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Abstract. Donggala cattle (Bos indicus), an indigenous Indonesian breed, possess strong adaptability to tropical
stressors and favourable reproductive traits, making them a strategic focus for genetic improvement via artificial
insemination (AI). However, optimizing Al success is constrained by variable semen quality following cryop-
reservation. This research examined the relationship between the abundance of heat shock protein 70 (HSP70)
at both the mRNA and protein levels and post-thaw sperm quality, aiming to assess its viability as a molecular
marker of motility in Donggala bulls. A total of six Donggala bulls were included in this study, representing
the entire available population at the study site. Based on progressive motility evaluated using computer-assisted
sperm analysis (CASA), the bulls were classified into two groups: good motility and poor motility. Comprehen-
sive semen quality assessments were conducted, including viability, plasma membrane and acrosome integrity,
DNA fragmentation, and protamine deficiency. HSP70 abundance at both the transcript (RT-qPCR) and protein
(enzyme immunoassay) levels was quantified in cryopreserved sperm. Bulls in the good-motility group demon-
strated significantly higher values for progressive and total motility, viability, plasma membrane and acrosome
integrity, and DNA integrity (P < 0.05), as well as elevated HSP70 mRNA and protein abundance. Correla-
tion analyses revealed strong positive associations between HSP70 expression and key sperm quality parame-
ters, particularly progressive motility (R> > 0.86) and acrosome integrity (R > 0.67). These findings suggest
that HSP70 enhances sperm resilience to cryopreservation-induced oxidative stress by stabilizing membranes,
proteins, and DNA. This study is the first to characterize HSP70 abundance in Donggala bulls, providing foun-
dational evidence of its utility as a motility biomarker. Incorporating HSP70 profiling into sire selection may
improve Al outcomes and support the sustainable propagation of this valuable native breed.
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1 Introduction

Expanding beef cattle populations, particularly in developing
countries, is a strategic government initiative to meet domes-
tic demand for animal protein. The preference for local cattle
breeds is rooted in their superior adaptability to harsh envi-
ronmental conditions, which contributes to favourable repro-
ductive traits (Baharun et al., 2025). These traits include con-
sistent annual calving via natural mating, prolonged repro-
ductive lifespan (with females capable of producing up to 10
offspring), and extended mating ability in males, which can
remain fertile and mate naturally for up to 20 years (Baharun
et al., 2025). Donggala cattle (Bos indicus), a prominent in-
digenous breed in Central Sulawesi, Indonesia, exhibit phe-
notypic similarities to Ongole-grade cattle and demonstrate
notable resilience to drought, heat stress, and parasitic dis-
eases (Baharun et al., 2024). Implementing artificial insemi-
nation (Al) programmes is expected to accelerate the propa-
gation of Donggala cattle, thereby increasing the availability
of healthy, affordable beef.

However, achieving high success rates in Al remains a
considerable challenge. Among the factors influencing Al
outcomes, semen quality from breeding bulls is of paramount
importance (Tanga et al., 2021). Semen used in Al must con-
tain viable, motile, normal sperm with intact plasma mem-
branes, acrosomes, and unfragmented DNA to ensure suc-
cessful fertilization and embryo development (Pardede et al.,
2020b). Although conventional semen quality parameters,
such as progressive motility above 40 %, are often used as
minimum thresholds, they cannot reliably predict male fertil-
ity (Pardede et al., 2022). Previous research has highlighted
the critical role of intrinsic molecular elements in sperm,
including specific mRNA transcripts and proteins, in regu-
lating key fertilization processes (Pardede et al., 2020a; In-
driastuti et al., 2022). Various mRNA transcripts and pro-
tein molecules play crucial roles in regulating normal sperm
function, particularly during the fertilization process (Pard-
ede et al., 2020a; Indriastuti et al., 2022). Several of these
molecules have been reported as potential biomarkers for
evaluating sperm fertility and motility (Rosyada et al., 2023;
Pardede et al., 2023, 2024, 2025b; Fatmila et al., 2024; Agil
et al., 2025). As previously mentioned, sperm motility re-
mains a globally recognized standard and a critical threshold
parameter for determining semen suitability in an Al pro-
gramme. Among the candidate markers, transition nuclear
proteins (TNPs) (Pardede et al., 2024) and A-kinase anchor
protein 4 (proAKAP4) (Pardede et al., 2025b) have shown
promising potential in assessing sperm motility. Addition-
ally, members of the heat shock protein (HSP) family have
been extensively studied for their role in regulating sperm
motility and maintaining overall functional integrity (Fatmila
et al., 2024; Pardede et al., 2023; Rosyada et al., 2023).
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HSP70, a 70 kDa molecular chaperone and a prominent
member of the HSP family, has attracted considerable in-
terest due to its diverse roles in male reproductive function
(Zhang et al., 2022). It is notably upregulated under cellu-
lar stress and is expressed in various stages of sperm de-
velopment, including spermatogonia, spermatids, and ma-
ture sperm (Zou et al., 2019). The expression and local-
ization of HSP70 are dynamic throughout spermatogenesis
and persist after ejaculation and cryopreservation (Zhang
et al., 2022). Functionally, HSP70 contributes to key pro-
cesses, including meiosis, sperm maturation, apoptosis inhi-
bition, immune modulation, and sperm-egg membrane fusion
(Rosyada et al., 2022). Additionally, it enhances the fluid-
ity of the sperm membrane, supporting sperm survival and
function within the female reproductive tract (Zhang et al.,
2022). Accumulating evidence has linked HSP70 expression
to male fertility parameters. (Fatmila et al., 2024; Pardede et
al., 2023; Rosyada et al., 2023). For example, Agarwal et al.
(2020) highlighted its involvement in sperm motility, capac-
itation, and oocyte binding. HSP70 has been detected in the
sperm of several cattle breeds, including Friesian Holstein,
Tharparkar, and Simmental (Somashekar et al., 2017; Ra-
joriya et al., 2014; Fatmila et al., 2024; Pardede et al., 2023;
Rosyada et al., 2023). Further, Bashiri et al. (2021) demon-
strated that HSP70 mRNA in sperm contributes to early em-
bryo development and that dysregulated expression can neg-
atively impact fertility and lead to pregnancy failure. In lo-
cal Indonesian breeds such as Bali and Madura cattle, in-
creased HSP70 expression at both the mRNA and protein
levels has been positively associated with improved semen
quality and higher fertility outcomes (Fatmila et al., 2024;
Pardede et al., 2023; Rosyada et al., 2023). As Donggala
cattle remain one of Indonesia’s less-studied native breeds,
a detailed molecular investigation of HSP70 expression in
this population is warranted. Such profiling could support the
identification of genetically superior bulls with favourable
sperm traits, thereby enhancing the efficiency of Al pro-
grammes and promoting sustainable breeding practices. The
present study strengthens the evidence for HSP70’s utility
and highlights its promise as a molecular biomarker for as-
sessing bull fertility, particularly through its association with
sperm motility.

