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Objective: The chief outcome of testicular torsion in clinical and experimental contexts is testicular ischemia. Curcumin, a compound with
anti-inflammatory and antioxidant properties, has fascinated researchers and clinicians for its promise in the treatment of fertility diseases.
Methods: Thirty-five fully grown male mice were randomly classified into five groups: control, sham, testicular torsion, treatment group 1
(testicular torsion+short-term curcumin), and treatment group 2 (testicular torsion+long-term curcumin). Thirty-five days later, spermatozoa
from the right cauda epididymis were analyzed with regard to count and motility. Toluidine blue (TB), aniline blue (AB), and chromomycin A3
(CMA3) staining assays were used to evaluate the sperm chromatin integrity. In addition, the terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) test was used to assess apoptosis.
Results: Treatment group 1 exhibited a remarkably elevated sperm count compared to the testicular torsion group. Additionally, notably
lower sperm motility was found in the testicular torsion group compared to the control, treatment 1, and treatment 2 groups. Staining
(CMA3, AB, and TB) and the TUNEL test indicated significantly greater testicular torsion in the torsion group compared to the control group
(p<0.05). The data also revealed notably lower results of all sperm chromatin assays and lower apoptosis in both treatment groups relative to
the testicular torsion group (p<0.05). Significantly elevated (p<0.05) AB and TB results were noted in treatment group 1 compared to treatment group 2.
Conclusion: Curcumin can compensate for the harmful effects of testicular ischemia and improve sperm chromatin quality in mice.
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Introduction

This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

ity or subfertility, including testicular torsion [3], which is one of the
most prevalent urological issues affecting young men. In 1988, Anderson and Williamson [4] reported the annual incidence of testicular torsion as 1 in 4,000 individuals younger than 25 years old. While
this condition can occur at any age, it usually occurs in young males,
with a bimodal incidence in the pediatric population: during the first
year of life and between the ages of 13 and 16 years [2]. Therefore, a
high rate of testicular torsion can be regarded as a crucial contributor
to male infertility. Testicular torsion and torsion repair induce an ischemia-reperfusion injury to the testis that can render the testis aspermatogenic [5]. The injuries caused by testicular torsion are severe
enough to lead to ipsilateral damage, which results from the significant increase in blood flow after detorsion [6]. A 90% chance of res-
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Infertility is a common problem that affects approximately 15% of
couples who try to conceive [1]. In more than 50% of couples having
difficulty conceiving, the problem is at least partially related to male
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cuing the testes exists if surgery is performed within the first 6 hours.
This chance drops to 0% after 24 hours [7]. The treatment success
rate is based on the duration of torsion and on early diagnosis as part
of routine management for the preservation of spermatogenesis
and fertility [8]. After the torsion event, the blood circulation is severed, which damages the tissue. After detorsion, blood flow is restored, which leads to events such as the production of reactive oxygen species (ROS) and reactive nitrogen species, lipid peroxidation,
and the release of proinflammatory cytokines such as interleukin 6
and tumor necrosis factor alpha, resulting in further tissue injury [9].
Rapid reperfusion is vital for ischemic tissue survival and can limit
the generation of oxygen-derived free radicals involved in pathophysiological cascades [10].
Since the 1940s, ROS have been presented in the literature as a
potential contributor to male infertility [11]. Since then, major advances have been made in our understanding of the effects of ROS
on infertility and sperm function. A recent study stated that ROS may
be an important contributing factor affecting 30%–80% of infertile
men [12]. Sperm cells are well-equipped against ROS attack with a
robust defense mechanism involving antioxidants, but lack of balance between the production of ROS and the accessible antioxidant
defenses results in oxidative stress [13]. A variety of antioxidants
have been examined based on their capacity to either counteract
ROS directly or impact the counter-ROS toxicity in the semen of different mammalian species.
Curcumin (1,7-bis[4-hydroxy-3-methoxyphenyl]-1,6-heptadiene-3,5-dione) is a major phytochemical commonly found in turmeric (Curcuma longa). In fact, the rhizome of the C. longa Linn plant
contains curcumin. The role of curcumin as a free radical scavenger
has been demonstrated in numerous studies [14,15]. Particularly in
the testicular tissue, it can constrain the generation of ROS and nitric
oxide in macrophages [16]. The antioxidant mechanism of curcumin
comes from its specific conjugated structure, which includes the enol
form of a β-diketone and two methoxylated phenols. This structure
has the capability to trap free radicals as a chain-breaking antioxidant [17]. Remarkably, curcumin can prevent the generation of ROS
both in vitro and in vivo. The associated improvement of sperm mobility and the decrease in spermatozoa defects have been claimed to
potentially be due to the cessation of peroxidative alterations in the
sperm and testicular membrane [18,19].
In this regard, several in vivo and in vitro studies have emphasized
the energy-promoting and protective properties of curcumin on
male reproductive structures. In contrast, other reports have suggested that curcumin plays adverse roles in cellular signaling linked
to spermatogenic processes [20,21]. This study therefore investigated the protective effects of curcumin on sperm count, chromatin
condensation, motility, apoptosis, and DNA integrity following testic28

