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Summary
The study was designed to evaluate the effects of metformin on apoptosis and epididy-
mal sperm quality in a rat testicular ischaemia/reperfusion (I/R) injury model. A total of 
72 male rats were divided into four groups (n = 18 for each group): group 1 (sham- 
operated group), group 2 (metformin group), group 3 (torsion/detorsion [T/D] + saline) 
and group 4 (T/D + 300 mg kg−1 metformin). Testicular torsion was achieved by rotat-
ing the right testis 720° in a clockwise direction for 1 hr. Tissue malondialdehyde 
(MDA) level and caspase- 3 activity increased and the activities of catalase, superoxide 
dismutase and glutathione peroxidase decreased in comparison with sham- operated 
group 4 hr after detorsion (p < .001). In six rats of each group 24 hr after detorsion, 
histopathological changes and germ cell apoptosis were significantly deteriorated by 
measuring mean of seminiferous tubule diameters (MSTD) and TUNEL test. Moreover, 
30 days after T/D, sperm concentration and motility were examined in six animals per 
group. Metformin pre- treatment reduced MDA and caspase- 3 levels and normalised 
antioxidant enzyme activities 4 hr after detorsion, and germ cell apoptosis was signifi-
cantly decreased, and the MSTD, as well as sperm functions, was significantly im-
proved. Reduction in oxidative stress and apoptosis may have a major role in 
cytoprotective effects of metformin.
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1  | INTRODUCTION

Testicular torsion by rotation of testis around the axis of the spermatic 
cord is a urologic pathologic condition that mainly affects newborns, 
children and adolescent boys, and inappropriate treatment can lead 
to infertility (Ergur, Kiray, Pekcetin, Bagriyanik, & Erbil, 2008; Turner 
& Brown, 1993). Rapid diagnosis and immediate surgical treatment 
are essential to prevent testicular damage (Perrotti, Badger, Prader, & 

Moran, 2006). The main pathophysiologic event in testicular torsion/
detorsion is I/R injury of the testis (Turner & Brown, 1993), which stim-
ulates an intracellular signalling cascade in the testicular endothelial 
cells that results in neutrophil recruitment, oxidative stress and germ 
cell- specific apoptosis (Lysiak, Nguyen, Kirby, & Turner, 2003; Lysiak 
et al., 2001; Turner, Tung, Tomomasa, & Wilson, 1997). Previous studies 
showed that I/R induces the loss of spermatogenesis mainly through 
germ cell- specific apoptosis (Turner et al., 1997). Apoptosis is a form of 
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cell death characterised by organised nuclear and cellular fragmenta-
tion and has recently generated great interest in several areas of inves-
tigation, including infertility. In addition, in ischaemia phase, oxidative 
stress and germ cell apoptosis have important roles in testicular de-
fects such as testosterone withdrawal, cryptorchidism and exposure to 
toxins (Shaha, Tripathi, & Mishra, 2010). Indeed, it has been suggested 
that inhibition of germ cell apoptosis may have a protective effect in 
testicular torsion (Mogilner et al., 2006; Turner et al., 1997). So, rec-
ognising therapeutic agents for preventing apoptosis in T/D condition 
would potentially be useful. Metformin (N,N- dimethylbiguanide) is the 
first- line drug for type 2 diabetes, particularly in overweight and obese 
people (Correia et al., 2008). Metformin induces AMP- activated pro-
tein kinase (AMPK), which is a key regulator of cellular energy balance 
(Zhou et al., 2001). Anti- inflammatory function of the metformin de-
pends on its ability to inhibit the activation of NF- κB and enhancing 
the activation of AMPK (Kim & Choi, 2012; Li et al., 2009). AMPK is an 
upstream kinase of mammalian target of rapamycin (mTOR), and also 
an inhibitor of the mTOR pathway (Inoki, Kim, & Guan, 2012). Several 
studies have indicated that metformin may be useful against ischaemic 
injury in organs such as the liver, kidney, heart and brain (Ashabi, Khalaj, 
Khodagholi, Goudarzvand, & Sarkaki, 2015; Ashabi, Khodagholi, Khalaj, 
Goudarzvand, & Nasiri, 2014; Bhamra et al., 2008; Cahova et al., 2015; 
Seo- Mayer et al., 2011). Furthermore, it has been shown that the ad-
ministration of metformin may also be protective against I/R injury in 
the testis in rat models (Asghari, Akbari, Meghdadi, & Mortazavi, 2016); 
however, there is no study about its effect on sperm quality and apop-
tosis in experimental testicular ischaemia/reperfusion. In the present 
study, for the first time we investigated the effect of metformin on 
germ cell apoptosis, oxidative stress and sperm quality in testicular I/R.

2  | MATERIAL AND METHODS

2.1 | Animals and experimental groups

Seventy- two male Wistar albino rats at 90 days of age weighing 
230–260 g were used in this study. Animals were purchased from 
Department of pharmacology, Tehran University of Medical Sciences. 
They were maintained and used in accordance with the Animal 
Welfare Act and the Guide for the Care and Use of Laboratory Animals 
prepared by the Tehran University of Medical Sciences Animal Ethical 
Committee. They were kept in an environment of controlled tem-
perature (21–22°C), humidity (55%–60%) and controlled photoperiod 
(12/12 hr light:dark) for 1 week before the start of the experiment. 
The rats were randomly divided into four groups (n = 18 per group):

Group 1: Sham-operated rats, all the surgical steps were performed; 
however, T/D was not induced. The animals were kept under anaes-
thesia for the duration of the procedure.

