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Abstract
Spermatic cord torsion is a serious and common urologic emergency. It requires early diagnosis for prevention of subfertility and
testicular necrosis. Vildagliptin and sitagliptin are anti-diabetic drugs of the dipeptidyl peptidase-4 (DPP-4) inhibitors that have a
protective role against cerebral ischemic stroke and cardiac ischemia reperfusion. This study aimed to investigate the role and
mechanism of action of vildagliptin and sitagliptin in a model of testicular ischemia/reperfusion injury by testicular torsion/
detorsion (T/D). Testicular T/D was done and vildagliptin and sitagliptin were administered either alone or in combination with
nitric oxide synthase (NOS) inhibitor. Serum total cholesterol and testosterone were measured, while in testicular tissue testos-
terone, malondialdehyde (MDA) level, total antioxidant capacity (TAC), nitric oxide level, caspase-3, superoxide dismutase
(SOD), hypoxia-inducible factor-1α (HIF-1α), tumor necrosis factor-α (TNF-α) and endothelial NOS (eNOS), and inducible
NOS (iNOS) and neuronal NOS (nNOS) were measured. Histopathology of testicular tissue was done. Vildagliptin and
sitagliptin increased serum testosterone, expression, and activity of SOD and testicular TAC. It also reduced total serum choles-
terol, testicular MDA, caspase-3, HIF-1α, TNF-α, and expression of eNOS, iNOS, and nNOS. Vildagliptin and sitagliptin also
improved histopathological picture of testicular tissue. NOS inhibitor produced similar result to DDP-4 inhibitors; however, its
co-administration augmented the effect of vildagliptin and sitagliptin on these parameters. DPP-4 inhibitors, vildagliptin, and
sitagliptin were protective against testicular T/D-induced injury mostly by anti-oxidative stress, and anti-apoptotic and anti-
inflammatory actions that was augmented by NOS inhibition with a possible role for HIF-1α expression.
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Introduction

A testicular torsion, which is a severe acute urological emer-
gency, happens when the spermatic cord is twisted and it
causes an interruption in the blood supply and testicular ische-
mia. This case must be diagnosed and treated to prevent
subinfertility and infertility (Fehér and Bajory 2016).

The pathophysiology of testicular torsion/detorsion (T/D)
is resulted from the overgeneration of reactive oxygen species
(ROS) (Wei et al. 2011). It stimulates an intra-cellular signal-
ing cascade in the testicular endothelial cells that leads to
neutrophil recruitment, which is an increase in the intra-
testicular ROS and germ cell–specific apoptosis (Asghari
et al. 2016). It is accompanied by an increase of the
hypoxia-inducible factor-1α (HIF-1α) which is increased in
hypoxic conditions and is linked to the apoptotic cell death
(Palladino et al. 2011; Guven et al. 2014).

The permanent cessation of spermatogenesis in rats is the
result of germ cell–specific oxidative stress, apoptosis, and
inflammation in spermatic cord torsion (Turner et al. 1997).
The testicular injury due to spermatic cord T/D is the state of
testicular ischemia/reperfusion (I/R) (Turner and Brown
1993).When ischemia happens, it causes a reduction in the
oxygen supply, depletion of the cellular energy, and the accu-
mulation of toxic metabolites which results in oxidative stress
and germ cell death. Then the reperfusion causes an increase
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in the production of ROS and nitrogen species which in turn
causes membrane lipid peroxidation that leads to tissue injury
and the disorganization of the cell structure and function
(Abdel-Gaber et al. 2018).

The treatment of testicular T/D is still a controversial
area of urology as it seems to be unsalvageable because
of the poor recognition, the absence of symptoms, and
the limited options for treatment (Fehér and Bajory
2016). Several anti-inflammatory drugs, antioxidants,
and free radical scavengers have been reported to pre-
vent testicular injury (Yapanoglu et al. 2017; Vaos and
Zavras 2017).

Vildagliptin is an inhibitor of dipeptidyl peptidase-4
(DPP-4) commonly used in treating type II diabetes
mellitus with antioxidant, anti-inflammatory, and anti-
apoptotic characters (Purnachander et al. 2016). In par-
allel with its antihyperglycemic actions, treatment with
DPP-4 inhibitors has been reported to be protective in
models of ischemia-reperfusion (I/R) injury in many tis-
sues such as the brain (Purnachander et al. 2016), heart
(Bayrami et al. 2018), kidney (Reichetzeder et al. 2017),
and lung (Tang et al. 2017). Similarly, sitagliptin, an-
other DDP-4 inhibitor, was reported to be protective
against tissue injury induced by I/R in many tissues
mediated by its antioxidant, anti-inflammatory, and
anti-apoptotic mechanisms (Chang et al. 2015; El-
Sahar et al. 2015).

The current study aimed to evaluate the protective effect of
vildagliptin and sitagliptin in a model of testicular ischemia/
reperfusion injury by testicular T/D method and clarify its
mechanism of action.

