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1  | INTRODUC TION

Testicular torsion is a urological pathology that presents with severe 
pain and oedema in the affected area. It occurs as a result of the 
strangulation of the spermatic cord and may cause infertility or loss 
of the testis. Almost 65% of the cases are diagnosed in the prepu-
bertal period. Annual incidence of spermatic cord torsion is 4.5 in 
100,000	males	1–25	years	of	age	(Pogorelić,	Mrklić,	Jurić,	Biočić,	&	
Furlan, 2013). The early diagnosis of torsion followed by detorsion 
(T/D) of the affected testis is of utmost importance to save testicular 
function. However, even in the presence of immediate intervention, 
the resulting ischaemia/reperfusion (I/R) initiates an inflammatory 

reaction characterised by neutrophil recruitment and increased 
intracellular	 cytokines	 and	 reactive	 oxygen	 species	 (ROS;	 Lysiak,	
Nguyen,	&	Turner,	 2000;	 Lysiak	 et	 al.,	 2001)	 ultimately	 leading	 to	
endothelial	 injury,	DNA	damage	and	germ-cell	apoptosis	 (Turner	&	
Brown,	1993;	Turner,	Tung,	Tomomasa,	&	Wilson,	1997).	 If	treated	
within 6 hr of the presenting pain, there is a good chance of saving 
the affected testicle, as 90%–100% testicles will be saved. If treated 
within 6–12 hr, depending on degree of the torsion, 20%–50% tes-
ticles will be saved, and if treated within 12–24 hr 0%–10% testicles 
will	be	saved	(Pogorelić	et	al.,	2016).

Various	medications,	such	as	anti-inflammatory	drugs	(Mogilner	
et	 al.,	 2006),	 antioxidants	 (Unsal	 et	 al.,	 2006),	 phosphodiesterase	
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Abstract
The effects of metformin on a testicular torsion injury in adolescent rat testis after 
I/R were evaluated in the present study. Forty adolescent rats were divided into five 
groups with eight rats per group: a control group; a sham-operated group; an ischae-
mia	group,	where	torsion	was	applied	for	4	hr	and	testis	was	examined	immediately	
after detorsion; an I/R group, where torsion was applied for 4 hr and the testis was 
examined	4	hr	after	detorsion;	and	an	I/R	+	M	group,	where	the	metformin	(300	mg/
kg)	 administration	was	 added	 to	 the	 identical	 procedures	 used	 for	 the	 I/R	 group.	
Spermatogenesis,	basal	membrane	integrity	and	cleaved	caspase-3	expression	were	
assessed.	The	I/R	+	M	group	had	a	significantly	higher	Johnsen	score	than	the	I/R	
group	(7.9	±	0.1	vs.	7.5	±	0.2;	p < .001; F-value = 14.2). Failure of basal membrane 
integrity	was	highest	in	the	ischaemia	group	(45	±	5)	compared	to	the	other	groups	
(control	group,	20	±	5;	sham-operated	group,	16.6	±	2.8),	but	not	different	between	
the	I/R	+	M	(31.6	±	12.5)	and	the	I/R	groups	(25	±	3.5).	Cleaved	caspase-3	expression	
was	highest	in	the	ischaemia	group	(73.5	±	0.7),	and	significantly	lower	in	the	I/R	+	M	
group	(33.4	±	0.9)	than	the	I/R	group	(58.5	±	0.2;	p < .05; F-value	=	7.6).	Metformin	
decreases	testicular	damage	by	exerting	protection	against	the	harmful	effects	of	I/R	
on spermatogenesis and alleviating apoptosis in adolescent rat testis.

K E Y W O R D S

apoptosis, cleaved caspase-3, metformin, testicular ischaemia/reperfusion, torsion/detorsion

www.wileyonlinelibrary.com/journal/and
mailto:
https://orcid.org/0000-0003-3301-3708
https://orcid.org/0000-0002-1567-0731
https://orcid.org/0000-0003-1868-4140
https://orcid.org/0000-0001-8973-4374
https://orcid.org/0000-0003-3389-7662
https://orcid.org/0000-0002-7050-3733
mailto:devrim.saribal@istanbul.edu.tr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fand.13481&domain=pdf&date_stamp=2019-12-09


2 of 8  |     SARIBAL et AL.

inhibitors	(Bozlu,	Acar,	Cayan,	Aktas,	&	Tunckiran,	2009),	vitamin	C	
(Sayılmaz,	Karabulut,	&	Özgörgülü,	 2016)	 and	 vascular	 endothelial	
growth	factor	(Tunçkiran	et	al.,	2005)	have	been	studied	to	attenu-
ate the histopathological alterations.

