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ABSTRACT

Background: Remote organ injury is one of the complications which are developed following ischemia-reperfusion
induced acute kidney injury (AKI), dramatically increasing its mortality rate. The aim of the present study was to
investigate the effect of piperine pretreatment on liver dysfunction following ischemia-reperfusion induced AKI.
Materials and methods: Acute kidney injury was induced by 30 min-bilateral renal ischemia followed by 24 h of
reperfusion. To investigate liver damages, the levels of aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and alkaline phosphatase (ALP) enzymes were measured in plasma. In order to study oxidative
stress, malondialdehyde (MDA) and ferric reducing antioxidant power (FRAP) levels were measured. Further-
more, the expression of intercellular adhesion molecule-1 (ICAM-1) mRNA along with infiltration of leukocytes in
the liver tissue was measured for inflammation assessment. Histopathological damages were studied through
measuring the extent of cellular fibrosis, sinusoidal dilatation, and vascular congestion in liver tissue.

Results: Following acute kidney injury, AST, ALT, and ALP levels in plasma, MDA level and ICAM-1 expression in
the liver tissue, infiltration of leukocytes into the interstitium, and hepatic histopathologic damages increased
significantly, while FRAP decreased. Pretreatment with piperine at 10 and 20 mg/kg body weight was able to
improve these damages, such that some of them reached its value in the sham group, though piperine in the 20
mg/kg was more effective.

Conclusions: The results of this study suggest that ischemia-reperfusion induced AKI result in hepatic damages, and
pretreatment with piperine can prevent development of these damages through its antioxidant and anti-
inflammatory properties.

1. Introduction

[5]. Due to the organ crosstalk, kidney injury can cause damage to other
organs including liver, heart, lungs, brain, digestive system, and bone

Acute kidney injury (AKI) is one of the major medical challenges for
which no definite treatment has been found so far as the condition in-
creases the duration of hospitalization and treatment costs [1]. Based on
recent reports, throughout the world around 20% of adults and 33% of
children suffer AKI during hospitalization [2]. The mortality rate caused
by AKI is 11% and grows to 45-60% if it is accompanied by dysfunction
of other organs, which is due to extra renal complications or AKI effects
on remote organs [3].

Various factors can result in AKI, the most common being ischemia-
reperfusion (I/R) [4]. The damages induced by renal I/R include
inflammation, oxidative stress, and endothelial and epithelial cells injury
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marrow, known as remote organ injury [6, 7]. The precise mechanism of
remote organ injury by renal I/R has still remained unknown. Never-
theless, potential pathways including activation of inflammation cascade
and upregulation of systemic cytokines [8], transport of reactive oxygen
species (ROS) to other organs, activation of proapoptotic pathways, and
transport of leukocytes have been proposed [6]. It has been shown that
glutathione or Malva sylvestris extract treatment, through
anti-inflammatory and antioxidative effects, causes diminished liver
injury caused by AKI [9, 10, 11]. Furthermore, it has been reported that
melatonin, as a potent antioxidant, protects the liver against renal I/R
induced damages [12].
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Piperine (1-peperoylpiperidine) is the alkaloid present in black pep-
per (piper nigrum) and long pepper (piper longum) fruit [13]. It has been
shown that piperine has various pharmacological properties including
antioxidant [14] and anti-inflammation [15]. It can also protect and
reduce damages in brain ischemia-reperfusion [16], and lead acetate
induced nephrotoxicity in rats [17]. Mechanistically, it has been shown
that piperine decreases intercellular adhesion molecule-1 (ICAM-1),
tumor necrosis factor alpha (TNF-a), indcible nitric oxide synthase
(iNOS), and nuclear factor-kB (NF-kB) expression [16, 18], and inhibits
cytochrome P450 activity and endoplasmic reticulum stress [19]. In a
previous study, we found that piperine gavage resulted in diminished
renal inflammation, oxidative stress, tissue damage, and functional dis-
turbances following 30 min of ischemia and 24 h of reperfusion (un-
published data). Nevertheless, so far the effect of piperine on the injuries
caused by renal I/R in liver as a remote organ has not been examined.
Therefore, the aim of the present study was to investigate the potential
protective effects of piperine against liver damages induced by renal I/R
in rats.

