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Article Info Abstract

Article history: This study evaluated the protective effects of intraperitoneal (IP) tannic acid (TA) against
ischemia-reperfusion (IR) injury in a rat model of testicular torsion. Eighteen mature male Wistar
rats were randomized into three groups, including sham (surgery without ischemia), IR (3 hr
ischemia + 3 hr reperfusion), and IR + TA (50.00 mg kg1 TA; 100 pL intraperitoneally 30 min
before reperfusion). Testicular tissues were sampled immediately after reperfusion for bio-
chemical assays to measure malondialdehyde (MDA), superoxide dismutase (SOD),and glutathione
peroxidase (GPx) levels. Epididymides were analyzed 60 days later for sperm count, motility,
viability, morphology, and DNA integrity. The IR significantly elevated MDA and sperm DNA
Ischemia-reperfusion damage while reducing SOD, GPx, sperm parameters, testicular weight, and spermatogenesis.
Rat The TA administration reversed these changes and restored the parameters to levels close to

Received: 26 September 2025
Accepted: 15 November 2025
Available online: 15 September 2026

Keywords:

Tannic acid those of the sham group. Overall, intraperitoneal TA mitigated IR-induced oxidative stress and
Testis preserved reproductive function, indicating its potential therapeutic value in testicular torsion.
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Introduction This oxidative burden is especially harmful in

Ischemia, or stopping blood flow, makes it harder for
tissues to get oxygen and glucose, which cells need to
work.! Reperfusion restores flow, but the ischemia-
reperfusion (IR) sequence can paradoxically exacerbate
damage. In combination, they cause injuries at the cellular
and organ levels, leading to cell death and increased
immunogenicity, being known as IR injury. In clinical
practice, IR injury frequently occurs during cardiac
surgery, liver resection, various types of shock, and
inevitably, organ transplantation.2® Mechanistically, it
interacts with converging pathways, encompassing sterile
inflammation, necrosis, apoptosis, and oxidative stress.*
Ischemic tissue must restore blood supply to facilitate
cellular repair and eliminate toxic metabolites;
paradoxically, reperfusion can exacerbate injury beyond
the effects of ischemia alone.5 Intra-cellular systems tightly
control reactive oxygen species (ROS) to keep the body
balance under normal conditions. During IR, excessive ROS
production likely causes tissue damage. The ROS attack
lipids, proteins, and nucleic acids, weakening membranes,
changing the structure and function of proteins, and
causing genetic mutations.6”
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metabolically active tissues, like the testis where cells are
constantly being replaced. This shows how important it is
to have built-in anti-oxidant defenses.? In line with this
mechanism, numerous studies indicate germ cell loss and
seminiferous epithelium disruption subsequent to the
testicular IR injury.® Testicular torsion occurs when a
testis rotates around the spermatic cord, disrupting its
blood supply. If not diagnosed quickly, this condition can
cause ischemic damage and possibly testicle loss. The
standard treatment entails surgical intervention, which, if
performed within 6 hr of symptom onset, generally
facilitates testicular preservation in the majority of
instances.1011 [t is well-known that unilateral testicular
torsion can hurt both the affected testis and the other
testis, which could lead to infertility or abnormal spermio-
grams.'2 The injury to the affected testis resulting from
torsion and detorsion resembles the IR phenomenon seen
in other tissues. Nonetheless, the mechanism underlying
contralateral testicular injury remains contentious.!3
Recent evidence suggests that unilateral testicular
torsion can elicit a reflex, diminishing perfusion in the
contralateral testis. Electromagnetic and radioisotope
studies demonstrate unilateral testicular torsion not only
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reduces blood flow but also results in the accumulation
of hypoxic metabolites in the contralateral testis.l*
Malondialdehyde (MDA), a stable end-product of lipid
peroxidation induced by ROS, serves as a reliable indirect
marker of ROS activity. Enzymatic anti-oxidants, like
superoxide dismutase (SOD) and glutathione peroxidase
(GPx), are also very important for reducing oxidative
stress and stopping tissue damage caused by ROS.15 The
MDA causes injury by making adducts, polymerizing and
cross-linking the parts of the membrane, changing the
structure of the bilayer and causing extensive damage to
cells. Reactive oxygen species also damage DNA,
producing 8-hydroxyguanine, a common sign of oxidative
DNA damage. Even though free radicals are always being
made, the body's own anti-oxidant systems usually keep
their effects in check.’® When physiological or
pathological stress disrupts this redox equilibrium,
oxidative damage ensues. Although earlier diagnosis
may mitigate ischemic injury, a certain level of
reperfusion injury (and its subsequent effects) remains
challenging to prevent.17.18