Metformin,	an	insulin	sensitiser	that	decreases	hepatic	glucose	
output	 and	 increases	 peripheral	 glucose	 uptake,	 has	 been	 com-
monly used in the treatment of type 2 diabetes mellitus. Also, it 
has been demonstrated that metformin lowered inflammation and 
suppressed apoptosis in renal tubular epithelial cells in rats after 
renal	 I/R	 (Wang	et	 al.,	 2017)	by	 increasing	 the	energy	 supply	 to	
the	ischaemic	tissue.	Metformin	is	mostly	brought	into	cells	by	ac-
tive transport and functions by inhibiting the activity of the mito-
chondrial	respiratory	chain	(Owen,	Doran,	&	Halestrap,	2000)	and	
activating	the	AMP-activated	protein	kinase	 (AMPK;	Zhou	et	al.,	
2001).	ATP	deficiency	activates	AMPK,	leading	to	the	inhibition	of	
cellular proliferation and anabolic processes and the stimulation 
of	energy	production	(Jones	et	al.,	2005).	Lactate	is	produced	by	
Sertoli	cells	and	serves	as	the	primary	energy	substrate	for	germ	
cells.	 Metformin	 can	 stimulate	 AMPK	 production	 and	 modulate	
the	nutritional	 function	of	Sertoli	cells	 (Galardo,	Riera,	Pellizzari,	
Cigorraga,	&	Meroni,	2007).	Additionally,	metformin	can	exert	its	
effect	independently	of	AMPK	through	the	inhibition	of	the	mam-
malian	target	of	rapamycin	(mTOR)	pathway,	which	serves	as	a	cen-
tral regulator of cell metabolism, growth, proliferation and survival 
(Kalender	et	al.,	2010).	 It	was	also	reported	that	the	presence	of	
metformin in the cryopreservation fluid augmented the fertilising 
capacity	of	the	rat	spermatozoa	and	lowered	the	proportion	of	ab-
normal	embryos	through	IVF	(Bertoldo,	Guibert,	Tartarin,	Guillory,	
&	Froment,	2014).	Three	previous	studies	reported	the	beneficial	
effects of metformin following I/R in adult rat testis, restoring 
antioxidant	activities	and	attenuating	apoptosis	 (Asghari,	Akbari,	
Meghdadi,	 &	 Mortazavi,	 2016a,	 2016b;	 Ghasemnejad-Berenji,	
Ghazi-Khansari,	 Pashapour,	 et	 al.,	 2018;	 Ghasemnejad-Berenji,	
Ghazi-Khansari,	Yazdani,	et	al.,	2018;	Sengupta,	2013).

In	this	study,	we	aimed	to	examine	the	effect	of	metformin	on	
spermatogenesis, basal membrane integrity and cleaved caspase-3 
expression	in	order	to	assess	apoptosis	status	in	the	testis	of	adoles-
cent rats following testicular I/R injury.

2  | MATERIAL S AND METHODS

This	is	an	animal-based	research	study	examining	the	effect	of	met-
formin administration on testicular I/R injury hypothesising that 
given on the optimum time after injury and with an optimum dose. 
Metformin	has	an	ameliorating	effect	on	the	tissue	 injury.	Primary	
outcome we aimed was decreased tissue apoptosis on the site of 
injury, whereas secondary outcomes were improvement of the sper-
matogenesis and basal membrane integrity.

Forty	adolescent	(6-week-old)	male	Wistar	albino	rats	weighed	
250–300	g	were	obtained	 from	the	Ankara	Training	and	Research	
Hospital	 affiliated	 with	 The	 Turkish	 Ministry	 of	 Health.	 Rats	
were	 maintained	 at	 21–22°C	 in	 a	 12	 hr	 dark–light	 cycle	 and	 fed	

appropriately.	Experimental	procedures	were	conducted	according	
to the international ethics guidelines after approval by the ethics 
committee	 of	 the	 Ankara	 Training	 and	 Research	 Hospital	 Animal	
Care	and	Use	Ethical	Committee.	The	experiments	were	performed	
in the animal research facility of the institution.