ular torsion-detorsion in mice.

Methods
1. Animals
All animal experiments were approved by the Animal Ethics Committee at Shahid Sadoughi University of Medical Sciences (No. ir.
ssumedicine.REC.1394412). Thirty-five adult NMRI mice 8–11 weeks
in age and 35–40 g in weight were purchased from the Infertility
Clinical Center of Shahid Sadoughi University of Medical Sciences in
Yazd, Iran. During the experimental period, the mice were kept under standard laboratory conditions (12 hours:12 hours light-dark cycle, 25°C ± 2°C, and mean relative humidity of 50% ± 5%). They were
fed with standard commercial laboratory chow and water. The mice
were kept in separate cages for approximately 35 days (roughly
equal to 1 period of spermatogenesis) [22].
2. Experimental design
The animals were randomly classified into five groups, each containing seven mice. The groups included (1) a control group, which
was composed of mice that underwent no surgical procedure and
were used for the determination of basal values of the parameters;
(2) a sham group, which contained mice that underwent a sham operation for each surgical procedure, involving a midline scrotal incision and physical manipulation of the testis before placement back
into the scrotum; (3) a testicular ischemia group; (4) treatment group
1 (testicular torsion+short-term curcumin), and (5) treatment group
2 (testicular torsion+long-term curcumin) [23].
The animals were first anesthetized via intraperitoneal injection
of 100 mg/kg of ketamine and 10 mg/kg of xylazine, and an incision was made in the left inguinal region to access the testis. Then,
after incising the scrotum, the left testis was extracted and rotated
720° counterclockwise using a 0-6 suture thread to the scrotal wall.
After 2 hours, the testicle was restored, and the surgical site was
closed. In the testicular torsion+short-term curcumin group, a single 100 mg/kg dose of curcumin was injected intraperitoneally 30
minutes before reperfusion. In the testicular torsion+long-term curcumin group, curcumin was injected intraperitoneally at a daily dose
of 100 mg/kg from 30 minutes before reproduction until day 35. All
surgical procedures were performed under sterile conditions. After
35 days, the animals were anesthetized with ketamine and xylazine
(150 mg/kg and 10 mg/kg, respectively). One milliliter of prewarmed
Ham F10 medium was added to the dissected cauda epididymis,
and then delicate tearing was performed to allow the swim-out of
spermatozoa into the culture medium. Finally, the dishes were incubated at 37°C and 5% CO2 for 15 minutes.
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3. Sperm analysis
Sperm parameters, including count (106/mL) and motility, were
assessed using 200 spermatozoa from each mouse. Sperm count
and motility were investigated using a Makler chamber. Motility was
stated as the percentages of rapid motility, slow motility, non-progressive motility, total motility, and immotile sperm.
4. Sperm count
The dissected epididymis from each mouse was transferred into 1
mL of Ham F10 medium and cut into small slices to allow swim-out
of the spermatozoa into the medium. After 10 minutes of incubation,
10 μL of the sample was used in a Makler chamber, and a light microscope (Olympus, Tokyo, Japan) was used to perform a sperm count
based on World Health Organization guidelines. Data were stated as
the number of spermatozoa per milliliter [24].
5. Sperm motility
Sperm motility evaluation was implemented in line with the World
Health Organization protocol. In brief, 10 μL of the sperm suspension
was placed on a microscopic slide and a coverslip. At least 5 microscopic fields were investigated for each animal in order to assess
sperm motility in a minimum of 200 spermatozoa [24].
6. Sperm chromatin/DNA evaluation
Standard cytochemical methods, including chromomycin A3
(CMA3), aniline blue (AB), and toluidine blue (TB), were used to assess chromatin condensation and DNA integrity. The dyes and chemicals used were obtained from Sigma-Aldrich (St. Louis, MO, USA).
The dyes’ effectiveness was carefully examined using standard samples with and without acid denaturation, which were reflected as
positive and negative controls, respectively [25].