2. Materials and methods
2.1. Animals

This study was performed on 28 male Wister rats (200-250 g) pre-
pared from the center for reproduction and breeding of laboratory ani-
mals, Kermanshah University of Medical Sciences. The animals were kept
at 23 £ 2 °C with light/dark cycle of 12 h. Throughout the experiment,
the studied animals had free access to standard food and water. During
the study, attempts were made to minimize the pain and suffering for the
animals. In the case of abnormal symptoms, they were excluded from the
experiment and euthanized by deep anesthesia. During the study, the
ethical principles of working with laboratory animals were observed, and
all procedures were performed according to the European Economic
Community Guidelines for the care and use of laboratory animals (EEC
Directive of 1986; 86,/609/EEC). The study procedure was also approved
by the ethics committee of Kermanshah University of Medical Sciences
(Approval number: IR.KUMS.REC.1396.452).

2.2. Experimental protocol

The studied animals were randomly divided into four groups (n = 7).
The sham group received piperine solvent (20 pl Tween 80 + 980 pl
normal saline) for 10 days orally. On the 10% day, 1 h after solvent
gavage, they underwent sham surgery and the vessels of kidneys were not
occluded. The second group (I/R) had a protocol similar to the sham
group, but after the surgery, the artery and vein of both kidneys were
occluded for 30 min. The third and fourth groups underwent a procedure
similar to the I/R group, but they received piperine (Sigma, USA) at 10
(I/R + P10) or 20 (I/R + P20) mg/kg of body weight for 10 days, by
gavage. These doses were chosen based on pilot studies conducted as well
as previous similar studies [14, 16]. So that doses were chosen that have
the best effect and the least side effects. After surgery, the rats were
transferred to cages to pass the reperfusion period for 24 h during which
they had free access to food and water. It needs to be mentioned that 30
min before inducing ischemia, 50 IU of heparin was injected to all ani-
mals intraperitoneally (ip). During the surgery period, the animal body
temperature was controlled using a rectal thermometer and kept within
the range of 37 °C £ 1 using a lamp and a heat plate. In order to induce
anesthesia, sodium pentobarbital (Sigma, USA) was used (55 mg/kg, ip).
After the 24 h of reperfusion, the animals underwent re-anesthesia, when
a blood sample was taken from the abdominal aorta in order to measure
AST, ALT, and ALP. Then, the liver was removed and one segment was
immediately frozen in liquid nitrogen to investigate oxidative stress
through measuring the levels of malondialdehyde (MDA) and ferric
reducing antioxidant power (FRAP). Another segment of the liver was
also kept in formaldehyde solution for histopathology study after
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hematoxylin-eosin (H&E) staining. Furthermore, expression level of
ICAM-1 mRNA factor in the liver tissue was also measured by quantita-
tive real-time PCR method. At the end of the experiments, the animals
were euthanized by deep anesthesia [10, 11].

2.3. Measuring liver enzymes

In order to investigate hepatocellular leakage, the level of AST and
ALT enzymes were measured in the plasma. Also, cholestatic induction
was examined through measuring the level of ALP enzyme. Plasma
concentrations of AST, ALT and ALP were determined by colorimetric
method using commercially available kits (Man, Iran).

2.4. Assessing oxidative stress in the liver

Oxidative stress was assessed through measuring lipid peroxidation
(MDA levels) as well as the total antioxidant activity (FRAP) of the liver
tissue. Briefly, to measure the MDA level, first a tissue sample was ho-
mogenized in phosphate buffer saline (PBS). Next, acetic acid 20%, thi-
obarbituric acid 0.8%, sodium dodecyl sulfate 8.1%, and tissue extract
were heated in water bath for 60 min at 95 °C. The resulting colored
complex was extracted by adding 1-butanol, and its light absorption was
measured using spectrophotometer at the wavelength of 532 nm. The
obtained results were reported in terms of Nano mole per gram kidney
weight (nmol/gKW).

