
LABORATORY STUDY

Renoprotective effect of vildagliptin following hepatic ischemia/
reperfusion injury

Iman O. Sherifa , Alaa A. Alshaalanb and Nora H. Al-Shaalanc

aEmergency Hospital, Faculty of Medicine, Mansoura University, Mansoura, Egypt; bCollege of Pharmacy, King Saud University, Riyadh,
Saudi Arabia; cChemistry Department, College of Science, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia

ABSTRACT
Remote renal injury is a drastic consequence of hepatic ischemia/reperfusion (IR) injury.
Vildagliptin (V) is a dipeptidyl peptidase-4 inhibitor that has a hepatorenal protective effect
against models of liver and renal IR. This research was done to explore the protective role of vil-
dagliptin against renal injury following hepatic IR injury as well as the possible involvement of
transforming growth factor-beta (TGF-b)/Smad/alpha-smooth muscle actin (a-SMA) expressions in
the pathophysiological mechanism of the remote renal injury. Three groups of male Wistar rats
were organized into: sham group, IR group, and Vþ IR group in which 10mg/kg/day of vildaglip-
tin was pretreated for 10 days intraperitoneally. Blood in addition to renal and hepatic tissue
samples was used for biochemical and histopathological studies. Hepatic IR induced a marked
increase in serum creatinine, blood urea nitrogen, liver enzymes, renal nitric oxide, malondialde-
hyde, tumor necrosis factor-alpha levels with a marked upregulation of renal mRNA expressions
of TGF-b, Smad2, Smad3, and a-SMA in addition to a marked decline in renal catalase content
comparing to the sham group. Abnormal histopathological findings of hepatic and renal injury
were detected in the IR group. Vildagliptin significantly improved these biochemical markers as
well as the histopathological changes. The upregulation of renal TGF-b/Smad/a-SMA mRNA
expressions was involved for the first time in the pathogenesis of the renal injury following hep-
atic IR and vildagliptin ameliorated this renal injury through blocking these expressions.
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Introduction

Intraoperative blood loss has been encountered in liver
surgeries including resection and transplantation. It is a
life-threatening condition that could be managed tem-
porarily by clamping the portal triad and this may result
inadvertently to a process of ischemia following by a
reperfusion phase which exacerbates the hepatic injury
depending on the duration of the two phases [1,2].

Prolonged liver ischemia followed by reperfusion
stimulates the induction of pro-inflammatory cytokines
as well as the reactive oxygen species (ROS) leading to
hepatic cell as well as remote organ injury accompa-
nied with high morbidity and mortality [3,4]. The injury
induced by liver ischemia/reperfusion (I/R) in lung and
kidney has been reported [5,6]. However, the exact
mechanism underlying the renal injury induced by liver
I/R has not been fully determined.

Till now, researchers are searching for suitable
pharmacological interventions to minimize the kidney

injury produced after hepatic I/R [5]. Dipeptidyl peptid-
ase-4 (DPP-4) inhibitors, including linagliptin, sitagliptin,
and vildagliptin (V), are class of hypoglycemic agents
used for treating type II diabetes through inhibition of
glucagon-like peptide-1 (GLP-1) degradation [7].
Previous studies found that DPP-4 inhibitors like sita-
gliptin and vildagliptin could protect against tubular
damage that occurred in renal I/R injury via suppression
of oxidative stress, apoptosis as well as inflammatory
mediators [8–10].

Recently, our research team reported the hepatopro-
tective effect of vildagliptin in the hepatic I/R injury
[11]; however, there are still no findings in the literature
showed the effect of vildagliptin against acute kidney
injury induced by liver I/R. Therefore, this work was
designed to elucidate the pathophysiological mechan-
ism underlying the renal injury induced by hepatic I/R
and the possible renoprotective effect of using
vildagliptin.
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Materials and methods

Animals

Male Wistar rats with weights ranging 250–300g were
kept in cages exposing to certain conditions (12h light/
dark cycle, 20–25 �C) and they were allowed free access to
standard chow and tap water ad libitum. The research
protocol was approved from the Animal Ethics Committee
of the Nile Center for Experimental Researches, Egypt. The
handling of animals was in accordance with the guide for
the Care and Use of Laboratory Animals (NIH publication
no. 85-23, revised 2011).

Experimental design

Thirty male Wistar rats were distributed into three
groups (n¼ 10) as following:

� Sham group: Subjected to surgery without clamping
the portal triad and received 5ml/kg normal saline.

� I/R (IR) group: Subjected to surgery with clamping
the portal triad and received normal saline.