2.1 | Experimental groups and surgical procedures

Male	 rats	 considered	 adolescent	 at	 6	weeks	 old	were	 randomly	
divided	 into	 five	 groups	 consisting	of	 eight	 rats	 each	 (Sengupta,	
2013). In the control group, neither the I/R nor the first surgical 
step were performed, and the rats were used only for a histologi-
cal	examination.	In	the	sham-operated	group,	I/R	was	not	induced,	
though the first surgical step was carried out. In the ischaemia 
group,	 torsion	was	applied	for	4	hr,	and	the	testis	was	examined	
immediately afterwards. In the I/R group, torsion was applied for 
4	hr,	and	the	testis	was	examined	4	hr	after	detorsion.	In	the	I/R	
with	metformin	 (I/R	+	M)	group,	 all	 of	 the	procedures	were	 car-
ried out as described in the I/R group together with the admin-
istration	of	metformin	 (300	mg/kg)	 through	an	orogastric	 lavage	
at two-time points: 1 hr before detorsion and immediately after 
detorsion.

As	biochemical	markers	of	oxidative	stress	shown	to	be	increased	
4	hr	after	detorsion	in	testis	(Ghasemnejad-Berenji,	Ghazi-Khansari,	
Yazdani,	 et	 al.,	 2018)	we	aimed	 to	observe	 two	different	 time	pe-
riods following detorsion, both immediately after detorsion (isch-
aemia group) and 4 hr after detorsion (I/R group). The metformin 
dose, we administered was presented and shown to be efficiency in 
a	previous	study	(Ghasemnejad-Berenji,	Ghazi-Khansari,	Pashapour,	
et al., 2018).

An abdominal midline incision was carried out under anaesthe-
sia	with	an	 IM	ketamine	 injection	 (50	mg/ml).	Torsion	was	created	
by	the	counter-clockwise	rotation	of	the	left	testis	and	maintained	
by	fixing	the	testis	to	the	scrotum	with	a	4.0	suture.	The	testis	was	
counter-rotated	back	to	the	natural	position	and	inserted	into	scro-
tum for the detorsion.

2.2 | Histologic preparation and analysis

The	 testicular	 tissue	 was	 fixed	 in	 Bouin's	 solution	 (7.5	 ml	 satu-
rated	picric	acid,	2.65	ml	glacial	acetic	acid	and	2.5	ml	7%	formal-
dehyde)	 and	 embedded	 in	 paraffin	 blocks.	 Sections	 (5	 µm)	 were	
formed,	 deparaffinised,	 and	 stained	with	 haematoxylin	 and	 eosin.	
Spermatogenesis	was	examined	in	each	group	using	Johnsen	score,	
as	described	previously	(Jones	et	al.,	2005).	Sections	were	examined	
in a random order under a standard light microscope with 40× mag-
nification by a blinded histologist, unaware of which group each rat 
belonged	 to.	Histological	grading	was	done	by	examining	approxi-
mately 80 randomly selected seminiferous tubules per rat. Thus, a 
total	 of	 approximately	 640	 seminiferous	 tubules	 were	 scored	 for	
each group.
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2.3 | Image analysis of basal membrane integrity

Defects in the basal membrane integrity that may lead to defects in 
spermatogenesis were defined by the presence of more than five tu-
bules within the seminiferous epithelium cross-section, which were 
examined	 using	 ImageJ	 1.45	 software	 (US	 National	 Institutes	 of	
Health;	http://rsbweb.nih.gov/ij).	Approximately,	100	randomly	se-
lected seminiferous tubules per rat were graded for basal membrane 
integrity in the cross sections of testis, and a total of 800 tubules 
were	examined	per	group.