In order to measure the level of FRAP, tripyridyl-s-triazine (TPTZ)
was utilized. For this purpose, tissue extracts were added to TPTZ solu-
tion 10 mM, FeCl3 20 mM and acetate buffer 0.3 M, and the temperature
was increased to 37 °C. The FRAP level was calculated by measuring the
light absorption of the resulting complex at the wavelength of 593 nm.
The obtained results were reported in terms of Micro mole per gram
kidney weight (pmol/gKW) [20, 21].

2.5. Assessing inflammation in the liver tissue

To study inflammation, the expression level of ICAM-1 mRNA was
measured through quantitative real-time PCR (qRT-PCR) through SYBR
Green Kit in the liver tissue using beta-actin as housekeeping gene. Next,
the relative expression of the gene was calculated using 2-22CT method.
The sequence of forward primer for ICAM-1 was as 5'-GGGATGGT-
GAAGTCTGTCAA-3' and reverse primer was as 5- GGCGGTAA-
TAGGTGTAAATGG-3'. For beta-actin, the forward primer sequence was
5- TGCTATGTTGCCCTAGACTTC-3' and reverse primer of 5'-
GTTGGCATAGAGGTCTTTACGG-3'. Furthermore, the number of leuko-
cytes infiltrated into interstitium was counted in 20 microscopic fields
(the area of each field was 0.14 mmz), and the mean number was
calculated per each square millimeter [10, 11].

2.6. Assessing liver histopathologic damages

In order to assess the histopathologic injuries of the liver, 5 pm
thickness tissue slices were stained with H&E and studied using a light
microscope. The liver tissue injuries for cellular fibrosis, sinusoidal
dilatation, and vascular congestion were examined in 10 microscopic
fields and graded. The level of each pathophysiological feature was
graded according to the changes involved, scoring 0 with no changes, 1
with <20%, 2 with 20-40%, 3 with 40-60%, 4 with 60-80% and 5 with
>80%. Then, the total histopathologic score was calculated, which was
equal to the sum of all grades of different injuries, and analyzed statis-
tically [11].

2.7. Statistical analysis
SPSS-23 software was utilized for statistical analysis, and the data

have been represented as mean + SEM. Comparison of the data related to
hepatic enzymes and oxidative stress in different groups was performed
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using one-way ANOVA and Duncan's post hoc test. Also, the precise p-
value was determined by LSD test. To analyze the total histopathologic
scores, the nonparametric Kruskal-Wallis and Mann-Whitney tests were
used. The significance level of the data was considered as P < 0.05.

3. Results
3.1. The effect of piperine on hepatic enzymes following renal I/R

Fig. 1 demonstrates that 30 min of renal ischemia and 24 h of
reperfusion resulted in elevated AST and ALT levels as compared to the

sham group (p < 0.001 for both parameters). Piperine pretreatment at 10
mg/kg was not able to alter AST and ALT levels compared to I/R group,
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Fig. 1. Plasma AST (A), ALT (B) and ALP (C) levels in rats which underwent
renal ischemia/reperfusion and pretreated with vehicle (I/R), or piperine at 10,
or 20 mg/kg (I/R + P10 or I/R + P20 groups) compared to the sham group. Data
is presented as mean + SE (n = 7). **P < 0.01, ***P < 0.001 in comparison with
the sham group. fP < 0.05, {1{P < 0.001 in comparison with I/R group.
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and their values were still significantly higher than the sham group.
However, piperine at 20 mg/kg significantly reduced AST and ALT in I/R
-+ P20 group in comparison to its value in I/R group (p < 0.05, p < 0.001,
respectively), so that ALT level reached its values in the sham group.

Furthermore, renal I/R resulted in a significant rise in ALP level
(Fig. 1-C), where piperine at 20 mg/kg was able to reduce it to its value in
the sham group.

3.2. The effect of piperine on liver oxidative stress induced by renal I/R

As shown in Fig. 2-A, the renal I/R led to elevated lipid peroxidation
(MDA level) in the liver tissue compared to the sham group (p < 0.001).
Piperine pretreatment with both studied doses was able to reduce
MDA level in comparison to its value in I/R group, where the efficacy
was higher at 20 mg/kg (p < 0.05 and p < 0.01, respectively). Further,
renal I/R resulted in diminished total antioxidant capacity (FRAP)
of the liver tissue in comparison to the sham group (p < 0.01). Piperine
at both doses was able to enhance FRAP level in comparison to
I/R group (p < 0.01), and raised it to the level of the sham group
(Fig. 2-B).