� Vildagliptinþ I/R (Vþ IR) group: Subjected to surgery
with clamping the portal triad and pretreated with
10mg/kg/day vildagliptin (V, Galvus, Novartis
Pharma Stein AG, Stein, Switzerland) intraperito-
neally injected for 10 days, and 15min before ische-
mia at the time of surgery. The dose, duration, and
route of administration of vildagliptin were selected
based on the reported protective effect of vildaglip-
tin in different animal models [10–13].

Model of ischemia/reperfusion injury

The model of renal injury after liver I/R injury was done as
mentioned before in previous research [5,14] in which the
liver I/R injury was first implemented. Briefly, rats in our
experiment were anesthetized and subjected to a midline
laparotomy under aseptic condition. After that, the portal
triad was identified and clamped by a Bulldog clamp for
45min to achieve liver ischemia and this was confirmed
by the pale color of the median and left liver lobes (Figure
1(A)). After the period of the ischemia, the clamp was
removed and reperfusion for 3h was done which was
confirmed by the return of the reddish-brown color of the
liver then removal of kidneys and liver was carried out.

Blood and tissue sample collections

At the end of reperfusion, samples of blood were col-
lected and centrifuged at 3000 rpm for 5min after that,
the serum was kept at –20 �C for renal and liver function

determination. Moreover, parts of the kidney tissues were
removed and immersed immediately in liquid nitrogen
and stored at –80 �C for further investigations while other
parts of the kidney and liver were immersed in 10% for-
malin for histopathology.

Evaluation of the renal and liver function tests

The assessment of the renal function was done through
the measurement of serum creatinine (Cr) (cat. no. CR
1250), and blood urea nitrogen (BUN) (cat. no. UR 2110)
while liver function was evaluated via the measurement
of serum aspartate transaminase (AST), and alanine
transaminase (ALT) (cat. no. AT 1034) using kits pur-
chased from Bio-Diagnostic Company (Giza, Egypt).

Histopathological examination

Renal and hepatic tissues were fixed in formalin solu-
tion (10%), processed, and embedded in paraffin. Serial
coronal sections of 5-lm thick are obtained by a micro-
tome and stained with hematoxylin and eosin (H&E) for
light microscopy. The histopathological assessment was
performed in a blinded way by a pathologist.

Estimation of renal oxidative stress markers

The malondialdehyde (MDA) (cat. no. MD 2529), cata-
lase (cat. no. CA 2517), and nitric oxide (NO) (cat. no.
NO 2533) were detected in the kidney tissue homogen-
ate after preparation as followed: a piece of the renal
tissue was ice-cooled, after that, homogenized in 10-
fold phosphate buffer (pH 7.4) and at last centrifuged
at 600�g for 10min at 4 �C. Oxidative stress markers
were determined colorimetrically using kits obtained
from Bio-Diagnostic Company (Giza, Egypt) according
to the manufacturers’ instructions.

ELISA technique for inflammatory marker
determination

To assess the inflammation, the renal level of tumor
necrosis factor-alpha (TNF-a) was measured using a rat
TNF-a ELISA kit (Cloud Clone Corp, Houston, TX, cat. no.
SEA133Ra) by following the manufacturers’ instructions.

Real-time quantitative-polymerase chain reaction
(qPCR) for transforming growth factor-b (TGF-b),
smad2, smad3, and a-smooth muscle actin
(a-SMA) gene expressions determination

Detection of renal tissue of TGF-b, smad2, smad3, and
a-SMA mRNA expressions was performed by qPCR.
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The total RNA was extracted from renal tissues, reverse
transcribed into complementary DNA (cDNA), and
amplified by qPCR using RNeasy Mini Kit (QIAGEN,
Valencia, CA, cat. no. 74104), High-Capacity cDNA
Reverse Transcription kit (Applied Biosystems, Foster
City, CA, cat. no. 4368814), and SYBR Green PCR Master
Mix Kit (Applied Biosystems, Foster City, CA, cat. no.
4309155), respectively by following the manufacturer’s
instructions. The ratio of A260/A280 was used to ana-
lyze the quantity and quality of the extracted RNA while
the gel electrophoresis on a 1% agarose gel was used
to study the RNA integrity. Relative expressions of
genes were calculated by the DDCt method. All values
were normalized to the GAPDH genes. The primers
sequences of the genes are presented in Table 1.

