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Background and aim: Renal ischemia-reperfusion is associated with inflammation and oxidative stress.
As a major compound in black pepper, piperine has anti-inflammatory and anti-oxidative properties. In
present study, the protective effects of oral administration of piperine in renal ischemia-reperfusion (IR)
induced acute kidney injuries (AKI) were investigated.
Experimental procedure: Male Wistar rats received piperine (10 or 20mg/kg.bw) or vehicle for 10 days.
The artery and vein of both kidneys were then clamped for 30min, followed by a 24-h reperfusion
period. Concentrations of creatinine and urea-nitrogen in descending aorta blood were measured, and
malondialdehyde (MDA) and ferric reducing/antioxidant power (FRAP) levels were measured in kidney
tissue to evaluate the oxidative stress. Inflammation was evaluated by measuring the TNF-a and ICAM-1
mRNA expression levels in renal cortical tissue using Real Time PCR method and counting leukocytes
infiltration to interstitium. Further measured were tissue damages in H & E stained sections.
Results: Renal IR reduced FRAP, while increasing the plasma concentrations of creatinine and urea-
nitrogen, tissue MDA level, TNF-a and ICAM-1 mRNA expressions, leukocyte infiltration and histopath-
ologic injuries. Piperine administration significantly reduced the plasma concentrations of creatinine and
urea-nitrogen, expression of pro-inflammatory factors, oxidative stress and renal histopathologic in-
juries. It is to be noted that 20mg/kg dose was more effective.
Conclusion: Our results suggest piperine protects the kidney against ischemia-reperfusion induced acute
kidney injuries by its anti-inflammatory and anti-oxidative properties.
© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Acute kidney injury (AKI) is a serious complication that,
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currently, has no specific treatment and may be observed in up to
5% of the hospitalized patients.1 A major cause of AKI is renal
ischemia-reperfusion (IR). Renal injuries caused by IR include
inflammation, oxidative stress, and injuries of vascular endothe-
lium and tubular epithelium.2

Following IR, inflammation begins as a result of cell injury,
resulting molecular products which activate kidney parenchymal
cells and dendritic cells (DCs), entailing the secretion of chemo-
kines.3e5 Renal ischemia leads to leukocyte infiltration and tissue
injury development through up-regulating the adhesive molecules
(including ICAM-1) in vascular endothelium, and synthesizing pro-
inflammatory cytokines such as IL-1, IL-6 and TNF-a in kidney.5,6

Moreover, renal IR increases the synthesis of inducible nitric ox-
ide synthase (iNOS), augmenting the production of NOwhich reacts
with reactive oxygen species (ROS) to form peroxynitrite (ONOO�),
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inhibits endothelial nitric oxide synthase (eNOS), reduces NO pro-
duction in endothelium, and results in vasoconstriction.7e9

Piperine (1-peperoylpiperidine) is an alkaloid found in the fruit
of plants belonging to piperaceae family such as black pepper
(piper nigrum) and long pepper (piper longum).10 Plants from this
family have been used in traditional medicine and as a spice around
the world. It has been shown that piperine has many pharmaco-
logical properties such as anti-oxidative,11,12 anti-inflammatory13,14

and vasodilator15,16 effects, and can protect the brain against
ischemia-reperfusion17 and kidney against lead acetate induced
nephrotoxicity.18 Several studies have been performed on the
mechanism of piperine, reporting that it acts by reducing the
expression of ICAM-1, TNF-a, iNOS, and NF-kB,17,19,20 inhibiting
cytochrome P450 enzymes21 and p-glycoprotein activities,22,23 and
preventing endoplasmic reticulum stress.24 However, the protec-
tive effect of piperine against functional disturbances, inflamma-
tion, oxidative stress and tissue damages induced by renal IR is yet
to be fathomed. Therefore, the objective of the present study was to
assess the protective effects of piperine against renal damages
induced by 30-min bilateral renal ischemia followed by 24-h
reperfusion in rat.