2 Materials and methods

2.1 Experimental design

The samples used in this study were commercially avail-
able cryopreserved semen from Donggala bulls, provided by
the Sidera Livestock Breeding Unit in Central Sulawesi, In-
donesia. As the research involved only processed semen, no
live animals were directly involved in the experimental pro-
cedures. Semen collection and cryopreservation were con-
ducted using standardized procedures for all productive-age
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(5-7 years) Donggala bulls. These procedures, including se-
men processing, storage, and animal care, adhered to the
operational protocols of the Livestock Breeding Unit, were
overseen by a licensed veterinarian, and complied with es-
tablished animal welfare standards. Considering the fact that
the bulls in this study are a local breed recently introduced
into the region, the breeding centre currently houses a lim-
ited population of six individuals, all of which were included
in the subsequent analyses. As progressive sperm motility
is a critical indicator of semen quality, bull classification in
this study was based on post-thaw sperm motility parame-
ters, as reported by Pardede et al. (2024). Thawing was per-
formed by incubating cryopreserved semen straws in a wa-
ter bath at 37 °C for 30 s. Post-thaw progressive motility was
assessed using computer-assisted sperm analysis (CASA)
with the Sperm Vision™ system (Minitiib, Tiefenbach, Ger-
many). Semen samples were diluted at a ratio of 10 uL se-
men to 70 uL of diluent medium, following the manufac-
turer’s recommendations. A 10 uL aliquot of the diluted sam-
ple was then placed onto a microscope slide, covered with a
cover slip, and evaluated under a microscope equipped with
a temperature-controlled stage maintained at 38 °C. Sperm
motility was assessed using software presets for bovine se-
men, analysing 50—150 sperm cells across four microscopic
fields. Only progressive motility was included in the analysis.

Each bull’s post-thaw motility was calculated as the av-
erage of repeated measurements. The overall mean post-
thaw motility across all samples was 42.49 %, with individ-
ual values ranging from 38.31 % to 48.02 %. Bulls were cat-
egorized into two groups, namely good and poor motility,
based on their post-thaw motility relative to the population
average. Bulls with post-thaw motility above the population
mean were classified as having good motility, while those be-
low the mean were categorized as having poor motility. The
grouping criteria and corresponding motility values are sum-
marized in Table 1.

2.2 Cryopreserved semen quality assessment
2.2.1 Sperm motility parameter assessment

Sperm motility was analysed using a CASA system. For
sperm motility and kinematic analysis, a total of 24 cryop-
reserved semen straws from these bulls were used, with 4
straws from each bull being analysed as technical replicates.
This system was employed not only to evaluate progressive
motility but also to quantify total motility and kinematic pa-
rameters, including curvilinear velocity (VCL), straight-line
velocity (VSL), and average path velocity (VAP). All mea-
surements were performed under standardized settings as de-
tailed in the experimental design. For this analysis, 24 cryop-
reserved semen straws, comprising samples from all bulls,
with three biological replicates per individual, were utilized.
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Table 1. Sperm post-thaw motility phenotypes of the Donggala
bulls used for further analysis: bulls 1-3 were defined as good motil-
ity, and bulls 4—-6 were grouped as poor motility.

Bull no. Motility status Average Difference from
post-thaw population
motility (%) average (%)
1 Good motility 48.02 5.52
2 46.07 3.57
3 44.33 1.83
4 Poor motility 39.28 -3.22
5 39.00 —3.50
6 38.31 —4.19
6
&
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g
=8 2
B3 0
g
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&
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Phenotype

Bulls were classified as good and poor motility based on average post-thaw
motility scores and the percent differences from the population average
(P <0.05).

2.2.2 Sperm viability and morphological abnormality
assessment

Sperm viability and morphology were evaluated using
eosine—nigrosine staining. For analysis of sperm viability
and morphological abnormalities, 24 cryopreserved semen
straws from these bulls were used, with 4 straws per bull be-
ing analysed as technical replicates. The tawed semen sample
(37°C for 30s) was mixed with the stain in equal volumes
(10 uL each) and then smeared onto glass slides and dried on
a heating stage. Viable sperm remained unstained (colour-
less), while non-viable sperm took up the eosine dye and
appeared red (Fig. 1). For each sample, 250 sperm were as-
sessed using a light microscope at 400 x magnification across
10 randomly selected fields (Rosyada et al., 2023).

2.2.3 Sperm plasma membrane integrity assessment

Plasma membrane integrity (PMI) was assessed using the
hypo-osmotic swelling test, following the method initially
established by Pardede et al. (2025a). For analysis of sperm
plasma membrane integrity, a total of 24 cryopreserved se-
men straws from these bulls were used, with 4 straws from
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Figure 1. The photomicrograph of Donggala sperm in (A) eosine—nigrosine staining, (B) HOS test, (C) FITC-PNA and PI-based fluorescent
staining, (D) acridine orange-based fluorescent staining, and (E) chromomycin-A3-based fluorescent staining. Non-viable cells exhibited red
staining (A-a), while viable sperm appeared to be colourless (A-b). Morphological abnormality is shown in Figure (A-c), and normal sperm
are shown in Figure (A-d). HOS-positive (presence of coiled tail) is shown in Figure (B-e), and HOS-negative (absence of coiled tail) is shown
in Figure (B-f). Sperm with fluorescent-green acrosomes were categorized as intact acrosomes (C-g), whereas sperm without fluorescence
were classified as damaged acrosomes (C-h). Sperm with intact DNA appeared green (D-i), whereas sperm with fragmented DNA appeared
as yellow-orange fluorescence (D-j). CMA3 positivity (protamine deficiency) is shown in Figure (E-K), and faint fluorescence (E-1) indicates
normal protamine content.

each bull being analysed as technical replicates. After thaw- whereas those with straight, uncoiled tails were considered
ing, semen samples were incubated in hypo-osmotic swelling HOS-negative (Fig. 1).

(HOS) solution at 37 °C for 30 min. Following incubation,

5 uL of the treated sample was mounted onto a slide, and 250

sperm were evaluated under a phase-contrast microscope at 2.2.4 Acrosomal integrity assessment

400x magnification. Sperm showing tail curling were iden-

e o P Acrosome membrane integrity was evaluated using fluores-
tified as HOS-positive, signifying intact plasma membranes, gy g

cein isothiocyanate-labelled peanut agglutinin (FITC-PNA)
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in combination with propidium iodide (PI), as described by
Pardede et al. (2023). For acrosomal integrity analysis of
sperm from these bulls, 24 cryopreserved semen straws were
used, with 4 straws per bull being used as technical repli-
cates. Thawed semen samples were smeared onto clean glass
slides, air-dried, and then fixed in 96 % ethanol for 10 min.
The slides were subsequently incubated with 30 uLL of FITC-
PNA solution (100 ugmL~") at 37 °C for 30 min. After in-
cubation, SuL of PI (1uguL~!) was applied for 5min.
The slides were then rinsed with phosphate-buffered saline
(PBS), mounted with coverslips, and observed using a flu-
orescence microscope (excitation wavelength: 380-420 nm).
Sperm displaying green fluorescence in the acrosomal region
were considered to have intact acrosomes, whereas red fluo-
rescence indicated acrosomal membrane disruption (Fig. 1).
For each specimen, 250 sperm cells were evaluated. All pro-
cedures were carried out under dim light to preserve fluo-
rochrome stability.

