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In the present work, we examined the beneficial efficacy of chrysin as a natural flavonoid on testicular torsion/detorsion damages
among adult male rats. Forty-eight male Wistar rats were randomly allocated into six groups: sham, torsion/detorsion (TD) group,
TDC30 group in which TD process was applied and treated with chrysin (30mg/kg), TDC50 group in which TD process was
applied and treated with chrysin (50mg/kg), HC30 group in which animals were treated with chrysin (30mg/kg), and HC50
group in which rats were treated with chrysin (50mg/kg). Serum samples were tested for testosterone, luteinizing hormone
(LH), and follicle-stimulating hormone (FSH) levels. The sperm parameters, histopathological analysis, and expressions of
apoptosis-related genes were examined among different groups. Superoxide dismutase (SOD), glutathione peroxidase (GPx),
and malondialdehyde (MDA) levels in the testicles and serum were measured. Serum levels of SOD, GPx, FSH, LH, and “Bax”
expression significantly increased in the TD group compared to the sham group (P < 0:05). Sperm parameters, serum
testosterone level, Johnson’s scores, seminiferous tubule diameter, the height of the germinal epithelium (HE) measurements,
and expression of “Bcl2” meaningfully decreased (P < 0:05). Administration of chrysin impeded ischemia/reperfusion damages
in testis tissue and improved sperm quality. The result of our study indicates that treatment with chrysin can protect testis
tissue from ischemia/reperfusion damages induced by TD procedure.

1. Introduction

Infertility is a global concern affecting 15% of husbands and
wives worldwide [1]. Based on previous studies, male infer-
tility rates might range from 2.5% to 12% in different coun-
tries [2]. Several reasons are responsible for male infertility,
such as environmental factors, endocrinological problems,
and physical and chemical injuries [3]. Semen analysis in
suspected cases of male infertility can demonstrate the qual-
ity of the semen and fertility potential [4]. Some of the

underlying causes of poor semen quality are reported,
including sperm motility disturbance, low sperm count (oli-
gozoospermia), chromosomal, and hormonal abnormali-
ties [5].

Twisting of the spermatic cord and testis results in testic-
ular torsion, a dangerous urological emergency [6]. Testicu-
lar dysfunction and testicular necrosis result from torsion of
the testis [7]. Surgery is the most acceptable treatment strat-
egy for correcting testicular torsion at the earliest possible
time [8]. Torsion of the testicles leads to blood interruption
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and causes ischemia [8]. During the ischemia stage, oxygen
supply decreases and toxic metabolites increase which leads
to germ cell death [9]. It is known that in the ischemia stage,
hypoxanthine (an ATP breakdown product) is highly pro-
duced [10]. After the detorsion of twisted testes, in the reper-
fusion stage, hypoxanthine converts into dangerous free
oxygen molecules such as superoxide anions, hydroxyl radi-
cals, and peroxynitrite [10]. Accordingly, ischemia/reperfu-
sion injury is the main pathological process that damages
the testis during the torsion/detorsion process [11]. Oxida-
tive stress is a detrimental condition introduced as an infer-
tility prompting factor [1]. Scientists are in agreement about
increasing ROS overproduction during oxidative stress [12].
This excessive production of ROS leads to sperm DNA dam-
age, protein denaturation, and lipid peroxidation of the
sperm membrane [13–15].

Chrysin (5,7-dihydroxyflavone) is a naturally occurring
flavonoid in different plant species such as Radix Scutellaria,
Lactarius deliciosus, and Oroxylum indicum [16, 17].
Numerous investigations have noted the ability of chrysin
to neutralize free radicals [18, 19]. Furthermore, chrysin
indicated other beneficial effects, such as anticancer and
anti-inflammatory activities [17, 20]. Moreover, recent
investigations have indicated the notable effects of chrysin
treatment on male fertility, such as improvement of semen
quality, boosting testosterone production, and enhancing
testicular antioxidant defense [20, 21].

Accordingly, in the current study, we aimed to evaluate
the beneficial effect of chrysin treatment in ischemia/reper-
fusion injury induced by testicular TD process in adult male
rats, by investigating oxidative stress markers, histopatholo-
gical changes, expression of apoptotic-related genes, and
sperm quality and hormonal alternations.

