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Abstract
Purpose  To investigate the possible protective role of syringic acid on torsion/detorsion-induced testicular injury using 
biochemical and histopathological approaches for the first time.
Methods  A total of 24 rats were divided into 4 groups: sham control, torsion/detorsion, torsion/detorsion + syringic acid 
(50 mg/kg and 100 mg/kg). Tissue malondialdehyde, total oxidant status and total antioxidant status levels were determined 
using colorimetric methods. Tissue 8-hydroxy-2′-deoxyguanosine, superoxide dismutase, catalase, high mobility group box 1, 
nuclear factor kappa B protein 65, tumor necrosis factor-alpha, interleukin-6, myeloperoxidase, 78-kDa glucose-regulated 
protein, activating transcription factor-6, C/EBP homologous protein and caspase-3 levels were determined using commercial 
enzyme-linked immunosorbent assay kits. Johnsen’s testicle scoring system was used for histological evaluation.
Results  Compared with the control group, the levels of oxidative stress, inflammation, endoplasmic reticulum stress and 
apoptosis were significantly increased in the torsion/detorsion group (p < 0.05). Syringic acid administrations statistically 
significantly restored these damage in a dose dependent manner (p < 0.05). Moreover, it was found that the results of histo-
logical examinations supported the biochemical results to a statistically significant extent.
Conclusion  The overall results suggest that syringic acid emerges as a potential compound for the treatment of testicular 
torsion and may be subject to clinical trials.

Keywords  Apoptosis · Endoplasmic reticulum stress · Inflammation · Ischemia/reperfusion injury · Oxidative stress · 
Syringic acid · Testicular torsion/detorsion
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ERAD	� Endoplasmic reticulum-associated 
degradation

GPx	� Glutathione peroxidase
GRP78	� 78-KDa glucose-regulated protein
H&E	� Hematoxylin and eosin
HMGB1	� High mobility group box 1
IP	� Intraperitoneal
I/R	� Ischemia/reperfusion
IL-6	� Interleukin-6
IRE1	� Inositol requiring enzyme 1
IRI	� Ischemia/reperfusion injury
IQR	� Interquantile range
MDA	� Malondialdehyde
MPO	� Myeloperoxidase
NF-κB p65	� Nuclear factor kappa B protein 65
OSI	� Oxidative stress index
PBS	� Phosphate buffered saline
PERK	� Protein kinase RNA-activated-like ER 

kinase
ROS	� Reactive oxygen species
SA	� Syringic acid
SOD	� Superoxide dismutase
TAS	� Total antioxidant status
TBA	� Thiobarbituric acid
T/D	� Torsion/detorsion
TNF-α	� Tumor necrosis factor-alpha
TOS	� Total oxidant status
TT	� Testicular torsion
UPR	� Unfolded protein response

Introduction

Testicular torsion (TT) is one of the most serious surgical 
emergencies caused by the rotating of the spermatic cord 
around own axis, resulting in reduced blood flow to the 
affected testicle and ultimately testicular atrophy [1]. When the 
duration of ischemia is prolonged, the affected testicle may be 
irreversibly damaged, usually within a time frame of 4–8 h [2]. 
The incidence of TT in men under the age of 25 is 1 in 4000 
[3]. The only treatment for TT is surgical detorsion [1]. There-
fore, early diagnosis and detorsion of acute pathology is vital 
importance. While surgery to be performed within 4–6 h can 
save the testicles with a probability of 90%, this rate decreases 
to 50% at the end of 12 h and to 10% at the end of 24 h [3]. 
Rescue detorsion intervention following torsion paradoxically 
causes greater tissue damage, known as ischemia/reperfusion 
injury (IRI) [1]. IRI is the structural and functional damage 
that occurs as a result of temporary interruption of blood flow 
to the tissue and delayed restoration. A complex inflammatory 
state occurs as a result of I/R, including ATP depletion, reac-
tive oxygen species (ROS) accumulation, pro-inflammatory 
cytokine production and apoptotic pathway activation [4]. In 

the light of this information, it is emphasized that the use of 
molecules with antioxidant and anti-inflammatory properties is 
inevitable for TT [3]. Determination of the testicular protective 
effects of compounds with antioxidant and anti-inflammatory 
activities applied following torsion/detorsion (T/D) in experi-
mental models has accelerated the studies in this area [5].