2. Materials and methods

2.1. Animals

This experimental study was performed on 28 male Wistar rats
(200e250 g) obtained from laboratory animal breeding at Ker-
manshah University of Medical Sciences. Throughout the experi-
ments, animals were kept under constant conditions of 23�±2 �C
temperature and 12-h light/darkness cycles in polypropylene
cages, with free access to standard food and water. We attempted
to assign the least possible number of rats to each test group. Rats
experiencing unexpected suffering (disability, reduced motility
and abnormal status) were excluded from experiments and
euthanized by deep anesthesia. All experiments and procedures
were carried out according to the National Institutes of Health
guide for the care and use of Laboratory animals (NIH Publications
No. 8023, revised 1978), and were approved by ethics committee
of Kermanshah University of Medical Sciences (Approval number:
IR.KUMS.REC.1396.452).

2.2. Experimental protocols

Studied animals were randomly divided into 4 groups (n ¼ 7).
The first group (sham) received vehicle (20 ml Tween 80 þ 980 ml
normal saline) via gavage for 10 days and on the 10th day, one hour
following gavage; they underwent sham operation without
clamping the arteries and veins. As in the sham group, the second
one received vehicle and on day 10 they underwent surgery and
clamping of the artery and vein of both kidneys for 30 min (IR
group). The third and fourth groups received piperine (Sigma, USA)
for 10 days, 10 or 20 mg/kg.bw, respectively and underwent 30-min
ischemia and 24-h reperfusion on the 10th day.

In the present research, utilized doses of piperine were selected
based on our pilot studies and previous similar studies.11,17 It should
be mentioned that 50 units of heparinwere injected to animals just
30-min prior to ischemia induction, ip. Sodium pentobarbital
(55mg/kg, ip) was used for anesthesia. During surgery, body tem-
perature was controlled by a rectal thermometer and maintained
constant at 37± 1 �C using a lamp and a heat plate. At the end of the
surgery, all rats were transferred into the cages to spend a 24-h
reperfusion period, during which they had free access to food and
water. On the 11th day and following 24-h reperfusion period,
animals were reanesthetized and a blood sample was taken from
descending aorta in order to measure the plasma creatinine and
urea-nitrogen concentrations. After that, right kidney was removed
and immediately frozen in liquid nitrogen for oxidative stress
assessment through measuring malondialdehyde (MDA) and ferric
reducing antioxidant power (FRAP). For the histopathologic study,
one half of the left kidney was removed, fixed in 10% formaldehyde,
and stained by haematoxylin and eosin (H & E). TNF-a and ICAM-1
mRNA expression levels were further assessed in the cortex tissue
of other half of the kidney by quantitative Real Time PCR method
(qRT-PCR). At the end of the experiment, all rats were euthanized
by deep anesthesia.25

2.3. Assessment of renal function

In order to evaluate the kidney function, plasma creatinine and
urea-nitrogen concentrations were measured by use of an
autoanalyzer.

2.4. Assessment of oxidative stress

To assess the oxidative stress, MDA and FRAP levels were
measured in the renal tissue by colorimetric assay method. MDA is
the final product of the peroxidation of membrane phospholipids
by oxidative factors, and FRAP indicates total tissue antioxidant
power.26,27

2.5. Assessment of inflammation

To assess inflammation, mRNA expression levels of proin-
flammatory factors TNF-a and ICAM-1 were measured using qRT-
PCR, and beta-actin, as housekeeping gene, in renal cortex tissue.
For this purpose, first total RNA was extracted using TRIzol (Bio-
neer-Korea) and cDNA was synthesized (Takara-China). Gene
expression levels were then measured using SYBR Green and
Ampliqon Kit in accordance with the manufacturer's protocol.
Finally, the 2-DDCT method was employed to analyze the relative
expression of genes.

For TNF-a, forward primer sequence was 50-TCTTCTCATT
CCTGCTCGTG-30 and reverse primer sequence was 50-
TTTGGGAACTTCTCCTCCTTG-3'. For ICAM-1, forward and reverse
primer sequences were 50-GGGATGGTGAAGTCTGTCAA-30 and 50-
GGCGGTAATAGGTGTAAATGG-30, respectively. Forward and reverse
primer sequences for beta-actin were 50-TGCTATGTTGCCCTA-
GACTTC-30 and 50-GTTGGCATAGAGGTCTTTACGG-30, respectively.28

To further evaluate the degree of inflammation, infiltrated leu-
kocytes were counted in 20 optical microscopic fields (each field
area: 0.14mm2) and the mean number per mm2 was calculated.26

