.00a 54.09 ± 0.65b 0.000

Viability (%) 91.66 ± 2.20a 91.63 ± 1.82 a 97.32 ± 2.31 b 0.01

Values in rows with different superscripts differ significantly (P < 0.01)

Table 1 Gene transcripts, primer
sequences and resulting fragment
size

Target gene Sequence of nucleotide Size (bp) EMBL

HSP 70 For: 5’-GACGACGGCATCTTCAAG −3’
Rev.: 5’-GTTCTGGCTGATGTCCTTC -3’

132 FJ975769.1

RPS15A For: 5’- GAATGGTGCGCATGAATGTC -3’

Rev.: 5′- GACTTTGGAGCACGGCCTAA −3’
101 BC108231

EMBL accession number or reference of published sequence
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reproductive technology. The dilution of semen for cryopres-
ervation causes dilution of seminal plasma containing essen-
tial milieu for optimum functional competence of spermato-
zoa. Recent proteomic and genomic studies revealed, down-
regulation ofHSPA1AmRNA and its protein expression in the
cryopreserved spermatozoa (Reddy et al. 2018; Pini et al.
2018) besides deterioration of antioxidant potential (Reddy
et al. 2018). However, changes in the HSPA1A in spermato-
zoa have not been studied in the maturational process during
its transit from caput to cauda. The present study underlined
the changes in HSPA1A concentration and mRNA expres-
sion, and redox status in the spermatozoa and fluid during
epididymal transit from caput to cauda.

In the present study, the progressive motility and viability
of the spermatozoa were significantly higher in cauda as com-
pared with caput and corpus. The increase in progressive mo-
tility in spermatozoa has been attributed to differential gene
expression in different epididymal segments which results in
difference in luminal ionic concentration and addition of sev-
eral proteins, lipids, and sugars to the spermatozoa (Gervasi
and Visconti 2017). Similarly, higher spermatozoa viability in
the cauda epididymismay be due tomoremacrophage activity
in the cauda. HSPA1A level and redox status has been corre-
lated with progressive motility in the ejaculated and post-thaw
spermatozoa; however, in the present study, a correlation be-
tween redox status, HSPA1A expression, and progressive

motility and viability could not be established in the epididy-
mal spermatozoa.

In the present study, HSPA1A concentration progressively
decreased in spermatozoa from caput to cauda, while in fluid,
it increased from caput to corpus and decreased in cauda.
Scanty literature is available on the concentration of
HSP70A1A in the spermatozoa of different epididymal
segments in goats. However, Ijiri et al. (2011) reported that
some variants of HSP70 (HSPA2 and HSPA5) decreased in
the mouse spermatozoa during transit from caput to cauda. On
the other hand, Baker et al. (2005) reported that HSPA5 in-
creased in the spermatozoa of cauda epididymis of rats but
decreased in hamster and mouse. Ijiri et al. (2011) found that
HSPA2 was present in the cytoplasmic droplet of caput epi-
didymal spermatozoa, whereas it was absent in cytoplasmic
droplet of cauda epididymal spermatozoa. To negate the role
of HSPA1A in cytoplasmic droplets, in the present study, the
relative expression of HSPA1A mRNA was evaluated in the
spermatozoa which revealed that relative expression of
HSPA1A mRNAwas highest in caput epididymis which sub-
sequently decreased in corpus and cauda. The spermatozoa is
said to be transcriptionally inactive; however, the morpholog-
ical, cytoplasmic, and nuclear alterations during epididymal
transit require the process of transcription and translation in
spermatozoa which makes it capable of movement with the
potential for fertilization (Ren et al. 2017). Present study also

Fig. 1 Relative HSPA1A mRNA
expression in spermatozoa
derived from different segments
of buck epididymis. The data is
indicated in the form of bars
indicating mean ± standard error.
The bars with different
superscripts differ significantly
(P < 0.05). The superscripts
indicate that fold change in
relative HSPA1A mRNA
expression in spermatozoa was
significantly (P < 0.05) higher in
caput epididymis as compared
with corpus and cauda epididymis

Table 3 Heat shock protein 70
status of the spermatozoa lysate
and epididymal fluid of different
segments of goat epididymis