2.2.5 Sperm DNA integrity assessment

Sperm DNA fragmentation was evaluated using acridine or-
ange (AO) staining, following the protocol outlined by Pard-
ede et al. (2021) and Hasbi et al. (2024). For sperm DNA
integrity analysis, a total of 24 cryopreserved semen straws
from these bulls were used, with 4 straws from each bull
being analysed as technical replicates. Semen was smeared
onto glass slides, air-dried, and then fixed in Carnoy’s fix-
ative for 2h. The slides were subsequently stained with a
freshly prepared AO solution for 5min in the dark, rinsed
with distilled water, and examined under a fluorescence mi-
croscope with an excitation at 450-490 nm. Sperm exhibit-
ing green fluorescence were considered to have intact DNA,
while yellow-green to orange fluorescence indicated DNA
fragmentation (Fig. 1). A total of 250 sperm were evaluated
per sample. For the sperm DNA integrity assessment data,
the presented results are from normal sperm and not from
sperm with DNA damage.

2.2.6 Protamine deficiency assessment

The protamine content was evaluated using chromomycin A3
(CMA3) staining, as described by Kusumawati et al. (2023).
For sperm protamine deficiency analysis, a total of 24 cry-
opreserved semen straws from these bulls were used, with 4
straws from each bull being analysed as technical replicates.
Thawed semen samples were spread onto microscope slides
and fixed in a chilled methanol: glacial acetic acid mixture
(3:1) for 5min at 4 °C. The fixed slides were then incubated
for 20 min in a CM A3 staining solution. After incubation, the
slides were gently rinsed and allowed to air dry. Sperm cells
were visualized using a fluorescence microscope. Sperm ex-
hibiting intense green fluorescence were identified as CMA3-
positive, indicative of protamine deficiency. In contrast, those
with weaker fluorescence were considered to possess normal
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protamine content (Fig. 1). For each sample, 250 sperm were
assessed.

2.3 Bovine HSP-70 mRNA and protein abundance
assessment

The expression levels of HSP70 in sperm were assessed at
both the mRNA and protein levels, as outlined in the pro-
tocol by Pardede et al. (2023). HSP70 mRNA levels were
quantified using real-time quantitative polymerase chain re-
action (RT-gPCR). Eight cryopreserved semen straws per
bull were pooled, thawed at 37 °C for 30s, and centrifuged
at 16000 x g for 15 min. Sperm pellets were washed three
times with PBS to remove cryoprotectants. Total RNA was
extracted using TRIzol Reagent (TRI) reagent following
the manufacturer’s instructions. Cells were lysed in 1 mL
of TRI reagent, followed by the addition of 0.1 mL 1-
bromo-3-chloropropane (BCP) or 0.2 mL chloroform. After
3-5min at room temperature, the aqueous phase was col-
lected, precipitated, washed with ethanol, air-dried, and re-
suspended. RNA concentration and purity were measured us-
ing a NanoDrop™ spectrophotometer. Complementary DNA
(cDNA) was synthesized using the SensiFAST™ cDNA Syn-
thesis Kit (Bioline®, UK; Bio-65054) following the man-
ufacturer’s instructions. Around 20 uL. of cDNA was used
for gPCR, performed with SsoFast™ EvaGreen® Supermix
(Bio-Rad, USA). Each 20 uL reaction contained 10uL Su-
permix, 1 uL each of gene-specific primers, 2 uL. cDNA, and
6 L nuclease-free water. Primers targeted the housekeeping
gene PPIA (XM_001252921.1) and HSP70 (NM_174344.1).
Gene expression levels were analysed using the 2744
method, with PPIA as the internal control. For protein anal-
ysis, HSP70 levels in spermatozoa were quantified using
an enzyme-linked immunosorbent assay (ELISA) kit (cat.
no. MBS7606199, MyBioSource.com). Eight semen straws
per bull were pooled and tested in duplicate. Samples were
thawed at 37°C, washed with PBS, and centrifuged at
12000 x g for 15 min. The sperm lysate (100 uL) was loaded
into enzyme immunoassay (EIA) plate wells and incubated
at 37°C for 90 min. After sequential washes, 100 uL of
biotin-conjugated antibody and, later, HRP-streptavidin were
added, with intermediate incubations. The signal was devel-
oped using 90 uL. TMB substrate and was stopped after 10—
20 min, and absorbance was read at 450 nm. Protein levels
were calculated based on a standard calibration curve.

2.4 Statistical analysis

Sperm progressive motility data were assessed using a gen-
eralized linear mixed-effect model. The method for catego-
rizing Donggala bulls according to their motility profiles fol-
lowed previously established protocols. Differences in post-
thaw sperm characteristics and in HSP70 mRNA and pro-
tein expression levels were examined using an independent-
sample 7 test. All values are reported as the mean + standard
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Table 2. The difference in sperm parameters between motility
groups, specifically good vs. poor motility.

Parameters Good motility ~ Poor motility
VCL (ums~—1) 92.35+3.06° 88.18 +£3.732
VAP (ums~!) 67.99+1.872 65.30+£2.312
VSL (ums~1) 4519+ 1.148  44.13+£1.782
Viability (%) 56.67+1.63% 5091+ 1.69°
PMI (%) 49.83+1.308 44.3741.43b
Abnormality (%) 6.374+0.512 14.12+5.55
Protamine deficiency (%) 1.17 +£0.40% 1.2140.492

VCL: curvilinear velocity; VAP: average path velocity; VSL: straight-line
velocity; PMI: plasma membrane integrity. The letters (a, b) in each motility
group indicate a significant difference (p < 0.05).

error. Associations among the measured variables were de-
termined through Pearson’s correlation analysis. Addition-
ally, linear regression scatterplots were used to explore as-
sociations among HSP70 transcript and protein expression,
sperm motility, and acrosomal integrity. Statistical computa-
tions were conducted using SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA).

3 Results

The analysis revealed significant differences (P < 0.05) in
several semen quality parameters in Donggala bulls, indicat-
ing that the cryopreserved semen quality of bulls in the poor-
motility group was significantly lower (P < 0.05) than that
of bulls in the good-motility group (Table 1; Fig. 2). Notably,
the good-motility group exhibited higher values in progres-
sive motility (46.13 +1.45% vs. 37.93£1.79 %) and total
motility (54.19 4+ 1.84% vs. 48.49 +1.90 %), acrosome in-
tegrity (94.00£0.70 % vs. 79.12+1.14 %), DNA fragmenta-
tion index (94.124+0.76 % vs. 91.87+0.50 %), sperm viabil-
ity (56.67£1.63% vs. 50.91 £ 1.69 %), and plasma mem-
brane integrity (49.83£1.30% vs. 44.37+1.43%) (P <
0.05) (Fig. 2; Table 2).