Material and methods

Animals

All experiments were conducted in accordancewith the guide-
lines of Animal Use and Care Committee ofMinia University.
Adult male Wistar rats aged 2–3 months weighing 180~200 g
were obtained from the National Research Center, Cairo,
Egypt. Rats were housed individually in cages at 23 ± 2 °C
under standard environmental conditions and had free access
to diet and tap water.

Chemicals

Vildagliptin was purchased from Eva Pharma, Cairo,
Egypt. Omega N-nitro-L-arginine (LNNA) was pur-
chased from Sigma Aldrich, Germany. Alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
was purchased from spectrum diagnostic, Egypt. All

other chemicals were of analytical grade and obtained
from commercial sources.

Animal model and study design

Rats randomly divided into 5 groups of 6 rats each: (1) sham
group: rats received sham operations with no additional inter-
ventions; (2) T/D group: rats undergone torsion for 2 h follow-
ed by detorsion for 4 h; (3) vildagliptin-treated group: rats
received vildagliptin (10 mg/kg; i.p.) (Glorie et al. 2012) 1 h
before T/D; (4) sitagliptin-treated group: rats received
sitagliptin (5 mg/kg; i.p.) (Youssef et al. 2015) 1 h before T/
D; (5) LNNA-treated group: rats received LNNA (25 mg/kg;
i.p.) (Veeresh et al. 2009) 1 h before T/D; (6) vildagliptin and
LNNA-treated group; rats received LNNA and after 1 h re-
ceived vildagliptin which administered 1 h before T/D; and (7)
sitagliptin and LNNA-treated group; rats received LNNA and
after 1 h received sitagliptin which administered 1 h before
T/D.

The torsion and detorsion protocols lasted for 6 h.
Rats were anesthetized with 50 mg/kg pentobarbital so-
dium injected intraperitoneally. The same surgeon under
sterile conditions did all surgical procedures. To access
the left testis, a left-sided ilioinguinal incision was per-
formed. In the sham group, the left testis was taken out
through the incision and an 11–0 atraumatic silk suture
was placed through the tunica albuginea. The left testis
was returned to the scrotum, and the incision was
closed using a 4–0 silk suture. In the T/D group, a
720° rotation of the left testis in a counterclockwise
direction was done to induce testicular ischemia and
the left testis was fixed to the scrotal wall with an
11–0 atraumatic silk suture. After 2 h of ischemia, the
fixing suture was removed, and the left testis was re-
leased in a clockwise direction to initiate reperfusion
that was maintained for 4 h and bilateral orchiectomies
performed at the end of protocol (Altunoluk et al. 2011;
Wei et al. 2017).

At the end of the experiment (after 6 h from starting T/D
protocol), blood samples were collected from tail of each rat
for determination of blood glucose level (BGL) using the
ACCU-CHEK active blood glucose meter (Roche,
Mannheim, Germany) then rats were sacrificed.

Tissue samples were collected for biochemical analysis and
morphological evaluation at the end of study protocol. Half of
each fresh testis was washed with ice-cold phosphate-buffered
saline (PBS) (pH = 7.4) and then kept at − 80 °C for measure-
ment of testosterone, malondialdehyde (MDA) level, total an-
tioxidant capacity (TAC), and expression of each of the fol-
lowing: superoxide dismutase (SOD), tumor necrosis factor-α
(TNF-α), HIF-1α. The remaining half of the testis was divid-
ed into two parts and immersed in Bouin’s fluid for light
microscopy. Sera were also collected and stored at − 80 °C
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for measurement of testosterone, total serum cholesterol, ALT,
and AST.

Colorimetric measurements of parameters
in testicular tissue

Testis MDA, an index of lipid peroxidation, was determined
by using 1,1,3,3-tetramethoxypropane as standard (Buege and
Aust 1978). TAC was assessed by the colorimetric technique
using commercial kits (Biodiagnostic, Egypt). Testicular tis-
sue total nitrites, the stable oxidation end products of nitric
oxide, was served as an index of nitric oxide level and mea-
sured by reduction of nitrate into nitrite using activated cad-
mium granules, followed by color development with Griess
reagent in acidic medium (Sastry et al. 2002). Activity of SOD
activity was measured by method of Marklund andMarklund.
This method is based on inhibition of the autoxidation of
pyrogallol by SOD. The percentage of inhibition for the sam-
ples was calculated by the aid of running a control with no
sample under the same conditions. SOD enzyme activity was
expressed as units per milligrams of protein, where one unit
was defined as the amount of the enzyme that inhibited the
rate of pyrogallol autoxidation by 50% (Marklund and
Marklund 1974). HIF-1α and TNF-α were measured by
ELISA kit (Elabscience, USA). Caspase-3 was measured by
ELISA kit (Cusabio, USA).