Statistical analysis

Data were expressed as mean± SD. The differences
between groups were assessed by the one-way analysis
of variance (ANOVA) followed by a post hoc Bonferroni
test. Statistical significance was considered when the p
value is <.05. Statistical analysis was carried out by
using the computer software SPSS version 20
(Chicago, IL).

Results

Effect on renal and liver function

In Table 2, hepatic I/R produced a marked increase in
serum Cr, BUN, AST, and ALT compared to the sham
group. Pretreatment of vildagliptin for 10 days exhib-
ited a notable reduction in serum Cr and BUN levels as
well as the levels of AST and ALT when compared with
the IR group (p<.001).

Effect on liver histopathology

To confirm the injury in liver tissue after hepatic IR, liver
sections examined following hepatic IR. Liver tissue in
the IR group showed severe sinusoidal congestion,

necrosis with hydropic degeneration in hepatocytes
throughout hepatic lobules (Figure 1(B,C)).

Effect on renal histopathological examination

Figure 1(D–L) demonstrates the histopathological exam-
ination of the kidney in each experimental group. A nor-
mal histological picture was detected in the sham group
(D, E). The kidney of the IR group was characterized by
tubular injury which was manifested by tubular dilation,
loss of brush border, tubular degeneration, hyaline casts,
and mononuclear cell infiltration (F–J). The Vþ IR group
showed improved histopathological findings (K, L).

Effect on oxidative and nitrosative stress markers

Oxidative and nitrosative stress were assessed as shown
in Figure 2 by determining catalase (A) and MDA (B) in
addition to NO (A), respectively, in renal tissue hom-
ogenate. A marked elevation in NO (by 90.5%) and
MDA (by 104%) levels with a marked decrease in cata-
lase levels (by 74.1%) were observed in the IR group
compared to the sham group (p<.001).

Moreover, vildagliptin pretreatment in the Vþ IR
group showed a remarkable decrease in renal levels of
NO (by 33.9%) and MDA (by 32.3%) with a marked rise
in catalase renal levels (by 1.5 folds) in comparison to IR
group (p<.001).

Effect on inflammation

A significant rise in renal TNF-a protein level was
detected in the IR group when compared with the
sham group as illustrated in Table 3 while, vildagliptin
pretreated rats exhibited a significant reduction in renal
TNF-a protein level in comparison to IR rats (p<.001).

Table 1. Primer sequences of the studied genes.
Target gene Primer sequence: 50 ! 30

TGF-b F: TGCGCCTGCAGAGATTCAAG
R: AGGTAACGCCAGGAATTGTTGCTA

Smad2 F: GCCCCAACTGTAACCAGAGA
R: GCCAGAAGAGCAGCAAATTC

Smad3 F: GGCTTTGAGGCTGTCTACCA
R: GGTGCTGGTCACTGTCTGTC

a-SMA F: GTTTGAGACCTTCAATGTCCC
R: CGATCTCACGCTCAGCAGTGA

GAPDH F: CACCCTGTTGCTGTAGCCATATTC
R: GACATCAAGAAGGTGGTGAAGCAG

Table 2. Effect of liver ischemia/reperfusion (IR) alone or in
combination with vildagliptin (V, 10mg/kg, intraperitoneally)
administration for 10 days on the serum levels of creatinine
(Cr), blood urea nitrogen (BUN), aspartate transaminase (AST),
and alanine transaminase (ALT) in all experimental animals.
Group Sham IR Vþ IR

Cr (mg/dl) 0.65 ± 0.13 1.33 ± 0.18� 0.85 ± 0.09##

BUN (mg/dl) 36.54 ± 1.46 62.86 ± 5.5� 45.54 ± 2.3��,#
AST (U/l) 51 ± 3.16 117.4 ± 6.9� 73.5 ± 4.2�,#
ALT (U/l) 29.5 ± 2.87 99.4 ± 10.33� 48.2 ± 5.02��,#
Results were expressed as mean ± SD.�
p<.001 compared to sham group.��
p<.05 compared to sham group.

#p<.001 compared to IR group.
##p<.05 compared to IR group.
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Figure 2. Effect of liver ischemia/reperfusion (IR) alone or in combination with vildagliptin (V, 10mg/kg, intraperitoneally) admin-
istration for 10 days on the renal tissue contents of (A) nitric oxide (NO), catalase, and (B) malondialdehyde (MDA). Data were
expressed as mean ± SD. �p<.001 compared to sham group. ��p<.05 compared to sham group. #p<.001 compared to IR group.