quality and quantity by binding to the phosphate groups of DNA
strands. In brief, 96% ethanol and acetone (1:1) were used to fix the
air-dried sperm smears for 30 minutes at a temperature of 4°C. The
slides were then incubated in 0.1 N HCl for 5 minutes at 4°C. Afterwards, the slides were thoroughly washed with distilled water three
times for 2 minutes each time. Ultimately, they were stained for 10
minutes at room temperature using 0.05% TB in 50% citrate phosphate. In each sample, a minimum of 200 spermatozoa were counted using light microscopy with × 100 eyepiece magnification [26].

3) CMA3 staining
CMA 3 (Sigma, St. Louis, MO, USA) is a fluorochrome. It is used specifically for the detection of cytosine-rich and guanosine sequences
and the evaluation of the degree of protamination of the chromatin
in sperm. In this procedure, the sperm cells were fixed at 48°C for 10
minutes in Carnoy solution, which contains a 3 to 1 ratio of methanol:glacial acetic acid. Then, the slides were stained with CMA3 solution (0.25 mg/mL in McIlvaine buffer; 7 mL of 0.1 M citric acid+32.9
mL of 0.2 M Na2HPO4·7 H2O, pH 7.0, containing 10 mM MgCl2) for 20
minutes in a dark room. A fluorescence microscope (Olympus BX51)
was used to count a minimum of 200 spermatozoa with a filter of
460 nm and × 100 eyepiece magnification [27].

1) AB staining
AB selectively stains lysine-rich histones. This stain can also indicate anomalies in sperm chromatin condensation, which are germane to the residual histones. For this staining protocol, air-dried
smears from the samples of washed semen were placed in 0.2 M
phosphate buffer (pH 7.2) containing 3% buffered glutaraldehyde
for 30 minutes at room temperature. Each of the smears was stained
in 4% acetic acid (pH 3.5) with 5% aqueous AB stain for 7 minutes.
Under light microscopic assessment, 200 spermatozoa were meticulously counted in various parts of each slide with × 100 eyepiece
magnification [26].

7. Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling assay
The terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) test is based on the detection of single- or double-stranded DNA fragments marked by dUTP
due to a reaction catalyzed by the TdT enzyme. The TUNEL test generally consists of the fixation and permeabilization of sperm, the
marking of DNA fragments, staining, and the evaluation of the stages of sperm. In the evaluation process, the sperm can be assessed
subjectively under light and fluorescence microscopy or by flow cytometry [28]. The TUNEL assay can also be used to identify apoptotic
cells in the tissues during histological examinations.
In this study, the TUNEL assay was used to detect DNA fragmentation in the spermatozoa. This was done utilizing an in situ cell death
detection kit along with tetramethylrhodamine red-labeled dUTP
(Roche Diagnostics, Basel, Switzerland). To determine the TUNEL-positive spermatozoa proportion, as previously described, a fluorescence
microscope (Olympus BX50) was used for the final assessment. Using
the appropriate filter, at least 200 spermatozoa per slide were counted [29].

2) TB staining
TB is a metachromatic dye. In sperm, it can be used as an indicator
of the nuclear chromatin condensation and the DNA fragmentation

8. Statistical analysis
The data were stated as mean ± standard deviation. One-way
analysis of variance was used to evaluate the significance of the dif-
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ferences among the four groups, and the Tukey post hoc test was
performed to determine the differences between pairs of groups.
Statistical significance was indicated by a two-sided p-value < 0.05
for the sperm parameters and cytochemical tests.