2. Material and Methods

2.1. Study Design. In this study, 48 male Wistar albino rats
with approximately 200 g weight were purchased from Razi
Institute (Karaj, Iran). Before starting the experimental
period, animals were housed for one week in the animal
room (with a normal temperature of 25°C, 12h/12 h light
and dark cycle) for adaptation. The rats were randomly allo-
cated into six groups (8 rats in each group): group 1 (sham
group) in which only scrotal incision was performed, and
the skin was immediately sutured without employing a tor-
sion/detorsion procedure. In group 2 (torsion/detorsion
group (TD group)), a surgical procedure was performed.
The left testis of each rat was twisted 720° counterclockwise
for 4 hours. After 4-hour torsion period, the left testis was
rotated into normal condition (detorsion). In group 3
(TD30), the torsion process was applied, and animals were

treated with chrysin for the first time (oral administration
of 30mg/kg) 30 minutes before detorsion of the testis (detor-
sion), followed by daily administration of chrysin for two
weeks. The next group (TD50) was almost the same as the
previous group (TD30), and only the dose of the chrysin
treatment (oral administration of 50mg/kg) was different.
In group 5 (HC30), in this group, healthy rats (without
employing torsion/detorsion procedure) were treated with
chrysin (oral administration of 30mg/kg) for two weeks. In
group 6 (HC50), similar to the previous group, healthy rats
received chrysin with a 50mg/kg dose.

2.2. Surgery Procedure. A combination of ketamine and xyla-
zine was used to anesthetize the animals (100/10mg/kg).
Under the sterile condition, an abdominal incision was car-
ried out, and the left testis was detected. Then, the left testis
and spermatic cord were then turned 720 degrees counter-
clockwise. The left testis was maintained in torsion position
for 4 hours by suturing the scrotum. After the torsion period
(4 hr), the sutures were opened, and the left testis was
rotated into a normal position. After detorsion, rats were
kept in the treatment period for two weeks. Animals were
sedated, and blood samples were taken at the completion
of the treatment period. Finally, testis tissue samples were
collected.

2.3. Histological Evaluation. Testicular samples were located
in Bouin’s solution for two days. Then, samples were dehy-
drated and embedded in paraffin. Subsequently, paraffin-
embedded samples were cut into 5μm sections. Sections of
testicular tissues were stained with hematoxylin and eosin
(H&E) and then observed under a light microscope to ana-
lyze the tissues (Olympus CX310, Japan). Images were cap-
tured by using a digital camera (Olympus, Japan). Ten
seminiferous tubules per slide were examined in order to
determine the mean diameter of the seminiferous tubule
(STD) and the thickness of the germinal epithelium (TE).
According to Johnson’s score, 50 seminiferous tubules were
observed per section to analyze spermatogenesis. Each
tubule was examined with a light microscope and was scored
1-10 according to the epithelial structures.

2.4. Determination of Testicular and Serum Oxidative Stress
Markers. The malondialdehyde levels (MDA) were mea-
sured in serum samples by performing some procedures.
First, a microtube containing 3.0 cm3 of glacial acetic acid
and 0.20 cm3 of serum samples was combined. Next, 1%
TBA (thiobarbituric acid) was added to 2% NaOH in a
microtube. The microtube was located in boiling water for
15 minutes. After cooling the samples, the absorbance of
the pink solution was measured using a spectrophotometer

Table 1: The sequences of the primers were used in the quantitative real-time PCR.

Gene Significance Forward primer (5′-3′) Backward primer (5′-3′)
Bax Apoptosis regulator GGCGAATTGGAGATGAACTG TTCTTCCAGATGGTGAGCGA

Bcl-2 Apoptosis regulator CTTTGCAGAGATGTCCAGTCAG GAACTCAAAGAAGGCCACAATC

GAPDH Internal control GCAGCTCCTTCGTTGCCGGT CCCGCCCATGGTGTCCGTTC
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(Biospect, USA) at a wavelength of 532nm. Tetrabutylam-
monium salt was used to obtain the calibration curve for
the standard solutions of MDA (Sigma-Aldrich, USA).
According to the manufacturer’s instructions, the levels of
“superoxide dismutase” (SOD) and “glutathione peroxidase”
(GPx) were determined using commercial kits from Sigma,

USA, and then read using the ELISA method by Ransod
and Randox. To analyze tissue oxidative stress markers, tes-
ticular tissues were homogenized with a homogenizer. Ice-
cold potassium phosphate buffer was used to prepare a
20% w/v homogenate. After the centrifuging at 4000 rpm
for 15min, the supernatant was obtained and used for

(a) (b)

(c) (d)

(e) (f)

Figure 1: Histopathological investigations of the testicular tissues with hematoxylin and eosin (H&E) staining: (a) sham group; (b) torsion/
detorsion (TD) group; (c) in torsion/detorsion rats that received 30mg/kg of chrysin (TDC30 group); (d) in torsion/detorsion rats that
received 50mg/kg of chrysin (TDC50 group); (e, f) normal rats that received 30mg/kg and 50mg/kg of chrysin (HC30 and HC50
groups), H&E staining (×100).
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measuring “superoxide dismutase” (SOD), “glutathione per-
oxidase” (GPx), and “malondialdehyde” (MDA). Measure-
ments of SOD and GPx were carried out using an ELISA
reader based on the manufacturer’s protocols (Randox,
UK). As an indicator of oxidative stress, MDA is the main
metabolite of lipid peroxidation. The MDA level was
assessed using TBA-TCA-HCL solutions (trichloroacetic
acid, thiobarbituric acid, and hydrogen chloride). Two milli-
liters of mentioned solution was added to 1ml of homoge-
nized tissue. After boiling (45min) and cooling, the
solution was centrifuged. To measure the MDA level based
on the reaction of MDA with TBA, a spectrophotometer
was used to read the absorption at 535.