Evaluation of the serum parameters

Testosterone concentration in serum samples was determined
by ELISA kit (“DRG,” Germany). Total serum cholesterol,
ALT, and AST levels were measured using colorimetric kit
according to the manufacturer’s instructions (Biomed, Egypt).

Sample preparation and RNA isolation

Gene expressions of eNOS, iNOS, nNOS, HIF-1α, TNF-α,
and SOD in the testis were assessed using q RT-PCR tech-
nique. A total of 100 mg frozen tissue was weighed and ho-
mogenized in 1 ml Trizol reagent (Invitrogen, USA). After
incubating for 5–10 min at 25 °C, 0.2 ml chloroform was
added to the homogenate and the mixture was shaken vigor-
ously for 15 s, followed by 3-min incubation. Then the mix-
ture was centrifuged at 4 °C at 10000×g for 5 min. The upper
layer of the mixture was obtained and 0.5 ml isopropanol was
added. Next, the samples were centrifuged at 4 °C at 10000×g
for 10 min. Supernatant was removed and the pellet was
washed and suspended with 1 ml 75% ethanol.

Suspended pellet was centrifuged for 5 min at 4 °C at
7000×g. Majority of ethanol was removed and the remaining
was air-dried. Completely dried pellet was dissolved collected
in 50 μl RNase-free water. Quantity and quality of the extract-
ed RNA were assessed by spectrometry. The concentrations

and purity of RNAwere determined by measuring the absor-
bance A260/A280. q RT-PCR for quantitative assessment of
mRNA expression was performed on (Applied Biosyst 7500
fast, Techne (Cambridge) LTD., UK). RNA extract was re-
verse transcribed and q RT-PCR was performed according to
the manufacturer’s instructions (Thermo Scientific one step
kits plus ROX Vial, code no AB-4104/A).

All primers were obtained from Eurofins Genomics,
Europe. The sequence of primers have been summarized
in Table 1. Real-time polymerase chain reaction (q RT-
PCR) was performed with 0.2 μg RNA per reaction
using 20 μL of SYBER Green qPCR mix containing
10 pM of specific primer in the REAL TIME PCR
DETECTION SYSTEM. The SYBER Green data were
analyzed with a relative quantification to as reference
gene. The relative expression level of the gene calculat-
ed using formula 2−ΔΔCt (VanGuilder et al. 2008). They
were scaled relative to control. The results for all ex-
perimental samples were graphed as relative expression
compared with the control. The reactions were as fol-
lows: reverse transcription step 42 °C for 15 min
followed by an initial inactivation step at 95 °C for
10 min. The obtained cDNA was subjected to 40 cycles
(15 s at 95 °C for denaturation followed by 60 s at
60 °C for annealing and 60 s at 72 °C for extension).
The level of expression of each target gene was normal-
ized relative to the expression of B-actin mRNA in that
sample using ΔCT. Relative differences in gene expres-
sion among groups were determined using comparative
ΔΔCT method and fold expression was calculated 2-ΔΔCT,
where ΔΔCT represents ΔCT values normalized relative to
the mean ΔCT of control sample.

Histopathological examination

The testes were immersed in Bouin’s fluid then embed-
ded in paraffin. Cross-sections 5 μm thick were cut
using a microtome. The sections were subjected to
hematoxylin-eosin staining and observed under an opti-
cal microscope and histopathologically evaluated
(Cosentino et al. 1986).

Statistical analysis

Results were expressed as mean ± standard error of mean
(SEM). Differences among groups were statistically analyzed
by one-way analysis of variance (ANOVA), followed by
Tukey’s HSD post-hoc test for multiple comparisons. Some
data of the study groups were compared using Kruskal–Wallis
test. For all tests, probability (p) was considered: Non-
significant if P value ≥ 0.05 and significant if P value <
0.05. All data analyses were performed using Graph Pad
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Prism7 program (Graph pad Software, San Diego California,
USA, and www.graphpad.com).

Results

Effect of vildagliptin and sitagliptin on testicular MDA
and TAC

In T/D model, there was a significant increase in MDA with
reduction of TAC in testis as compared with sham group. On
the other hand, treatment with vildagliptin, sitagliptin, LNNA,
and their combination reversed the condition shown by an
increase in TAC and reduction of MDA, as compared with
T/D model. Combination of vildagliptin or sitagliptin, and
LNNA caused a significant increase in TAC and reduction
of MDA, as compared with vildagliptin- and sitagliptin-
treated groups, respectively (Table 2).

Effect of vildagliptin and sitagliptin on total serum
cholesterol, serum, and testicular testosterone

Table 3 showed that both serum and testicular testosterone
significantly reduced and a significant increase in total serum
cholesterol was noticed in T/D model, as compared with sham
group. Meanwhile, groups treated with vildagliptin,
sitagliptin, LNNA either solely or in combination significantly
increased serum and testicular testosterone with a significant
reduction in total serum cholesterol in comparison with T/D
model. Furthermore, such changes occurred in the group treat-
ed with combination of either vildagliptin or sitagliptin with
LNNA was significant, as compared with vildagliptin- and
sitagliptin-treated groups, respectively.