2.4 | Immunohistochemical staining for cleaved 
caspase-3

Cleaved	caspase-3	was	used	to	stain	the	apoptotic	cells.	Testicular	
tissue	samples	were	immediately	fixed	in	10%	neutral-buffered	for-
malin,	 embedded	 in	 paraffin	 and	 sectioned	 (5	 µm).	 Sections	were	
deparaffinised	and	blocked	for	endogenous	peroxidase	activity	with	
methanol containing 3% H2O2 for 10 m and for nonspecific binding 
with	Ultra	V	Block	(Labvision)	for	7	m	at	room	temperature.	Cleaved	
Caspase-3	(#9664,	Cell	Signaling)	was	applied	at	a	dilution	of	1:500	
and	incubated	overnight	at	+4°C	in	a	humidified	chamber.	The	sec-
tions	were	washed	in	phosphate-buffered	saline	(PBS)	and	incubated	
with biotinylated horse anti-rabbit IgG (3 mg/ml; Vector) at a 1:500 
dilution for 1 hr at room temperature. Antibodies were detected using 
a	VECTASTAIN	avidin-biotin	complex	(Vector	PK	4000)	for	30	m	at	
room	temperature.	The	antibody	complexes	were	visualised	after	in-
cubation	with	3,3′-diaminobenzidine	tetrahydrochloride	(DAB,	Bio-
Genex),	 resulting	 in	a	brown	precipitate,	and	were	mounted	under	
glass	coverslips	in	Entellan	(Merck)	and	then	evaluated	under	a	light	
microscope with 10× magnification. Immunohistochemical staining 
for cleaved caspase-3 was analysed by counting 100 seminiferous 
tubule	cross	sections	in	each	group	and	was	expressed	as	the	apop-
totic	index.

2.5 | Statistical analysis

Data	are	presented	as	mean	±	SEM and were analysed by GraphPad 
PrismTM	 software	 version	 3.0.	 The	 normality	 of	 the	 distribution	
in	 the	 study	 was	 confirmed	 using	 the	 Kolmogorov–Smirnov	 test.	
Significant	findings	were	further	compared	using	the	one-way	analy-
sis	of	variance	with	Tukey's	post	hoc	test.	Levels	of	significance	were	
set at p < .05.

3  | RESULTS

3.1 | Histological changes

Johnsen	 scores	 were	 significantly	 decreased	 in	 the	 ischaemia	
group	(7.9	±	0.1),	I/R	group	(7.5	±	0.2),	and	I/R	+	M	group	(7.9	±	0.1)	

compared	to	 the	control	 (8.9	±	0.1)	and	sham-operated	 (8.9	±	0.1)	
groups (p < .001; F-value	=	14;	Figure	1).	The	I/R	+	M	group	had	a	sig-
nificantly higher score than the I/R group (p < .001; F-value = 14.2), 
implying the beneficial effect of metformin in reversing the negative 
effect of I/R.

3.2 | Basal membrane integrity

There	was	a	significantly	higher	score	in	the	ischaemia	group	(45	±	5)	
compared	to	the	other	groups	(control	group,	20	±	5;	sham-operated	
group,	16.6	±	2.8;	I/R	group,	25	±	3.5;	I/R	+	M	group,	31.6	±	12.5;	
p < .001; F-value = 14). There was no statistical significance between 
the	I/R	and	I/R	+	M	groups	(p > .05). Disorganised seminiferous tu-
bules, which were characterised by basal membrane integrity failure, 
were mostly detected in the ischaemia group but rarely detected in 
the	I/R	and	I/R	+	M	groups	(Figure	2).

3.3 | Cleaved caspase-3 expression as an 
apoptotic index

The	 apoptotic	 index,	 as	 measured	 through	 cleaved	 caspase-3	 ex-
pression,	was	highest	in	the	ischaemia	group	(73.5	±	0.7)	compared	
to	the	other	groups	(control	group,	10.7	±	0.2;	sham-operated	group,	
12.3	±	0.1;	I/R	group,	58.5	±	0.2;	I/R	+	M	group,	33.4	±	0.9;	p < .05; 
F-value	=	7.3;	Figure	3).	The	I/R	+	M	group	had	a	significantly	lower	
score than the I/R group (p < .05; F-value	 =	 7.6),	 indicating	 that	
metformin attenuated apoptosis in testicular tissue following I/R. 
Immunohistochemical staining of cleaved caspase-3 was particularly 
prominent in the ischaemia and I/R groups (Figure 4).

F I G U R E  1   Johnsen	scores	of	all	groups.	Ischaemia	(I),	ischaemia/
reperfusion	(I/R),	ischaemia/reperfusion	+	metformin	(I/R	+	M)	
versus control (p	<	.001);	I/R	versus	I/R	+	M	(p	<	.001).	One-way	
analysis	of	variance	with	Tukey's	post	hoc	test	was	used	to	compare	
the differences between the groups. Each group consisted of eight 
rats per group

http://rsbweb.nih.gov/ij
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4  | DISCUSSION

Testicular torsion, diagnosed mainly in adolescents, is an emergency, 
and immediate treatment is required to save the testis. Though sur-
gical detorsion of the affected testis is the major approach, testicular 
tissue can still be deteriorated by an ischaemia/reperfusion injury. In 
this study, we demonstrated that metformin administration might 
attenuate the detrimental effects of I/R in adolescent rats. Testicular 
tissue	 damage,	 assessed	 through	 the	 use	 of	 Johnsen	 score	 and	 a	
measurement of the apoptotic cells stained with cleaved caspase-3, 
demonstrated the beneficial effect of metformin in these cases. 
Basal	membrane	 integrity	was	deteriorated	mostly	after	 ischaemia	
and	metformin	did	not	exert	significant	improvement	after	I/R	injury.