In response, many studies have looked at anti-oxidants
and anti-inflammatory drugs to lessen damage when
ischemic testicular tissue is reperfused. Compounds,
including nifedipine, diclofenac, vitamin E, nitric oxide,
amlodipine, verapamil, ghrelin, allopurinol, and
dexmedetomidine, have been examined for their efficacy
in mitigating IR injuries in rat testicular tissue, yielding
favorable outcomes.1%20 Tannic acid (TA), a polyphenolic
compound, has demonstrated potent anti-oxidant
properties by scavenging ROS and inhibiting lipid
peroxidation in various IR models, including renal and
cerebral tissues. For instance, TA improves renal function
recovery post-IR by reducing oxidative stress and
promoting endothelial cell proliferation.2! Its anti-
inflammatory effects also mitigate tissue damage in
myocardial IR.

In line with that, the present study aimed to evaluate
the efficacy of intraperitoneal TA administration in
mitigating IR injuries in a rat model of testicular torsion.22
To evaluate the protective effects of TA against these
injuries, biochemical and sperm parameters were assessed.

Materials and Methods

Experimental animals. Eighteen 12-14-week-old
(250 - 300 g) mature male Wistar rats were obtained from
the Laboratory Animals Breeding Center at the Faculty of
Veterinary Medicine, Urmia University, Urmia, Iran. The
rats were maintained under standard housing conditions
with natural lighting and stable room temperature, and
kept in standard rat cages at the university’s veterinary
clinic. The study was carried out in accordance with the
regulations of the Animal Ethics Committee of Urmia
University, Urmia, Iran (IR-UU-AEC-3/49).

Experimental design and grouping. The rats were
randomly split into three groups, each containing six
animals (n = 6). Group 1 (control) had middle incision in
the lower abdomen, then the testicles were moved and put
back into the scrotum through the inguinal canal. After 60
days, the testes were taken out for testing. Group 2 (IR)
underwent 3 hr of ischemia followed by 3 hr of
reperfusion. After 6 hr, the testes were collected from
three rats for biochemical tests. After 60 days, the
epididymides from the remaining three rats were
examined to evaluate sperm function. Group 3 (IR/TA)
followed identical IR protocol, receiving 100 pL of TA
(50.00 mg kg1) intraperitoneally 30 min prior to the
conclusion of ischemia.22 Testes and epididymides were
harvested as in group 2 for biochemical and sperm
parameters analyses, respectively.22 The left testis in all
groups was rotated 720 degrees clockwise, fixed, and later
returned to its normal position, kept moist with saline-
soaked swabs during torsion.

Surgical procedure and anesthesia. All experimental
procedures adhered to the ethical guidelines established
by the International Association for the Study of Pain.
Anesthesia was administered to the rats via intra-
peritoneal injections of ketamine (90.00 mg kg1; Bremer,
Warburg, Germany) and xylazine (5.00 mg kg?; Kela,
Hoogstraten, Belgium). Following anesthesia, rats were
positioned dorsally on a surgical table, and a midline
lower abdominal incision was made after surgical
preparation. Ischemia and reperfusion were induced
according to a previously described method of Mestrovi¢
et al., with the left testis rotated and repositioned post-
ischemia.!® Epididymides were isolated for sperm quality
analysis, and testes were processed for biochemical and
histological evaluations.

Sperm parameters analysis. Sperm parameters,
including concentration, motility, viability, and
morphology, were assessed by incubating epididymal
sperm at 37.00 °C for 1 hr.2? Sperm concentration was
determined by diluting samples with distilled water and
performing counts on a slide. A Neubauer hemocytometer
was used under a light microscope (BH-2; Olympus Tokyo,
Japan) at 400x. Motility was evaluated under a light phase-
contrast microscope (BX41; Olympus) at 400x, and
viability was assessed using Eosin-Nigrosin staining,
distinguishing live (unstained) from dead (red-stained)
sperms. Morphology was examined using Eosin-Nigrosin
and Acridine Orange staining to identify immature sperms
and DNA damage. For morphology, 200 spermatozoa were
examined per sample at 400x, classifying abnormalities in
head, tail, or mid-piece.23