2.5. Measurement of Serum Hormone Levels. Blood samples
were centrifuged at 5000 for 5 minutes. Then, serum samples
were isolated and stored at -70°C. “Luteinizing hormone”
(Romero et al.), “follicle-stimulating hormone” (FSH), and
“testosterone” concentrations in serum were measured using
the ELISA technique according to manufacturer’s protocols
(Demeditec Diagnostics, Germany).

2.6. Quantitative Real-Time PCR (qRT-PCR). The expression
of Bax and Bcl2 genes in different groups was investigated by
qRT-PCR. Total RNA extraction was performed using TRI-
zol (Invitrogen, Paisley, UK) from collected samples, accord-
ing to the manufacturer protocol. A NanoDrop 1000 device
carried out quantification of isolated RNA. Complementary
DNA (cDNA) was synthesized using Thermo Scientific
cDNA synthesis kit (Thermo Scientific, EU). The qRT-
PCR assay was performed using a SYBER Green RT-PCR
kit with specific primers in a 48-well StepOne Real-Time
PCR System (Applied Biosystems, UK). The primer
sequences are listed in Table 1. The PCR program included
four steps: one cycle at 95°C for 10min, 40 cycles at 95°C
for 15 sec, 58°C for 30 sec, and 72°C for 30 sec and one cycle
of 95°C for 15 sec, 60°C for 1min, and 95°C for 25 sec. Anal-
ysis of genetic information in different groups was done

using Δct method based on the house keeping gene
(GAPDH) and normalized with the control group.

2.7. Sperm Parameters. The left testis and epididymis were
dissected and weighted with digital scales. The left epididy-
mis was chopped using sterile scissors for exiting sperms.
Semen was diluted in 1ml of PBS. Sperm motility was mea-
sured by considering motile and nonmotile sperm by asses-
sing total of sperm in five fields of view under the
microscope. Sperm count was performed using a Neubauer
slide according to the standard protocol. Sperm morphology
was investigated following preparing the smears of sperma-
tozoa and staining with H&E. The mean percentage of mor-
phologically normal spermatozoa was calculated following
counting 100 spermatozoa in each slide.

2.7.1. Immunohistochemistry. The protein expression of Bax
and Bcl-2 was detected by a commercial immunoperoxidase
kit (Santa Cruz, Germany) following the kit’s guidelines.
Twenty seminiferous tubules were investigated in each of
the three sections of each slide that were 5m thick and used
for IHC staining. The protein expression investigation pro-
tocol included the following procedures: (1) the natural per-
oxidase activity was inhibited using 3% H2O2 for 20 minutes;
(2) the testis tissue sections were rinsed through PBS for five
minutes; (3) antigen retrieval was performed using the boil-
ing method that the slides were put in 0.01M sodium citrate
buffer (pH = 6:0) for 20 minutes; (4) the tissue samples were
rinsed by PBS solution for five minutes; (5) the cell mem-
branes’ permeance was performed by 0.3% Triton; sections
were then placed in an incubator for 45 minutes; (6) tissue
sections were then placed in an incubator with a 10% normal
goat serum and PBS combination for 30 minutes, and slides
were treated with Bcl-2 primary polyclonal antibodies (Santa
Cruz, sc-783), Bax primary polyclonal antibodies (Santa
Cruz, sc-493), and “GAPDH primary polyclonal antibodies”
(Santa Cruz, sc-25778) at a dilution ratio of 1 : 100 at 4°C in a
dark environment overnight; (7) testis tissue samples were
rinsed three times with PBS for five minutes, after which
the FITC-conjugated IgG (the second antibody) was added
to the solutions and incubated for 90 minutes at 37°C in
the dark; (8) the PBS was used to clean all of the tissue slides
(four times for five minutes in each wash), and afterwards,
nuclei were initially removed by washing with propidium
iodide (Yuan et al.); (9) following which, tissue sections were
rinsed twice with PBS (each wash taking five minutes); and
(10) slides were evaluated using an “Olympus fluorescence
microscope” (BX51, Japan). The procedure for staining the
negative control was the same as in other experiments.
According to research by Banerjee and Chaturvedi, the Ima-
geJ software (NIH, USA) was used to calculate the average
intensity of the proteins Bax and Bcl-2 (n = 10 for each
group). [22, 23].