Despite	its	inherent	flaws,	the	Johnsen	score	and	a	later	modified	
form of this scoring system are still widely used to describe sper-
matogenesis	(de	Kretser,	1978).	Thus,	the	Johnsen	score	was	used	to	
express	the	changes	in	the	present	study.	Previous	studies	pertinent	
to the effect of medication on I/R cases also reported histopatho-
logic analyses using this scoring method (Asghari et al., 2016a; de 

Kretser,	1978;	Kostakis	et	al.,	2017;	Sengupta,	2013).	In	the	present	
study,	Johnsen	score	was	lowest	after	I/R	injury	and	improved	with	
the use of metformin.

It	was	stated	that	I/R	induces	the	overproduction	of	ROS	and	im-
pairs	antioxidant	activity	(Cuzzocrea	et	al.,	2004)	and	various	inflam-
matory mediators are formed, thereafter, resulting in the activation 
of	 neutrophils	 and	 tissue	 damage.	 The	 levels	 of	 myeloperoxidase	
(MPO)	and	malondialdehyde	(MDA)	were	reported	to	be	higher,	and	
the	 levels	of	 the	antioxidant	superoxide	dismutase	 (SOD)	were	re-
ported	to	be	lower	in	testis	exposed	to	I/R	(Asghari	et	al.,	2016a).

Caspase-3	 normally	 exists	 in	 the	 cytosolic	 fraction	 of	 cells	 as	
an inactive precursor that is activated proteolytically when cells 
are	signalled	to	undergo	apoptosis	(Pop	&	Salvesen,	2009).	Cleaved	
caspase-3,	 the	 activated	 form	 of	 the	 enzyme,	 is	 a	 main	 effector	
caspase of the apoptotic cascade within cells. In the present study, 
cleaved caspase-3 levels were highest in cases after ischaemia and 
were lower in cases where metformin was administered following 
I/R	as	compared	to	those	in	which	no	medication	was	used.	Kostakis	
et	al.	examined	the	efficacy	of	erythropoietin	and	sildenafil	on	testis	

F I G U R E  2  Haematoxylin-eosin	
staining of seminiferious tubules. 
Disorganised seminiferious tubules 
(arrowheads) were mostly detected in 
ischaemia group, but rarely in ischaemia/
reperfusion (I/R) and ischaemia/
reperfusion	with	metformin	(I/R	+	M)	
groups.	(a)	Control	group,	(b)	sham-
operated group, (c) ischaemia group, 
(d)	I/R	group,	(e)	I/R	+	M	group	(original	
magnification ×40)

(a) (b)

(c)

(e)

(d)
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I/R injuries in rats and found that the cleaved caspase-3 level was 
diminished	in	treated	rats	as	compared	to	untreated	cases	(Kostakis	
et	al.,	2017).

There	 are	 experimental	 studies	 studying	 the	 attenuating	 ef-
fects of different drugs on the rat testis after different degrees of 
I/R	 injury.	Antioxidants	such	as	N-acetylcysteine	(Cay	et	al.,	2006)	
and	garlic	extract	(Unsal	et	al.,	2006)	have	been	used	to	lower	the	
amounts	of	overgenerated	ROS.	Both	studies	showed	a	decrease	in	
MDA	levels	after	the	use	of	these	agents.	Diclofenac,	an	anti-inflam-
matory	agent,	exerted	similar	effects,	as	evidenced	by	elevated	lev-
els	of	DNA	fragments	detected	using	the	TUNEL	assay	to	measure	
the	levels	of	germ-cell	apoptosis	(Mogilner	et	al.,	2006).	Bozlu	et	al.	
(2009) stated that trapidil, a phosphodiesterase inhibitor, had the 
potential to decrease the long-term (60 days) histological damage as 
evidenced by the mean seminiferous tubular diameter, germinal epi-
thelial	cell	thickness	and	the	mean	testicular	biopsy	score.	Tunçkiran	
et al. (2005) reported that vascular endothelial growth factor was 
also effective when administered following I/R, as the number of 
caspase-3-positive cells was found to be lower upon use. Recently, 
Kostakis	et	al.	(2017)	demonstrated	that	erythropoietin	and	sildena-
fil protected the testis from I/R injury by diminishing cellular damage 
and reducing apoptosis.