Histological analysis. Testicular tissue was fixed in
10.00% buffered formalin, processed, and stained with
Hematoxylin and Eosin for histological examination under
the light microscope at 400x. Spermatogenesis was
evaluated using Johnsen method, grading testicular
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histology on a scale of 1-10 based on spermatogenic
maturity; 1 indicates no germ cells or Sertoli cells only and
10 indicates complete spermatogenesis with many
spermatozoa, with a score of 1 - 10 assigned to 100
seminiferous tubules per animal. The percentage of
mature seminiferous tubules (scores 9 and 10) was also
determined. The spermiogenesis index, indicating the
percentage of tubules with normal spermiogenesis, was
also calculated.z*

Tissue preparation and biochemical analysis. The
left testes were rinsed with 0.90% NaCl, homogenized in
1.50% potassium chloride to create a 10.00% homo-
genate, washed twice with cold saline, and then labeled
and frozen for subsequent analysis. Biochemical assays
measured MDA, SOD, and GPx using commercial Kkits
(Navand Salamat, Iran) via spectrophotometer (Thermo
Fisher Scientific, USA). The MDA was quantified at 523 nm
(nmol g1 protein), and SOD and GPx activities at 405 nm
and 550 nm, respectively (U mg protein). The right testis
underwent identical ischemia and treatment protocols but
it was subjected to 6 days of reperfusion before collection
for histopathological and spermatological assessments.23

Statistical analysis. Data were expressed as mean *
standard error and analyzed using SPSS Software (version
27.0; IBM Corp., Armonk, USA). Quantitative data were
evaluated with one-way analysis of variance followed by
Tukey’s post-hoc tests, while qualitative clinical rankings
were assessed using Mann-Whitney and Kruskal-Wallis
tests. A significance threshold of p < 0.05 was adopted.

Results

Sperm concentration assessment. The results
obtained from sperm count analysis and the comparison
across the different experimental groups demonstrated
that the injection of TA significantly increased sperm
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concentration compared to the reperfusion group (p <
0.05). Furthermore, a significant reduction in sperm
concentration was observed in the reperfusion group (p
< 0.05; Fig. 1A).

Assessment of total sperm motility. The assessment
of total sperm motility percentage indicated a significant
decrease in the reperfusion group compared to the other
groups (p < 0.05). Furthermore, TA administration
significantly enhanced total sperm motility percentage
relative to the reperfusion group (p < 0.05; Fig. 1B).

Assessment of sperm viability. The evaluation of
sperm viability percentage demonstrated that reperfusion
significantly reduced the proportion of viable sperms (p <
0.05). Furthermore, intraperitoneal administration of TA
during reperfusion significantly improved sperm viability
percentage (p < 0.05; Fig. 1C).

Assessment of sperm morphology. Evaluations
showed that IR increased abnormal sperms (e.g., head/tail
defects) to 25.00% + 3.00% versus 8.00% = 2.00% in
control group (p < 0.05). The TA reduced abnormalities to
12.00% + 2.00% (p < 0.05 versus IR; Fig. 1D).

Assessment of sperm DNA damage. The evaluation
of sperm DNA damage results revealed that the
reperfusion significantly increased sperm DNA damage (p
< 0.05). In contrast, the injection of TA significantly
reduced sperm DNA damage compared to the reperfusion
group (p < 0.05; Fig. 1E).

Biochemical analysis. The IR elevated MDA and
reduced SOD and GPx versus control group (p < 0.05). The
TA lowered MDA and raised SOD and GPx (p < 0.05 versus
IR; Figs. 2A - 2C).

Histological evaluations of the testis. The
evaluation of testicular seminiferous tubules quality and
maturity across various experimental groups
demonstrated that IR significantly impaired both the
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Fig. 1. Sperm parameters in experimental groups. A) Sperm concentration; B) Total sperm motility; C) Sperm viability; D) Sperm
morphology; E) Sperm DNA damage in the control, ischemia/reperfusion (IR), and IR + tannic acid (TA) groups.
abe Different letters indicate statistically significant differences (p < 0.05).
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compared to the control group. Notably, the
administration of TA following IR significantly improved
these parameters relative to the IR group.

Evaluation of spermatogenesis in different
experimental groups. The evaluation of spermatogenesis
in various experimental groups revealed that testicular
IR significantly reduced the spermiogenesis index (Fig.
3B) and caused notable disruptions in the normal
process of spermatogenesis in testicular tissue (Fig. 3C)
compared to the control group. However, TA
administration following the induction of IR significantly
increased the spermiogenesis index (Fig. 4) and
improved the spermatogenesis process in testicular
tissue compared to the IR group.