Syringic acid (4-hydroxy-3,5-dimethoxybenzoic acid, 
SA) is a phenolic compound frequently found in a variety 
of dried fruits (olives, dates), spices, pumpkin, grapes, acai 
palm, honey and red wine [6]. Syringin, syringaldehyde and 
sinapic acid are derivatives of naturally occurring SA [7]. 
It is known to have various beneficial biological activities, 
such as antioxidant, antidiabetic, hepatoprotective, antihy-
perlipidemic, cardioprotective, neuroprotective and anti-
inflammatory [6, 7]. These findings have increased the use 
of SA in the pharmaceutical and cosmetic industries [7].

The endoplasmic reticulum (ER) is a highly dynamic 
organelle and involved in various processes, including cal-
cium homeostasis, synthesis and distribution of lipids, as 
well as synthesis, folding, modification and transport of 
proteins [8]. Various processes or stimuli, such as ischemia, 
hyperglycemia, exposure to heavy metals, chemotherapeutic 
agents or antibiotics can disrupt ER homeostasis and trig-
ger a condition called “ER stress” [9]. In the case of ER 
stress, cells activate the unfolded protein response (UPR) 
to increase the ER protein folding capacity or to ensure the 
elimination of misfolded proteins through ER-associated 
protein degradation (ERAD) [11]. While the UPR is a pro-
survival mechanism against moderate ER stress levels, it 
becomes pro-apoptotic against severe ER stress levels. It has 
been emphasized in recent years that ER stress associated 
with increased oxidative stress is involved in the etiopatho-
genesis of IRI [8]. Although previous studies have shown 
that SA can abolish I/R-induced brain, kidney and heart 
injury [4, 11, 12], to our best knowledge, there is no study 
demonstrating the efficacy of SA on T/D-induced testicular 
injury. The aim of this study was therefore to evaluate the 
protective effects of SA against T/D-induced testicular dam-
age in terms of oxidative stress, inflammation, apoptosis, and 
especially ER stress, for the first time.

Materials and methods

Chemicals and drugs

Phosphate buffered saline (PBS) tablet, phosphoric acid, 
thiobarbituric acid (TBA), 1,1,3,3-tetramethoxypropane, 
dimethyl sulfoxide (DMSO), SA and hematoxylin and eosin 
(H&E) were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Ketamine hydrochloride and xylazine were purchased 
from Vem Pharmaceuticals (Ankara, Turkey) and Bayer 
(Leverkusen, Germany), respectively.
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Animals

The experiment was compliant with World Medical Associa-
tion Declaration of Helsinki, and the animal experiment was 
approved by the Animal Experiments Local Ethics Commit-
tee of Karadeniz Technical University (Protocol number: 
2021/65). 24 male adult Sprague–Dawley rats weighing 
200–225 g were included in this study. The sample size was 
calculated using G*Power Software 3.1.9.2 (Kiel Univer-
sity, Kiel, Germany). The minimum number of samples in 
each required group was calculated as 6 by taking the effect 
size of Cohen’s d = 2, alpha = 0.05, power = 0.90 (1- β) and a 
sample size ratio = 1. This study was conducted at the Surgi-
cal Practice Research Center of Karadeniz Technical Uni-
versity (Trabzon, Turkey). All experimental protocols were 
performed according to the Guide for the Care and Use of 
Laboratory Animals.

Experimental design

Rats were acclimated two weeks before the experiments. 
All drug and solvent applications to the rats were done by 
intraperitoneal (ip) route. All surgical procedures were per-
formed in a sterile environment and general anesthesia was 
provided with ketamine hydrochloride (50 mg/kg, ip) and 
xylazine (10 mg/kg, ip). The 24 animals were randomly 
divided into four groups and each group consisted of six 
rats: sham control, T/D, T/D + SA (50 mg/kg) and T/D + SA 
(100 mg/kg). Group I (sham control): A middle scrotal inci-
sion was made by shaving the scrotal region, and the left 
testicle was mobilized with the spermatic cord, and the scro-
tum was closed with sutures. 10% DMSO application (ip) 
was performed 210 min after the start. Group II (T/D): To 
provide IRI in rats in this group, T/D model was created 
according to the model suggested by Turner et al. [13]. The 
left testicle was visualized with a left inguinoscrotal inci-
sion. In the next step, the left testicle was fixed to the scro-
tum with a suture by turning 720◦ in a clockwise direction. 
In this way, the left testicle was kept in the torsion position 
for a total of 240 min. 10% DMSO application (ip) was per-
formed 210 min after the torsion. At the end of the period, 
the suture was released and the left testicle was detorsioned 
in its normal position for 120 min. The 4 h torsion and 2 h 