2.7.2. Apoptosis Detection in Testicular Tissue (TUNEL
Assay). We used the “TUNEL assay kit (In Situ Cell Death
Detection Kit, Roche, Germany)” to determine each sam-
ple’s testicular germ cells’ death rate. Briefly, after deparaffi-
nization and dehydration, PBS (Sigma-Aldrich, Germany)

Table 2: Comparison of the mean Johnson’s score, STD, and HE in
testicular samples of different groups.

Groups
Johnson’s score STD HE
Mean ± SD Mean ± SD Mean ± SD

Sham 9:117 ± 0:11 259:03 ± 6:28 68:08 ± 2:33
TD 4:171 ± 0:19∗ 133:28 ± 1:88∗∗ 30:26 ± 2:91∗∗

TDC30 7:151 ± 0:21# 202:33 ± 4:39# 51:23 ± 2:22#

TDC50 7:091 ± 0:31# 203:03 ± 3:31# 50:33 ± 2:44#

HC30 9:185 ± 0:12# 252:21 ± 6:11## 68:15 ± 2:45##

HC50 9:260 ± 0:17## 260:03 ± 4:39## 69:16 ± 2:76##

Groups: sham; TD: torsion/detorsion; TDC30: rats underwent torsion/
detorsion procedure with 30mg/kg chrysin treatment; TDC50: rats
underwent torsion/detorsion procedure with 50mg/kg chrysin treatment;
HC30: normal rats were treated with 30mg/kg chrysin treatment; HC50:
normal rats were treated with 50mg/kg chrysin treatment. All data are
showed as mean ± SD. The asterisk (∗) indicates significant difference with
the sham group, and the symbol # shows the significant difference with
the TD group. ∗P < 0:05, ∗∗P < 0:01, #P < 0:05, and ##P < 0:01. STD:
seminiferous tubule diameter; HE: height of epithelium.
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was used to clean all testicular sections before they were
placed in an incubator with proteinase K (15 g/ml) for 20
minutes at 37°C. All the tissue slides were then combined
with the permeation solution for 10 minutes and washed
with PBS. Each testis tissue slide was then treated with
50ml of TUNEL dye solution for an hour at a temperature
of 37°C. Finally, after cleaning the testicular sections with
PBS, the tissue sections were examined under “An Olympus
fluorescent microscope (BX51, Japan)”. DAPI was used as a
counterstain on the cell nuclei. In a chance area of the
microscope, the number of TUNEL-positive cells in testicu-
lar slices was analyzed. The apoptosis index was calculated as
the ratio of TUNEL-positive cells to total cells. Negative con-
trols were stained in accordance with past findings [22], and
testicular samples lacked any nonspecifically labeled cells.

2.8. Statistical Analysis. Statistical analysis was performed
using SPSS, version 19. The current study indicated all the
results as mean ± SD (standard division). Differences
between the six groups were analyzed with one-way
ANOVA followed by the Tukey test. P value < 0.05 was con-
sidered a significant level.

3. Results

3.1. Histopathological Evaluations. Histopathological analy-
sis in different groups showed that Johnson’s scores were
significantly diminished in the TD group compared to the
sham (P = 0:001) (Figure 1). Additionally, compared to the
sham group, testes in the TD group had less STD and HE
and more severe lesions in the seminiferous tubules. Histo-
logical samples of the TDC30 and TDC50 groups indicated
less severe pathological changes compared to the TD group
(P = 0:001). Results of Johnson’s score, STD, and HE levels
in different groups are shown in Table 2. No significant dif-
ferences were found in Johnson’s score, STD, and HE levels
in healthy groups that treated with 30 and 50mg/kg of chry-
sin compared to the sham group (P > 0:05) (Table 2).

3.2. The Oxidative Stress Marker Levels in Serum and Testis
Tissue. The level of testicular MDA in the TD group was sig-
nificantly more than the sham group increased (P < 0:01),
whereas the levels of SOD and GPx meaningfully decreased
(P < 0:05). In both TDC30 and TDC50 groups, the testicular
levels of MDA decreased, and the levels of the SOD and GPx
interestingly increased (P < 0:05) (Table 3). Chrysin treat-
ment with 30mg/kg was more effective than 50mg/kg in
improving antioxidative conditions in testis tissue. The dif-
ferences in MDA, SOD, and GPx levels in the HC30 and
HC50 groups compared to the sham group were not signif-
icant (P > 0:05) (Table 3). The comparison of serum levels of
MDA between the treated (TDC30 and TDC50) groups and
TD groups showed a significant decrease in the levels of
MDA in groups treated with chrysin (P < 0:01). The serum
level of SOD in the TDC30 and TDC50 groups was remark-
ably increased compared to either TD or sham groups
(P < 0:05). The serum levels of GPx were significantly
reduced in all experimental TD groups compared to the
sham group (Table 3). The levels of GPx were elevated in
the TDC30 and TDC50 groups compared with the TD
group (P < 0:01). Besides, the concentration of GPx was
higher in the HC30 and HC50 groups compared with the
sham group. Also, chrysin treatment with 30mg/kg was
more effective than 50mg/kg in improving antioxidative
conditions in serum oxidative stress markers (Table 3).