Effect of vildagliptin and sitagliptin on BGL, ALT,
and AST levels

No significant changes in blood glucose, serum ALT, and
AST levels between different rat groups were observed
(Table 4).

Effect of vildagliptin and sitagliptin on testicular nitric
oxide

In T/D model, there was significant increase total nitrites in
the testis, as compared with sham group. On the other hand,
treatment with vildagliptin, sitagliptin, LNNA, and their com-
bination reduced total nitrites, as compared with T/D model.
Combination of vildagliptin or sitagliptin, and LNNA caused
a significant reduction of total nitrites, as compared with
vildagliptin- and sitagliptin-treated groups, respectively
(Fig. 1).

Effect of vildagliptin and sitagliptin on gene
expression and activity of SOD

Gene expression and activity of SOD showed a significant
reduction in T/D model when compared with sham group.

Table 2 Effect of vildagliptin and sitagliptin on testicular
malondialdehyde and total antioxidant capacity in rats

Groups Testicular MDA
(nmol/g tissue)

Testicular TAC
(mmol/g tissue)

Sham 53.5 ± 2.86 2.55 ± 0.15

T/D 94.55 ± 3.62a 1.18 ± 0.07a

V-treated 73.9 ± 4.53b 1.74 ± 0.10b

S-treated 76.5 ± 1.26b 1.94 ± 0.10b

L-treated 70.7 ± 3.14b 1.81 ± 0.20b

VL-treated 56.5 ± 2.96bc 2.27 ± 0.10bc

SL-treated 57.5 ± 0.76bd 2.34 ± 0.11bd

Results represent the mean ± SEM (n = 6). . Significance is at P ˂ 0.05.
T/D torsion/detorsion, V vildagliptin, L omega N-nitro-L-arginine, S
sitagliptin, MDA malondialdehyde, TAC total antioxidant capacity]
a Significance from sham operated group
b significance from T/D model group
c Significance from V-treated group
d Significance from S-treated group

Table 1 The primers sequences
for interest and reference genes Gene Forward primer 5′-3′ Reverse primer 5′-3′

eNOS 5′-CGA GATATC TTC AGT CCC AAG C-3′ 5′-GTG GAT TTG CTG CTC TCTAGG-3′

iNOS 5′-CGA GGA GGC TGC CCT GCA GAC
TGG-3′

5′-CTG GGA GGA GCT GAT GGA GTA
GTA-3′

nNOS 5′-CGT CCG TGA CTA CTG TGA CAA-3′ 5′-TGT CCA AAT CCATCT TCT TGG-3′

HIF-1α 5′-TCC ATTATG AGG CTG ACC ATC-3′ 5′-CCATCC TCA GAA AGC ACC ATA-3′

TNF-α 5′-ACC ACG CTC TTC TGT CTA CTG-3′ 5′-CTT GGT GGT TTG CTA CGA C-3′

SOD 5′-AGG GCG TCATTC ACT TCG AG-3′ 5′-CCT CTC TTC ATC CGC TGG AC-3′

B-actin 5′- CCC GCG AGTACA ACC TTC T-3′ 5′- CGT CAT CCATGG CGA ACT-3′

eNOS endothelial nitric oxide synthase, iNOS inducible nitric oxide synthase, nNOS neuronal nitric oxide syn-
thase, HIF-1α hypoxia-inducible factor-1α, TNF-α tumor necrosis factor-α, SOD superoxide dismutase
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Meanwhile, its gene expression and activity was increased
significantly in vildagliptin-, sitagliptin-, and LNNA-treated
groups, as compared with T/D model. At the same time, in
the group treated with LNNA combined with vildagliptin or
sitagliptin, SOD gene expression and activity was increased
significantly as compared with vildagliptin-and sitagliptin-
treated groups, respectively (Figs. 1 and 3c).

Effect of vildagliptin and sitagliptin on gene
expression of eNOS, iNOS, and nNOS

In T/D model, gene expression of eNOS, iNOS, and nNOS
was increased significantly when compared with sham group.
In groups treated with vildagliptin, sitagliptin and LNNA,
gene expression of eNOS, iNOS, and nNOS was significantly

reduced, as compared with T/D model. At the same time, in
groups treated with LNNA combined with vildagliptin or
sitagliptin, eNOS, iNOS, and nNOS gene expressions showed
a significant reduction, as compared with vildagliptin- and
sitagliptin-treated groups, respectively (Fig. 2).