2.6. Assessment of renal tissue injuries

Injuries to renal tissue were analyzed through studying tissue
sections stained with H & E. In this regard, Bowman's space
enlargement, tubular cell necrosis, vascular congestion, intra-
tubular proteinaceous cast and perivascular edema were studied
and graded in 10 microscopic fields. For this purpose, the level of
each pathophysiological feature was graded according to the
changes involved, scoring 0 with no changes, 1 with<20%, 2 with
20e40%, 3 with 40e60%, 4 with 60e80% and 5 with >80%. Also
calculated was the total histopathologic score for statistical anal-
ysis, which was equal to the sum of all grades associated with
different injuries in each group.27

2.7. Statistical analysis

SPSS-23 software was used for data analysis, presented as
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mean± SEM. To compare the data on kidney function and oxidative
stress in different groups, one-way analysis of variance (ANOVA)
and Tukey post hoc test were used; precise p-values were calcu-
lated by LSD test, and non-parametric Krushal-Wallis and Mann-
Whitney tests were used to analyze the total histopathologic
score. P< 0.05 was considered as data significance level.

3. Results

3.1. Effects of piperine on IR induced renal functional disturbances

Renal IR resulted in increased concentrations of plasma creati-
nine and urea-nitrogen, comparedwith the sham group (P < 0.001).
Piperine gavage reduced creatinine concentration in IR þ P10 and
IRþ P20 groups (P < 0.05 and P < 0.01, respectively), in comparison
with IR group, a reduction greater in IR þ P20 group, whose value
reached the level observed in the sham group (Fig. 1A). Moreover,
piperine at 20mg/kg was able to significantly reduce plasma urea-
nitrogen concentration compared to IR group (P < 0.01), yet it was
still higher than that of the sham group (P< 0.01). However,
piperine with 10mg/kg could not significantly reduce plasma urea-
nitrogen concentration in comparison with IR group (Fig. 1B).

3.2. Effects of piperine on IR induced oxidative stress

Thirty-minute renal ischemia followed by 24 h of reperfusion
increased phospholipids peroxidation (MDA) in IR group, compared
to the sham one (P< 0.001). Piperine gavage with both doses of 10
and 20mg/kg.bw was able to reduce MDA level in comparison to IR
Fig. 1. Plasma creatinine (A) and urea-nitrogen (B) levels in sham, ischemia/reperfu-
sion (IR), IR þ P10 or IR þ P20 groups. Data are presented as mean ± SE (n ¼ 7).
*P < 0.05, **P < 0.01, ***P < 0.001 in comparison with the sham group.
yP< 0.05, yyP< 0.01 in comparison with IR group.
group (P< 0.01 for both). Therefore, MDA level in both groups
reached its level in sham group (Fig. 2A). On the other hand, renal IR
reduced the total antioxidant capacity (FRAP) in kidney tissue
(P< 0.001). Although both studied doses of piperine could augment
FRAP level in comparison to IR group, only the increase in IR þ P20
group was significant (Fig. 2B).

3.3. Effects of piperine on IR induced renal inflammation

As seen in Fig. 3, IR increased TNF-a and ICAM-1 mRNA expres-
sion levels in renal cortical tissue compared to the sham group
(P < 0.001 for both factors). Following piperine gavage, TNF-amRNA
expression was reduced in both IR þ P10 and IR þ P20 groups
relative to IR group (P < 0.05), but their levels were still significantly
higher than that in the sham group. In addition, piperine reduced
ICAM-1 mRNA expression level in comparison to IR group, which
was significant only at 20 mg/kg (P < 0.001). So that ICAM-1
expression level in this group reached its value in the sham group.

Leukocyte infiltration degree to interstitium increased following
renal ischemia-reperfusion, which was reduced by both studied
doses of piperine, a reduction more severe in IR þ P20 group (Fig. 4
& Table 1).

3.4. Effects of piperine on IR induced renal tissue injuries

Renal IR resulted in Bowman's space enlargement, tubular cell
necrosis, vascular congestion, intratubular proteinaceous cast for-
mation and perivascular edema (Fig. 5& Table 1). In this regard, the
Fig. 2. A, Renal tissue lipid peroxidation level (MDA) and B, total antioxidant capacity
(FRAP) in sham, ischemia/reperfusion (IR), IR þ P10 or IR þ P20 groups. Data are
presented as mean ± SE (n ¼ 7).
*P < 0.05, ***P < 0.001 in comparison with the sham group.
yP< 0.05, yyP< 0.01 in comparison with IR group.