Table 3: Testicular and serum levels of SOD, GPx, and MDA in all groups of the study.

Groups
MDA (mean ± SD) SOD (mean ± SD) GPx (mean ± SD)

Testis Serum Testis Serum Testis Serum

Sham 0/50 ± 0/03 0:78 ± 0:086 1/77 ± 0/04 1:70 ± 0:02 21/84 ± 0/77 21:30 ± 0:36
TD 1/99 ± 0/019∗∗ 2:04 ± 0:015∗∗∗ 0/72 ± 0/16∗ 0:69 ± 0:01∗ 8/71 ± 0/63∗∗∗ 8:74 ± 0:54∗∗∗

TDC30 0/75 ± 0/031# 0:80 ± 0:017## 1/23 ± 0/24# 1:34 ± 0:03# 16/20 ± 0/89## 18:52 ± 0:53##

TDC50 0/76 ± 0/021# 0:78 ± 0:086## 1/10 ± 0/13# 1:19 ± 0:03# 18/24 ± 0/69## 16:67 ± 0:89##

HC30 0/61 ± 0/020## 0:65 ± :036## 1/20 ± 0/23# 1:83 ± 0:06# 21/72 ± 0/74### 22:74 ± 0:64###

HC50 0/53 ± 0/012## 0:50 ± 0:019## 1/73 ± 0/24# 1:81 ± 0:01# 21/81 ± 0/31### 21:87 ± 0:26###

Groups: sham; TD: torsion/detorsion; TDC30: rats underwent torsion/detorsion procedure with 30mg/kg chrysin treatment; TDC50: rats underwent torsion/
detorsion procedure with 50mg/kg chrysin treatment; HC30: normal rats were treated with 30mg/kg chrysin treatment; HC50: normal rats were treated with
50mg/kg chrysin treatment. All data are showed as mean ± SD. The asterisk (∗) indicates significant difference with the sham group, and the symbol # shows
the significant difference with the TD group. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, #P < 0:05, ##P < 0:01, and ###P < 0:001. MDA: malondialdehyde; SOD:
superoxide dismutase; GPx: glutathione peroxidase.

Table 4: Relative expression of Bax and Bcl-2 genes in all groups of
the study.

Groups Bax Bcl-2

Sham 0/31 ± 0/01 1/22 ± 0/02
TD 1/50 ± 0/05∗∗ 0/42 ± 0/01∗∗

TDC30 0/53 ± 0/04# 1/15 ± 0/03##

TDC50 0/57 ± 0/03# 1/09 ± 0/02##

HC30 0/36 ± 0/02## 1/22 ± 0/01##

HC50 0/33 ± 0/02## 1/23 ± 0/01##

Groups: sham; TD: torsion/detorsion; TDC30: rats underwent torsion/detorsion
procedure with 30mg/kg chrysin treatment; TDC50: rats underwent torsion/
detorsion procedure with 50mg/kg chrysin treatment; HC30: normal rats
were treated with 30mg/kg chrysin treatment; HC50: normal rats were
treated with 50mg/kg chrysin treatment. All data are showed as mean ± SD.
Relative expression levels were normalized to the endogenous control gene
(GAPDH). The asterisk (∗) indicates significant difference with the sham
group, and the symbol # shows the significant difference with the TD
group. ∗P < 0:05, ∗∗P < 0:01, #P < 0:05, and ##P < 0:01.
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3.3. Apoptosis-Related Gene Expression. The expression of
Bax gene was notably higher in the TD group than in the
sham (P < 0:01). While treatment with chrysin with both
doses of 30 and 50mg/kg decreased the expression of the
Bax gene in the TDC30 and TDC50 groups compared to
the TD group (P < 0:05). Expression of the Bcl2 gene in
the TD group was lower than in the sham group (P < 0:01
), while treatment with chrysin in the TDC30 and TDC50
groups significantly increased the expression of the Bcl2
gene (P < 0:01) (Table 4). No remarkable differences were
found in Bax and Bcl-2 gene expressions in the HC30 and
HC50 groups compared to the sham group.

3.4. Testicular Weight and Sperm Parameters. Testicular
weight in the TD group significantly decreased compared
to the sham group (P < 0:01). Treatment with both doses
of chrysin (30 and 50mg/kg) significantly increased the tes-
ticular weight compared to the TD group (P < 0:05)
(Table 5). No significant differences were found in the testic-
ular weight of the HC30 and HC50 groups compared to the
sham group. The sperm count in the TD group significantly
decreased compared to the sham group (P < 0:001), whereas
treatment with chrysin in the TDC30 and TDC50 groups
significantly increased the sperm count compared to the

TD group (P < 0:001). Chrysin treatment with a dose of
30mg/kg was more effective than 50mg/kg. Moreover, nor-
mal morphology and motility of spermatozoa in the TD
group significantly decreased compared to the sham group
(P < 0:001). Treatment with both doses of chrysin (30 and
50mg/kg) significantly increased the normal morphology
and motility of spermatozoa compared with the TD group
(P < 0:001) (Table 5).