Group 2: a single dose of metformin (300 mg kg−1) was injected in-
traperitoneally (i.p.) and immediately surgical procedure was per-
formed as in sham group;

Group 3: T/D-operated rats, received totally 2 ml injections of saline, 
30 min before detorsion;

Group 4: T/D-operated rats received single dose of 300 mg kg−1 
(i.p.) injection of metformin 30 min before detorsion (Payabvash, 
Kiumehr, Tavangar, & Dehpour, 2008; Yazdani et al., 2016).

2.2 | Experimental testicular T/D procedure

The rats were anesthetised with xylazine/ketamine (10/90 mg kg−1, 
i.p.) under sterile conditions. The right testis entered through a 
midline incision and T/D was induced by rotating the right testis 
720° in a clockwise direction for 1 hr. Then, the testis was counter- 
rotated to the natural position and was inserted into the scrotum, 
skin incision was sutured (4–0 nonabsorbable), and animals were 
kept until harvesting time. In the sham- operated animals, only surgi-
cal stress was occurred by immediately retraction and replacement 
of the spermatic cord. The biochemical markers of oxidative stress 
are reported to increase just 4 hr after reperfusion in testicular T/D 
model; thus, we removed the right testes of six animals from each 
study group 4 hr after detorsion for evaluation of oxidant/antioxi-
dant balance. The testes of six other animals from each group were 
removed 24 hr after detorsion for determination of germ cell ap-
optosis index, which peaks at this time point. We also evaluated 
the effects of treatment on sperm count in six rats per each study 
group 30 days after treatment (Payabvash et al., 2008; Yazdani 
et al., 2016).

2.3 | Biochemical assays

Four hours after detorsion, ipsilateral orchiectomy was performed and 
samples	were	rapidly	stored	in	−80°C	for	evaluation	of	tissue	malon-
dialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), glu-
tathione peroxidase (GPx) and caspase- 3 level changes.

2.4 | MDA assay

Malondialdehyde accumulation in tissues is indicative of the ex-
tent of lipid peroxidation. MDA is an end product of peroxidation 
of fatty acid in the lipid peroxidation process. MDA levels in tissue 
homogenate were measured with the thiobarbituric acid reaction 
as described by Ohkawa, Ohishi, and Yagi (1979). In brief, testes 
were homogenised in 1.15% KCl to make a 10% (w/v) homogen-
ate. Then, 0.9 ml of 1.8% sodium dodecyl sulphate (SDS), 1.5 ml 
of 20% acetic acid solution (pH = 3.5) and 1.5 ml of aqueous TBA 
solution were regularly added to 0.1 ml of tissue homogenates. 
The prepared homogenates were centrifuged at 4043 g for 10 min. 
The organic layer was taken and its absorbance at 532 nm was 
measured.

2.5 | CAT activity

Tissue catalase activity was spectrophotometrically measured accord-
ing to method of Aebi (1984). Tissue sections were homogenised in 
1% Triton X- 100 and were diluted with potassium phosphate buffer. 
The reaction was initiated by the addition of hydrogen peroxide (H2O2) 
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to reaction mixture, and the level of enzyme activity was quantitated 
according to ability of tissue catalase to decompensate H2O2 by moni-
toring decrease in absorbance at 240 nm.

2.6 | GPx activity

Glutathione peroxidase activity was measured by modified method 
of Paglia and Valentine (1967). The enzymatic reaction was initiated 
following addition of H2O2. In the assay, oxidised glutathione is re-
duced to glutathione by the enzyme glutathione reductase, which oxi-
dises nicotinamide adenine dinucleotide phosphatase, reduced form 
(NADPH) to NADP in the catalytic cycle. The alteration in absorbance 
at 340 nm resulting from the oxidation of NADPH is the basis for 
quantitating tissue GPx activity.

2.7 | SOD activity

Tissue SOD activity was measured according to the Paoletti and 
Mocali method (Paoletti & Mocali, 1990). In brief, SOD activity level 
was assayed based on its ability to inhibit NADH oxidation in reac-
tion mixture and conversion of superoxide anions (O2) to H2O2 and 
molecular oxygen (O2). SOD activity was measured by decrease in ab-
sorbance at 340 nm during the reaction.

2.8 | Caspase- 3 level

Caspase- 3 level was evaluated using ELISA detection kit according 
to the Biotin double- antibody sandwich technology. The colorimet-
ric change in samples at 450 nm was applied to measure caspase- 3 
concentration (ng ml−1) by drawing a standard curve (Namura et al., 
1998).

2.9 | Histopathological analysis

The testes of six other rats from each study group were removed 
24 hr after detorsion following a rapid cervical dislocation. The speci-
mens were fixed in 10% phosphate- buffered formalin and post- fixed 

in 70% ethanol, and then were cut in 5- μm- thick sections. After de-
paraffinisation of the sections and staining with haematoxylin–eosin 
(H&E), the tissues were examined under light microscope with 100× 
magnification to quantify testicular histological injury (Figure 1). The 
four- level grading scale of Cosentino’s score was used (Cosentino, 
Nishida, Rabinowitz, & Cockett, 1986):

Grade 1: normal structure with regular arrangement of germ cells;
Grade 2: testicular injuries with less orderly, noncohesive germ cells 

and closely packed seminiferous tubules;
Grade 3: testicular injuries with disordered, sloughed germ cells with 

shrunken, pyknotic nuclei and less distinction in seminiferous tu-
bule borders;

Grade 4: testicular injuries with coagulative germ cell necrosis and in-
tensely packed seminiferous tubules.

Moreover, for each sample, MSTD was calculated by measurement 
of 10 separate roundest seminiferous tubules using a light microscope- 
adaptable micrometre.