£

2500

H

Discussion

The present study investigated the effects of TA on
sperm parameters and testicular tissue damage resulting
from torsion/detorsion in mature rats. The results
revealed that testicular torsion significantly impaired
sperm quality and induced tissue damage. In contrast, TA,
likely owing to its anti-oxidant properties, effectively
attenuated the damage resulting from testicular torsion.
Testicular torsion is recognized as a urological emergency
in pediatric populations, and if not diagnosed and treated
promptly, it may lead to infertility.2> The only effective
treatment for testicular torsion following diagnosis is
urgent surgical intervention to restore blood flow to the
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Fig. 2. Effect of different concentrations of tannic acid (TA) supplementation on glutathione peroxidase (GPx), superoxide dismutase
(SOD), and malondialdehyde (MDA) levels. IR: Ischemia/reperfusion.
abe Different letters indicate statistically significant differences (p < 0.05).
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Fig. 3. Histological parameters in experimental groups. A) Mean seminiferous tubules quality; B) Mean seminiferous tubules maturity;
C) Spermiogenesis index in the control, ischemia/reperfusion (IR), and IR + tannic acid (TA) groups.
abe leferent letters 1nd1cate statistically 51gn1ﬁcant dlfferences (p <0.05).

2 Tl :"- .Dr' e, 1 s g, OIS & :‘-.‘ Sa et o
. x«g@% e el
iz 0 \‘h’lﬂ’v.\. ?( '\ Y 5 2 PO e e "’ﬁ AN
aie P . FOE S Vot S0 AR
p G N £ — e R ’*Q,,

2
H

8
g

Johnsen's criterion
H
H

Spermiogenesis index (%)

g
g

°
H

B Seminiferous tubules maturity (%)

Fig. 4. Hlstologlcal analy51s of testlcular tissue; cross- sectlonal view of the testicular tlssue A) Sham group showmg actlve
spermatogenesis and normal histological structure in seminiferous tubules; B) Ischemia/reperfusion (IR) group exhibiting structural
changes in seminiferous tubules and disrupted spermatogenesis; C) IR + tannic acid group demonstrating significant improvement in
testicular micro-structure and spermatogenesis following tannic acid administration. The arrows represent the sperm density in the
seminiferous tubules’ lumen, being significantly lower in the IR group compared to the control group. The IR + tannic acid group showed
improvements in sperm density compared to the IR group. The asterisks indicate disorganization and disturbance in the seminiferous
tubules, with IR group showing the most severe effects, while IR + tannic acid group exhibited lesser degrees of disruption, (Hematoxylin-
Eosin staining; 400x).



H. Ghaemi et al. Veterinary Research Forum. 2026; 17 (9): 639 - 645 643

ischemic tissue. Numerous studies have shown that
reperfusion itself can exacerbate tissue damage in the
testis.26 Impaired blood supply to an organ leads to cellular
damage and death.2?” While restoring blood flow can
salvage the tissue, it may also cause additional harm.
Several factors, including increased free radical
production, inflammatory cytokines, and damage to the
small blood vessels, may contribute to injuries following
reperfusion.z8 Reperfusion of ischemic tissue can also lead
to ROS formation.?? These free radicals cause damage to
cell membranes and increase leukocyte adhesion to the
endothelium.3? Testicular torsion also results in the death
of germ cells due to the insufficient oxygen supply,
accumulation of toxic metabolites, and depletion of cellular
energy reserves.3! Testicular tissue is highly sensitive to
free radicals because of its high cellular division rate and
continuous spermatogenesis, requiring substantial oxygen
consumption, rendering it particularly vulnerable to
oxygen deprivation.32 All living cells, including sperm and
testicular tissue cells, produce ROS as a part of normal
metabolic activities. However, an excessive increase in
ROS levels can cause substantial damage to these cells.33
Consequently, oxidative stress has been identified as a
significant factor in male infertility, as evidenced by
elevated levels of ROS in the seminal fluid of infertile
men.3* Testicular tissue, semen, and sperm are equipped
with anti-oxidant enzymes, including SOD, catalase (CAT),
and GPx, neutralizing free radicals. Additionally, MDA
serves as a marker of lipid peroxidation. However, during
IR, the excessive production of ROS overwhelms these
anti-oxidant enzymes, rendering them inadequate for
eliminating all free radicals.3> Our biochemical results
confirm that IR increases MDA and decreases SOD/GPx,
mitigated by TA. It is well-established that reperfusion
following IR induces adverse effects, such as germ cell loss
and disruption of the seminiferous epithelium in the
testis.3¢ Reactive oxygen species, such as superoxide
anions, singlet oxygen, and hydrogen peroxide, play a
critical role in exacerbating testicular injury caused by