Effect of vildagliptin and sitagliptin on gene
expression and concentration of TNF-α in the testis

In T/D model, gene expression and concentration of
TNF-α was increased significantly when compared with
sham group. Treatment with either vildagliptin,
sitagliptin, or LNNA causes a significant reduction in
TNF-α gene expression and concentration, as compared
with T/D model. Further significant reduction in TNF-α
expression and concentration was noticed in the group
treated with LNNA combined with vildagliptin or
si taglipt in, as compared with vildaglipt in- and
sitagliptin-treated groups, respectively (Table 5 and
Fig. 3a).

Effect of vildagliptin and sitagliptin on gene
expression and tissue level of HIF-1a

Gene expression and concentration of HIF-1α increased
significantly in T/D model when compared with sham
group. Meanwhile, in groups treated with vildagliptin,
sitagliptin, and LNNA, HIF-1α gene expression and
concentration reduced significantly, as compared with
T/D model. At the same time, group treated with
LNNA combined with vildagliptin or sitagliptin, HIF-
1α gene expression and concentration was significantly
reduced, as compared with vildagliptin- and sitagliptin-
treated groups, respectively (Table 5 and Fig. 3b).

Table 3 Effect of vildagliptin and
sitagliptin on total serum
cholesterol, serum, and testicular
testosterone in rats

Groups Total serum cholesterol (mg/
dl)

Serum testosterone (pg/
ml)

Testicular testosterone (mg/g
tissue)

Sham 46.15 ± 3.17 4.53 ± 0.21 3.14 ± 0.26

T/D 118.07 ± 2.51a 2.14 ± 0.11a 1.23 ± 0.11a

V-treated 68.1 ± 6.09b 3.16 ± 0.11b 2.30 ± 0.10b

S-treated 72.6 ± 1.90b 3.44 ± 0.20b 2.18 ± 0.14b

L-treated 66.9 ± 5.33b 3.56 ± 0.30b 2.12 ± 0.22b

VL-treated 40.9 ± 2.18bc 4.23 ± 0.16bc 3.15 ± 0.28bc

SL-treated 48.1 ± 2.32bd 4.40 ± 0.13bd 3.08 ± 0.08bd

Results represent the mean ± SEM (n = 6). Significance is at P ˂ 0.05. T/D torsion/detorsion, V vildagliptin, L
omega N-nitro-L-arginine, S sitagliptin
a Significance from sham operated group
b Significance from T/D model group
c Significance from V-treated group
d Significance from S-treated group

Table 4 Effect of vildagliptin and sitagliptin on blood glucose, serum
ALT, and AST levels in rats

Groups BGL (mg/dl) Serum ALT (U/l) Serum AST (U/l)

Sham 66.50 ± 3.45 28.09 ± 1.34 44.56 ± 3.52

T/D 73.42 ± 4.07 32.56 ± 2.08 48.76 ± 2.90

V-treated 60.56 ± 5.51 35.29 ± 3.07 42.37 ± 3.84

S-treated 68.6 ± 4.45 31.6 ± 2.61 40.6 ± 5.60

L-treated 75.11 ± 3.26 33.40 ± 3.11 49.4 ± 5.42

VL-treated 72.50 ± 4.19 29.99 ± 2.27 43.67 ± 3.79

SL-treated 70.8 ± 5.90 30.9 ± 4.51 41.8 ± 4.85

Results represent the mean ± SEM (n = 6). Significance is at P ˂ 0.05.
T/D torsion/detorsion, V vildagliptin, L omega N-nitro-L-arginine, S
sitagliptin, BGL blood glucose level, ALT alanine transaminase, AST as-
partate transaminase
a Significance from sham operated group
b Significance from T/D model group
c Significance from V-treated group
d Significance from S-treated group
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Effect of vildagliptin and sitagliptin on tissue level
of caspase-3

In T/D model, caspase-3 was increased significantly when
compared with sham group. Treatment with either
vildagliptin, sitagliptin, or LNNA causes a significant reduc-
tion in caspase-3, as compared with T/D model. Further sig-
nificant reduction was noticed in the groups treated with
LNNA combined with vildagliptin or sitagliptin, as compared
with vildagliptin- and sitagliptin-treated groups, respectively
(Table 5).

Effect of vildagliptin and sitagliptin
on histopathological picture of testicular tissue

In sham group, germinal epithelium cells were well organized
and intact seminiferous tubules with normal interstitial cells of
Leydig. In T/D model, necrosis in superficial and deep cells,
with structural damage, distal necrosis in germ cells occurred.
Necrosis of interstitial cells of Leydig was also seen.

Furthermore, seminiferous tubule lumens were filled with
amorphous material containing cellular debris. Also, some
testes revealed disappearance of tubular structures. In contrast,
groups treated with vildagliptin, or LNNA, germinal epitheli-
um cells were well organized, while some testes revealed ne-
crosis limited only to superficial cells with mild degeneration
of interstitial cells of Leydig. In sitagliptin-treated group, sec-
tions revealed well-organized seminiferous tubules with de-
generation of superficial cells; only few tubules revealed de-
generation of both superficial and deep layers of cells. In
groups, received vildagliptin or sitagliptin in combination
with LNNA, normal germ cells with preserved tubular struc-
tures and interstitial cells of Leydig were noticed (Fig. 4).