In contrast, no significant differences (P > 0.05) were
observed between the groups for other parameters, includ-
ing kinematic parameters, namely curvilinear velocity (VCL:
92.3543.06ums™! vs. 88.18 =3.73ums ™), average path
velocity (VAP: 67.994+1.87ums ™! vs. 65.304+2.31 ums™1),
and straight-line velocity (VSL: 45.1941.14ums™! vs.
44.13+1.78 ums ™), as well as sperm morphological abnor-
malities (6.37+0.51% vs. 14.12+5.55%) and protamine
deficiency (1.17 £0.40% vs. 1.21 0.49 %) (Table 2).

A significantly higher (P < 0.05) abundance of HSP70
mRNA and protein was detected in sperm from Donggala
bulls in the good-motility group compared to in the poor-
motility group (Fig. 3).

These findings were supported by correlation analysis,
which revealed a strong positive association between HSP70
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mRNA (P < 0.003) and protein (P < 0.001) abundance and
progressive motility (Tables 3 and 4).

Moreover, total motility (P < 0.043; P < 0.014), viability
(P <0.041; P <0.010), plasma membrane integrity (P <
0.020; P < 0.002), acrosome integrity (P < 0.000; P <
0.000), and DNA fragmentation (P < 0.013; P < 0.049)
were also significantly correlated with HSP70 mRNA and
protein abundance (Tables 3 and 4).

Notably, the abundance of HSP70 mRNA and protein in
bovine sperm was significantly (P < 0.01) associated with
progressive motility and acrosome integrity, showing high
linearity, with coefficients of determination (R?) for HSP70
mRNA of 0.865 and 0.981 and for HSP70 protein of 0.970
and 0.674 (Fig. 4).

4 Discussion

Although various studies have investigated the role of HSP70
as a molecular marker to assess fertility and sperm quality in
bulls (Fatmila et al., 2024; Pardede et al., 2023; Rajoriya et
al., 2014), this study is the first to report findings specifically
relating to Donggala bulls. This local Indonesian breed re-
mains understudied, and foundational molecular data, espe-
cially on fertility, are limited. Considering the critical role of
high-fertility sires in successful breeding programmes, par-
ticularly in regions where Donggala cattle are raised for ge-
netic improvement and productivity, identifying reliable fer-
tility markers is imperative. HSP70, known for its involve-
ment in stress response and protein stabilization (Evans et
al., 2010), is hypothesized to play a crucial role in regulat-
ing sperm quality in this breed. Therefore, the present study
aimed to investigate the expression profile of HSP70 at both
mRNA and protein levels and its relationship with multiple
sperm quality parameters to evaluate its potential as a sperm
motility marker for Donggala bulls. To carry out this inves-
tigation, bulls housed at a breeding centre were divided into
two groups based on their progressive sperm motility, a key
indicator used routinely to determine whether frozen semen
meets distribution standards for artificial insemination (AI).
This categorization reflects practical relevance as progressive
motility is commonly applied to select semen doses for field
use. Analysis showed that bulls in the good-motility group
exhibited significantly greater progressive and total motility
than those in the poor-motility group (P < 0.05). These find-
ings validate the grouping approach and establish a physio-
logical distinction between the groups.

Further analysis revealed that bulls with good motility also
exhibited significantly elevated levels of HSP70 mRNA and
protein (P < 0.05), suggesting a clear association between
this molecular chaperone and sperm motility. It is well doc-
umented that the cryopreservation-thawing process induces
structural and biochemical stress in sperm cells, often lead-
ing to plasma membrane damage, mitochondrial dysfunc-
tion, and impaired motility (Hai et al., 2024). These adverse
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Figure 2. The percentage of progressive and total motility, acrosome integrity, and DNA fragmentation index in Donggala sperm across
different motility groups (good vs. poor). The asterisk denotes significant difference when compared to poor motility (p < 0.05).
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Figure 3. The percentage of HSP70 mRNA and protein abundance in Donggala sperm between good and poor motility. The asterisk denotes

significant difference when compared to good motility (p < 0.05).

effects are primarily due to the generation of reactive oxygen
species (ROS) during freezing and thawing, resulting in ox-
idative stress (Len et al., 2019). HSP70 plays a pivotal role in
counteracting stress-induced changes by regulating cellular
enzymatic activity and stabilizing protein folding (Singh et
al., 2025). In our study, reduced motility in the poor-motility
group coincided with significantly lower HSP70 mRNA and
protein abundance. This may reflect compromised antioxi-
dant defence mechanisms, in which reduced HSP70 expres-
sion limits the activity of crucial antioxidant enzymes, lead-
ing to ROS accumulation and subsequent sperm damage (Liu
et al., 2025; Pardede et al., 2023). Supporting this interpreta-
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tion, HSP70 has been shown to inhibit stress-activated pro-
tein kinases, including p38 and JNK, which promote cell
apoptosis under stress conditions (Zhang et al., 2020; Pard-
ede et al., 2023). Therefore, low HSP70 levels may allow
stress pathways to proceed unchecked, resulting in decreased
sperm viability and function (Pardede et al., 2023).

Beyond motility, our study revealed significant differences
in sperm viability between the two groups. This is consis-
tent with previous work by Pardede et al. (2023), which sug-
gested that viability is an important predictor of sperm cry-
otolerance — the ability of sperm to survive the freeze—thaw
process. In the present study, HSP70 mRNA and protein lev-
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Table 3. Correlation between HSP70 mRNA expression and semen quality parameters in the Donggala bulls. #

Sperm parameters Correlation coefficient P value
HSP70 mRNA vs. HSP70 protein 0.869*%* < 0.000
HSP70 mRNA vs. progressive motility 0.577*%* < 0.003
HSP70 mRNA vs. total motility 0.486* < 0.043
HSP70 mRNA vs. VCL 0242 <0.275
HSP70 mRNA vs. VAP 0.120 < 0.254
HSP70 mRNA vs. VSL 0.787 < 0.575
HSP70 mRNA vs. sperm viability 0.475*% < 0.041
HSP70 mRNA vs. PMI 0.470* < 0.020
HSP70 mRNA vs. sperm abnormality -0.219 < 0.303
HSP70 mRNA vs. Al 0.935*%* < 0.000
HSP70 mRNA vs. DFI 0.501* < 0.013
HSP70 mRNA vs. Prota-def —0.039 < 0.855

VCL: curvilinear velocity; VAP: average path velocity; VSL: straight-line velocity; PMI: plasma
membrane integrity; Al: acrosome integrity; DFI: DNA fragmentation index; Prota-def: protamine
deficiency. @ The Pearson correlation represents all values obtained, regardless of the grouping of bulls
based on motility. * Correlated significantly at the 0.05 level. ** Correlated significantly at the 0.01

level.

Table 4. Correlation between HSP70 protein abundance and semen quality parameters in the Donggala bulls. ?