Figure 1. Hepatic ischemia in rat liver (A). Histopathology of liver in hepatic IR group with hematoxylin and eosin (H&E). Low �100,
scale bar ¼ 100 mm (B) and high �200, scale bar ¼ 50 mm (C) magnification power showed severe sinusoidal congestion and necrosis
with hydropic degeneration in hepatocytes. Histopathological pictures of renal tissues stained with H&E from experimental groups
(D–L). Kidney showing normal histological picture in sham group (D, E). Kidney sections from IR group showing tubular dilation with
presence of hyaline bodies in lumen of tubules (arrowheads) (F), vacuolar degeneration in tubular epithelium (arrows) (G), tubular dila-
tion with loss of brush border (arrows) and tubular cast (arrowhead) (H), swollen Bowman’s capsule with eosinophilic proteinaceous
material (arrows) (I), few perivascular edema (thin arrow) with mononuclear cells infiltration (thick arrow) and glomerular shrinkage
(arrowheads) (J). Glomerular hypercellularity (long arrow) with loss of brush border from tubular epithelium (short arrows) (K, L) was
observed in Vþ IR group (D, K scale bar ¼ 100 mm, �100; E scale bar ¼ 50 mm, �200; F, G, H, I, J scale bar ¼ 50 mm, �400).
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Effect on TGF-b, smad2, and smad3 mRNA
expressions

Figure 3 represents the determination of TGF-b, smad2,
and smad3 mRNA expressions in renal tissues of all
studied groups. Hepatic I/R induced a significant upre-
gulation of renal mRNA expressions of TGF-b, smad2,
and smad3 by 1.4, 1.6, and 2 folds respectively when
compared with the sham group. The Vþ IR group
exhibited a marked downregulation of renal mRNA
expressions of TGF-b, smad2, and smad3 by 40.9%,
53.2%, and 50.4% respectively when compared with the
IR group (p<.001).

Effect on a-SMA mRNA expression

Hepatic I/R induced a significant upregulation in renal
mRNA expression of a-SMA by 90.9% when compared
with the sham group while pretreatment with vildaglip-
tin showed a marked downregulation of renal mRNA
expression of a-SMA by 28.2% in comparison to IR
group as demonstrated in Figure 4 (p<.001).

Discussion

Kidney injury is common following liver I/R injury with
increased mortality and morbidity among patients [5].
Our study documented a marked elevation in serum

levels of AST and ALT after liver I/R reflecting hepatocyte
damage with a significant deterioration in renal function
as proved by a marked rise in serum Cr and BUN in the
IR group in comparison to the sham group.
Morphological alterations in the liver and kidneys follow-
ing liver I/R injury were also reported including degener-
ation in hepatocytes, congestion, and necrosis in the liver
and degeneration in the renal tubular epithelium, tubular
dilatation with loss of brush border, congestion, leuko-
cyte infiltration, hyaline cast in the kidney. Similar find-
ings were observed in previous studies [5,11,14–17]
suggesting that hepatic I/R injury damages both the
morphology and the function of the kidney [16,18,19].

Moreover, several studies reported pathological
alterations in kidneys according to the period of reper-
fusion ranging from 1 to 24 h. After 1-h kidney showed
moderate hemorrhage and congestion [20], eosino-
philic appearance and perinuclear vacuolic formation in
tubular cells [17] after 8 h showing loss of brush border
and tubular epithelium with hyaline casts and conges-
tion [21], while other researches showed tubular dilata-
tion and necrosis, cellular swelling, and granular casts
after 24-h reperfusion [5,14,22]. Kadkhodaee et al. [23]
showed that hepatic and renal dysfunction were seen
markedly after 4 h than 24-h reperfusion.

Hypoxia and reoxygenation are considered the two
major contributing factors for tissue damage during the
period of I/R [24]. After reperfusion, ROS and proinflam-
matory cytokines released from activated polymorpho-
nuclear neutrophils (PMNs) [3,24] which activated the
leukocyte infiltration into the kidney leading to more
release of ROS and cytokines causing oxidative damage
and consequently direct kidney injury [16].

A growing body of evidence showed that the oxida-
tive stress and NO caused endothelial dysfunction and
oxidative renal damage that occurred following liver I/R
injury [3,4]. Moreover, it was reported that the antioxi-
dant enzyme catalase played a protective role versus I/R

Table 3. Effect of liver ischemia/reperfusion (IR) alone or in
combination with vildagliptin (V, 10mg/kg, intraperitoneally)
administration for 10 days on the renal tissue levels of tumor
necrosis factor-alpha (TNF-a).
Group Sham IR Vþ IR

TNF-a (pg/ml) 1152 ± 117.6 2631.6 ± 137.5� 1571.8 ± 151.9��,#
Results were expressed as mean ± SD.�
p<.001 compared to sham group.��
p<.05 compared to sham group.