Fig. 3. Representative mRNA fold change expression for tumor necrotic factor-a (TNF-
a) and intercellular adhesion molecule-1 (ICAM-1) in the renal cortical tissue of the
sham, ischemia/reperfusion (IR), IR þ P10 or IR þ P20 groups.
**P < 0.01, ***P< 0.001 in comparison with the sham group.
yP< 0.05, yyyP< 0.001 in comparison with IR group.
zzzP < 0.001 in comparison with IR þ P10 group.

Fig. 4. Representing leukocytes infiltration in the kidney of sham (A), ischemia/reperfusion (B), IR þ P10 (C), or IR þ P20 (D) groups. (Haematoxylin-Eosin, 400�; scale bar: 200 mm).

Table 1
The effect of piperine on renal ischemia/reperfusion induced histopathologic
damages.

Histopathologic damages Experimental groups

Sham IR IR þ P10 IR þ P20

Bowman's space enlargement 0.1 5 3.4 1
Tubular cell necrosis 0 5 4.2 0.7
Vascular congestion 0.2 4.3 3.8 1.1
Intra-tubular proteinaceous casts 0 4.6 2.9 0.8
Perivascular edema 0 3.8 3.1 1.2
Leukocyte infiltration 0 5 3.3 0.6
Total histopathologic score 0.3 27.7 *** 20.5 *** y 5.4 * yyy

Histopathological scores in rats underwent sham operation and received normal
saline (Sham), ischemia/reperfusion and received normal saline (IR), or piperine at
10 or 20 mg/kg (IR þ P10 and IR þ P20).
*P < 0.05, ***P< 0.001, in comparison with control group.
yP< 0.05, yyyP < 0.001, in comparison with IR group.
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Fig. 5. Representing histopathologic alterations in the kidney of sham (A), ischemia/reperfusion (B), IR þ P10 (C), or IR þ P20 (D) groups. (Haematoxylin-Eosin, 400�; scale bar:
200 mm).
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total histopathologic scorewas 27.7 in IR group, significantly higher
than that of the sham group (P < 0.001). Compared with IR group,
piperine reduced all such injuries in IR þ P10 and IR þ P20 groups,
although its efficacy was much higher with 20 mg/kg.
4. Discussion

The present study demonstrated for the first time that piperine
gavage protects kidney against 30-min ischemia and 24-h reper-
fusion induced injuries in rat. Piperine was administered by gavage.
Previous studies have shown that in oral administration; about 97%
of administered piperine is absorbed without any alteration.29

In the present research, renal IR increased plasma creatinine and
urea-nitrogen concentrations. Given the reverse relationship be-
tween plasma creatinine concentration and glomerular filtration
rate (GFR), it is likely that the increase in the plasma creatinine and
urea-nitrogen concentrations is due to the decrease in GFR. It has
been shown that different factors are at play in reducing GFR
following IR, among which, mention can be made of the back-leak
of filtered substances (due to damaged tubular epithelial cells),
activation of tubuloglomerular feedback because of increased NaCl
delivery to macula densa, and increased vascular resistance.1,2

Following renal IR, the expression of the inducible nitric oxide
synthase (iNOS) increases in tubules, augmenting NO production.
Such NO produces peroxynitrite (ONOO�) after reacting with
reactive oxygen species (ROS), inhibits eNOS, and reduces NO
production from endothelium and, as a result, vasoconstriction.7e9

It has been shown that endotoxin-induced renal injury is more
pronounced in eNOS knockout mice.30

The results of the present study showed that piperine gavage
reduced plasma creatinine and urea-nitrogen concentrations dose-
dependently. Different studies have shown that piperine has
vasodilator properties and protects the vessels.15,16 Furthermore,
piperine results in reduced iNOS expression and production, and a
reduction in kidney tissue damage in lead acetate induced neph-
rotoxicity.13,17e19 It can therefore be concluded that piperine in-
creases GFR and consequently reduces plasma creatinine and urea-
nitrogen concentrations through reducing vascular resistance and
tubular epithelial cell damages. The results of the present study also
indicated that piperine reduced cellular injuries following
ischemia-reperfusion.