Parameter Caput
epididymis

Corpus
epididymis

Cauda
epididymis

P
value

HSP70 (ng/108 spermatozoa) in
lysate

10.45 ± 1.45 a 7.87 ± 0.98 b 1.80 ± 0.23 c 0.000

HSP70 (ng/mg of protein) in fluid 0.43 ± 0.04 a 0.71 ± 0.08 b 0.56 ± 0.03 ba 0.015

Values in rows with different superscripts differ significantly (P < 0.05)
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confirmed that the sperm cells are transcriptionally active. On
the other hand, it was also observed that HSPA1A level in-
creased in corpus epididymal fluid and subsequently
decreased in cauda. In bulls, Kamaruddin et al. (2004) also
reported that localization and quantity of HSPA1A change
during different stages of spermatogenesis and sperm matura-
tion in epididymis and in ejaculated spermatozoa. In stallion-
ejaculated spermatozoa, HSPA1A localization was observed
in the post-acrosomal region (Meyers and Rosenberger 1999).
HSPA1A has been detected on the surface of mouse, rat, bull,
boar, and human-ejaculated sperm (Allen et al. 1988; Miller
et al. 1992; Boulanger et al. 1995; Raab et al. 1995;
Kamaruddin et al. 2004; Huang et al. 2005).

In the present study, SOD activity and ROS concentration
were higher in the fluid of corpus and cauda as compared with
caput. More SOD activity in corpus and cauda fluid may be
for the protection of spermatozoa from oxidative stress as
more amounts of ROS are produced due to a higher

concentration of unsaturated fatty acids in the cauda sperma-
tozoa (Tramer et al. 2004). Further, glutathione and
glutathione-based antioxidant enzyme activity decreased in
corpus and cauda fluid, making spermatozoa more liable to
oxidative damage; therefore SOD activity, as an alternate,
needs to be increased in order to balance antioxidative de-
fense. Similar results were reported in European bison
(Koziorowska-Gilun et al. 2013; Park et al. 2012), goat
(Rana et al . 2017) and miniature breed stal l ions
(Bustamante-Filho et al. 2014). Rana et al. (2017) reported
that GPx activity was higher in the cauda fluid as compared
with caput and corpus in goat, whereas no change in GPx
activity was observed in the present study. In contrast to our
findings, the GPx activity of stallion epididymal fluid has been
reported to decrease from caput to cauda (Bustamante-Filho
et al. 2014).

Angrimani et al. (2013) found that SOD activity did
not change in the canine spermatozoa in different

Table 4 Redox status of the
epididymal fluid from different
segments of buck epididymis

Parameter Caput epididymis Corpus epididymis Cauda epididymis P value

Protein 2502.74 ± 72.87 2061.59 ± 204.22 2085.74 ± 174.97 0.110

GPx 0.47 ± 0.02 0.48 ± 0.02 0.49 ± 0.03 0.903

SOD 127.54 ± 0.98 a 170.39 ± 2.80 b 169.77 ± 1.75b 0.000

GR 3.84 ± 0.16 b 3.20 ± 0.073a 3.36 ± 0.13a 0.000

GST 0.29 ± 0.010 b 0.17 ± 0.01a 0.19 ± 0.003a 0.000

MDA 3.15 ± 0.45 3.23 ± 0.20 2.93 ± 0.13 0.760

ROS 0.15 ± 0.002 a 0.19 ± 0.010b 0.19 ± 0. 001b 0.000

GSH 1.81 ± 0.08 1.59 ± 0.16 1.44 ± 0.10 0.103

Protein (mg/ml); GPx glutathione peroxidase (unit GPx/mg of proteins); SOD superoxide dismutase (unit/mg of
protein); GR glutathione reductase (unit GR/mg of protein); GST glutathione S-transferase (GST unit/mg of
protein); MDA malondialdehyde (mg of MDA/mg protein); ROS reactive oxygen species (mg of H2O2/mg of
protein); and GSH reduced glutathione (μg GSH/mg protein)

Values in rows with different superscripts differ significantly (P < 0.05)

Table 5 Redox status of the
spermatozoa lysate from different
segments of buck epididymis