#p<.001 compared to IR group.

Figure 3. Effect of liver ischemia/reperfusion (IR) alone or in
combination with vildagliptin (V, 10mg/kg, intraperitoneally)
administration for 10 days on the renal mRNA expressions, of
transforming growth factor-b (TGF-b), Smad2, and Smad3.
Data were presented as mean ± SD. �p<.001 compared to
sham group. ��p<.05 compared to sham group. #p<.001
compared to IR group.

Figure 4. Effect of liver ischemia/reperfusion (IR) alone or in
combination with vildagliptin (V, 10mg/kg, intraperitoneally)
administration for 10 days on the renal mRNA expression of
a-smooth muscle actin (a-SMA). Data were presented as
mean ± SD. �p<.001 compared to sham group. ��p<.05 com-
pared to sham group. #p<.001 compared to IR group.
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induced cell injury via scavenging the ROS with convert-
ing hydrogen peroxide into water and oxygen [20].

Our study showed a marked rise in renal MDA and
NO contents with a marked reduction in renal catalase
levels in the IR group in comparison to the sham group.
Previous studies showed similar findings reporting a
marked elevation in the lipid peroxidation marker MDA
and a significant reduction in catalase levels in the kid-
ney tissue homogenate after hepatic I/R [3,16,20].

Moreover, it was found that following hepatic I/R,
there were inflammatory changes occurred in the kid-
ney causing PMNs infiltration and upregulation of renal
proinflammatory mRNA expression such as TNF-a
[22,23] and this coincided with our results that showed
a marked elevation of renal TNF-a content in the IR
group in addition to the leukocytes cells infiltration in
renal tissues following hepatic I/R.

Our previous work with a model of hepatic IR,
showed a marked amelioration in liver enzymes levels,
as well as liver histopathology, in vildagliptin treated
group compared to sham group indicating the hepato-
protective effect of vildagliptin [11] and this finding is
consistent with our current study. Moreover, vildagliptin
in our study significantly ameliorated the renal function
and the pathological kidney changes and reduced the
oxidative stress released and inflammation following
hepatic I/R.

Similarly, vildagliptin or sitagliptin showed a reno-
protective effect against renal I/R injury in rats via sig-
nificant reduction of oxidative stress and inflammatory
markers confirming their antioxidant and anti-inflam-
matory effects [10,25,26]. Furthermore, it was docu-
mented that the vildagliptin has cardio- and
neuroprotective effect in models of myocardial and
cerebral I/R, respectively, due to its ability to reduce the
oxidative stress markedly proving its antioxidant activity
[27,28]. This study documented for the first time the vil-
dagliptin renoprotective effect in renal injury following
hepatic IR through suppression of oxidative stress and
inflammation.

Previous studies suggested that the Smad family
could act as signal integrators among inflammatory or
fibrogenic pathways mediating tissue inflammation
[29,30]. On the other hand, a pleiotropic cytokine TGF-b
was considered as the main mediator in the develop-
ment of different pathological disorders including fibro-
sis, angiogenesis, immunosuppression, post-trauma
repair, and inflammation and its effect was mediated by
the Smad 2 and Smad 3 signaling molecules [31–33].
These molecules were activated in different animal mod-
els of renal diseases as obstructive kidney diseases,
nephrectomy and diabetic nephropathy [29,30,34].

Moreover, it was documented that binding of TGF-b
with its receptor formed a complex with kinase activity
which further phosphorylated smad2/3 and then translo-
cated into the nucleus leading to gene expression [35].

No previous studies demonstrated the involvement
of TGF-b and its downstream signaling Smads in renal
injury following the hepatic ischemia. Our work showed
for the first time a marked upregulation of mRNA
expression of smad2, smad3, TGF-b in renal tissue fol-
lowing hepatic I/R when compared with sham. Our
findings were in harmony with other recent studies that
determined the involvement of TGF-b/smad2/3 path-
way in the vascular endothelial cells after lower limb I/R
[31] and also in the brain after cerebral I/R [29,33,35].

The existence of a link between the TGF-b/smad2/3
signaling pathway and inflammation was reported by a
recent study that observed an activation of the TGF-
b/smad2/3 signaling in a mouse model of bronchial
asthma with inflammatory reaction confirming that this
pathway plays role in the inflammation [36]. The TGF-b
was considered as a potent inflammatory mediator for
different immune cell types like neutrophils and other
PMN cells [37] and its release was documented after
the renal IR process [38]. The activation of the infiltrated
inflammatory cells after tissue injury produced ROS and
induced fibrogenic cytokines if inflammation persists
and not resolved [39].

