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Objective To evaluate the nephroprotective effect of pomegranate in gentamicin induced-nephrotoxicity in rats.

Methods Thirty Sprague-Dawley male rat were used, which randomly divided into three groups, 10 rats in each group. Group 1 (n = 10):
rats treated with distilled water for 12 days. Group 2 (n = 10): rats treated with distilled water + gentamicin. Group 3 (n = 10): rats treated
with pomegranate + gentamicin. Blood urea, serum creatinine, serum malondialdehyde (MDA), superoxide dismutase (SOD), glutathione
reductase (GSH) , neutrophil gelatinase associated lipocalin (NGAL), kidney injury molecules (KIM-1), and cystatin C were measured.
Results Blood urea and serum creatinine were significantly elevated in gentamicin group compared with the control group (p = 0.007 and
0.04) respectively. Also, estimated GFR was significantly decreased in gentamicin group compared with the control group (p = 0.04).
Cystatin-C and MDA serum level were increased but SOD and GSH were decreased insignificantly in gentamicin group compared with the
control group (p > 0.05). Pomegranate reduced blood urea significantly (p = 0.002). Pomegranate improves endogenous anti-oxidant
capacity, since it increase GSH significantly compared with gentamicin group (p = 0.02). There were insignificant effects on MDA and SOD.
Moreover, pomegranate reduce serum levels of KIM-Tand NGAL in gentamicin group (p < 0.05).

Conclusion Pomegranate attenuates gentamicin induced-nephrotoxicity through potentiation of endogenous anti-oxidant capacity and

inhibition of inflammatory pathway.
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Introduction

Nephrotoxicity is a renal-specific condition in which the
excretions of toxic metabolites are accumulated due to toxic
agents and drugs. In relation 20% of nephrotoxicity is induced
and caused by drugs; this percentage is augmented in the
elderly due to rise in the life span and poly-medications.’

There are diverse mechanisms lead to nephrotoxicity,
including renal tubular toxicity, inflammation, glomerular
damage, crystal nephropathy, and thrombotic microangiopathy.”

Proximal renal tubular cells are in prolonging contact
with drugs due to tubular reabsorption and concentration
processes. Toxic agents and drugs cause potential damage
to the tubular transport system through induction of free
radical formation and oxidative stress which lead to tubular
cell mitochondrial damage.” The drugs that cause tubular
damage are aminoglycoside, amphotercin B, antiviral like
adefovir, foscarnet and cytotoxic agents like cisplatin.” Gen-
tamicin is an antibiotic belongs to aminoglycoside group,
used for treatment of different bacterial infections, it is bac-
tericidal acts as protein synthesis inhibitor through binding
to the 30s subunit of bacterial ribosome.”

Actually, 90% of administrated gentamicin is not metabo-
lized by the liver and it is mainly excreted unchanged in the
proximal renal tubules leading to extensive necrosis at a higher
dose.® Gentamicin enters the cell by specific ion channels and by
endocytosis. Most of the cells clear gentamicin deposition by
efflux it but remains concentrated at renal cortical cells.” Over-
production of reactive oxygen species and free radicals are the
main mechanism beyond the gentamicin induced nephrotox-
icity via over-expression of cation transporter proteins (megalin
and cubilin) at proximal renal tubules that augment the accu-
mulation of gentamicin and free radical generations.*’

Pomegranate (Punica granatum L.) is a potent nutraceu-
tical herb used in prevention and treatment of different diseases.
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It is wealthy in phytochemicals which are related to steroid
hormones in their structures that bind estrogenic receptors
which called phyto-estrogens.'!! These compounds are acti-
vated by gastro-intestinal enzyme which act as a partial ago-
nist on the estrogenic receptors.'”” Pomegranate peel contains
50% of bioactive constituents including flavonoids, phenolics,
proanthocyanide, and ellagitannins with different minerals.
Pomegranate’s edible part contains 10% seeds and 40% arils,
arils mainly enclose anthocyanins while; the seeds contain
mainly anthocyanin and glucosides. Punicic acid is the chief
component of pomegranate oil."”” Pomegranate inhibits lipid
peroxidation and scavenge oxidative free radicals via augmen-
tation of tissue catalase, peroxidase and superoxide dismutase
in renal and other organs.”* Keenly, pomegranate inhibits gene
expression of pro-inflammatory cytokines via suppression of
NF-kB activation. Ellagic acid leads to significant inhibition of
prostaglandin E2 through inhibition of COX-2.">¢

Regarding the effect of pomegranate on the kidney func-
tion, it chiefly affects renal glomeruli through induction of
endothelial NO by flavonoids which enhance glomerular
blood flow. In addition, pomegranate showed less effect on
renal medulla with mild increase in the interstitial volume."”