Sperm parameters Correlation coefficient P value
HSP70 protein vs. HSP70 mRNA 0.869** < 0.000
HSP70 protein vs. progressive motility 0.615%* < 0.001
HSP70 protein vs. total motility 0.495* < 0.014
HSP70 protein vs. VCL 0.167 < 0.435
HSP70 protein vs. VAP 0.189 < 0.375
HSP70 protein vs. VSL 0.115 < 0.591
HSP70 protein vs. sperm viability 0.515%* < 0.010
HSP70 protein vs. PMI 0.607** < 0.002
HSP70 protein vs. sperm abnormality -0.319 <0.129
HSP70 protein vs. Al 0.787*%* < 0.000
HSP70 mRNA vs. DFI 0.474* < 0.049
HSP70 mRNA vs. Prota-def 0.031 <0.887

VCL: curvilinear velocity; VAP: average path velocity; VSL: straight-line velocity; PMI: plasma
membrane integrity; Al: acrosome integrity; DFI: DNA fragmentation index; Prota-def: protamine
deficiency. @ The Pearson correlation represents all values obtained, regardless of the grouping of bulls
based on motility. * Correlated significantly at the 0.05 level. ** Correlated significantly at the 0.01

level.

els were positively correlated with sperm viability, indicating
that higher HSP70 expression may contribute to improved
post-thaw survival. This was further supported by findings on
plasma membrane integrity, which was significantly higher
in the high-motility group (P < 0.05) and correlated with in-
creased HSP70 expression. Heat shock proteins, including
HSP70, are a class of molecular chaperones essential for cell
survival under stress (Hu et al., 2022). They help maintain
protein structure, prevent aggregation of misfolded proteins,
and support the refolding of denatured proteins (Rakib et al.,
2024). The dynamic expression of HSPs in response to ther-
mal and oxidative stress allows cells to adapt to harsh con-
ditions, such as those experienced during semen cryopreser-
vation (Szyller and Bil-Lula, 2021). In this context, the ob-
served relationship between HSP70 and both viability and
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membrane integrity suggests that this protein is crucial for
sperm resilience during freezing.

Moreover, reduced HSP70 levels may impair membrane
fluidity, a critical factor for motility and fertilization capacity
(Fatmila et al., 2024). HSP70 has been hypothesized to assist
in the folding of membrane proteins and may interact directly
with lipid membranes (De Maio and Hightower, 2021). In
the current study, poor-quality sperm, characterized by low
motility, viability, and membrane integrity, coincided with
decreased HSP70 expression, suggesting that the protein was
either depleted during stress adaptation or synthesized insuf-
ficiently. Disruption of membrane fluidity, potentially caused
by abnormal protein folding, can reduce motility, as reported
by Marinko et al. (2019). Importantly, a positive correla-
tion between HSP70 abundance and sperm motility sup-
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Figure 4. Regression plot of the relationship between HSP70 mRNA and protein abundance with sperm progressive motility and acrosome

integrity, regardless of bull grouping based on motility.

ports the idea that enhanced HSP70 synthesis improves cel-
lular resilience. HSP70 may promote Ca>"-ATPase activity,
which is critical for maintaining calcium homeostasis and
membrane function, and may also activate superoxide dis-
mutase (SOD) to protect against oxidative damage (Liu et
al., 2025; Pardede et al., 2023). Under conditions of stress,
the phosphorylation state of EIF-2« (eukaryotic initiation
factor-2 alpha) influences HSP expression (Alagar Boopa-
thy et al., 2022). Stress-induced dephosphorylation of EIF-
2« initiates translation of stress-protective proteins such as
HSP70 (Hu et al., 2010). However, bulls with poor motil-
ity showed reduced HSP70 abundance, suggesting that the
sperm may have sustained irreversible cellular damage be-
yond their stress-coping capacity.

Additionally, HSP70 proteins possess ATPase activity, es-
sential for their chaperone function and the refolding of
stress-denatured proteins (Mayer and Bukau, 2005). ATP hy-
drolysis is required to drive this activity (Mayer and Bukau,
2005). Since sperm motility depends heavily on mitochon-
drial adenosine triphosphate (ATP) production, reduced AT-
Pase activity, possibly due to cold shock during cryopreser-
vation, could impair motility (Zhang et al., 2024). Although
velocity-related parameters, such as VCL, VAP, and VSL,
did not differ significantly between groups, the significant
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differences in progressive and total motility suggest that
energy-dependent processes regulated by HSP70 may selec-
tively influence forward motility. Another key finding was
the considerable difference in acrosome integrity between
the two groups. HSP70 was not only expressed in the cy-
toplasm. Still, it was also found to be localized in the acroso-
mal and post-acrosomal regions of sperm, where it is likely
to contribute to the stability of membrane-associated proteins
during capacitation and the acrosome reaction (Grassi et al.,
2022). The acrosome plays a vital role in fertilization by fa-
cilitating sperm penetration into the zona pellucida (Hirose
et al., 2020). Disruption of the acrosomal structure, poten-
tially caused by oxidative stress and reduced HSP70 levels,
can therefore directly compromise fertilizing ability (Castro
et al., 2025).

Moreover, sperm DNA integrity was also compromised in
the low-motility group. DNA fragmentation is often the re-
sult of excessive ROS generation, driven by oxidative stress
during cryopreservation (Fleming and Thomson, 2025). ROS
can damage membrane lipids, impair protein function, and
fragment DNA, ultimately reducing sperm fertilizing capac-
ity (Wang et al., 2025). In this study, bulls with low motility
not only had higher DNA damage but also had lower HSP70
expression, further suggesting that this molecular chaperone
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plays a protective role in maintaining DNA integrity un-
der stress. Overall, the bulls with lower progressive motil-
ity consistently exhibited poorer sperm quality, including de-
creased viability, compromised membrane and acrosome in-
tegrity, and increased DNA damage, all of which were sig-
nificantly associated with lower levels of HSP70 mRNA and
protein. These findings suggest that insufficient HSP70 ex-
pression impairs sperm’s ability to cope with stress during
the freeze—thaw process, leading to structural and functional
damage. Previous studies have reported HSP90 as a poten-
tial biomarker of cryotolerance in bull sperm (Ugur et al.,
2019). Our study builds on this knowledge by demonstrating
the potential of HSP70, particularly in Donggala bulls, as a
marker of sperm motility and overall sperm quality. These
findings are especially relevant for Al centres aiming to im-
prove sire selection using molecular fertility indicators. In the
future, if specific threshold levels of HSP70 expression asso-
ciated with fertile or subfertile bulls can be established, this
biomarker may serve as an additional criterion for bull se-
lection and fertility evaluation in Al programmes. Although
further research is required to clarify the regulatory mecha-
nisms and validate these findings in larger populations, the
present study provides foundational insights into the poten-
tial application of HSP70 in bull fertility assessment.