The a-SMA is a protein of the smooth muscle cells and
its expression reflects the injury that occurred during peri-
ods of ischemia/or reperfusion [40]. Upregulation of
a-SMA expression was seen in different experimental
models including uterine and renal I/R injury [41,42].
Besides, a-SMA was reported as an early marker of kidney
damage and renal dysfunction [43,44]. Similarly, our study
exhibited a marked upregulation in renal a-SMA mRNA
expression in the IR group.

Till now, the effect of vildagliptin in renal injury fol-
lowing hepatic I/R was not investigated. This study
showed that vildagliptin exhibited a marked downregu-
lation of renal TGF-b/Smad/a-SMA mRNA expression
when compared with the IR group. Vildagliptin attenu-
ated renal injury in streptozotocin-induced diabetic rats
through the reduction of the increased levels of renal
TGF-b induced by hyperglycemia [45]. Recently, sitaglip-
tin blocked the TGF-b/Smad pathway leading to ameli-
oration of diabetic nephropathy [30]. Also, alogliptin
exerted a renoprotective effect in nondiabetic mice
with unilateral ureteral obstruction through down-
stream the pathway of TGF-b/Smad/a-SMA [46].

The renoprotective effect of the DPP-4 inhibitors
including vildagliptin may be attributed to the increased
level of GLP-1 resulting in its antioxidant, anti-
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inflammatory, antifibrotic, and antiapoptotic effects
[8,26,28,45,46]. The elevated levels of GLP-1 and its recep-
tor GLP-1R were reported as a protective action of vilda-
gliptin in models of diabetic nephropathy [45] and
myocardial infarction [47]. However, it was reported that
vildagliptin ameliorated the lung injury in a model of pul-
monary fibrosis through a mechanism independent of
GLP-1 [12]; therefore, further studies are encouraged to
explore this action of vildagliptin in the model of renal
injury following hepatic I/R.

The limitations of our study included: the use of a
single dose of vildagliptin and this was based on the
fact that this dose showed protective effect in previous
studies [10,28,48]; and a group with vildagliptin alone
had not been done as the safety of vildagliptin was
reported in healthy subjects in both experimental and
clinical studies [48,49].

Conclusions

The upregulation of renal TGF-b/Smad/a-SMA mRNA
expressions is involved for the first time in the patho-
genesis of the renal injury induced following hepatic I/R
injury. Vildagliptin ameliorated the remote renal injury
that occurred after hepatic I/R injury through multiple
actions including: reduction of the oxidative stress, and
the pro-inflammatory cytokine TNF-a, in addition to
blocking the upregulation of TGF-b/Smad/a-SMA mRNA
expressions in renal tissue.

Acknowledgements

The authors are grateful to Dr. Walaa Awadin, the Associate
Professor of Pathology for her work in performing the histo-
pathological examination.

Disclosure statement

The authors declare no conflict of interest.

Funding

This research was funded by the Deanship of Scientific
Research at Princess Nourah bint Abdulrahman University
through the Fast-track Research Funding Program.

ORCID

Iman O. Sherif http://orcid.org/0000-0002-9487-3456

References

[1] Magyar Z, Varga G, Mester A, et al. Is the early or
delayed remote ischemic preconditioning the more
effective from a microcirculatory and histological

point of view in a rat model of partial liver ischemia-
reperfusion? Acta Cir Bras. 2018;33:597–608.

[2] Zaki AM, El-Tanbouly DM, Abdelsalam RM, et al.
Plumbagin ameliorates hepatic ischemia-reperfusion
injury in rats: role of high mobility group box 1 in
inflammation, oxidative stress and apoptosis. Biomed
Pharmacother. 2018;106:785–793.

[3] Miranda LC, Capellini V, Reis G, et al. Effects of partial
liver ischemia followed by global liver reperfusion on
the remote tissue expression of nitric oxide synthase:
lungs and kidneys. Transplant Proc. 2010;42:1557–1562.

[4] T€ufek A, Tokg€oz O, Aliosmanoglu _I, et al. The protect-
ive effects of dexmedetomidine on the liver and
remote organs against hepatic ischemia reperfusion
injury in rats. Int J Surg. 2013;11:96–100.