Therefore, the aim of this study was to evaluate the nephro-
protective effect of pomegranate in gentamicin induced-ne-
phrotoxicity in rats.

Materials and Methods

Thirty Sprague-Dawley male rat were used, these animals
were gained from the National Center for Drug Control and
Research. Rats age ranged from 3 to 4 months and their body
weight ranged from 200 to 400 g. The animals were isolated as
three rats in each sterilized cage and placed with suitable
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temperature (22-25°C) with artificial 12/12 light cycle. They
were left for 1 week for adaptation without any intervention
with free access to normal chow pellets and water. Human care
for animals was according to the guide to the care and use of
laboratory animal. After acclimatization period, weights of
rats were taken and rat with wound infection were excluded
then rats were randomly divided into three groups, 10 rats in
each group. The study protocol and method for induction of
AKI was according to Singh et al’s'® method.

Control group (n = 10): Rats treated with distilled water
(5 mL/kg, p.o.) for 12 days and on days 6-12 received an intra-
peritoneal (i.p.) injection of normal saline (5 mL/kg) daily.

Gentamicin group (n = 10): Rats treated with distilled
water (5 mL/kg, p.o.) for 12 days and on days 6-12 received
gentamicin 100 mg/kg, i.p.

Pomegranate Group (n =10): Rats treated with pome-
granate (50 mg/kg, p.o.) for 12 days and on days 6-12 received
gentamicin 100 mg/kg, i.p. at an interval of 1 h.

Anthropometric Measurements

Length was measured by using graduated tape from nose to
the anus (naso-anal length in cm). Rat body weight was meas-
ured by using specific digital balance in grams. Body mass
index equal body weight in grams over the square of length in cm,
BMI = BW (g)/length (cm)? Estimated glomerular filtration
rate (eGFR) was measured according to Schwartz formula,
eGFR = k x height (cm)/serum creatinine (mg/dL),
k=0.55."

Sample Collection

On 13" day, chloroform was used to anesthetize the rats and
sharp scissors were used to exudate the rats. The blood sample
was allowed to drain in sterile gel tube, and centrifuged for
10 min at 5000 rpm, so the formed supernatant layer was isolated
as serum sample and kept in freezer at —20 to be assessed later.

Assessment of Biochemical Variables

Blood urea and serum creatinine were estimated by using an
auto-analyzer (ILab-300-Biomerieux Diagnostic, Milano, Italy)
expressed as mg/dL. Serum malondialdehyde (MDA), super-
oxide dismutase (SOD), glutathione reductase (GSH), neutro-
phil gelatinase associated lipocalin (NGAL), kidney injury
molecules (KIM-1) and cystatin C were measured by ELISA
kit methods according to the instruction of the kit manufac-
ture (MyBioSource, USA).

Statistical Analysis

Statistical package for the Social Sciences Software (SPSS Inc.,
Chicago, IL, USA) was used for data analysis. Data of this
study was presented as mean + SD and the variables were
tested by using unpaired student f-test between control and
treated groups. One-way ANOVA test with post-hoc test was
used to investigate the significance of differences among dif-
ferent groups. The levels of significance was regarded when
p<0.05.