5 Conclusions

In conclusion, this study highlights the important role of
HSP70 in maintaining sperm quality in Donggala bulls un-
der cryopreservation stress. The mRNA and protein levels
of HSP70 were positively correlated with progressive motil-
ity, viability, membrane and acrosome integrity, and DNA
stability. These findings suggest that HSP70 may serve as a
complementary molecular biomarker for bull fertility evalu-
ation, particularly for sperm motility, which remains the pri-
mary parameter used in breeding centres. Given the very lim-
ited population of Donggala bulls, identifying such biomark-
ers may facilitate future selection and expansion of qualified
breeding bulls for artificial insemination programmes while
supporting the conservation and sustainable genetic improve-
ment of this local breed.

Data availability. The datasets are available upon request from the
corresponding author.

Author contributions. BPP conceptualized and designed the
study. BPP and AK curated the data. BPP performed significant
parts of the experiments and analysed the data. BPP wrote the orig-
inal draft. BPP, AK, EMNS, YAMAS, SG, YD, SS, TM, HI, SYH,
and EM reviewed the paper. All of the authors contributed to editing
the paper and approved the final version of the paper.

Arch. Anim. Breed., 69, 239-250, 2026

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Ethical statement. This study was approved by the Animal
Ethics Commission of the National Research and Innovation
Agency under certificate no. 049/KE.02/SK/03/2023.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. The authors bear the ultimate responsibil-
ity for providing appropriate place names. Views expressed in the
text are those of the authors and do not necessarily reflect the views
of the publisher.

Acknowledgements. The authors would like to acknowledge the
Sidera Livestock Breeding Unit in Central Sulawesi, Indonesia, for
providing the frozen semen.

Financial support. This research has been supported by the
Universitas Gadjah Mada (grant no. 1617/UN1/DITLIT/Dit-
Lit/PT.01.00/2025).

Review statement. This paper was edited by Joachim Weitzel
and reviewed by two anonymous referees.

References

Agarwal, A., Panner Selvam, M. K., and Baskaran, S.: Pro-
teomic Analyses of Human Sperm Cells: Understanding
the Role of Proteins and Molecular Pathways Affecting
Male Reproductive Health, Int. J. Mol. Sci., 21, 1621,
https://doi.org/10.3390/ijms21051621, 2020.

Agil, M., Pardede, B. P., Purwantara, B., Arifiantini, R. 1., Hasbi,
H., Sonjaya, H., Said, S., Suyadi, S., Septian, W. A., Nugraha,
C. D., Putri, R. F,, Ardianto, A., Iskandar, H., Pamungkas, F. A.,
and Memili, E.: Sperm acrosome-associated 1 (SPACA1) mRNA
and protein molecules deficiency indicate low fertility and semen
quality of Bali bulls (Bos sondaicus), Theriogenology, 233, 80—
87, https://doi.org/10.1016/j.theriogenology.2024.11.009, 2025.

Alagar Boopathy, L. R., Jacob-Tomas, S., Alecki, C., and Vera,
M.: Mechanisms tailoring the expression of heat shock pro-
teins to proteostasis challenges, J. Biol. Chem., 298, 101796,
https://doi.org/10.1016/.jbc.2022.101796, 2022.

Baharun, A., Iskandar, H., Maulana, T., Rahmi, A., Handarini, R.,
Pramartaa, 1. Q., Pamungkas, F. A., Samsudewa, D., Kaiin, E.
M., Agung, P. P., Gunawan, M., Duma, Y., Arifiantini, R. L., and
Said, S.: Sperm protein profiles and their correlation with DNA
integrity and protamine deficiency in Donggala bulls (Bos indi-
cus): Implications for fertility assessment, Vet. World, 18, 2357—
2366, https://doi.org/10.14202/vetworld.2025.2357-2366, 2025.

Bashiri, Z., Amidi, F., Amiri, I., Zandieh, Z., Maki, C. B., Mo-
hammadi, F., Amiri, S., and Koruji, M.: Male Factors: the Role

https://doi.org/10.5194/aab-69-239-2026


https://doi.org/10.3390/ijms21051621
https://doi.org/10.1016/j.theriogenology.2024.11.009
https://doi.org/10.1016/j.jbc.2022.101796
https://doi.org/10.14202/vetworld.2025.2357-2366

B. P. Pardede et al.: Molecular characterization of sperm HSP70 in Donggala bulls 249

of Sperm in Preimplantation Embryo Quality, Reprod. Sci., 28,
1788-1811, https://doi.org/10.1007/s43032-020-00334-z, 2021.

Castro, M., Leal, K., Pezo, F., and Contreras, M. J.: Sperm
Membrane: Molecular Implications and Strategies for Cryop-
reservation in Productive Species, Animals (Basel), 15, 1808,
https://doi.org/10.3390/ani15121808, 2025.

De Maio, A. and Hightower, L.: The interaction of heat shock
proteins with cellular membranes: a historical perspective, Cell
Stress Chaperon., 26, 769-783, https://doi.org/10.1007/s12192-
021-01228-y, 2021.

Evans, C. G., Chang, L., and Gestwicki, J. E.: Heat shock protein
70 (hsp70) as an emerging drug target, J. Med. Chem., 53, 4585—
4602, https://doi.org/10.1021/jm100054f, 2010.

Fatmila, D. T., Pardede, B. P., Maulana, T., Said, S., Yudi,
Y., and Purwantara, B.: Sperm HSP70: may not be an
age-dependent gene but is associated with field fertility in
Bali bulls (Bos sondaicus), Anim. Reprod., 21, €20230048,
https://doi.org/10.1590/1984-3143-AR2023-0048, 2024.

Fleming, S. D. and Thomson, L. K.: The Oxidative Stress of Hu-
man Sperm Cryopreservation, Antioxidants (Basel), 14, 402,
https://doi.org/10.3390/antiox 14040402, 2025.

Grassi, S., Bisconti, M., Martinet, B., Arcolia, V., Simon, J. F,,
Wattiez, R., Leroy, B., and Hennebert, E.: Targeted Analy-
sis of HSP70 Isoforms in Human Spermatozoa in the Con-
text of Capacitation and Motility, Int. J. Mol. Sci., 23, 6497,
https://doi.org/10.3390/ijms23126497, 2022.

Hai, E., Li, B., Zhang, J., and Zhang, J.: Sperm freezing damage:
the role of regulated cell death, Cell Death Discov., 10, 239,
https://doi.org/10.1038/s41420-024-02013-3, 2024.

Hasbi, H., Iskandar, H., Sonjaya, H., Purwantara, B., Arifiantini,
R. L., Agil, M., Pardede, B. P., Suyadi, S., Septian, W. A., Sam-
sudewa, D., Damayanti, E., Maulana, T., and Said, S.: Compar-
ative developmental competence of in vitro embryos recovered
from Bali cattle with normal and poor sperm motility, Vet. World,
17, 593-601, https://doi.org/10.14202/vetworld.2024.593-601,
2024.

Hirose, M., Honda, A., Fulka, H., Tamura-Nakano, M., Matoba, S.,
Tomishima, T., Mochida, K., Hasegawa, A., Nagashima, K., In-
oue, K., Ohtsuka, M., Baba, T., Yanagimachi, R., and Ogura, A.:
Acrosin is essential for sperm penetration through the zona pel-
lucida in hamsters, P. Natl. Acad. Sci. USA, 117, 2513-2518,
https://doi.org/10.1073/pnas.1917595117, 2020.