2.10 | Evaluation of germ cell apoptosis using 
TUNEL assay

For quantitative assessment of apoptosis, apoptotic nuclei in tis-
sue sections were identified with the in situ terminal deoxynu-
cleotidyl transferase- mediated deoxyuridine triphosphate–biotin 
nick end labelling (TUNEL) technique, which identified DNA strand 
breaks	by	 labelling	their	 free	3′-	OH	termini	 (Negoescu	et	al.,	1996).	
Semiquantitative assessment of apoptotic nuclei in specimens was 
performed using the APO- BrdU- IHC kit according to the manufactur-
er’s instructions. About 100 seminiferous tubule cross sections from 
each specimen were evaluated for appearance of apoptotic nuclei 
with intense green staining by manual counting at 200× magnifica-
tions (Figure 2).

The mean number of TUNEL- positive cells per tubule cross section 
was obtained, and only circular tubular cross sections cut in boldface 
were evaluated (Payabvash et al., 2008; Yazdani et al., 2016).

F IGURE  1 Light microscopy of 
testicular tissue in experimental groups. (a) 
Normal testicular histology in sham group. 
(b) Normal testicular histology in metformin 
group.	(c)	Sloughing	(→),	necrosis	in	
interstitium (**) and decreased cellularity 
(*) in tubules in T/D group. (d) Increased 
cellularity with well- organised tubules and 
improved tubular structure with well- 
preserved epithelium

(a) (b)

(c) (d)



4 of 8  |     GHASEMNEJAD- BERENJI Et Al.

2.11 | Semen functional analysis

Long- term effects of T/D and treatment with metformin (300 mg kg−1 
i.p.) were evaluated by determination of changes in sperm concentra-
tion and motility 30 days after T/D operation. The epididymal sperm 
concentration was measured by Yokoi et al. method (Yokoi, Uthus, & 
Nielsen, 2003). In brief, after killing the animals, epididymis was com-
pletely removed, finely minced in physiological saline and incubated 
at room temperature for 5 min after 20- min shaking. Then, superna-
tant fluid was diluted and dyed in proportion 1:100 with a solution 
containing 5 g sodium bicarbonate, 1 ml 35% formalin and 25 mg 
eosin (in 100 ml of water). The solution was centrifuged at 5071 g 
for 20 min at room temperature. Under light microscopy, spermato-
zoa were counted following transfer of approximately 10 μl of the 
diluted sperm suspension to each counting chamber of hemocytom-
eter (200× magnification). Using a standard method which possesses a 
score ranging from 0% to 100%, the percentage of progressive sperm 
motility was visually recorded (400× magnification). Final motility per-
centages were calculated by mean value of four specific estimations 
in each sample.

2.12 | Statistical analysis

All data were expressed as mean ± SD. The differences between the 
experimental groups were analysed by ANOVA. Individual groups 

were compared using Tukey’s multiple comparison tests. Differences 
less than 0.05 were considered statistically significant (p < .05).

3  | RESULTS

3.1 | Biochemical assays

The results of testicular MDA concentration and SOD, CAT, GPx and 
caspase- 3 activities in studied groups are shown in Table 1. There 
were significant differences in the evaluated antioxidant enzymes 
levels between the T/D-  and sham- operated group. The tissue MDA 
concentration in the T/D + metformin (300 mg kg−1, i.p.) was signifi-
cantly lower than T/D animals (p < .001). It is proven that treatment 
with metformin (300 mg kg−1 i.p.) exerted its protective effects by a 
reduction in lipid peroxidation induced by I/R. The activity of SOD, 
CAT and GPx enzymes in the T/D rats significantly increased follow-
ing injection of metformin (p < .001). Furthermore, treatment with 
metformin reduced caspase- 3 activity in ischaemic/reperfused tissue 
(p < .001).

3.2 | Histopathological analysis

The histopathological parameters in right testes among the four 
experimental studied groups are demonstrated in Table 2. When 
the structure of testis was histopathologically examined, it was 

F IGURE  2 Effects of T/D and 
metformin on germ cell apoptosis and 
TUNEL immunoreactivity in testis tissue. 
(a) The sham group shows a few TUNEL- 
positive cells. (b) The metformin group 
revealed fewer TUNEL- positive cells 
in testis as in the sham group. (c) After 
T/D, TUNEL- positive cells markedly 
decreased in the seminiferous tubules. 
(d) TUNEL- positive cells decreased in the 
T/D + metformin group

(a) (b)

(c) (d)

TABLE  1 Testicular levels of MDA and CAT, SOD, GPx and caspase- 3 enzyme activities 4 hr after detorsion

Group
MDA (nmol/g wet 
issue) CAT (IU/g wet tissue) SOD (IU/g wet tissue) GPx (IU/g wet tissue)

Caspase- 3 
activity (ng/ml)

Sham 113.15 ± 6.13 364.19 ± 4.94 1,967.23 ± 10.71 731.53 ± 52.26 0.264 ± 0.027

Metformin 107.24 ± 21.43 371.62 ± 13.02 1,998.39 ± 19.78 748.29 ± 28.98 0.233 ± 0.014

T/D 194.02 ± 11.15*,** 221.31 ± 16.53*,** 1,495.15 ± 25.01*,** 512.24 ± 31.99*,** 0.467 ± 0.021*,**

T/D + Metformin 121.46 ± 14.15 305.21 ± 20.63 1,921.58 ± 50.34 691.47 ± 12.54 0.305 ± 0.027

T/D, torsion/detorsion; MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase.
*p < .001 compared with sham group.
**p < .001 compared with T/D + metformin group.
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observed that the histological appearance of testicular tissues of 
groups 1 and 2 was normal. As expected, the architecture of the 
seminiferous tubules, germ cells, Sertoli and Leydig cells appears 
complete in sham- operated animals (group 1) and group 2 with-
out infiltration and haemorrhagic sign. Testicular torsion caused 
different histopathological features, and significant (p < .001) de-
creases in MSTD and increased Cosentino’s scores were observed 
in the testis of group 3 compared with the groups 1 and 2 (Table 2). 
These histopathological changes were significantly less obvious in 
group 4.