Discussion

Twisting of the spermatic cord causes a severe acute urologi-
cal emergency, which is the testicular torsion, resulting in an
interrupted blood supply and testicular ischemia (Fehér and

Fig. 2 Effect of vildagliptin and sitagliptin on expression of testicular
nitric oxide synthases. Results represent the mean ± SEM (n = 6): (a)
Significance from sham operated group, (b) significance from T/D

model group, (c) significance from V-treated group, (d) significance
from S-treated group. Significance is at P ˂ 0.05 [T/D, torsion/
detorsion; V, vildagliptin; S, sitagliptin; L, omega N-nitro-L-arginine]
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Bajory 2016). In this study, a rat T/D model is used to inves-
tigate the protective effects of vildagliptin and sitagliptin on
testicular I/R injury.

It has been established before that the oxidative stress is
usually associated with an imbalance between ROS and cel-
lular anti-oxidative defensive mechanisms. On the reperfusion

of the ischemic tissue, superoxide anions, hydrogen peroxide,
and hydroxyl radicals are released. Lipid peroxidation can
cause biochemical and morphological changes; in this case,
protein denaturation, DNA damage, and apoptosis may occur
with repeated succession of I/R injury in testicular cells
(Akgur et al. 1993; Kanter 2010). ROS production seems to
possess two phases in I/R tissues. First phase is reversible in
cellular injury and typically oxidative stress situation. It im-
mediately occurs after reperfusion and lasts for few hours. The
second phase causes irreversible tissue damage and inflamma-
tion depending on the maintenance of the oxidative stress
insult. It extends for hours and sometimes for days (Cutrìn
et al. 2000).

Grievously, the overproduction of free radicals is promi-
nent in testicular I/R injury and mammalian testis are highly
susceptible to oxidative stress (Wei et al. 2007). Many studies
proved that MDA level in testicular tissue increased after tes-
ticular T/D. In contrast, SOD was reported to protect the testis
against IR injury following testicular torsion (Ghasemnejad-
Berenji et al. 2017). The TAC level decreases due to the inac-
tivation of one or more sulfhydryl group residues in the anti-
oxidant enzymes, as these are responsible for their catalytic
activities (Amien et al. 2015).

Fortunately, this study revealed that the treatment with
vildagliptin and sitagliptin attenuated the oxidative stress in
the damaged testes through reducing testicular MDA

Te
st

ic
ul

ar
 T

um
or

 n
ec

ro
si

s
fa

ct
or

-�
 e

xp
re

ss
io

n

fa
ct

or
-1
�

 e
xp

re
ss

io
n

0

1

2

3

a

b b

bc
b

bd

Te
st

ic
ul

ar
 H

yp
ox

ia
 in

du
ci

bl
e

0.0

0.5

1.0

1.5

2.0

a

b
b

bc

b

bd

Te
st

ic
ul

ar
 S

up
er

ox
id

e 
di

sm
ut

as
e

ex
pr

es
si

on

0.0

0.5

1.0

1.5

2.0

a

b b

bc
b

bd

b

c

a

Sha
m T/D

V-tr
ea

ted

S-tr
ea

ted

L-
tre

ate
d

VL-
tre

ate
d

SL-
tre

ate
d

Sha
m T/D

V-tr
ea

ted

S-tr
ea

ted

L-
tre

ate
d

VL-
tre

ate
d

SL-
tre

ate
d

Sha
m T/D

V-tr
ea

ted

S-tr
ea

ted

L-t
re

ate
d

VL-t
re

ate
d

SL-
tre

ate
d

Fig. 3 Effect of vildagliptin and
sitagliptin on expression of
testicular tumor necrosis factor-α
(A), testicular hypoxia inducible-
factor-1α (B), and testicular
superoxide dismutase (C).
Results represent the mean ±
SEM (n = 6): (a) Significance
from sham operated group, (b)
significance from T/D model
group, (c) significance from V-
treated group, (d) significance
from S-treated group.
Significance is at P ˂ 0.05 [T/D,
torsion/detorsion; V, vildagliptin;
S, sitagliptin; L, omega N-nitro-
L-arginine]

Table 5 Effect of vildagliptin and sitagliptin on HIF-1α, TNF-α, and
capase-3 levels in testicular tissue

Groups HIF-1α
(pg/ml)

TNF-α
(pg/ml)

Caspase-3
(ng/ml)