When	given	before	 the	detorsion,	Nifedipine,	a	calcium	chan-
nel	blocker	vasodilator	and	Urapidil,	a	α1-adrenoceptor antagonist 
sympatholytic prevented I/R damage in the testicular tissue cells 
(Meštrović	et	al.,	2014,	2017).	Furthermore,	apocynin,	an	NADPH	
oxidase	inhibitor,	reduced	the	degree	of	lipid	peroxidation,	induced	
the	 formation	of	antioxidant	 substances,	and	 reversed	 the	 I/R	 in-
jury	 in	 the	 rat	 testis	 cells	 (Ozbek	et	al.,	2015;	Şener	et	al.,	2015).	

F I G U R E  3   Histogram of immunohistochemical staining of 
cleaved caspase-3 positive cells, which were depicted by counting 
100 tubules per each group. Ischaemia/reperfusion with metformin 
(I/R	+	M)	group	had	significantly	lower	score	than	I/R	group	
(p < .001). Ischaemia group has the highest score compared to the 
other groups (p	<	.001).	One-way	analysis	of	variance	with	Tukey's	
post hoc test was used to compare the differences between the 
groups. Each group consisted of eight rats per group

F I G U R E  4  Cleaved	caspase-3	positive	
cells in the seminiferous tubules of (a) 
control group, (b) sham-operated group, 
(c) ischaemia group, (d) ischaemia/
reperfusion (I/R) group, (e) ischaemia/
reperfusion	with	metformin	(I/R	+	M)	
group. Ischaemia and I/R groups reveal 
more cleaved caspase 3 - positive cells as 
compared	to	the	other	groups.	Cleaved	
caspase 3 - positive cells were lower in 
I/R	+	M	group	than	those	in	I/R	group	
(original magnification ×10)

(a) (b)

(c)

(e)

(d)
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Semercioz,	 Baltaci,	 Mogulkoc,	 and	 Avunduk	 (2017)	 reported	 im-
proved	 oxidative	 injury	 and	 spermatogenic	 activity	 on	 rat	 tes-
tis	 after	 1	 hr	 torsion–detorsion	 procedures	 with	 the	 use	 of	 zinc	
and	 melatonin	 supplementation.	 Duman,	 Mogulkoc,	 Baltaci,	 and	
Menevse	 (2015)	 intraperitoneal	administration	of	3′,4′-dihydroxy-
flavonol	decreased	lipid	peroxidation	and	increased	the	antioxidant	
enzyme	levels	following	up	to	24	hr	of	I/R	injury	in	rat	testis.

The	 dose	 of	 metformin	 used	 was	 100	 mg/kg	 in	 two	 studies	
(Asghari et al., 2016a, 2016b) and 300 mg/ml in the recent study 
(Ghasemnejad-Berenji,	 Ghazi-Khansari,	 Pashapour,	 et	 al.,	 2018;	
Ghasemnejad-Berenji,	Ghazi-Khansari,	Yazdani,	et	al.,	2018).	The	dose	
of 300 mg/ml metformin was administered twice (1 hr before detor-
sion and immediately after detorsion) since a longer duration of isch-
aemia	was	applied	in	the	present	study.	Metformin	was	administered	
for	7	days	via	oral-gastric	lavage	starting	1	hr	after	the	ischaemic	pe-
riod,	and	testicular	SOD,	MDA	and	MPO	levels	were	assessed	together	
using	Johnsen	score	7	days	after	reperfusion	 (Asghari	et	al.,	2016a).	
Ghasemnejad-Berenji,	 Ghazi-Khansari,	 Pashapour,	 et	 al.	 (2018)	 and	
Ghasemnejad-Berenji,	Ghazi-Khansari,	Yazdani,	et	al.	(2018)	assessed	
MDA,	 caspase-3,	 catalase,	 SOD	 and	 glutathione	 peroxidase	 levels	
4 hr after detorsion following a 1 hr of torsion of the right testis. DNA 
strand	 breaks	 and	 seminiferous	 tubule	 diameters	 were	 examined	
24	hr	later,	and	the	sperm	concentration	and	motility	were	examined	
30	days	after	I/R.	Metformin	significantly	improved	all	of	the	parame-
ters mentioned above.