detorsion times were determined based on previous studies 
[14, 15]. Group III and IV (T/D + SA [50 and 100 mg/kg]): 
As in Group II, a testicular T/D procedure was performed 
in the rats of these groups. Unlike other groups, the rats in 
these groups were administered two doses of SA (50 mg/kg 
and 100 mg/kg, respectively) 30 min before the detorsion 
procedure (Table 1). SA doses selected considering previ-
ous studies and was prepared by dissolving in 10% DMSO 
[12, 16]. At the end of the experiment, all rats underwent 
left orchiectomy. The removed left testicles were divided 
longitudinally into two pieces. One half was preserved in 
Bouin's solution for histological analysis, while the other 
half was placed in micro-volume tubes to be used in bio-
chemical analyzes and stored at -80 °C.

Biochemical analysis

Tissue samples were homogenized using a homogenizer 
(Ultra-Turrax T25, IKA, Staufen, Germany) in 2 mL of 
ice-cold PBS. Then the homogenates were centrifuged at 
1800xg for 15 min at 4 °C. The supernatants were then col-
lected, the protein contents determined using a commercial 
kit (Pierce BCA Protein Assay Kit, Thermo Scientific, Rock-
ford, IL) according to the manufacturer's instructions and 
used for biochemical analysis.

Malondialdehyde (MDA) levels of tissue samples were 
determined according to the method developed by Mihara 
and Uchiyama [17]. 1,1,3,3-tetramethoxypropane was used 
as a standard and tissue MDA levels were expressed as nmol/
mg protein.

Tissue total oxidant status (TOS) and total antioxidant 
status (TAS) levels were measured using colorimetric kits 
(Rel Assay Diagnostics, Gaziantep, Turkey) according to 
manufacturer's instructions. The ratio of TOS to TAS was 
accepted as oxidative stress index (OSI) and was calculated 
according to the following formula [18]:

Tissue 8-hydroxy-2′-deoxyguanosine (8-OHdG), superox-
ide dismutase (SOD), catalase (CAT), high mobility group 
box 1 (HMGB1), nuclear factor kappa B protein 65 (NF-κB 

OSI (arbitray unit) =
TOS (� mol hydrogen peroxide equivalent∕L)

TAS (mmol trolox equivalent∕L)
× 100

Table 1   A summary of the 
procedures in the experimental 
groups

SA syringic acid, T/D torsion/detorsion

Groups

Sham Control T/D T/D + SA T/D + SA

Torsion 0 min –  +   +   + 
210 min after torsion 10% DMSO 10% DMSO 50 mg/kg 100 mg/kg
Detorsion (240 min after torsion) –  +   +   + 
Orchiectomy (360 min after torsion)  +   +   +   + 



1598	 E. A. Demir et al.

1 3

p65), tumor necrosis factor-alpha (TNF-α), interleukin-6 
(IL-6), myeloperoxidase (MPO), 78-kDa glucose-regulated 
protein (GRP78), activating transcription factor 6 (ATF6), 
C/EBP homologous protein (CHOP) and caspase-3 levels 
in tissue samples were determined using enzyme-linked 
immunosorbent assay (ELISA) kits (Finetest, Wuhan, China) 
according to the manufacturer's instructions.