Renal IR resulted in an increase in MAD and a decrease in FRAP
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levels in kidney tissue. Malondialdehyde is the end product of
phospholipids peroxidation by ROS, while FRAP represents the total
antioxidant capacity of the tissue. Therefore, increased levels of
MDA along with decreased levels of FRAP reflect the oxidative
stress induction in renal tissue following IR. Depletion of ATP due to
ischemia activates deleterious proteases and phospholipases,
causing oxidative stress during reperfusion.2 Moreover, renal blood
flow circulation change is not uniform following IR, and hypoxic
regions may exist alongside those with normal circulation, in-
teractions of which can increase ROS production.31,32 NO produced
by iNOS reacts with these ROSs to produce peroxynitrite, which is
much more potent than ROS.7 In addition to directly affecting the
cells, ROS enhances vascular responsiveness to vasoconstrictors,
thereby increasing vascular resistance.33

In this study, piperine gavage reduced MDA and increased FRAP,
reflecting its anti-oxidative properties. It has been shown that
piperine supplementation considerably reduces puromycin
induced H2O2 production,34 increases antioxidative capacity of
tissues, decreases lipid peroxidation,11 reduces endoplasmic retic-
ulum oxidative stress24 and augments superoxide dismutase and
glutathione peroxidase from renal tissue following lead acetate
induced nephrotoxicity.18 Via its antioxidant effect, piperine is able
to reduce the oxidative stress in renal tissue following IR, appearing
as a decrease in MDA and an increase in FRAP.

Our results indicate that renal IR enhanced TNF-a and ICAM-1
mRNA expression level, and augmented leukocytes infiltration to
interstitium, which indicates the induction of inflammation in renal
tissue. Following IR, leukocytes attach to activated endothelial cells,
resulting in their infiltration and exacerbation of injuries through
the formation of congestion in peritubular capillaries, stimulation
of ROS production, and cytokines release.35,36 It has further been
shown that renal IR leads to the up-regulation of adhesive mole-
cules such as ICAM-1, P-selection and E-selection in vascular
endothelium,37,38 and synthesis of proinflammatory cytokines
including IL-1, IL-6 and TNF-a in kidneys6; ICAM-1 inhibition re-
sults in renal protection against IR induced injuries.38 In the present
study, administration of piperine attenuated TNF-a and ICAM-1
mRNA expression and the leukocytes infiltration induced by IR, a
finding in line with the results of other studies where piperine was
able to reduce the expression of NF-kB, TNF-a and ICAM-1 in
different models of inflammation and brain IR.13,17,19 Accordingly, it
can be concluded that one approach to renal protection by piperine
against IR induced injuries is to inhibit inflammation by reducing
TNF-a and ICAM-1 mRNA expressions, hence reducing leukocytes
infiltration, as observed in the present study.

We found that renal IR resulted in histopathologic injuries
including Bowman's space enlargement, tubular cell necrosis,
vascular congestion, intratubular proteinaceous casts and peri-
vascular edema in kidneys. In case of ischemia-reperfusion, the
mechanism of cellular injuries begins with ATP depletion which
leads to cytoskeleton disruption, brush border loss, and trans-
location of Naþ-Kþ pump from basolateral to apical membrane.39,40

In addition, damaged epithelial cells and reduced tubular reab-
sorption increase tubular sodium concentration. Increased sodium
polymerizes Tamm-Horsfall protein, conducing to the cast forma-
tion.41 In this study, administration of piperine reduced all tissue
injuries induced by IR, which can be attributed to the reduction in
inflammation, oxidative stress and/or the increase in renal blood
flow circulation.

It has further been demonstrated that renal IR increases the
amounts of p-glycoprotein, and lack of p-glycoprotein protect
kidneys against IR.23 Han et al. reported that piperine inhibited p-
glycoprotein,22 which might be another way of protecting the
kidney against IR, a subject to be further studied in the future.
5. Conclusions

It can be concluded that piperine gavage for 10 days improves
renal function and protects it against 30-min ischemia followed by
24-h reperfusion through the mitigation of inflammation, oxidative
stress and histopathologic injuries, where 20mg/kg dose of
piperine is more efficient than 10mg/kg.
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