Sham 21.4 ± 1.73 100.3 ± 7.6 1.90 ± 0.17

T/D 75.4 ± 3.03a 290.6 ± 18.3a 13.2 ± 0.83a

V-treated 50.5 ± 4.14b 210.0 ± 8.80b 8.83 ± 0.40b

S-treated 52.0 ± 3.99b 205.3 ± 8.50b 7.34 ± 0.54b

L-treated 55.5 ± 1.50b 220.9 ± 9.82b 8.27 ± 0.65b

VL-treated 27.5 ± 2.15bc 115.4 ± 7.12bc 2.96 ± 0.28bc

SL-treated 25.5 ± 1.40b 120.0 ± 8.95bd 2.80 ± 0.23bd

Results represent the mean ± SEM (n = 6). Significance is at P ˂ 0.05 T/D
torsion/detorsion, V vildagliptin, S sitagliptin, L omega N-nitro-L-
arginine
a Significance from sham operated group
b Significance from T/D model group
c Significance from V-treated group
d Significance from S-treated group
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accompanied by the elevation of TAC and the increased ex-
pression of SOD. Those results showed the anti-oxidative ef-
fect of both drugs in testicular T/D, that concurs with the
previous reports stated the antioxidant actions of vildagliptin
and sitagliptin in different tissues (Shah et al. 2011; Apaijai
et al. 2013; Chen et al. 2013; Abdelsalam and Safar 2015;
Nuransoy et al. 2015; Tsai et al. 2015).

The results showed that testicular injury was associated
with the decrease of both the serum and the testicular testos-
terone which indicates a functional injury in response to tes-
ticular I/R. These results are in line with the previous studies
(Kanter 2010; Refaie et al. 2017; Abdel-Gaber et al. 2018). A
metabolic disturbance also was observed in the form of high
serum cholesterol levels in T/D model. Hypercholesterolemia
was previously reported in response to I/R which can be ex-
plained by the decline in testosterone production due to
Leydig cell dysfunction (Naito et al. 2009; Elshaari et al.
2012). Propitiously, in the current study, both studied DPP-4
inhibitors were able to ameliorate the functional andmetabolic
disturbances associated with testicular I/R that is indicative to
its protective effect.

Significantly, the current study showed no considerable
changes in the BGL as vildagliptin and sitagliptin did not
cause hypoglycemic effect in non-diabetic rats. Also, it
showed that no momentous changes occurred in ALT and
AST levels. Furthermore, it was reported that HIF-1α is in-
creased within the periods of testicular ischemia, even though
the cell type expressing HIF-1α was not determined.
Interestingly, the von Hippel-Lindau protein, which is neces-
sary for the process of HIF-1α degradation, was found to be
inactive in the mice having oligospermia and are infertile
(Lysiak et al. 2009). In the current work, HIF-1α expression
was increased in the T/D non-treated rats indicating the harm-
ful role of HIF-1α in various tissues. Under normoxic condi-
tions, HIF-1α is rapidly degraded via the ubiquitin dependent
proteasome 26S pathway after hydroxylation and
ubiquitination. Under hypoxic conditions, it is generally
regarded that HIF-1α is accumulated due to hydroxylation
inhibition (Jiang et al. 1996).

It was reported that there is a directly proportional relation-
ship between NO and HIF-1α; when NO is generated in am-
ple quantities, it upregulates HIF-1α expression in hypoxic

a b

c d

e f

g

Fig. 4 Effect of vildagliptin and
sitagliptin on testis
histopathological picture. A
representative photomicrograph
of a section in testis tissue (× 40).
a Sham group; b T/D group,
arrows refer to necrosis in
superficial and deep cells, with
structural damage and necrosis in
germ cells; c Vildagliptin-treated
group, well-organized germinal
epithelium, while other ones
reveals necrosis in superficial
cells; d sitagliptin-treated group,
arrows refer to well-organized
germinal epithelium, while other
ones reveals necrosis in
superficial and deep cells; e
LNNA-treated group; arrows
refer to well-organized germinal
epithelium with necrosis in
superficial cells; e Vildagliptin +
LNNA-treated group; and f
Sitagliptin + LNNA-treated
group, a well-preserved tubular
structures and normal germ cells
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conditions (Huang et al. 2014). On the other hand, HIF-1 has
also been known to enhance iNOS gene expression in a vari-
ety of cell types (Melillo 2004; Jung et al. 2000; Matrone et al.
2004). Therefore, during hypoxic conditions, activated iNOS
and HIF-1 can form an amplification loop. Indeed, we can
claim that our data underscores new opportunities of drug
development afforded by the relationship between NO and
HIF-1α for various ischemic conditions.