Histological analysis

Fixed tissues were treated with graded alcohol series and 
then embedded in paraffin. Sections of 5 μm thickness were 
taken from paraffin blocks with an automatic microtome and 
stained with the H&E and examined under a light micro-
scope equipped with a camera (Olympus BX50, Tokyo, 
Japan) [14]. Later, seminiferous tubule architecture, sper-
matogenesis processes and germ cell maturation were 
graded with the scoring system defined by Johnsen [19]. 
Scoring and histological evaluation were performed blindly 
by a histologist unaware of the groups.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statis-
tics for Windows version 23.0 (SPSS Inc, Chicago, IL). The 
compliance of the data to normal distribution was evalu-
ated with the Shapiro–Wilk test. Results were expressed as 
median and interquartile range [IQR (25th and 75th percen-
tiles)]. The median of groups were compared using Kruskal 
Wallis and followed by Mann–Whitney U test were used 
for the statistical assessment of differences among the indi-
vidual groups. For all parameters, significance was set at 
p < 0.05.

Results

The levels of biochemical parameters and histological John-
sen’s scores of all groups are presented in Table 2.

Oxidative stress parameters

The MDA, TOS, OSI and 8-OHdG levels of the T/D group 
was significantly increased compared to the control group 
(all p = 0.004). SA (50 mg/kg) treatment decreased the levels 
of MDA, TOS, OSI and 8-OHdG significantly (p = 0.004, 
p = 0.01, p = 0.004 and p = 0.016, respectively) compared 
with T/D group. Similarly, SA (100  mg/kg) treatment 
decreased the levels of MDA, TOS, OSI and 8-OHdG sig-
nificantly compared with T/D group (all p = 0.004).

The levels of TAS, SOD and CAT were found to be sig-
nificantly decreased in the testicular tissues of the T/D group 

compared to the control group of rats (all p = 0.004). SA 
(50 mg/kg) treatment increased the levels of TAS, SOD and 
CAT significantly compared with T/D group (p = 0.045, 
p = 0.006 and p = 0.03, respectively). Similarly, SA (100 mg/
kg) treatment increased the levels of TAS, SOD and CAT 
significantly compared with T/D group (all p = 0.004).

Inflammation parameters

The HMGB1, NF-κB p65, TNF-α, IL-6 and MPO levels 
of the T/D group was significantly increased compared to 
the control group (all p = 0.004). SA (50 mg/kg) treatment 
decreased the levels of HMGB1, NF-κB p65, TNF-α, IL-6 
and MPO significantly (p = 0.004, p = 0.004, p = 0.006, 
p = 0.006 and p = 0.004, respectively) compared with T/D 
group. Similarly, SA (100 mg/kg) treatment decreased the 
levels of HMGB1, NF-κB p65, TNF-α, IL-6 and MPO sig-
nificantly compared with T/D group (all p = 0.004).

ER stress and apoptosis parameters

The GRP78, ATF6, CHOP and caspase-3 levels of the T/D 
group was significantly increased compared to the control 
group (all p = 0.004). SA (50 mg/kg) treatment decreased 
the levels of GRP78, ATF6, CHOP and caspase-3 signifi-
cantly (p = 0.025, p = 0.004, p = 0.004 and p = 0.045, respec-
tively) compared with T/D group. Similarly, SA (100 mg/
kg) treatment decreased the levels of GRP78, ATF6, CHOP 
and caspase-3 significantly compared with T/D group (all 
p = 0.004).

Furthermore, no significant difference was found between 
the T/D + SA (100 mg/kg) group and the control group in 
terms of biochemical parameters (p > 0.05).

Histological parameters

Microscopic images of testicular tissues belonging to the 
groups are presented in Fig. 1. The histopathological John-
sen score was significantly lower in the T/D group compared 
to the control group (p = 0.003). Although the Johnsen score 
was found to be increased in the T/D + SA (50 mg/kg) group 
compared to the T/D group significantly (p = 0.008), this 
score was still higher compared with control group signifi-
cantly (p = 0.004). Nevertheless, SA (100 mg/kg) treatment 
increased the Johnsen score significantly compared with 
T/D group (p = 0.003). Furthermore, no significant differ-
ence was found between the T/D + SA (100 mg/kg) group 
and the control group in terms of Johnsen scores (p > 0.05).
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Table 2   Effect of SA on the levels of biochemical parameters and Johnsen scores in testicular tissues of control and experimental rats