Hu, C., Yang, J., Qi, Z., Wu, H., Wang, B., Zou, F., Mei, H.,
Liu, J., Wang, W,, and Liu, Q.: Heat shock proteins: Biologi-
cal functions, pathological roles, and therapeutic opportunities,
MedComm., 3, e161, https://doi.org/10.1002/mc02.161, 2022.

Hu, S., Claud, E. C.,, Musch, M. W, and Chang, E. B.:
Stress granule formation mediates the inhibition of colonic
Hsp70 translation by interferon-gamma and tumor necrosis
factor-alpha, Am. J. Physiol. Gastr. L., 298, G481-G492,
https://doi.org/10.1152/ajpgi.00234.2009, 2010.

Indriastuti, R., Pardede, B. P., Gunawan, A., Ulum, M. F., Arifi-
antini, R. 1., and Purwantara, B.: Sperm Transcriptome Anal-
ysis Accurately Reveals Male Fertility Potential in Livestock,
Animals (Basel), 12, 2955, https://doi.org/10.3390/ani12212955,
2022.

Kusumawati, A., Satrio, F. A., Indriastuti, R., Rosyada, Z. N.
A., Pardede, B. P, Agil, M., and Purwantara, B.: Sperm
Head Morphology Alterations Associated with Chromatin In-

https://doi.org/10.5194/aab-69-239-2026

stability and Lack of Protamine Abundance in Frozen-Thawed
Sperm of Indonesian Local Bulls, Animals (Basel), 13, 2433,
https://doi.org/10.3390/ani13152433, 2023.

Len, J. S., Koh, W. S. D., and Tan, S. X.: The roles of reactive
oxygen spcies and antioxidants in cryopreservation, Bioscience
Rep., 39, BSR20191601, https://doi.org/10.1042/BSR20191601,
2019.

Liu, S, Liu, J., Wang, Y., Deng, F., and Deng, Z.: Oxidative Stress:
Signaling Pathways, Biological Functions, and Disease, Med-
Comm., 6, €70268, https://doi.org/10.1002/mc02.70268, 2025.

Marinko, J. T., Huang, H., Penn, W. D., Capra, J. A., Schle-
bach, J. P, and Sanders, C. R.: Folding and Misfolding of Hu-
man Membrane Proteins in Health and Disease: From Single
Molecules to Cellular Proteostasis, Chem. Rev., 119, 5537-5606,
https://doi.org/10.1021/acs.chemrev.8b00532, 2019.

Mayer, M. P. and Bukau, B.: Hsp70 chaperones: cellular functions
and molecular mechanism, Cell. Mol. Life Sci., 62, 670-684,
https://doi.org/10.1007/s00018-004-4464-6, 2005.

Pardede, B. P, Agil, M., and Supriatna, I.: Protamine and
other proteins in sperm and seminal plasma as molec-
ular markers of bull fertility, Vet. World, 13, 556-562,
https://doi.org/10.14202/vetworld.2020.556-562, 2020a.

Pardede, B. P, Agil, M., Yudi, Y., and Supriatna, L.: Rela-
tionship of frozen-thawed semen quality with the fer-
tility rate after being distributed in the Brahman Cross
Breeding Program, Vet. World, 80 13, 2649-2657,
https://doi.org/10.14202/vetworld.2020.2649-2657, 2020b.

Pardede, B. P, Maulana, T., Kaiin, E. M., Agil, M., Karja,
N. W. K., Sumantri, C., and Supriatna, I.: The poten-
tial of sperm bovine protamine as a protein marker of se-
men production and quality at the National Artificial In-
semination Center of Indonesia, Vet. World, 14, 2473-2481,
https://doi.org/10.14202/vetworld.2021.2473-2481, 2021.

Pardede, B. P, Agil, M., Karja, N. W. K., Sumantri, C., Supri-
atna, I., and Purwantara, B.: PRM1 Gene Expression and Its
Protein Abundance in Frozen-Thawed Spermatozoa as Poten-
tial Fertility Markers in Breeding Bulls, Vet. Sci., 9, 111,
https://doi.org/10.3390/vetsci9030111, 2022.

Pardede, B. P., Kusumawati, A., Pangestu, M., and Pur-
wantara, B.: Bovine sperm HSP-70 molecules: a po-
tential cryo-tolerance marker associated with semen
quality and fertility rate, Front. Vet. Sci., 10, 1167594,
https://doi.org/10.3389/fvets.2023.1167594, 2023.

Pardede, B. P, Karja, N. W. K., Said, S., Kaiin, E. M.,
Agil, M., Sumantri, C., Purwantara, B., and Supriatna,
I.: Bovine nucleoprotein transitions genes and protein
abundance as valuable markers of sperm motility and
the correlation with fertility, Theriogenology, 215, 86-94,
https://doi.org/10.1016/j.theriogenology.2023.11.015, 2024.

Pardede, B. P., Sawitri, W., Amaliya, A., Agil, M., Supriatna, I.,
Karja, N. W. K., and Sumantri, C.: Protamine-2 protein abun-
dance in Ongole Grade mature spermatozoa is unrelated to semen
quality and DNA fragmentation, BIO Web. Conf., 162, 00006,
https://doi.org/10.1051/bioconf/202516200006, 2025a.

Pardede, B. P, Setyawan, E. M. N., Said, S., Kusumawati, A.,
Purwantara, B., Pangestu, M., and Memili, E.: A-Kinase An-
chor Protein 4 (proAKAP4): Protein Molecule-Based Fertil-
ity Marker of Indonesian Dairy Bull and Its Correlation With

Arch. Anim. Breed., 69, 239-250, 2026


https://doi.org/10.1007/s43032-020-00334-z
https://doi.org/10.3390/ani15121808
https://doi.org/10.1007/s12192-021-01228-y
https://doi.org/10.1007/s12192-021-01228-y
https://doi.org/10.1021/jm100054f
https://doi.org/10.1590/1984-3143-AR2023-0048
https://doi.org/10.3390/antiox14040402
https://doi.org/10.3390/ijms23126497
https://doi.org/10.1038/s41420-024-02013-3
https://doi.org/10.14202/vetworld.2024.593-601
https://doi.org/10.1073/pnas.1917595117
https://doi.org/10.1002/mco2.161
https://doi.org/10.1152/ajpgi.00234.2009
https://doi.org/10.3390/ani12212955
https://doi.org/10.3390/ani13152433
https://doi.org/10.1042/BSR20191601
https://doi.org/10.1002/mco2.70268
https://doi.org/10.1021/acs.chemrev.8b00532
https://doi.org/10.1007/s00018-004-4464-6
https://doi.org/10.14202/vetworld.2020.556-562
https://doi.org/10.14202/vetworld.2020.2649-2657
https://doi.org/10.14202/vetworld.2021.2473-2481
https://doi.org/10.3390/vetsci9030111
https://doi.org/10.3389/fvets.2023.1167594
https://doi.org/10.1016/j.theriogenology.2023.11.015
https://doi.org/10.1051/bioconf/202516200006

250 B. P. Pardede et al.: Molecular characterization of sperm HSP70 in Donggala bulls

Frozen-Thawed Sperm Quality, Vet. Med. Int., 2025, 8367714,
https://doi.org/10.1155/vmi/8367714, 2025b.