[5] Sun H, Zou S, Candiotti KA, et al. Octreotide attenuates
acute kidney injury after hepatic ischemia and reperfu-
sion by enhancing autophagy. Sci Rep. 2017;7:42701.

[6] Zhou L, Zhao D, An H, et al. Melatonin prevents lung
injury induced by hepatic ischemia–reperfusion
through anti-inflammatory and anti-apoptosis effects.
Int Immunopharmacol. 2015;29:462–467.

[7] Ceriello A, Sportiello L, Rafaniello C, et al. DPP-4 inhib-
itors: pharmacological differences and their clinical
implications. Expert Opin Drug Saf. 2014;13:57–68.

[8] Reichetzeder C, Websky K, Tsuprykov O, et al. Head-to-
head comparison of structurally unrelated dipeptidyl
peptidase 4 inhibitors in the setting of renal ischemia
reperfusion injury. Br J Pharmacol. 2017;174:2273–2286.

[9] Youssef MI, Mahmoud AA, Abdelghany RH. A new com-
bination of sitagliptin and furosemide protects against
remote myocardial injury induced by renal ischemia/
reperfusion in rats. Biochem Pharmacol. 2015;96:20–29.

[10] Glorie LL, Verhulst A, Matheeussen V, et al. DPP4
inhibition improves functional outcome after renal
ischemia-reperfusion injury. Am J Physiol Renal
Physiol. 2012;303:F681–F688.

[11] Sherif IO, Al-Shaalan NH. Vildagliptin attenuates hep-
atic ischemia/reperfusion injury via the TLR4/NF-jB
signaling pathway. Oxid Med Cell Longevity. 2018;
2018. Article ID 3509091.

[12] Suzuki T, Tada Y, Gladson S, et al. Vildagliptin amelio-
rates pulmonary fibrosis in lipopolysaccharide-induced
lung injury by inhibiting endothelial-to-mesenchymal
transition. Respir Res. 2017;18:177.

[13] Zaky D-AA, Shorbagy MY, Nassar NN, et al. Novel gut
barrier modulatory effect of vildagliptin in amelior-
ation of bacterial translocation in cholestatic rats.
FASEB J. 2016;30:lb553.

[14] Takhtfooladi MA, Shahzamani M, Asghari A, et al.
Naloxone pretreatment prevents kidney injury after
liver ischemia reperfusion injury. Int Urol Nephrol.
2016;48:1113–1120.

[15] Park SW, Chen SW, Kim M, et al. Human activated pro-
tein C attenuates both hepatic and renal injury caused
by hepatic ischemia and reperfusion injury in mice.
Kidney Int. 2009;76:739–750.

[16] Han SJ, Jang H-S, Seu SY, et al. Hepatic ischemia/
reperfusion injury disrupts the homeostasis of kidney
primary cilia via oxidative stress. Biochim Biophys
Acta. 2017;1863:1817–1828.

214 I. O. SHERIF ET AL.



[17] Gonul Y, Ozsoy M, Kocak A, et al. Antioxidant, antia-
poptotic and inflammatory effects of interleukin-18
binding protein on kidney damage induced by hepatic
ischemia reperfusion. Am J Med Sci. 2016;351:607–615.

[18] Kudo Y, Egashira T, Takayama F, et al. Investigation of
the renal injury caused by liver ischemia-reperfusion
in rats. Arch Toxicol. 1993;67:502–509.

[19] Tanaka Y, Maher JM, Chen C, et al. Hepatic ischemia-
reperfusion induces renal heme oxygenase-1 via NF-
E2-related factor 2 in rats and mice. Mol Pharmacol.
2007;71:817–825.

[20] Mard SA, Akbari G, Mansouri E, et al. Renoprotective
effect of crocin following liver ischemia/ reperfusion injury
in Wistar rats. Iran J Basic Med Sci. 2017;20:1172–1177.

[21] Li X, Li X, Chi X, et al. Ulinastatin ameliorates acute
kidney injury following liver transplantation in rats
and humans. Exp Ther Med. 2015;9:411–416.

[22] Lee HT, Park SW, Kim MD, et al. Acute kidney injury
after hepatic ischemia and reperfusion injury in mice.
Lab Invest. 2009;89:196–208.

[23] Kadkhodaee M, Mikaeili S, Zahmatkesh M, et al.
Alteration of renal functional, oxidative stress and
inflammatory indices following hepatic ischemia-
reperfusion. Gen Physiol Biophys. 2012;31:195–202.

[24] Oguz A, Kapan M, Onder A, et al. The effects of curcu-
min on the liver and remote organs after hepatic ische-
mia reperfusion injury formed with Pringle manoeuvre
in rats. Eur Rev Med Pharmacol Sci. 2013;17:457–466.