Metformin	 has	 also	 been	 used	 to	 decrease	 oxidative	 stress	
and	germ-cell	apoptosis	following	I/R	in	rat	testes	(Bertoldo	et	al.,	
2014) and reported to have beneficial effects. Duration of isch-
aemia was 4 hr in our study whereas 1 hr in the previous stud-
ies	using	metformin	(Asghari	et	al.,	2016a).	We	aimed	to	observe	
ischaemia-related changes in the passing time from the torsion to 
surgery,	which	may	take	4	hr	in	clinical	practice.	Our	model	hypo-
thetically presents administration of metformin at the diagnosis 
of the pathology at the hospital and immediately after detorsion. 
The duration of torsion is an important factor in the prognosis of 
testicular function because significant histopathological changes 
may occur even after 4 hr of torsion. The rate of the recovery of 
the testis drops from 90% after 6 hr to 50% after 12 hr and to 10% 
after	24	hr	(Kapoor,	2008).

The	exact	mechanism	how	metformin	alleviates	disturbances	
following	I/R	is	still	unknown.	Combination	of	three	contributory	
factors:	 increased	 antioxidant	 enzyme	 activity,	 lower	mitochon-
drial	ROS	production	and	 reduction	of	post-ischaemic	 inflamma-
tion have been suggested as mechanisms of metformin action 
to	 ameliorate	 I/R	 damage	 (Cahova	 et	 al.,	 2015).	Ge	 et	 al.	 (2017)	
demonstrated	 that	 Akt-mediated	 down-regulation	 of	 the	 phos-
phorylation	 of	 JNK3	 signalling	 pathway	 contributed	 to	 the	 pro-
tection provided by metformin in hippocampus against ischaemic 
damage related to I/R injury. Recently, metformin has been pro-
posed	 to	 exert	 its	 protective	 effect	 through	 the	AMPK/	 antiox-
idant	enzymes	signalling	pathway	 (Wang	et	al.,	2017).	A	number	
of reports also support the cardioprotective effect of metformin 
against	 myocardial	 infarction	 through	 AMPK-eNOS-mediated	

signalling	 pathway	 (Calvert	 et	 al.,	 2007)	 and	 adenosine	 receptor	
activation (Paiva et al., 2009).

The limitation of our study includes the use of single testis tor-
sion on the rats. Although we performed the torsion on the left 
testis of the rats since left testis torsions are more often, we can 
not	 foresee	 whether	 an	 experimental	 torsion	 of	 the	 right	 testis	
or both testes would yield similar results. However, in their ani-
mal	study,	Ghasemnejad-Berenji,	Ghazi-Khansari,	Pashapour,	et	al.	
(2018) used same dose of metformin on the rats with right testis 
torsion and I/R injury. In addition, we did not use different met-
formin concentrations and different ischaemia durations within the 
groups. Thus, the optimum concentration of metformin on differ-
ent injury degrees was not presented in our study. Also, we did 
not	assess	 the	antioxidant	enzyme	status	on	 the	 testicular	 tissue	
samples. Despite various reports revealing decreasing pattern of 
antioxidant	enzymes	following	testicular	injury,	our	study	lack	the	
levels of these measures.

In accordance with previous studies, metformin was found to 
have ameliorated the detrimental effects of I/R as evidenced by 
Johnsen	 score	 and	 cleaved	 caspase-3	 levels	 in	 the	 present	 study.	
There were some methodological differences between the present 
study and the previous studies. First, adolescent rats were used in 
our	study	whereas	adult	rats	were	used	in	others.	Second,	the	dura-
tion of torsion was longer (4 hr) in the present study than those em-
ployed in the aforementioned studies (1 hr). Third, the testes were 
examined	after	a	 relatively	shorter	span	after	 the	detorsion	 in	 the	
present	study	compared	to	the	other	studies	(4	vs.	24	hr	and	7	days).	
The data obtained through the animal studies need to be supported 
with clinical studies in order to recommend the administration of 
metformin in testicular torsion/detorsion cases.

5  | CONCLUSION

Metformin	 decreases	 testicular	 damage	 by	 exerting	 protection	
against the harmful effects of I/R on spermatogenesis and alleviat-
ing apoptosis in adolescent rat testis.
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