Results

Effects of Gentamicin on the Renal Biomarkers

Comparison of different variables between controls and gen-
tamicin group showed that there was statistically insignificant
difference in the weight and height, of the two groups, while
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BMI was significantly high in gentamicin group compared
with the control group (p = 0.001). Both blood urea and serum
creatinine were significantly elevated in gentamicin group
compared with the control group (p = 0.007 and 0.04), respec-
tively. Also, estimated GFR was significantly decreased to 11.19
+ 5.16 mL/min/1.73 in gentamicin group compared with the
control group (16.89 +4.21 mL/min/1.73, p = 0.04). Regarding
the oxidative stress and anti-oxidant biomarkers, MDA serum
level was increased but SOD and GSH were decreased insignif-
icantly in gentamicin group compared with the control group
(p > 0.05). As well, KIM-1 and NGAL were significantly ele-
vated in gentamicin group compared with the control group
(p =0.02 for NGAL and p < 0.01 for KIM-1) (Table 1).

Indeed, cystatin-C serum level was significantly increased
during induction of nephrotoxicity by gentamicin from 0.024
+0.0005 ng/mL in the control group to 0.0280 + 0.0016 ng/mL
in the experimental group (p = 0.01) (Fig. 1).

Effects of Pomegranate on the Renal Biomarkers

Concerning the effect of pomegranate on gentamicin induce-
nephrotoxicity it causes insignificant effect on the weight,
height, and BMI of rats (p > 0.05). Pomegranate reduced blood

Table 1. Effect of gentamicin on the anthropometric variables,
biochemical and inflammatory biomarkers in gentamicin
induced-nephrotoxicity

Variables Control (n=10) Gentamicin (n=10) p
Weight (g) 268.00 + 25.01 288.37 +34.02 0.24
Height (cm) 21.50+0.83 21.99 +0.88 0.31
BMI (g/cm?) 0.57+0.02 059+ 0.04 0.0001
Blood urea 41.83+7.46 56.87 £9.33 0.007°
(mg/dL)

Serum creati- 0.70+£0.14 1.08 £ 0.40 0.04"
nine (mg/dL)

Estimated GFR ~ 16.89 +4.21 11.19+5.16 0.04"
(mL/min/1.37)

MDA (ng/mL)  289.85 +44.18 408.11+£1458 0.08
SOD (pg/mL) 48.12+3292 2639+ 16.86 0.13
GSH (ug/mlL) 1594 +£239 13.89 +2.94 0.18
KIM-1 (pg/mL) 7378 +16.29 354.98 + 46.38 0.0001
NGAL (pg/mL) 1578 +3.07 20.04 +2.88 0.02"

D < 0.05, unpaired -test.

BMI: body mass index, GFR: glomerular filtration rate, MDA: malondialdehyde,
SOD: superoxide dismutase, GSH: glutathione reductase, KIM-1: kidney injury
molecule-1, NGAL: neutrophil gelatinase associated lipocalin.

p=0.01

0.04-
=1 control (n=10)
* [ Gentamicin (n=10)
= 0.03 [—
£ ——
E}
£ 0.024
Q
n
>
0 0.014
0.00 L 1 T

Fig. 1 Cystatin-C serum levels in gentamicin induced-nephrotox-
icity (*p < 0.05).
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urea significantly from 56.87 + 9.33 to 40.25 + 8.95 mg/dL
(p = 0.002) without significant reduction of serum creatinine
(p > 0.05) or improvement of estimated GFR. Pomegranate
improves endogenous anti-oxidant capacity, since it increase
GSH significantly up to 17.91 + 3.34 pug/mL compared with
13.89 + 2.94 pg/mL in gentamicin group (p = 0.02). There were
insignificant effects on MDA and SOD. Moreover, pomegranate
attenuated renal injury significantly, since it reduces serum
levels of KIM-1 from 354.98 + 46.38 pg/mL in gentamicin group
to 102.71 + 57.20 pg/mL (p = 0.0001) (Table 2).

Whereas, no significant change in cystatin-C in pome-
granate group (0.026 + 0.007 ng/mL) compared with gen-
tamicin group 0.0280 + 0.0016 ng/mL (p = 0.67) (Fig. 2).