3.3 | TUNEL assay

Immunohistochemical studies confirm the index of germ cells fol-
lowing TUNEL assay (Figure 2). By double labelling, alterations in the 
anatomical structures and proportion of the TUNEL- positive nuclei/
surrounding normal nuclei (%) were determined. Only those TUNEL- 
positive cells that fulfilled the morphological criteria for apoptosis 
(i.e., cell shrinkage, nuclear fragmentation and condensation) were 
counted. Germ cell apoptosis indices were significantly higher in the 
T/D and metformin group versus the sham- operated group (Table 3); 
however, injection of metformin reduced the apoptosis index. 
According to the Immunohistochemical studies, treatment with met-
formin (300 mg kg−1 i.p.) reduced the apoptosis in T/D + metformin 
group (group 3) compared with T/D group.

3.4 | Semen analysis

The results demonstrated the alterations in sperm concentration 
and motility due to testicular T/D (Figure 3). Injection of metformin 
(300 mg kg−1) significantly improved the reduced epididymal sperm 
concentration induced by testicular T/D (p < .001). Furthermore, the 
percentage of sperm motility resulted from testicular T/D was in-
creased following treatment with metformin at dose of 300 mg kg−1 
(p < .01).

4  | DISCUSSION

The present study demonstrated the ability of metformin to improve 
sperm quality in ipsilateral testis undergoing unilateral testicular T/D. 
Based on our study, metformin administration ameliorated testicular 
tissue damage and improved epididymal sperm concentration and mo-
tility through reduction in oxidative stress and germ cell apoptosis.

I/R injury is the detrimental pathological consequence of testic-
ular T/D, which induces the overproduction of free radicals such as 
Reactive oxygen species (ROS) and impairs the equilibrium between 
oxidants and antioxidants (Akçora et al., 2008). These pathologic 
pathways which are known as oxidative stress cause lipid peroxida-
tion and trigger a chain of events that can cause cellular dysfunction 
and promote apoptosis (Chandra, Samali, & Orrenius, 2000). MDA, the 
end product of lipid peroxidation, is a well- known parameter for eval-
uating the increased free radical formation in post- ischaemic tissue 
(Takhtfooladi et al., 2013). SOD, CAT and GPx are major enzymes that 
scavenge harmful ROS in male reproductive organs (Pekcetin et al., 
2007). Previous studies have shown that I/R leads to increased MDA 
and inactivation of antioxidant enzymes in rat testes (Salmasi et al., 
2005; Takhtfooladi et al., 2013). Therefore, determination of the ther-
apeutic practices for rescuing the testis from I/R injury by protecting it 
from all forms of oxidative stress would potentially be useful. Recently, 
a number of chemical agents and drugs such as oxygen radical scav-
engers have been successfully used to reduce the I/R injury in ani-
mal models of testicular torsion. But only few of them are currently 
in clinical use because of severe adverse effects (Celik et al., 2016; 
Dokmeci et al., 2007; Jahromi, Rasooli, Kamali, Ahmadi, & Sattari, 
2017;	Meštrović	et	al.,	2014,	2016;	Zavras	et	al.,	2014).

Metformin as a antidiabetic biguanide agent improves the sensi-
tivity to insulin, increases the insulin- stimulated uptake and utilisation 
of glucose, reduces basal hepatic glucose production, causes weight 
reduction and decreases hunger (Rena, Pearson, & Sakamoto, 2013). 
This drug is generally well tolerated, and the most common adverse 
effect of metformin is gastrointestinal irritation (Bolen et al., 2007; 
Triggle & Ding, 2016). Metformin induces AMPK, which is a key reg-
ulator of cellular energy balance (Zhou et al., 2001). The activation of 
AMPK signalling pathway during I/R has been considered to be an 
endogenous compensatory mechanism to protect against oxidative 
stress injury (Kim, Kundu, Viollet, & Guan, 2011; Russell et al., 2004). 
Metformin exerts its effect through both AMPK- dependent and 
AMPK- independent mechanisms (Sahra et al., 2008).

TABLE  2 Histological evaluation of the testes using mean 
seminiferous tubular diameter (MSTD) values and Cosentino’s scores 
24 hr after detorsion in the studied rats

Group MSTD (μm) Grade

Sham 288.8 ± 41.32 1

Metformin 285.3 ± 8.48 1

T/D 215.5 ± 32.11*,** 3

T/D + metformin 261.3 ± 5.81 2

Grades: 1, minimal or no evidence of injury; 2, slight injury; 3, mild injury; 4, 
moderate injury.
*p < .001 compared with sham group.
**p < .001 compared with T/D + metformin group.