In the current study, such increase in expression of HIF-1α
was associated with the induction in the oxidative stress, ap-
optosis, and inflammation. That complies with the numerous
reports which stated that an increase in oxidative stress, apo-
ptosis, and inflammatory parameters is strongly linked to the
increase of HIF-1α in various tissues (Ghosh et al. 2013;
Wang et al. 2016; Kowalski et al. 2018; Ma et al. 2018;
Guan et al. 2018). Increased expression of eNOS, iNOS, and
nNOS in I/R injury of the testis, which has been reported
previously (Lue et al. 2003; Moon et al. 2005; Ustün et al.,
2008; Erol et al., 2009), produces toxic levels of nitric oxide in
apoptotic germ cells of mice testis (Shiraishi et al. 2003;
Rossoni et al. 2007). The studies showed that the detection
of strong immunostaining in apoptotic germ cells supports a
role of eNOS, iNOS, and nNOS in germ cell degeneration
after testicular I/R, and suggested that nitric oxide is associat-
ed with germ cell apoptosis (Zini et al., 1998; Moon et al.
2005). There are multiple modes of regulation that control
eNOS expression together with the low O2 dependency of
the eNOS enzyme that allows a dynamic manner of the re-
sponse of endothelial cells to changes in O2 levels. The bio-
logical adaptations give eNOS the ability to continue, at least
on the short term to produce NO which is important for the
transduction of hypoxia signals in tissues, especially at lower
O2 levels (Ho et al. 2012). The current study procured similar
results in the form of an elevation of total nitrite level and
caspase-3 level together with increase in iNOS, eNOS, and
nNOS expressions in testicular tissues after an I/R injury.
Vildagliptin and sitagliptin momentously reduced total nitrites
level, caspase-3 and expression of eNOS, iNOS, and nNOS
compared with the T/D group.

It is well established that following a testicular torsion,
inflammation contributes substantially to the pathogenesis of
I/R injury. That is evident by the increase in the pro-
inflammatory cytokines such as TNF-α (Yapanoglu et al.
2017; Tamer et al. 2018). In this study, vildagliptin- and
sitagliptin-treated groups showed lower TNF-α level com-
pared with the T/D group. This finding concurs with other
previous researches, which reported that DPP-4 inhibition re-
duces inflammation via inhibition of monocyte activation/
chemotaxis (Shah et al. 2011). In addition, vildagliptin and
sitagliptin reported to reduce the expression of TNF-α and
NFκB and caused reduction of the pro-inflammatory cyto-
kines in various tissues (Chen et al. 2013; Miyoshi et al.
2014; Tsai et al. 2015; Atkin et al. 2017). This study proposes

that the protective effect of vildagliptin and sitagliptin in tes-
ticular I/R injury was partially due to its anti-inflammatory
properties.

Running in the same stream, vildagliptin and sitagliptin
repressed the expression of HIF-1α, which was associated
with the reduction in oxidative stress, apoptosis, and inflam-
matory parameters. That action highlighted the role of HIF-1α
repression in protecting the testis against ischemic damage
induced by T/D model. This effect on HIF-1α is supported
by the fact that there is an inversely proportional relationship
between SOD (Gao et al. 2013) and the HIF-α, which were
increased with the vildagliptin treatment. At the same time,
there is a direct correlation between TNF-α (Ghosh et al.
2013), caspase-3, eNOS, iNOS, nNOS (Tsui et al. 2011;
Mashmoushi and Oates 2015; Wang et al. 2016; Yoon et al.
2016), and the HIF-α, which were reduced with both
vildagliptin and sitagliptin treatment and HIF-α.

Treatment with LNNA showed reduction in serum choles-
terol, MDA, total nitrites, caspase-3, NOS, HIF-1α, and
TNF-α together with increase in serum and testicular testos-
terone, and TAC and SOD expressions which explore the
antioxidant, anti-apoptotic, and anti-inflammatory actions of
LNNA in testicular ischemia. Moreover, LNNA when com-
bined with either vildagliptin or sitagliptin further reduced
nitric oxide level, caspase-3, and the expression of eNOS,
iNOS and nNOS that lead to an increase in the anti-
oxidative stress, anti-apoptotic, and the anti-inflammatory ac-
tions of both DPP-4 inhibitors which augmented their protec-
tive effect against testicular I/R. This finding was supported
by the notable improvement in the histopathological findings,
which showed the well-organized germinal epithelium cells
and the intact seminiferous tubules and interstitial cells of
Leydig.

It is worth noting that LNNA administration with either
vildagliptin or sitagliptin reduced significantly the HIF-1α
expression. This reduction was accompanied by an improve-
ment in biochemical findings and there was a positive corre-
lation between NOS and HIF-1α in different tissues, and this
was asserted by previously published studies (Rodriguez-
Miguelez et al. 1985; Zhang et al. 2015). Our findings show
that NOS inhibition further reduced HIF-1α expression,
which shared in the augmentation of vildagliptin and
sitagliptin’s protective effect.

Conclusion

Vildagliptin and sitagliptin can protect the testis from T/D-
induced injury mostly; and we hypothesize that this occurred
by anti-oxidative stress, anti-apoptotic, and anti-inflammatory
actions, which was augmented by NOS inhibition. We recom-
mend HIF-1α as a transcription factor that was activated by
NO and might be linked to ischemic damage of testes.
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