Results
Table 1 presents the sperm parameters of the five groups. This table demonstrates that for the majority of the sperm parameters, sig-

nificant differences (p < 0.05) were present between different groups.
Rapid motility and total motility were significantly lower in the testicular torsion group than in the control and sham groups. Significantly
greater total motility was also noted in the treatment 1 and treatment 2 groups compared to the testicular torsion group, and significantly greater rapid motility was observed in the treatment 2 group
compared to the testicular torsion group.
Table 2 presents the data on sperm chromatin condensation, DNA
integrity, and apoptosis. Statistically significant differences (p < 0.05)

Table 1. Results of sperm parameters analysis by group
Variable
Count ( × 106)
Rapid motility (%)

Control
18.33 ± 1.66
25 ± 2.88

Sham
16.66 ± 3.07
25 ± 3.65

Testicular torsion
8.33± 1.05
0.83± 0.83

Treatment 1
21.66 ± 5.01
7.5 ± 2.14

Treatment 2
15.83 ± 2.71
15 ± 3.65

Slow motility (%)

24.16 ± 3

21.66 ± 1.66

5 ± 1.29

15.83 ± 3

20.83 ± 1.53

Non-progressive motility (%)

18.33 ± 1.66

16.66 ± 3.07

8.33± 1.05

21.66 ± 4.01

50.83 ± 2

Immotile sperm (%)

32.5± 4.23

36.66 ± 3.57

85.83 ± 2.38

55 ± 8.85

58.33 ± 4.4

Total motility

67.5± 4.23

67.5± 2.81

14.16 ± 2.38

43.33 ± 8.02

41.66 ± 4.4

p-value
0.015d)
0.000a)
0.002b)
0.013e)
0.000a,e)
0.016d)
0.017c)
0.01d)
0.002f)
0.000a)
0.037b)
0.013c)
0.002d)
0.008e)
0.000a)
0.012b)
0.007c)
0.002d)
0.004e)

Values are presented as mean± standard deviation.
a)
Difference between control and testicular torsion group; b)Difference between control and treatment 1 group; c)Difference between control and treatment
2 group; d)Difference between testicular torsion and treatment 1 group; e)Difference between testicular torsion and treatment 2 group; f)Difference between
treatment 1 group and treatment 2 group.

Table 2. Results of sperm chromatin/DNA integrity and apoptosis in different groups
Variable
CMA3

Control
2.83± 0.6

AB
TB

3.16± 1.07
3.33± 1.08

TUNEL

1.33± 0.21

Sham
3 ± 0.51

Testicular torsion
13.66 ± 0.66

Treatment 1
7.66± 0.49

Treatment 2
5.83± 0.77

3 ± 1.03
5.83± 1.55

36.33 ± 2.75
36 ± 3.38

20.33 ± 2.77
20.83 ± 3.31

5.16± 0.79
8.66± 2.38

1.5 ± 0.22

22.66 ± 3.09

9.33± 0.71

7.33± 1.57

p-value
0.000a,b,d,e)
0.006c)
0.000a,b,d,e,f)
0.000a,b,e)
0.002d)
0.017f)
0.000a,d,e)
0.006b)

Values are presented as mean± standard deviation.
CMA3, chromomycin A3; AB, aniline blue; TB, toluidine blue; TUNEL, terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end
labeling.
a)
Difference between control and testicular torsion group; b)Difference between control and treatment 1 group; c)Difference between control and treatment
2 group; d)Difference between testicular torsion and treatment 1 group; e)Difference between testicular torsion and treatment 2 group; f)Difference between
treatment 1 group and treatment 2 group.
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present between different groups are indicated. Sperm chromatin
damage and apoptosis were observed to increase after testicular torsion. However, in the curcumin groups (treatment groups 1 and 2),
the extent of damage was lower than in the testicular torsion group,
with particularly remarkable results in the treatment 2 group.