3.5. Serum LH, FSH, and Testosterone Levels. The serum
concentrations of FSH and LH were significantly enhanced
in the TD group compared to the sham group (P < 0:01),
while treatment with chrysin (TDC30 and TDC50 groups)
decreased the concentrations of FSH and LH compared to
the TD group (P < 0:05). 30mg/kg of chrysin was more
effective than 50mg/kg in decreasing the LH and FSH levels
(Table 6). Serum testosterone level in the TD group was sig-
nificantly lower than in the sham group (P < 0:01). Treat-
ment with chrysin in the TDC30 and TDC50 groups
meaningfully increased the serum testosterone level
(P < 0:05). No significant differences were found in serum
LH, FSH, and testosterone levels of the HC30 and HC50
groups compared to the sham group.

3.5.1. Expression of Bax and Bcl-2 Proteins in Testicular
Tissues Using Immunofluorescence. The immunofluores-
cence staining assay showed that the expression of Bax pro-
tein (Figure 2) was remarkably higher in the testicular
section of the TD group than in the sham group. Also, the
Bax protein expression was significantly declined in the TD
+ chrysin group than that of the TD group. On the other
hand, no significant difference was noted among the sham
and chrysin groups about the Bax expression.

Additionally, the level of Bcl-2 protein (Figure 3) was
significantly lower in the TD group than in the sham group.
The TD+ chrysin group showed a greater fluorescence inten-
sity for Bcl-2 protein than the TD group. Additionally, no
considerable difference was seen between the chrysin and
sham groups.

3.5.2. Apoptosis Index in Testis Tissue (TUNEL Assay). The
“TUNEL assay” was used to determine how chrysin affected
how much the testicular germ cells were apoptosed. As
shown in Figure 4, when comparing the testis tissue of the

Table 5: Comparison of the testicular weight and sperm parameters in different groups of the study.

Groups Testicular weight (g) Concentration × 105/ml Normal morphology Normal motility

Sham 1/32 ± 0/042 29/31 ± 1/32 64/32% ± 3/31
TD 0/46 ± 0/030∗∗ 3/54 ± 2/09∗∗∗ 12/00% ± 5/70∗∗∗

TDC30 0/98 ± 0/045# 23/32 ± 1/12### 56/25% ± 7/50##

TDC50 0/87 ± 0/035# 23/16 ± 0/21### 61/67% ± 8:75###

HC30 1/31 ± 0/031## 28/43 ± 1/01### 63/12% ± 3/02###

HC50 1/34 ± 0/031## 29/23 ± 1/21### 66/12% ± 2/71###

Groups: sham; TD: torsion/detorsion; TDC30: rats underwent torsion/detorsion procedure with 30mg/kg chrysin treatment; TDC50: rats underwent torsion/
detorsion procedure with 50mg/kg chrysin treatment; HC30: normal rats were treated with 30mg/kg chrysin treatment; HCY: normal rats were treated with
50mg/kg chrysin treatment. All data are showed as mean ± SD. The asterisk (∗) indicates significant difference with the sham group, and the symbol # shows
the significant difference with the TD group. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001, #P < 0:05, ##P < 0:01, and ###P < 0:001.

Table 6: Comparison of serum FSH, LH, and testosterone levels in
different groups of the study.

Groups FSH (mIU/ml) LH (mIU/ml) Testosterone (ng/ml)

Sham 1/67 ± 0/42 1/49 ± 0/36 4/81 ± 0/34
TD 3/77 ± 0/11∗∗ 2/79 ± 0/11∗∗ 1/87 ± 0/35∗∗