TABLE  3 Apoptotic germ cell index and percentage of apoptotic 
tubules in the rat testes determined using TUNEL assay

Group
Mean apoptotic 
nuclei/tubule

Apoptotic 
tubules (%)a

Sham 0.76 ± 0.57 13.28 ± 2.354

Metformin 0.71 ± 0.19 11.67 ± 1.149

T/D 8.49 ± 0.39*,** 61.51 ± 2.235*,**

T/D + metformin 3.07 ± 1.52 31.41 ± 3.261

aThe percentage of tubules in each specimen in which at least 1 TUNEL- 
stained nucleus is observed.
*p < .001 compared with sham group.
**p < .01 compared with T/D + metformin group.
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Recent studies have shown that metformin can decrease cell 
apoptosis in tissues like liver, muscle and kidney (Viollet & Foretz, 
2013; Vytla & Ochs, 2013; Wang et al., 2015). Recently, the protective 
role of metformin has been demonstrated in the brain of rats follow-
ing cerebral I/R injury (Abd- Elsameea, Moustaf, & Mohamed, 2014). 
In another study, Cahova et al. showed that metformin administration 
prevents ischaemia/reperfusion- induced oxidative stress in the fatty 
liver by attenuation of ROS formation. Our results are consistent with 
these studies (Cahova et al., 2015). We showed that pre- treatment 
with metformin was associated with reduced MDA accumulation in 
the induced testicular T/D tissue, which indicates the reduction in lipid 
peroxidation reaction rate. Fuse et al. showed the sperm counts in 
the left caudal epididymis were significantly reduced after ischaemia 
and sperm motility also decreased after the procedure in rats (Fuse, 
Tsuritani, Iwasaki, & Katayama, 1992). Yazdani et al. (2016) reported 
that 30 days after 1- hr torsion in rats both sperm count and motility 
were reduced. Similarly, our data suggest that 1- hr ischaemia causes 
decreased sperm concentration and sperm motility 30 days after 
ischaemia. In the present study, T/D caused a significant increase in 
disorganisation, degeneration and desquamation in germinal cells and 
interstitial oedema in testis and also reduced the histological parame-
ters such as MSTD. The detrimental effects of I/R on sperm concen-
tration may imply an interference with spermatogenesis. Additionally, 
ischaemia could induce apoptotic degeneration of testicular tissues, 
which may contribute to spermatogenesis loss in the testis. The slump 
in sperm concentration may be due to IR- induced oxidative stress in 
testicular tissue. Oxidative stress plays a crucial role in the aetiology 
of defective testis function via mechanisms involving the induction 
of peroxidative damage to the plasma membrane (Agarwal & Saleh, 
2002; Vernet, Aitken, & Drevet, 2004; Visser & Heyns, 2003).

Metformin pathways in protecting cells against oxidative stress are 
manifold; first, metformin could directly engage with ROS in vitro. In a 
study by Bonnefont- Rousselot et al. (2003), metformin was able to scav-
enge hydroxyl free radicals. Similar results were reported by Hou et al. 
(2010) in investigation of the reduction in intracellular ROS in endothe-
lial cells treated with metformin. Second, metformin is capable of abating 

ROS by inhibition its production at intracellular level. This is achieved by 
either by reducing NAD(P)H, or to a lesser extent by decreasing respira-
tory chain reactions in mitochondria (Ouslimani et al., 2005).

Based on our records, metformin administration ameliorated tes-
ticular tissue damage and improved epididymal sperm concentration 
and motility through reduction in oxidative stress and germ cell apop-
tosis after T/D injury. Apoptotic cells were determined using a TUNEL 
assay based on the detection of DNA strand breaks that occur during 
apoptosis (Yazdani et al., 2016). The important role of germ cell apop-
tosis in the normal testicular function has been reported in several 
studies (Modi, Sane, & Bhartiya, 2003). Despite physiological testic-
ular function, studies have shown that the enhancement of germ cell 
apoptosis is a responsible mechanism of impaired spermatogenesis 
and infertility in testicular torsion (Hadziselimovic, Geneto, & Emmons, 
1998). Yazdani et al. (2016) observed TUNEL- positive germ cells in the 
seminiferous epithelium of I/R- injured testis tissue. Previous studies 
have reported the potency of metformin in reducing ROS, and scav-
enging hydroxyl free radicals and preventing lipid peroxidation, an 
autocatalytic mechanism, which leads to oxidative damage of cell 
membranes and, consequently, cell death by apoptosis (Viollet et al., 
2012). In the present study, we demonstrate increased numbers of 
TUNEL- positive (apoptotic) cells after I/R. Treatment with metformin 
significantly reduced the number of apoptotic cells, decreased the 
MDA and caspase- 3 level and increased the activity of antioxidant en-
zymes in the rats undergoing testicular T/D. This is in consistent with 
previous reports, which demonstrate that metformin scavenges ROS, 
inhibits lipid peroxidation and maintains antioxidant defences during 
oxidative stress (Bonnefont- Rousselot et al., 2003; Viollet et al., 2012).

In conclusion, our findings reveal that administration of met-
formin reduces cellular injury depicted by lower levels of MDA and 
apoptosis indices compared to T/D group and leads to later improve-
ment in sperm count and motility. The antioxidant and anti- apoptotic 
properties of metformin have possibly contributed to these effects. 
Consequently, metformin, as an adjunctive drug in testicular detorsion 
operation, may have a useful approach to reduce surgical reperfusion 
injuries and could improve spermatogenesis in injured testes.

F IGURE  3 Graph (a) showing sperm count and graph 
(b) showing sperm motility in all groups at 30 days of 
reperfusion. **p < .01; ***p < .001 compared with T/D



     |  7 of 8GHASEMNEJAD- BERENJI Et Al.

ACKNOWLEDGEMENTS

This research has been supported by Tehran University of Medical 
Sciences and health services grant 0294-30-28921.

REFERENCES

Abd-Elsameea, A., Moustaf, A., & Mohamed, A. (2014). Modulation of 
the oxidative stress by metformin in the cerebrum of rats exposed to 
global cerebral ischemia and ischemia/reperfusion. European Review for 
Medical and Pharmacological Sciences, 18(16), 2387–2392.

Aebi, H. (1984). [13] Catalase in vitro. Methods in Enzymology, 105, 
121–126.

Agarwal, A., & Saleh, R. A. (2002). Role of oxidants in male infertility: 
Rationale, significance, and treatment. Urologic Clinics of North America, 
29(4), 817–827.