Discussion
The present study was intended to investigate the effects of curcumin on sperm damage in animals after exposure to testicular torsion. Testicular torsion, which is associated with severe scrotal pain
and ischemia, is an emergent pathologic state requiring immediate
surgery [30]. A few hours of testicular torsion may harm the testicle
and can sometimes necessitate the removal of the impaired testicles
[31]. After the surgical procedure, it may not be apparent whether
the function of the testes has been entirely preserved. Therefore,
finding new strategies and therapeutic applications to serve as adjuvant therapies to surgical detorsion seems necessary [3]. Surgery is
aimed to restore blood flow and correct the perfusion of the testis.
After surgical detorsion, overproduction of free radicals such as ROS
and overexpression of proinflammatory cytokines, such as interleukin 1-beta and tumor necrosis factor alpha, occurs. Proinflammatory
cytokines are responsible for the recruitment of neutrophils to the
testicular tissue [5]. The disruption of spermatogenesis can be triggered by ischemic reperfusion injury on testicular torsion, as demonstrated by Ikebuaso et al [32]. Those researchers also showed that the
short-term suppression of the secretion of testosterone could be
permanent. The adverse effects of certain levels of ROS vary across
semen samples. Sperm vulnerability, which varies among individuals
and is related to the integrity of the sperm chromatin, may explain
the occurrence of severe ROS sequelae [33].
Moreover, the effect of testicular torsion on DNA damage via the
induction of oxidative stress and the generation of ROS has been
demonstrated [34]. According to numerous studies, ischemia-reperfusion of the testis initiates several mechanisms, including the activation of inflammatory mediators such as cytokines, the infiltration of
neutrophils, and the production of NO and ROS, damaging the cell
membrane and DNA [3,35]. Our study also showed that testicular
torsion decreased the parameters and the quality of sperm chromatin compared to the control group.
Sperm DNA integrity is an indispensable factor involved in the
success of fertilization as well as in the healthy development of the
embryo [36]. The molecular mechanism by which curcumin aids in
proper sperm function remains unknown; however, the trapping of
free radicals using β-diketone, methoxy, and phenolic functional
groups is an antioxidant mechanism by which curcumin likely enhances sperm parameters [36].
www.eCERM.org

Curcumin inhibits the generation of superoxide anions and hydroxyl radicals by preventing the oxidation of Fe2+ and Fe3+ through
the Fenton reaction. However, another reason for the improvement
of sperm motility may be the increase in the concentrations of
ROS-scavenging molecules as a result of supplementation with curcumin [37]. Curcumin can also have preventive effects on oxidative
stress via the suppression of nuclear factor-κB (NF-κB) DNA-binding
activity and, by extension, of the expression of genes that require NFκB for their activation [38]. Some reports in the literature claim that
curcumin improves the sperm parameters and DNA integrity
[13,18,19]. Our results seem to corroborate this. We found that curcumin had a beneficial effect on sperm count, motility, sperm chromatin condensation, and apoptosis in mice subjected to testicular
torsion, especially over an extended period of supplementation. This
result supports the potential application of curcumin in boosting
sperm quality. Many studies have reported that curcumin decreases
malondialdehyde levels and oxidative stress in various tissues [39].
Thus, it can be assumed that curcumin, in its antioxidant capacity, inhibits ROS and induces antioxidant responses in the cell and thereby
reduces the adverse effects of testicular torsion and mitigates sperm
damage.
An ischemia-reperfusion injury to the testis may be induced by
testicular torsion followed by torsion repair, and such an injury can
impact the spermatogenic capacity of the testis. Study results have
shown that the loss of spermatogenic capacity may be due to germ
cell apoptosis induced by oxidative stress [5]. Previous reports have
demonstrated the occurrence of damage after testicular torsion repair, most likely due to germ cell apoptosis and severe seminiferous
impairment. Our data showed that curcumin could reduce sperm
apoptosis in a group of mice affected by testicular torsion. In 2018,
Zha et al. [40] claimed that curcumin reduced testicular apoptosis
caused by diabetes by “regulating apoptotic proteins and markedly
inhibiting oxidative stress levels by downregulating malondialdehyde expression, decreasing NADPH activity, and restoring antioxidant enzymes”. Wei et al. [16] conducted a study on the effect of curcumin on ischemia-reperfusion injury in rat testes by rotating the left
testicle 720° for 2 hours after opening the scrotum and providing
curcumin to the treatment group intravenously. The results showed
that testicular torsion-detorsion significantly increased xanthine oxidase activity and malondialdehyde levels. In contrast, the group
treated with curcumin exhibited reduced xanthine oxidase activity
and malondialdehyde levels [16]. However, in our study, we focused
on the parameters and DNA quality of sperm.
This study reported the deleterious effects of testicular torsion on
sperm parameters and sperm chromatin quality. Curcumin can not
only compensate for the destructive effects of testicular ischemia,
but can also improve sperm chromatin quality in mice. In other
31

Clin Exp Reprod Med 2021;48(1):27-33

words, the administration of curcumin after reperfusion surgery in
mice played a protective role in cases of testicular torsion. Moreover,
ischemia/reperfusion sperm injury was reduced through the decrease of oxidative stress and reduction in anti-inflammatory agents.
Other advantages of curcumin are its inexpensiveness and its availability under typical conditions.
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