T/D torsion/detorsion, SA syringic acid, MDA malondialdehyde, TOS total oxidant status, TAS total antioxidant status, OSI oxidative stress index, 
SOD superoxide dismutase, CAT​ catalase, 8-OHdG: 8-hydroxy-2′-deoxyguanosine, HMGB1 high mobility group box 1, NF-κB nuclear factor 
kappa B, TNF-α tumour necrosis factor alpha, IL-6 interleukin-6, MPO myeloperoxidase, GRP78 78-kDa glucose-regulated protein, ATF6 acti-
vating transcription factor 6, CHOP C/EBP homologous protein
P-values according to Kruskal–Wallis variance analysis and followed by the Mann–Whitney U test
Data were expressed as median as medians with a 25th and 75th percentile interquartile range (IQR)
a p < 0.05 compared with control group, bp < 0.05 compared with T/D group, cp < 0.05 compared with T/D + SA (50 mg/kg) group

Control T/D T/D + SA
(50 mg/kg)

T/D + SA
(100 mg/kg)

MDA (nmol/mg protein) 8.22 (8.01–8.59) 25.7 (23.6–29.8)a 14.6 (11.7–18.0)a,b 8.41 (6.78–9.93)b,c

TOS (µM H2O2 equivalent/L) 17.2 (15.8–20.3) 77.2 (62.8–93.3)a 37.1 (23.9–59.6)a,b 15.7 (15.1–28.9)b,c

TAS (mM trolox equivalent/L) 1.21 (1.13–1.25) 0.67 (0.58–0.71)a 0.86 (0.75–1.17)a,b 1.19 (1.14–1.20)b,c

OSI (arbitrary unit) 1.46 (1.33–1.67) 11.9 (9.25–15.2)a 5.37 (2.03–7.00)a,b 1.38 (1.23–2.47)b,c

8-OHdG (ng/mg protein) 5.79 (4.92–6.62) 12.4 (11.0–13.3)a 8.20 (6.23–10.7)b 6.34 (3.87–8.50)b

SOD (ng/mg protein) 1.04 (0.95–1.15) 0.22 (0.14–0.26)a 0.57 (0.39–0.67)a,b 1.00 (0.84–1.38)b,c

CAT (mIU/mg protein) 7.10 (4.78–7.83) 2.10 (1.88–2.83)a 4.00 (2.38–5.93)b 5.95 (3.40–8.40)b

HMGB1 (pg/mg protein) 70.9 (57.7–81.3) 248.3 (229.8–286.0)a 128.6 (104.8–146.0)a,b 58.1 (53.2–73.6)b,c

NF-κB p65 (pg/mg protein) 111.9 (107.2–122.6) 400.4 (389.7–419.4)a 187.1 (150.0–209.7)a,b 131.9 (103.7–154.1)b,c

TNF-α (pg/mg protein) 0.35 (0.27–0.40) 1.63 (1.48–1.76)a 0.90 (0.64–1.08)a,b 0.27 (0.22–0.31)b,c

IL-6 (pg/mg protein) 20.1 (17.4–21.5) 164.2 (140.1–198.6)a 91.3 (76.7–105.8)a,b 23.8 (20.9–25.1)b,c

MPO (ng/mg protein) 0.63 (0.56–0.75) 1.25 (1.06–1.43)a 0.83 (0.65–0.96)b 0.58 (0.52–0.62)b,c

GRP78 (pg/mg protein) 60.1 (49.3–69.5) 210.2 (155.0–273.9)a 112.4 (87.5–149.6)a,b 60.7 (44.1–71.5)b,c

ATF6 (pg/mg protein) 40.7 (34.2–45.5) 118.8 (106.2–140.4)a 57.1 (53.5–73.3)a,b 35.8 (33.1–50.3)b,c

CHOP (pg/mg protein) 114.9 (103.3–129.5) 438.5 (335.6–473.8)a 170.4 (127.0–273.5)b 114.3 (107.7–159.2)b

Caspase 3 (ng/mg protein) 0.40 (0.37–0.47) 1.30 (1.19–1.60)a 0.98 (0.75–1.29)a,b 0.38 (0.29–0.54)b,c