Akçora,	 B.,	Altuğ,	M.	 E.,	 Balcı,	A.,	 Hakverdi,	 S.,	Yönden,	 Z.,	Akbaş,	A.,	 …	
Özyurt, H. (2008). Gradual detorsion of torsioned rat testis attenu-
ates ischemia reperfusion injury. Journal of Pediatric Surgery, 43(10), 
1879–1884.

Asghari, A., Akbari, G., Meghdadi, A., & Mortazavi, P. (2016). Protective ef-
fect of metformin on testicular ischemia/reperfusion injury in rats. Acta 
Cirurgica Brasileira, 31(6), 411–416.

Ashabi, G., Khalaj, L., Khodagholi, F., Goudarzvand, M., & Sarkaki, A. (2015). 
Pre- treatment with metformin activates Nrf2 antioxidant pathways and 
inhibits inflammatory responses through induction of AMPK after tran-
sient global cerebral ischemia. Metabolic Brain Disease, 30(3), 747–754.

Ashabi, G., Khodagholi, F., Khalaj, L., Goudarzvand, M., & Nasiri, M. (2014). 
Activation of AMP- activated protein kinase by metformin protects 
against global cerebral ischemia in male rats: Interference of AMPK/
PGC- 1α pathway. Metabolic Brain Disease, 29(1), 47–58.

Bhamra, G. S., Hausenloy, D. J., Davidson, S. M., Carr, R. D., Paiva, M., 
Wynne,	A.	M.,	…	Yellon,	D.	M.	(2008).	Metformin	protects	the	ischemic	
heart by the Akt- mediated inhibition of mitochondrial permeability 
transition pore opening. Basic Research in Cardiology, 103(3), 274–284.

Bolen,	S.,	Feldman,	L.,	Vassy,	J.,	Wilson,	L.,	Yeh,	H.-C.,	Marinopoulos,	S.,	…	
Bass, E. B. (2007). Systematic review: Comparative effectiveness and 
safety of oral medications for type 2 diabetes mellitus. Annals of Internal 
Medicine, 147(6), 386–399.

Bonnefont-Rousselot, D., Raji, B., Walrand, S., Gardes-Albert, M., Jore, D., 
Legrand,	A.,	…	Vasson,	M.	 (2003).	An	 intracellular	modulation	of	 free	
radical production could contribute to the beneficial effects of met-
formin towards oxidative stress. Metabolism, 52(5), 586–589.

Cahova, M., Palenickova, E., Dankova, H., Sticova, E., Burian, M., Drahota, 
Z.,	 …	 Stopka,	 P.	 (2015).	 Metformin	 prevents	 ischemia	 reperfusion-	
induced oxidative stress in the fatty liver by attenuation of reactive ox-
ygen species formation. American Journal of Physiology. Gastrointestinal 
and Liver Physiology, 309(2), G100–G111. ajpgi.00329.02014.

Celik, E., Oguzturk, H., Sahin, N., Turtay, M. G., Oguz, F., & Ciftci, O. 
(2016). Protective effects of hesperidin in experimental testicular 
ischemia/reperfusion injury in rats. Archives of Medical Science: AMS, 
12(5), 928.

Chandra, J., Samali, A., & Orrenius, S. (2000). Triggering and modulation of 
apoptosis by oxidative stress. Free Radical Biology and Medicine, 29(3), 
323–333.

Correia, S., Carvalho, C., Santos, M. S., Seica, R., Oliveira, C. R., & Moreira, 
P. I. (2008). Mechanisms of action of metformin in type 2 diabetes 
and associated complications: An overview. Mini Reviews in Medicinal 
Chemistry, 8(13), 1343–1354.

Cosentino, M. J., Nishida, M., Rabinowitz, R., & Cockett, A. T. (1986). 
Histopathology of prepubertal rat testes subjected to various durations 
of spermatic cord torsion. Journal of Andrology, 7(1), 23–31.

Dokmeci, D., Kanter, M., Inan, M., Aydogdu, N., Basaran, U. N., Yalcin, O., 
& Turan, F. N. (2007). Protective effects of ibuprofen on testicular 

torsion/detorsion- induced ischemia/reperfusion injury in rats. Archives 
of Toxicology, 81(9), 655–663.

Ergur, B. U., Kiray, M., Pekcetin, C., Bagriyanik, H. A., & Erbil, G. (2008). 
Protective effect of erythropoietin pretreatment in testicular ischemia- 
reperfusion injury in rats. Journal of Pediatric Surgery, 43(4), 722–728.

Fuse, H., Tsuritani, S., Iwasaki, M., & Katayama, T. (1992). Experimental tes-
ticular ischaemia: Time course of the effect on rat spermatogenesis. 
International Urology and Nephrology, 25(5), 491–498.

Hadziselimovic, F., Geneto, R., & Emmons, L. (1998). Increased apoptosis in 
the contralateral testes of patients with testicular torsion as a factor for 
infertility. The Journal of Urology, 160(3), 1158–1160.

Hou, X., Song, J., Li, X.-N., Zhang, L., Wang, X., Chen, L., & Shen, Y. H. (2010). 
Metformin reduces intracellular reactive oxygen species levels by up-
regulating expression of the antioxidant thioredoxin via the AMPK- 
FOXO3 pathway. Biochemical and Biophysical Research Communications, 
396(2), 199–205.

Inoki, K., Kim, J., & Guan, K.-L. (2012). AMPK and mTOR in cellular en-
ergy homeostasis and drug targets. Annual Review of Pharmacology and 
Toxicology, 52, 381–400.