[25] Nuransoy A, Beytur A, Polat A, et al. Protective effect
of sitagliptin against renal ischemia reperfusion injury
in rats. Renal Fail. 2015;37:687–693.

[26] Chang M-w, Chen C-h, Chen Y-c, et al. Sitagliptin pro-
tects rat kidneys from acute ischemia-reperfusion
injury via upregulation of GLP-1 and GLP-1 receptors.
Acta Pharmacol Sin. 2015;36:119–130.

[27] Bayrami G, Alihemmati A, Karimi P, et al. Combination
of vildagliptin and ischemic postconditioning in diabetic
hearts as a working strategy to reduce myocardial reper-
fusion injury by restoring mitochondrial function and
autophagic activity. Adv Pharm Bull. 2018;8:319–329.

[28] El-Marasy SA, Abdel-Rahman RF, Abd-Elsalam RM.
Neuroprotective effect of vildagliptin against cerebral
ischemia in rats. Naunyn-Schmiedeberg’s Arch
Pharmacol. 2018;391:1133–1145.

[29] Lan HY, Chung A-K. TGF-b/Smad signaling in kidney
disease. Semin Nephrol. 2012;32:236–243.

[30] Wang D, Zhang G, Chen X, et al. Sitagliptin amelio-
rates diabetic nephropathy by blocking TGF-b1/Smad
signaling pathway. Int J Mol Med. 2018;41:2784–2792.

[31] Xu YL, Zhang MH, Guo W, et al. MicroRNA-19 restores
vascular endothelial cell function in lower limb ische-
mia-reperfusion injury through the KLF10-dependent
TGF-b1/Smad signaling pathway in rats. J Cell
Biochem. 2018;119:9303–9315.

[32] Chen C, Lei W, Chen W, et al. Serum TGF-b1 and
SMAD3 levels are closely associated with coronary
artery disease. BMC Cardiovasc Disord. 2014;14:18.

[33] Liu F-f, Liu C-y, Li X-p, et al. Neuroprotective effects of
SMADs in a rat model of cerebral ischemia/reperfu-
sion. Neural Regen Res. 2015;10:438.

[34] Zhang S, Wang D, Xue N, et al. Nicousamide protects
kidney podocyte by inhibiting the TGFb receptor II
phosphorylation and AGE-RAGE signaling. Am J Transl
Res. 2017;9:115–125.

[35] Lou Z, Wang A-P, Duan X-M, et al. Upregulation of
NOX2 and NOX4 mediated by TGF-b signaling pathway
exacerbates cerebral ischemia/reperfusion oxidative
stress injury. Cell Physiol Biochem. 2018;46:2103–2113.

[36] Shan L, Kang X, Liu F, et al. Epigallocatechin gallate
improves airway inflammation through TGF-b1 signal-
ing pathway in asthmatic mice. Mol Med Rep. 2018;
18:2088–2096.

[37] Li MO, Wan YY, Sanjabi S, et al. Transforming growth
factor-b regulation of immune responses. Annu Rev
Immunol. 2006;24:99–146.

[38] Cury MFR, Olivares EQ, Garcias RC, et al. Inflammation
and kidney injury attenuated by prior intake of Brazil
nuts in the process of ischemia and reperfusion. J
Bras Nefrol. 2018;40:312–318.

[39] Liu Y. Cellular and molecular mechanisms of renal
fibrosis. Nat Rev Nephrol. 2011;7:684–696.

[40] Rubbia-Brandt L, Mentha G, Desmouli�ere A, et al.
Hepatic stellate cells reversibly express a-smooth
muscle actin during acute hepatic ischemia.
Transplant Proc. 1997;29:2390–2395.

[41] Lin L, He Y, Zhang J, et al. The effects and possible
mechanisms of puerarin to treat uterine fibrosis
induced by ischemia-reperfusion injury in rats. Med
Sci Monit. 2017;23:3404–3411.

[42] Danobeitia JS, Ziemelis M, Ma X, et al. Complement
inhibition attenuates acute kidney injury after ische-
mia-reperfusion and limits progression to renal fibrosis
in mice. PLoS One. 2017;12:e0183701.

[43] G�omez G, Velarde V. Boldine improves kidney damage
in the Goldblatt 2K1C model avoiding the increase in
TGF-b. Int J Mol Sci. 2018;19:1864.

[44] Gonlusen G, Ergin M, Paydaş S, et al. The expression of
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