Parameter Caput epididymis Corpus epididymis Cauda epididymis P value

Protein 1474.70 ± 197.22b 1209.10 ± 92.34b 319.06 ± 34.53a 0.000

GPx 2.77 ± 0.10b 3.27 ± 0.19c 0.60 ± 0.021a 0.000

SOD 638.79 ± 20.47b 647.30 ± 18.60b 129.60 ± 2.81a 0.000

GR 99.87 ± 3.75c 58.69 ± 2.021b 23.06 ± 1.34a 0.000

GST 0.10 ± 0.005c 0.08 ± 0.006b 0.01 ± 0.001a 0.000

MDA 30.48 ± 1.20c 23.22 ± 0.90b 6.69 ± 0.32a 0.000

ROS 0.73 ± 0.025b 0.74 ± 0.028b 0.16 ± 0.011a 0.000

GSH 0.05 ± 0.004 b 0.20 ± 0.008c 0.01 ± 0.001a 0.000

Protein (mg/108 spermatozoa); GPx glutathione peroxidase (unit GPx/108 spermatozoa); SOD superoxide dis-
mutase (unit/108 spermatozoa); GR glutathione reductase (unit GR/108 spermatozoa); GST glutathione S-
transferase (GST unit/108 spermatozoa), MDA malondialdehyde (mg of MDA/108 spermatozoa); ROS reactive
oxygen species (mg of H2O2/10

8 spermatozoa); and GSH reduced glutathione (μg GSH/108 spermatozoa)

Values in columns with different superscripts differ significantly (P < 0.05)
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epididymal segments. A decrease in SOD activity was
reported in goat (Rana et al. 2017) and boar (Park et al.
2012) spermatozoa from caput to cauda which were also
confirmed in the present study where nearly fivefold de-
crease in SOD activity was recorded in the spermatozoa
of cauda as compared with caput and corpus. The vari-
ability in the results observed by various workers may be
attributed to species variation. In the present study, GPx
activity decreased in spermatozoa of the cauda and being
highest in corpus spermatozoa. Higher activity of GPx in
the spermatozoa of corpus region may be due to the
higher concentration of GSH in the corpus spermatozoa
as revealed from the present study. GPx activity has been
reported to be higher in corpus epididymal tissues of the
European bison (Koziorowska-Gilun et al. 2013). Other
glutathione-based antioxidant enzymes, GR and GST, ex-
hibited a declining activity in epididymal fluid and sper-
matozoa of different segments of the epididymis in the
present study. The decrease in GR and GST activity in
the spermatozoa of successive segments of the epididymis
may be attributed to a specific requirement of spermato-
zoa against the excessive ROS and other oxidizing agents
produced in different segments of the epididymis.
Catalase in spermatozoa has been reported in both human
and rat (Jeulin et al. 1989; Tramer et al. 1998; Lenzi et al.
1994) albeit at extremely low levels (Alvarez et al. 1987).
Catalase was reported to be absent in rabbit (Holland and
Storey 1981), mouse (Alvarez and Storey 1984), canine
(Strzeżek et al. 2009; Angrimani et al. 2013), boar
(Koziorowska-Gilun et al. 2011), and bull spermatozoa
(Bilodeau et al. 2000) despite a high level in bovine sem-
inal fluid (Bilodeau et al. 2000; Kar et al. 2015). Rana
et al. (2017) reported presence of CAT activity, in both
fluid and spermatozoa retrieved from different segments
of the epididymis in goats. Contrary to these findings, the
CAT activity could not be detected either in epididymal
spermatozoa or in epididymal fluid in the present study.

Conclusion

From present study, it may be concluded that the concentra-
tion and expression of HSPA1A in the spermatozoa decreased
progressively during its maturation and transit in the epididy-
mis. Further, redox status was found to be altered during tran-
sit from caput to cauda. This may be due to remodeling and
maturational processes occurring in spermatozoa passing
through the epididymis. A decrease in HSPA1A concentration
and HSPA1A mRNA expression and progressive decrease in
antioxidative status during epididymal transit is a major con-
cern as it is further downregulated during cryopreservation of
spermatozoa, and therefore, the functional competence of
spermatozoa may be compromised.
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