Jahromi, A. R., Rasooli, R., Kamali, Y., Ahmadi, N., & Sattari, E. (2017). Short- 
term effects of date palm extract (Phoenix dactylifera) on ischemia/
reperfusion injury induced by testicular torsion/detorsion in rats. 
Pharmacognosy Research, 9(1), 69.

Kim, S. A., & Choi, H. C. (2012). Metformin inhibits inflammatory response 
via AMPK–PTEN pathway in vascular smooth muscle cells. Biochemical 
and Biophysical Research Communications, 425(4), 866–872.

Kim, J., Kundu, M., Viollet, B., & Guan, K.-L. (2011). AMPK and mTOR reg-
ulate autophagy through direct phosphorylation of Ulk1. Nature Cell 
Biology, 13(2), 132–141.

Li,	S.-N.,	Wang,	X.,	Zeng,	Q.-T.,	Feng,	Y.-B.,	Cheng,	X.,	Mao,	X.-B.,	…	Deng,	
H.-P. (2009). Metformin inhibits nuclear factor κB activation and de-
creases serum high- sensitivity C- reactive protein level in experimental 
atherogenesis of rabbits. Heart and Vessels, 24(6), 446–453.

Lysiak, J. J., Nguyen, Q. A. T., Kirby, J. L., & Turner, T. T. (2003). Ischemia- 
reperfusion of the murine testis stimulates the expression of proinflam-
matory cytokines and activation of c- jun N- terminal kinase in a pathway 
to E- selectin expression. Biology of Reproduction, 69(1), 202–210.

Lysiak, J. J., Turner, S. D., Nguyen, Q. A. T., Singbartl, K., Ley, K., & Turner, T. 
T. (2001). Essential role of neutrophils in germ cell- specific apoptosis 
following ischemia/reperfusion injury of the mouse testis. Biology of 
Reproduction, 65(3), 718–725.

Meštrović,	J.,	Drmić-Hofman,	I.,	Pogorelić,	Z.,	Vilović,	K.,	Šupe-Domić,	D.,	
Šešelja-Perišin,	A.,	&	Čapkun,	V.	(2014).	Beneficial	effect	of	nifedipine	
on testicular torsion- detorsion injury in rats. Urology, 84(5), 1194–1198.

Meštrović,	 J.,	 Pogorelić,	 Z.,	 Drmić-Hofman,	 I.,	 Vilović,	 K.,	 Todorić,	 D.,	 &	
Popović,	M.	(2016).	Protective	effect	of	urapidil	on	testicular	torsion–
detorsion injury in rats. Surgery Today, 1–6.

Modi, D., Sane, S., & Bhartiya, D. (2003). Accelerated germ cell apoptosis 
in sex chromosome aneuploid fetal human gonads. Molecular Human 
Reproduction, 9(4), 219–225.

Mogilner, J. G., Lurie, M., Coran, A. G., Nativ, O., Shiloni, E., & Sukhotnik, I. 
(2006). Effect of diclofenac on germ cell apoptosis following testicu-
lar ischemia- reperfusion injury in a rat. Pediatric Surgery International, 
22(1), 99–105.

Namura, S., Zhu, J., Fink, K., Endres, M., Srinivasan, A., Tomaselli, K. J., 
…	Moskowitz,	M.	A.	 (1998).	Activation	 and	 cleavage	of	 caspase-	3	 in	
apoptosis induced by experimental cerebral ischemia. The Journal of 
Neuroscience, 18(10), 3659–3668.

Negoescu, A., Lorimier, P., Labat-Moleur, F., Drouet, C., Robert, C., 
Guillermet,	C.,	…	Brambilla,	E.	(1996).	In	situ	apoptotic	cell	labeling	by	
the TUNEL method: Improvement and evaluation on cell preparations. 
Journal of Histochemistry & Cytochemistry, 44(9), 959–968.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Analytical Biochemistry, 95(2), 
351–358.



8 of 8  |     GHASEMNEJAD- BERENJI Et Al.

Ouslimani, N., Peynet, J., Bonnefont-Rousselot, D., Thérond, P., Legrand, A., 
& Beaudeux, J.-L. (2005). Metformin decreases intracellular production 
of reactive oxygen species in aortic endothelial cells. Metabolism, 54(6), 
829–834.

Paglia, D. E., & Valentine, W. N. (1967). Studies on the quantitative and 
qualitative characterization of erythrocyte glutathione peroxidase. The 
Journal of Laboratory and Clinical Medicine, 70(1), 158–169.

Paoletti, F., & Mocali, A. (1990). [18] Determination of superoxide dis-
mutase activity by purely chemical system based on NAD (P) H oOxi-
dation. Methods in Enzymology, 186, 209–220.

Payabvash, S., Kiumehr, S., Tavangar, S. M., & Dehpour, A. R. (2008). Ethyl 
pyruvate reduces germ cell–specific apoptosis and oxidative stress in 
rat model of testicular torsion/detorsion. Journal of Pediatric Surgery, 
43(4), 705–712.

Pekcetin, C., Ergur, B. U., Kiray, M., Bagriyanik, A., Tugyan, K., Erbil, G., & 
Ozogul, C. (2007). The protective effects of trimetazidine on testicular 
ischemia and reperfusion injury in rats. Pediatric Surgery International, 
23(11), 1113–1118.

Perrotti, M., Badger, W., Prader, S., & Moran, M. E. (2006). Medical mal-
practice in urology, 1985 to 2004: 469 consecutive cases closed with 
indemnity payment. The Journal of Urology, 176(5), 2154–2157.

Rena, G., Pearson, E. R., & Sakamoto, K. (2013). Molecular mechanism 
of action of metformin: Old or new insights? Diabetologia, 56(9), 
1898–1906.