Rajoriya, J. S., Prasad, J. K., Ghosh, S. K., Perumal, P., Anuj Kumar,
Shobhana Kaushal, and Ramteke, S. S.: Studies on effect of dif-
ferent seasons on expression of HSP70 and HSP90 gene in sperm
of Tharparkar bull semen, Asian Pacific J. Reprod., 3, 192-199,
https://doi.org/10.1016/S2305-0500(14)60025-7, 2014.

Rakib, M. R. H., Messina, V., Gargiulo, J. I, Lyons, N.
A., and Garcia, S. C.: Graduate Student Literature Re-
view: Potential use of HSP70 as an indicator of heat stress
in dairy cows-A review, J. Dairy Sci.,, 107, 11597-11610,
https://doi.org/10.3168/jds.2024-24947, 2024.

Rosyada, Z. N. A., Ulum, M. F, Tumbelaka, L. I. T. A., Solihin, D.
D., Purwantara, B., and Memili, E.: Implications of sperm heat
shock protein 70-2 in bull fertility, Vet. World, 15, 1456-1466,
https://doi.org/10.14202/vetworld.2022.1456-1466, 2022.

Rosyada, Z. N. A., Pardede, B. P, Kaiin, E. M., Tumbelaka, L. 1.
T. A., Solihin, D. D., Purwantara, B., and Ulum, M. F.: Identi-
fication of heat shock protein70-2 and protamine-1 mRNA, pro-
teins, and analyses of their association with fertility using frozen-
thawed sperm in Madura bulls, Anim. Biosci., 36, 1796-1805,
https://doi.org/10.5713/ab.23.0142, 2023.

Singh, M. K., Han, S., Ju, S., Ranbhise, J. S., Ha, J., Yeo, S. G.,
Kim, S. S., and Kang, I.: Hsp70: A Multifunctional Chaperone in
Maintaining Proteostasis and Its Implications in Human Disease,
Cells, 14, 509, https://doi.org/10.3390/cells 14070509, 2025.

Somashekar, L., Selvaraju, S., Parthipan, S., Patil, S. K., Binsila,
B. K., Venkataswamy, M. M., Karthik Bhat, S., and Ravindra,
J. P., Comparative sperm protein profiling in bulls differing in
fertility and identification of phosphatidylethanolamine-binding
protein 4, a potential fertility marker, Andrology, 5, 1032-1051,
https://doi.org/10.1111/andr.12404, 2017.

Szyller, J. and Bil-Lula, I.: Heat Shock Proteins in Oxidative Stress
and Ischemia/Reperfusion Injury and Benefits from Physical Ex-
ercises: A Review to the Current Knowledge, Oxid. Med. Cell
Longev., 2021, 6678457, https://doi.org/10.1155/2021/6678457,
2021.

Arch. Anim. Breed., 69, 239-250, 2026

Tanga, B. M., Qamar, A. Y., Raza, S., Bang, S., Fang, X., Yoon, K.,
and Cho, J.: Semen evaluation: methodological advancements
in sperm quality-specific fertility assessment — A review, Anim.
Biosci., 34, 1253-1270, https://doi.org/10.5713/ab.21.0072,
2021.

Ugur, M. R., Saber Abdelrahman, A., Evans, H. C., Gilmore, A. A.,
Hitit, M., Arifiantini, R. I., Purwantara, B., Kaya, A., and Memili,
E.: Advances in Cryopreservation of Bull Sperm, Front. Vet. Sci.,
6, 268, https://doi.org/10.3389/fvets.2019.00268, 2019.

Wang, Y., Fu, X, and Li, H.: Mechanisms of oxidative stress-
induced sperm dysfunction, Front. Endocrinol-Lausanne, 16,
1520835, https://doi.org/10.3389/fendo.2025.1520835, 2025.

Zhang, K., Zhai, R., Xue, T, Xu, X., Ren, Y., Ma, M,
Shi, F., Wang, H.,, Wang, N., and Zhou, F.: HSP70 reg-
ulates cell proliferation and apoptosis in actinomycin-D-
treated lung cancer cells, Transl. Cancer. Res., 9, 1167-1173,
https://doi.org/10.21037/tcr.2019.12.100, 2020.

Zhang, L., Sun, Y., Jiang, C., Sohail, T., Sun, X., Wang, J., and Li,
Y.: Damage to Mitochondria During the Cryopreservation, Caus-
ing ROS Leakage, Leading to Oxidative Stress and Decreased
Quality of Ram Sperm, Reprod. Domest. Anim., 59, 14737,
https://doi.org/10.1111/rda.14737, 2024.

Zhang, Y., Ma, W., Ma, C., Zhang, Q., Tian, Z., Tian, Z.,
Chen, H., Guo, J., Wan, F., and Zhou, Z.: The hsp70 new
functions as a regulator of reproduction both female and
male in Ophraella communa, Front. Mol. Biosci., 9, 931525,
https://doi.org/10.3389/fmolb.2022.931525, 2022.

Zou, P, Wang, X., Yang, W., Liu, C., Chen, Q., Yang, H.,
Zhou, N., Zeng, Y., Chen, H., Zhang, G., Liu, J., Cao, J.,
Ao, L., and Sun, L.: Mechanisms of Stress-Induced Sper-
matogenesis Impairment in Male Rats Following Unpredictable
Chronic Mild Stress (uCMS), Int. J. Mol. Sci., 20, 4470,
https://doi.org/10.3390/ijms20184470, 2019.

https://doi.org/10.5194/aab-69-239-2026


https://doi.org/10.1155/vmi/8367714
https://doi.org/10.1016/S2305-0500(14)60025-7
https://doi.org/10.3168/jds.2024-24947
https://doi.org/10.14202/vetworld.2022.1456-1466
https://doi.org/10.5713/ab.23.0142
https://doi.org/10.3390/cells14070509
https://doi.org/10.1111/andr.12404
https://doi.org/10.1155/2021/6678457
https://doi.org/10.5713/ab.21.0072
https://doi.org/10.3389/fvets.2019.00268
https://doi.org/10.3389/fendo.2025.1520835
https://doi.org/10.21037/tcr.2019.12.100
https://doi.org/10.1111/rda.14737
https://doi.org/10.3389/fmolb.2022.931525
https://doi.org/10.3390/ijms20184470

	Abstract
	Introduction
	Materials and methods
	Experimental design
	Cryopreserved semen quality assessment
	Sperm motility parameter assessment
	Sperm viability and morphological abnormality assessment
	Sperm plasma membrane integrity assessment
	Acrosomal integrity assessment
	Sperm DNA integrity assessment
	Protamine deficiency assessment

	Bovine HSP-70 mRNA and protein abundance assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