3.3. The effect of piperine on liver inflammation following renal I/R

Following renal I/R, the expression level of ICAM-1 mRNA was
increased in the liver tissue in comparison to its value in the sham group
(p < 0.01). Following piperine gavage, the expression of ICAM-1 mRNA
diminished in both groups of I/R + P10 and IR + P20 in comparison to
the I/R group (p < 0.05 and p < 0.01, respectively), so that in both
groups its expression level reached that of the sham group (Fig. 3). Also,
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Fig. 2. A, Liver tissue lipid peroxidation level (MDA) and B, total antioxidant
capacity (FRAP) in rats that underwent renal ischemia/reperfusion and pre-
treated with vehicle (I/R), or piperine at 10, or 20 mg/kg (I/R + P10 or I/R +
P20 groups) compared to the sham group. Data is presented as mean + SE (n =
7). **P < 0.01, ***P < 0.001 in comparison with the sham group. {P < 0.05, 1P
< 0.01 in comparison with I/R group.
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Fig. 3. Representative mRNA fold change expression for intercellular adhesion
molecule-1 (ICAM-1) in the liver tissue of the rats received vehicle (Sham), or
piperine at 10, or 20 mg/kg (I/R + P10 or I/R + P20 groups) compared to the
sham group. **P < 0.01, in comparison with the sham group. {P < 0.05, {{P <
0.01 in comparison with I/R group.

Table 1
The effect of piperine on liver histopathologic injuries induced by AKI.

Histopathologic damages Experimental groups

Sham I/R I/R + P10 I/R + P20
Leukocytes infiltration 0 3.4 0.7 0.4
Cellular fibrosis 0 4.6 1.6 0.7
Sinusoidal dilatation 1 5 1.8 1.2
Vascular congestion 0.9 5 2.1 1.1
Total histopathologic score 1.9 18%** 6.2% 11 3.4711

Histopathological scores in rats underwent sham surgery and received vehicle
(Sham), ischemia/reperfusion and received vehicle (I/R), or piperine at 10 or 20
mg/kg (I/R + P10 and I/R + P20 groups).

*P < 0.05, ***P < 0.001, in comparison with sham group.

1P < 0.01, {{{P < 0.001, in comparison with I/R group.

Table 1 demonstrates that 30 min of ischemia and 24 h of reperfusion
resulted in increased infiltration of leukocytes into the liver interstitium
in comparison to the sham group. In this regard, administration of
piperine at both doses of 10 and 20 mg/kg led to a significant decline in
leukocytes infiltration compared to I/R group.

3.4. The effect of piperine on liver histopathologic injuries induced by renal
I/R

Fig. 4 and Table 1 show that the renal I/R has resulted in increased
hepatic cellular fibrosis, sinusoidal dilatation, and vascular congestion
(Fig. 4-A, B) so that the total histopathologic score has been significantly
higher in I/R group as compared to the sham group (p < 0.001). Pre-
treatment with piperine in both I/R + P10 and I/R + P20 groups was able
to reduce the grade of injuries in comparison to I/R group (p < 0.01 and p
< 0.001, respectively). In this regard, the total histopathologic score in I/
R + P20 group was not significantly different from the sham group
(Fig. 4-C, D).

4. Discussion

The mortality rate caused by AKI grows several times if it is accom-
panied by remote organ injury [3]. Therefore, the mechanism of damage
development by AKI in remote organs should be understood more pre-
cisely, and proper therapeutic strategies should be designed for it
accordingly. Potential side effects of treating with chemical
anti-inflammatory drugs used for inflammatory diseases remain one of
the problems which complicate the treatment process. Recently, herbal
supplements have become more commonly used, due to their lower side
effect profile, to protect and treat certain diseases. Piperine as the
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primary lipophilic component in black pepper and long pepper, has been
reported to has anti-inflammatory and antioxidative properties [14, 15].
In this study, we found that gavage of piperine, through reducing
inflammation and oxidative stress, resulted in improved histopathologic
injuries and reduction of hepatic enzymes following their elevation by
the renal I/R.