Russell, R. R., Li, J., Coven, D. L., Pypaert, M., Zechner, C., Palmeri, M., 
…	Young,	L.	H.	(2004).	AMP-	activated	protein	kinase	mediates	isch-
emic glucose uptake and prevents postischemic cardiac dysfunction, 
apoptosis, and injury. The Journal of Clinical Investigation, 114(4), 
495–503.

Sahra, I. B., Laurent, K., Loubat, A., Giorgetti-Peraldi, S., Colosetti, P., 
Auberger,	P.,	…	Bost,	F.	(2008).	The	antidiabetic	drug	metformin	exerts	
an antitumoral effect in vitro and in vivo through a decrease of cyclin 
D1 level. Oncogene, 27(25), 3576–3586.

Salmasi, A. H., Beheshtian, A., Payabvash, S., Demehri, S., Ebrahimkhani, M. 
R.,	Karimzadegan,	M.,	…	Dehpour,	A.	R.	(2005).	Effect	of	morphine	on	
ischemia- reperfusion injury: Experimental study in testicular torsion rat 
model. Urology, 66(6), 1338–1342.

Seo-Mayer, P. W., Thulin, G., Zhang, L., Alves, D. S., Ardito, T., Kashgarian, 
M., & Caplan, M. J. (2011). Preactivation of AMPK by metformin 
may ameliorate the epithelial cell damage caused by renal ischemia. 
American Journal of Physiology. Renal Physiology, 301(6), F1346–F1357.

Shaha, C., Tripathi, R., & Mishra, D. P. (2010). Male germ cell apoptosis: 
Regulation and biology. Philosophical Transactions of the Royal Society of 
London B: Biological Sciences, 365(1546), 1501–1515.

Takhtfooladi, M. A., Jahanshahi, A., Sotoudeh, A., Daneshi, M. H., Khansari, 
M., & Takhtfooladi, H. A. (2013). The antioxidant role of N- acetylcysteine 
on the testicular remote injury after skeletal muscle ischemia and 
reperfusion in rats. Polish Journal of Pathology, 64(3), 204–209.

Triggle, C. R., & Ding, H. (2016). Metformin is not just an antihyperglycae-
mic drug but also has protective effects on the vascular endothelium. 
Acta Physiologica, 219, 138–151.

Turner, T., & Brown, K. (1993). Spermatic cord torsion: Loss of spermatogene-
sis despite return of blood flow. Biology of Reproduction, 49(2), 401–407.

Turner, T., Tung, K., Tomomasa, H., & Wilson, L. W. (1997). Acute testicu-
lar ischemia results in germ cell- specific apoptosis in the rat. Biology of 
Reproduction, 57(6), 1267–1274.

Vernet, P., Aitken, R., & Drevet, J. (2004). Antioxidant strategies in the epi-
didymis. Molecular and Cellular Endocrinology, 216(1), 31–39.

Viollet, B., & Foretz, M. (2013). Revisiting the mechanisms of metformin ac-
tion in the liver. Paper presented at the Annales d’endocrinologie.

Viollet, B., Guigas, B., Garcia, N. S., Leclerc, J., Foretz, M., & Andreelli, F. 
(2012). Cellular and molecular mechanisms of metformin: An overview. 
Clinical Science, 122(6), 253–270.

Visser, A., & Heyns, C. (2003). Testicular function after torsion of the sper-
matic cord. BJU International, 92(3), 200–203.

Vytla, V. S., & Ochs, R. S. (2013). Metformin increases mitochondrial en-
ergy formation in L6 muscle cell cultures. Journal of Biological Chemistry, 
288(28), 20369–20377.

Wang, Z.-S., Liu, X.-H., Wang, M., Jiang, G.-J., Qiu, T., Chen, Z.-Y., & Wang, 
L. (2015). Metformin attenuated the inflammation after renal ischemia/
reperfusion and suppressed apoptosis of renal tubular epithelial cell in 
rats. Acta Cirurgica Brasileira, 30(9), 617–623.

Yazdani, I., Ghazi-Khansari, M., Saeedi Saravi, S., Nobakht, M., Majdani, R., 
Rezayat,	S.,	…	Dehpour,	A.	(2016).	Nortriptyline	protects	testes	against	
germ cell apoptosis and oxidative stress induced by testicular isch-
aemia/reperfusion. Andrologia, 49(2), doi: 10.1111/and.12605

Yokoi, K., Uthus, E. O., & Nielsen, F. H. (2003). Nickel deficiency diminishes 
sperm quantity and movement in rats. Biological Trace Element Research, 
93(1), 141–153.

Zavras, N., Kostakis, I. D., Sakellariou, S., Damaskos, C., Roupakas, E., 
Tsagkari,	E.,	…	Karatzas,	T.	 (2014).	Comparison	of	erythropoietin	and	
sildenafil protective role against ischemia/reperfusion injury of the tes-
tis in adult rats. International Urology and Nephrology, 46(4), 731–736.

Zhou,	G.,	Myers,	R.,	Li,	Y.,	Chen,	Y.,	Shen,	X.,	Fenyk-Melody,	J.,	…	Fujii,	N.	
(2001). Role of AMP- activated protein kinase in mechanism of met-
formin action. The Journal of Clinical Investigation, 108(8), 1167–1174.

How to cite this article: Ghasemnejad-Berenji M, Ghazi-
Khansari M, Yazdani I, et al. Effect of metformin on germ 
cell- specific apoptosis, oxidative stress and epididymal sperm 
quality after testicular torsion/detorsion in rats. Andrologia. 
2017;e12846. https://doi.org/10.1111/and.12846

https://doi.org/10.1111/and.12605
https://doi.org/10.1111/and.12846