Johnsen Scores 9 (8.75–9.25) 4 (3–5)a 7 (5–7.25)a,b 7.5 (7–9)b

Fig. 1   Histopathological images 
of testicular tissues of groups 
(× 100, H&E staining). Control 
Group (A) SZ: spermatozoon, 
black star: seminiferous tubule 
germinal epithelium, black 
arrow: intertubular area. T/D 
Group (B) VC: vasoconges-
tion in the intertubular area, 
V: vacuolization in tubule 
epithelium, DT: degenerative 
seminiferous tubule structure, 
black star: seminiferous tubule 
germinal epithelium, black 
triangle: edema in the intertu-
bular area. T/D + 50 mg/kg SA 
(C) SZ: spermatozoon, black 
star: seminiferous tubule ger-
minal epithelium, black arrow: 
intertubular area. T/D + 100 mg/
kg SA (D) SZ: spermatozoon, 
black star: seminiferous tubule 
germinal epithelium, black 
arrow: intertubular area



1600	 E. A. Demir et al.

1 3

Discussion

Cumulative evidence suggests that oxidative stress is the 
most fundamental mechanism of IRI [5]. Excessive ROS 
generated during the I/R process react with polyunsaturated 
fatty acids and cause lipid peroxidation [11]. MDA is the 
end product of lipid peroxidation, and an increase in MDA 
level indicates an increase in the amount of ROS and/or a 
decrease in the activities of antioxidant enzymes [18]. TOS 
reflects the level of total oxidants in a biological sample, 
while TAS is a cumulative indicator of total antioxidant 
power in a biological sample. More importantly, the ratio 
of TOS to TAS is considered the OSI, which is an indicator 
of oxidative stress [4]. 8-OHdG is a widely used biomarker 
of ROS-induced DNA damage and it is known that there 
is a positive correlation between the amount of ROS and 
the levels of 8-OHdG [18]. SOD and CAT are vital anti-
oxidant enzymes that remove superoxide and hydrogen 
peroxide, respectively, to prevent the formation of more 
reactive hydroxyl radicals. Therefore, these two antioxidant 
enzymes form the first line of cellular defense against oxi-
dative damage [20]. In this study, increased MDA, TOS, 
OSI and 8-OHdG levels and decreased TAS, SOD and CAT 
levels in the T/D group showed that I/R-induced testicular 
damage is mediated by oxidative stress. The attenuation of 
the levels of these parameters by treatments with SA in this 
study may be due to the free radical scavenging potential of 
SA. Similar to our results, previous studies have shown that 
MDA, TOS, OSI and DNA damage levels increase and TAS, 
SOD and CAT levels decrease in IRI and that SA treatment 
restores the levels of these parameters and is protective in 
various tissues, such as brain and kidney [4, 11].

It is known that inflammation is the another main path-
way that play a role in the pathophysiology of T/D-induced 
testicular injury [5]. I/R-mediated inflammation and acti-
vation of pro-inflammatory mediators has been the focus 
of recent research in this area, and the HMGB1, a typical 
injury-associated protein, has received special attention [21]. 
HMGB-1 binds to its receptors, such as toll like receptor 4 
(TLR4) and receptor for advanced glycation endproducts 
(RAGE) and subsequently activates NF-κB, which targets 
several pro-inflammatory genes, including TNF-α and IL-6, 
and eventually mediates inflammation. Emerging studies 
have shown that HMGB1 and NF-κB are also involved in 
oxidative stress after I/R injury [22]. In this study, increased 
levels of HMGB1, NF-κB p65, TNF-α, IL-6 and MPO in 
the T/D group showed that the testicular damage caused 
by I/R is mediated by inflammation. Treatments with SA 
significantly reduced inflammation parameters compared to 
the T/D group. Consistent with our results, previous studies 
have shown that SA can show protective activity against 

I/R-induced brain and heart damage by reducing the levels 
of inflammation [20, 23].