In the present study, we found that I/R induced AKI led to liver
injury, which manifested itself as elevated levels of AST, ALT, and ALP
as well as increased oxidative stress (MDA rise), diminished total anti-
oxidant capacity (FRAP decline), increased expression of ICAM-1 mRNA
adhesion factor, and increased infiltration of leukocytes into the inter-
stitium, and eventually histopathologic injuries in the liver. Golab et al.
demonstrated that AKI caused by I/R or bilateral nephrectomy results in
elevated level of pro-inflammatory factors, activation of oxidative stress,
reduction of antioxidant defense level, and increased expression of
injury-promoting molecule SSAT [9]. Other studies have also suggested
that following I/R, SSAT is induced, which plays a significant role in the
pathophysiology of hepatic damage, so that the animals without SSAT
would be protected against hepatic and renal injuries caused by I/R [22,
23].

Furthermore, renal I/R leads to production of TNF-a through
damaging tubular epithelial cells and activating leukocytes, and TNF-«
by inducing the expression of adhesion molecules including ICAM-1 in
endothelial cells results in increased infiltration of leukocytes [24]. In the
present study, we also found that the expression of adhesion molecule
ICAM-1 in the liver increased following renal I/R, which had caused
increased infiltration of leukocytes. It has also been proposed that AKI
affects the liver, through developing metabolic acidosis, elevating the
level of soluble mediators transferred from the kidney to the liver, in-
duction of inflammation and oxidative stress, and accumulation of
cytotoxic T-cells and neutrophils in the liver [25, 26, 27, 28]. Recently,
Rabadi et al. reported that renal I/R leads to induction of peptidyl argi-
nine deaminase 4 (PAD-4) in the liver, and liver damage in the mice
lacking PAD-4 significantly declines following renal I/R, suggesting its
role in the liver damage following AKI [29].

In this study, pretreatment with piperine led to diminished oxidative
stress, expression of adhesion factor ICAM-1, histopathologic damages,
level of hepatic enzymes, and enhanced total antioxidant capacity, sug-
gesting its hepatoprotective effects against damages caused by renal I/R.
In various studies, the antioxidant and anti-inflammatory effects of
piperine have been examined. It has been reported that piperine sup-
plement caused a significant decline in H202 production stimulated by
puromycin [30], enhanced antioxidant capacity and reduction of lipid
peroxidation [14], diminished oxidative stress of the endoplasmic re-
ticulum [19] and reduction of MDA and elevation of superoxide dis-
mutase and glutathione peroxidase [17]. Also, the results of other studies
suggest that piperine causes diminished expression of NF-kB, TNF-a and
ICAM-1 in different models of inflammation as well as
ischemia-reperfusion [16]. Therefore, it can be inferred that piperine
causes protection of liver against the damages caused by renal I/R
through its anti-inflammatory and antioxidant properties. In line with
this presumption, Golab et al. found that glutathione, as a well-known
antioxidant, treatment leads to diminished damages caused by AKI in
the liver [9]. Also, in other studies, the use of anti-inflammatory and
antioxidant compounds resulted in reduced liver damages following AKI
[10, 111.

Our limitation in this study was that we were not able to measure the
level of pro-inflammatory factors, and in order to investigate the
inflammation, only infiltration of leukocytes and the expression level of
ICAM-1 were measured.

As the final conclusion, the results of the present study suggest that
pretreatment with piperine can cause protection of the liver against the
damages induced by renal I/R through its anti-inflammatory and anti-
oxidative effects. Also, it is possible that part of this protective effect of
piperine was mediated through reducing renal injuries following I/R,
which requires further studies.
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Fig. 4. Representing histopathologic alterations in the liver of rats that underwent renal ischemia/reperfusion and pretreated with vehicle (B), or piperine at 10, or 20
mg/kg (C, D) compared to the sham group (A) (Haematoxylin-Eosin, 200x; scale bar: 100 pm).
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