TDC30 2/13 ± 0/82# 1/94 ± 0/50# 3/41 ± 1/3#

TDC50 2/38 ± 0/55# 2/44 ± 0/80# 3/13 ± 2/36#

HC30 1/56 ± 0/44## 1/28 ± 0/15## 4/91 ± 0/86##

HC50 1/95 ± 0/10## 1/30 ± 0/15## 5/17 ± 0/82##

Groups: sham; TD: torsion/detorsion; TDC30: rats underwent torsion/
detorsion procedure with 30mg/kg chrysin treatment; TDC50: rats
underwent torsion/detorsion procedure with 50mg/kg chrysin treatment;
HC30: normal rats were treated with 30mg/kg chrysin treatment; HC50:
normal rats were treated with 50mg/kg chrysin treatment. All data are
showed as mean ± SD. The asterisk (∗) indicates significant difference with
the sham group, and the symbol # shows the significant difference with
the TD group. ∗P < 0:05, ∗∗P < 0:01, #P < 0:05, and ##P < 0:01. FSH:
follicle-stimulating hormone; LH: luteinizing hormone.
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TD group to the sham group, the number of TUNEL-
positive cells was significantly (P = 0:01) greater in the TD
group. Additionally, the current investigation showed that,
as compared to the TD group, the number of TUNEL-
positive cells in the TD+ chrysin groups significantly
(P = 0:03) decreased. Furthermore, there was no discernible
difference in the quantity of TUNEL-positive cells between
the chrysin and sham groups (P > 0:05).

4. Discussion

In the current study, we investigated whether chrysin can
protect and improve testicular structure and hormonal levels
and decrease oxidative stress after torsion/detorsion in male
rats. Our results indicated several beneficial effects of chrysin
treatment in ischemia/reperfusion injury of the testis,
including decreasing the oxidative stress, normalizing the
hormonal level, and improving histological parameters
(Johnson’s score). In this study, torsion/detorsion-induced
ischemia/reperfusion injury in testis led to increased oxida-
tive stress by reducing GPx and SOD levels and increasing
MDA levels. In agreement with our results, Afolabi et al.
show in a study that testicular torsion/detorsion led to
increase in MDA level and decrease in SOD, GPx, GSH
and GST levels in testicular tissue [24]. Also, the torsion/

detorsion procedure resulted in obvious histopathological
damages and reduction of sperm quality. Yazdani et al. show
in their study that testicular torsion/detorsion significantly
reduced the seminiferous tubule diameter and affected the
spermatogenesis and reduction in the mean testicular scores
[25], as well as increasing the expression of apoptosis-related
genes. Afolabi et al. reported in their study that torsion/
detorsion in testis tissue results in overexpression in BAX
and cspase-3 in testicular tissue [24]. Recent investigations
show that chrysin treatment can improve sperm quality
and protect testis against physical and chemical injuries [26].

In our study, testis’ weight was decreased in the TD
group compared to the sham group. As shown in several
studies, testis’ torsion/detorsion process leads to significant
ROS generation and destructive oxidative damage [27]. Oxi-
dative stress in testis tissue is very detrimental due to highly
unsaturated fatty acids [28]. It has been previously demon-
strated that ischemia/reperfusion damages in testis tissue
resulted in testis atrophy and reduction of testicular weight
[29]. Several studies previously reported reduced serum tes-
tosterone levels due to testicular torsion/detorsion process
[30, 31]. Our results are in agreement with other studies
which have reported the reduction of serum testosterone
levels in the torsion/detorsion process. Belhan et al. reported
in their study that testicular ischemia/reperfusion led to
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Figure 2: Bax protein immunofluorescence staining in the testis of rats in study groups: (A) sham group exhibited normal seminiferous
tubules; (B) torsion/detorsion (TD) group; (C) in torsion/detorsion rats that received 30mg/kg of chrysin (TDC30 group); (D) in
torsion/detorsion rats that received 50mg/kg of chrysin (TDC50 group); (E, F) normal rats that received 30mg/kg and 50mg/kg of
chrysin (HC30 and HC50 groups) (×400).
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testis tissue damage and reduction in serum testosterone
level [32].

ROS overproduction in ischemia/reperfusion injury first
happens after the reperfusion step, which prolongs for a few
hours [33]. The second phase of ROS overproduction is seen
after reperfusion and prolonged for a few days, depending
on the oxidative stress defense system [33]. Furthermore,
ROS generation by polymorphonuclear leukocytes in the
ischemic region aggravates oxidative damage in tissue [34,
35]. Our results are in agreement with these studies which
have reported that testicular I/T led to overproduction of
ROS and oxidative stress. In our study, chrysin treatment
at both doses of 30 and 50mg/kg was able to ameliorate oxi-
dative stress in TD rats such as reduced the MDA level and
increased the SOD and GPx levels. Some on research show
that the treatment with chrysin can reduced the oxidative
stress using its antioxidant properties [36, 37]. The current
research indicated that the torsion/detorsion process led to
the elevation of MDA level as a marker of lipid peroxidation,
which is in accordance with previous studies [33]. Moreover,
SOD and GPx levels meaningfully decreased in the TD
group which is in accordance with other investigations [38,
39].

Additionally, excessive ROS generation or oxidative
stress might activate the intrinsic apoptosis pathway, which
is controlled by two sets of antiapoptotic proteins (such as

BAX, Bad, and Bid). It initiates the apoptotic pathway and
suppresses antiapoptosis proteins (including Bcl-2 and Bcl-
xl). According to a study by Shokoohi et al., Bax family
expression is increased by oxidative stress brought on by
the formation of ROS [40].