The accumulation of unfolded/misfolded proteins in the 
ER triggers an evolutionarily conserved pathway called 
UPR. There are three proteins in ER that act as stress sen-
sors and activate the UPR pathway: ATF6, protein kinase 
RNA- like endoplasmic reticulum kinase (PERK) and ino-
sitol-requiring enzyme 1 (IRE1) [24]. In the physiological 
state, these sensor proteins are kept inactive state via bound 
to GRP78. Under conditions that cause impairment of ER 
functions, GRP78 releases these sensor proteins that will 
initiate UPR [25]. Under stress conditions, ATF6 transfers 
from ER to Golgi and is cleaved by site-1 and site-2 pro-
teases to form active fragment. Activated ATF6 then moves 
to the nucleus to mediate the expression of various proteins, 
including CHOP. Therefore, there is no doubt that ATF6 is 
an important mediator during ischemia [15]. The first cel-
lular response that occurs as a result of UPR activation is the 
global inhibition of protein synthesis. In the second stage, 
it is aimed to reduce the proteotoxic stress caused by mis-
folded/unfolded proteins by increasing chaperone synthesis 
and activating the ERAD pathway. In the third stage, if the 
proteotoxic environment cannot be eliminated, apoptotic cell 
death is activated [24]. CHOP is a highly inducible gene that 
is expressed at very low levels in physiological conditions 
and is remarkably up-regulated in response to stress. CHOP 
is the first protein identified that promotes apoptosis under 
conditions of ER stress [25]. It is known that increased apop-
tosis plays an important role in I/R-induced tissue damage 
and the apoptotic process is mediated by caspase-3 [5, 11]. 
Therefore, GRP78, ATF6 and CHOP levels were determined 
in testicular tissues to reveal ER stress, and caspase-3 levels 
were determined to show the level of apoptosis in this study. 
The results showed that GRP78, ATF6, CHOP and caspase-3 
levels were increased in the T/D group compared to the 
control group, while SA treatments protected the testicular 
tissue against IRI by suppressing ER stress and apoptosis. 
These results are thought to be important as they reveal ER 
stress inhibitory activity for the first time in an experimen-
tal IRI model of SA. Consistent with our results, previous 
studies have shown that SA and its derivatives exhibit tissue 
protective effect in various different experimental models via 
suppressing the levels of ER stress and apoptosis [10, 26]

Histological evaluation using a microscopic Johnsen scor-
ing system is considered the gold standard in the assess-
ment of IRI [27, 28]. The statistically significant decrease 
in the Johnsen scores in the T/D group compared with the 
control group indicates that the I/R damage was success-
fully achieved. The statistically significant improvement of 
this decrease with the applications of SA showed the tes-
ticular protective effect of SA. In parallel with our results, 
Unsal et al. reported that sinapic acid protect testicular tis-
sue against I/R-induced damage through decreasing MDA, 
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TNF-α, IL-6 and IL-1β levels and increasing SOD and GPx 
levels. Again, it was shown that sinapic acid administra-
tion improved degenerative abnormalities, such as enlarge-
ment of the interstitial space, vascular dilatation, bleeding, 
obstruction and edema caused by T/D, and Johnsen scores 
in the same study [3].

SA is evaluated as a good antioxidant due to its strong 
free radical scavenging activity [6]. It is suggested that the 
antioxidant property of SA is due to its redox properties, 
which allow it to act as a hydrogen donor, free radical scav-
enger, metal chelator, and modulator of enzymatic activity, 
resulting from this structural property [29]. Therefore, we 
suggest that the tissue protective effect of SA against I/R-
induced testicular damage is mainly due to its antioxidant 
potential.

Our study has a few limitations that need to be explored in 
detail in future studies. First, the testicle protective effect of 
SA can be re-evaluated by focusing on more detailed mecha-
nisms. Second, the efficacy of only two doses of SA was 
evaluated in the study. Comprehensive studies should test the 
effect of different doses of SA. Third, we did not investigate 
the application of SA at different times or in prolonged I/R 
periods in this study. We believe that demonstrating the pro-
tective efficacy of SA against I/R-induced testicular damage, 
together with physiological fertility behavior experiments in 
long-term studies, will shed light on clinical stages.

Conclusion

Our study confirms that the testicular protective effect of 
SA occurs through suppression of oxidative stress, inflam-
mation, ER stress and apoptosis in the rat TT model. Histo-
pathological studies on testicular tissues have also confirmed 
that SA alleviates T/D-induced impaired spermatogenesis. 
Therefore, the overall results suggest that SA emerges as 
a potential compound for the treatment of TT and may be 
subject to clinical trials.
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