IR37  Under physiological conditions, anti-oxidant
mechanisms  effectively neutralize free radicals,
maintaining cellular homeostasis. However, under

oxidative stress, an imbalance between free radicals and
anti-oxidants results in cellular damage. During ischemia,
the breakdown of adenosine triphosphate leads to
elevated intra-cellular hypoxanthine levels. Upon
reperfusion, xanthine oxidase catalyzes the conversion of
hypoxanthine and superoxide into additional ROS.
Glutathione peroxidase and CAT constitute the primary
line of cellular defense against oxidative stress.3> During
testicular torsion and detorsion, an elevated production of
free radicals’ triggers lipid peroxidation. The cell
membranes of testicular tissue, having abundant
unsaturated fatty acids, are particularly vulnerable to
oxidative damage.3® Thus, agents suppressing oxidative

stress or enhancing anti-oxidant enzyme activity exert
protective effects against testicular IR injury.38 In this
context, caffeic acid derivatives have been reported to
possess potent anti-oxidant effects, contributing to the
amelioration of IR-induced damage. 3°A previous study
demonstrated that Echinacea purpurea  extract,
administered at the doses of 50.00 and 100 mg kg1,
significantly enhanced sperm count and motility in rats
with IR-injured testes.*® Oral administration of E. purpurea
extract (100 mg kg! for 8 weeks) prior to gamma
radiation exposure markedly increased the activities of
GPx, SOD, and CAT in rat testes. These anti-oxidant
constituents, acting as potent free radical scavengers,
protect cells against oxidative stress and prevent
membrane degradation.#! The present study revealed that
TA markedly improved sperm quality parameters,
including both count and motility. Numerous
investigations have examined the protective role of potent
anti-oxidants, such as phytochemicals, vitamins, and
enzymes, in alleviating testicular injury induced by
torsion/detorsion in rats. Among these, melatonin has
been shown to significantly decrease the incidence of
sperm abnormalities following testicular torsion/
detorsion.#2 A separate study determined that lycopene
significantly improved sperm motility and decreased the
incidence of abnormal sperms.#? Additionally, ghrelin was
reported to significantly increase sperm motility and
concentration in IR-injured testes. Oxidative stress causes
single- or double-strand DNA breaks in sperm, ultimately
impairing sperm function.** Increased DNA damage in
sperm cells can disrupt fertilization and embryonic
development. Abnormalities resulting from experimental
unilateral testicular IR may stem from the detrimental
effects of ROS-producing damaged sperms during in vitro
oocyte fertilization. Inflammatory responses and male
reproductive system injuries, such as testicular torsion, are
established exogenous sources of ROS, contributing to
reduced sperm function and associated fertility
disorders.*> The current study also showed that IR caused
sperm DNA damage, being mitigated by TA administration.
As previously noted, testicular atrophy and degenerative
changes are common clinical outcomes of testicular
torsion, a critical acute injury, particularly in pediatric
urology.*¢ Histological evaluations provide significant
insights into the extent of these changes.#” Former studies
have shown that IR induces degeneration in the germinal
epithelium of seminiferous tubules, leading to extensive
tissue damage. These IR-induced histological changes
significantly reduce stereological parameters, such as
seminiferous tubules diameter, germinal epithelium
height, and spermatogenic indices.*® The morphological
and morphometric analyses in the present study are
consistent with these observations. Our findings
confirmed that IR caused pronounced damage to the
seminiferous tubules, whereas TA markedly attenuated
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IR-induced testicular injury in rats. Similarly, Azizollahi et
al. demonstrated that vitamin C administration in rats
subjected to testicular torsion significantly improved the
rate of spermatogenesis and increased seminiferous
tubules diameter compared to the untreated IR group. 4°
Ozbal et al reported that administration of a-lipoic acid
after experimental testicular torsion significantly
increased the mean seminiferous tubules diameter and
Johnsen’s score compared to the control group.>?

In conclusion, this study indicates IR can cause severe
damage to sperm parameters and testicular tissue in rats.
However, TA, likely due to its anti-oxidant properties,
appears capable of partially ameliorating the adverse
effects of unilateral testicular IR in the male reproductive
system. This suggests that TA could serve as a promising
option for enhancing therapeutic strategies aimed at
mitigating fertility disorders resulting from testicular
torsion. However, elucidating its clinical efficacy in treating
patients with testicular torsion requires the design and
implementation of extensive clinical studies.
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