In our research, the apoptosis rate of the germinal cell
was assessed by the real-time PCR, immunofluorescence,
and TUNEL assay. This study showed that the TD group’s
Bax mRNA expression was noticeably higher than that of
the control group. Contrarily, the Bcl-2 expression was
remarkably declined in the TD group. Also, our results show
that testicular torsion/detorsion led to reduction in sperm
quality such as decrease in sperm count, motility, and nor-
mal morphology. In agreement with our results, Ameli
et al. reported in their research that testicular I/R led to
reduction in sperm quality in rats with testicular torsion/
detorsion [41].

Chrysin is a well-known flavonoid usually found in
honey, mushrooms, and some plant species [42]. Recent
investigations have suggested several pharmaceutical effects
of chrysin, such as antioxidant, anticancer, anti-inflamma-
tory, neuroprotective, and cardioprotective properties [43,
44]. As reported in many recent studies, chrysin indicated
various beneficial effects on reproductive disorders in both
males and females [21]. Previously, chrysin indicated protec-
tive effects against methotrexate-induced testicular damages
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Figure 3: Bcl-2 protein immunofluorescence staining in the testis of rats in study groups: (A) sham group exhibited normal seminiferous
tubules; (B) torsion/detorsion (TD) group; (C) in torsion/detorsion rats that received 30mg/kg of chrysin (TDC30 group); (D) in torsion/
detorsion rats that received 50mg/kg of chrysin (TDC50 group); (E, F) normal rats that received 30mg/kg and 50mg/kg of chrysin (HC30
and HC50 groups) (×400).
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through improving antioxidant defense, sperm quality, and
histological parameters [45]. One independent study evalu-
ated the effects of chrysin against ovary ischemia/reperfusion
injury induced by the torsion/detorsion process [46]. Mele-
koglu et al. show in a study that chrysin administration
(50mg/kg) in rats with ovarian torsion/detorsion process
significantly reduced oxidative stress markers and improved
histopathological scores of ovaries as well as normalizing
hormonal levels [46]. Also, Cho et al. reported in a study
that chrysin’s inhibitory effects on the expression of induc-
ible nitric oxide synthase and cyclooxygenase-2 are what
account for the substance’s antioxidative properties [47].
Chrysin may provide antioxidant and free radical scavenging
properties in testis tissue, as well as prevent lipid peroxida-
tion, according to a number of recent research. These results
are consistent with our observations [48, 49].

In agreement with our study, in both in vitro and in vivo
studies, chrysin treatment increased testosterone production
from the Leydig cells [50]. In a recent survey, interestingly,
sperm motility, concentration, and aberrant sperm rate were
all enhanced by chrysin treatment at a 50mg/kg dose in nor-
mal rats [20, 50]. Based on our results, chrysin treatment
with 30mg/kg dose demonstrated a better protective effect
against ischemia/reperfusion injury. It indicated better
improvement in sperm quality compared to the 50mg/kg

administration of chrysin. Darwish et al. used chrysin in 25
and 50mg/kg doses to alleviate testicular damages in adju-
vant arthritic rats [51]. They have found that chrysin with
the dose of 50mg/kg had stronger protective effects against
testicular dysfunction of adjuvant arthritic rats through
increasing testosterone levels and decreasing testicular oxi-
dative stress and apoptosis [51]. This disagreement could
be attributed to the induced model of testicular damage.
Additionally, chrysin treatment in colistin-induced testicular
damages significantly decreased apoptotic and autophagic-
related genes such as caspase-3 and LC3B, as well as reduced
oxidative stress markers [48]. Also, oral administration of
chrysin in a 40-week-old male rooster significantly improved
the postthawed and fresh sperm motility and plasma mem-
brane integrity [52, 53].

5. Conclusion

Herein, we have found that in testicular torsion/detorsion
rat’s spermatogenesis, sperm quality, testis histological struc-
ture, and hormonal levels significantly declined compared
with normal rats. Chrysin in both dosages ameliorated the
detrimental effect of TD on mentioned parameters. Chrysin
with a 30mg/kg dose had better therapeutic effects on ame-
liorating the TD-induced damages. The current work
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Figure 4: The representative image of TUNEL-positive cells in testicular tissue: (A) sham group exhibited normal seminiferous tubules; (B)
torsion/detorsion (TD) group; (C) in torsion/detorsion rats that received 30mg/kg of chrysin (TDC30 group); (D) in torsion/detorsion rats
that received 50mg/kg of chrysin (TDC50 group); (E, F) normal rats that received 30mg/kg and 50mg/kg of chrysin (HC30 and HC50
groups) (×400).
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concluded that chrysin could protect testis tissue and sper-
matogenesis quality against the TD process via indicating
antioxidative effects, antiapoptotic properties, and hormonal
regulations.
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