Table 2. Effect of pomegranate on the anthropometric vari-
ables, biochemical and inflammatory biomarkers in gentamicin
induced-nephrotoxicity

Variables Gentamicin Pomegranate p
(n=10) (n=10)
Weight (g) 28837 £34.02  276.50 £ 29.22 0.46
Height (cm) 21.99+0.88 2167 +0.78 0.45
BMI (g/cm?) 0.59+0.04 0.59 £ 045 1.0
Blood urea (mg/dl)  56.87 £9.33 40.25+895 0.002"
Serum creatinine 1.08 + 0.40 0.87 £0.18 0.15
(mg/dL)
Estimated GFR 11.19+£5.16 13.69 +4.97 034
(mL/min/1.73)
MDA (ng/mL) 408.11+1458  371.25+66.81 0.52
SOD (pg/mL) 2639+ 1686  32.17+14.90 047
GSH (ug/mL) 13.89 +2.94 1791 +3.34 0.02"
KIM-1 (pg/mL) 35498 £4638  102.71+57.20 0.0001"
NGAL (pg/mL) 20.04 +2.88 1529+ 1.54 0.0011°
'p<0.01.

“p < 0.05, unpaired t-test.

BMI: body mass index, GFR: glomerular filtration rate, MDA: malondialdehyde,
SOD: superoxide dismutase, GSH: glutathione reductase, KIM-1: kidney injury
molecule-1, NGAL: neutrophil gelatinase associated lipocalin.
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Fig. 2 Pomegranate produced insignificant reduction of
cystatin-C serum levels in gentamicin induced-nephrotoxicity.

Intergroup variations illustrated significant changes in
BMI, biochemical data, biomarkers of inflammatory and
pro-inflammatory mediators (Table 3).

Discussion

This study illustrated that gentamicin was proficient to induce
experimental nephrotoxicity in rats via significant rise of blood
urea and serum creatinine with significant decline in the esti-
mated GFR. These findings were corresponded with different
recent studies.”*?!

Since there were two groups of rats with minimal differ-
ences in the weight and length, control group showed low
weight compared with high weight in gentamicin group
which might explain high BMI in gentamicin group.
Ibraheem et al’s** study showed that co-adminstration of
gentamicin with fructose for 8 weeks encourage metabolic
syndrome and increasing in the body weight and BMI which
to a degree explain high body weight in gentamicin group. It
has been recognized by diverse studies that the production of
free radicals and induction of oxidative stress are the most
imperative pathway of gentamicin induced-nephrotoxicity.
So, overproduction of reactive oxygen species is connected
with depletion of proximal renal tubules anti-oxidant poten-
tial which afterward developed into lipid peroxidation and
tubular damages.”

Table 3. Intergroup variations in the anthropometric, biochemical and renal biomarkers in gentami-
cin induced-nephrotoxicity regarding the effect of pomegranate compared with the control
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Variables Groupl(n=10)  Group Il (n=10) Group Il (n=10) ANOVA
Weight (g) 268.00 + 25.01 288.37 +34.02 276.50 +£29.22 0.74
Height (cm) 2150+ 0.83 21.99 +£0.88 2167 £0.78 0.29
BMI (g/cm?) 0.57£0.02 0.59 +0.04 0.59 +£0.45 0.001"
Blood urea (mg/dL) 41.83+746 56.87 +9.33 40.25 + 8.95 0.0001"
Serum creatinine (mg/dL) 070+0.14 1.08 £ 0.40 0.87+0.18 0.001°
GFR (mL/min/1.73) 16.89 +4.21 11.19£5.16 13.69 +4.97 0.04"
MDA(ng/mL) 289.85 +44.18 408.11+ 1458 371.25 +66.81 0.005"
SOD (pg/mL) 48.12+32.92 2639+ 16.86 3217+ 14.90 0.05
GSH (ug/mL) 15.94 +2.39 13.89 +2.94 1791 +334 0.0001"
KIM-1 (pg/mL) 73.78 £16.29 354.98 + 46.38 102.71 +57.20 0.0001"
Cys-c (ng/mL) 0.024 + 0.0005 0.028 + 0.0016 0.026 +0.0031 0.0002°
NGAL (pg/mL) 15.78 £3.07 20.04 +2.88 1529+ 1.54 0.05
'p<001.

“p < 0.05, one-way ANOVA test.
BMI: body mass index, GFR: glomerular filtration rate, MDA: malondialdehyde, SOD: superoxide dismutase, GSH: glutathione
reductase, KIM-1: kidney injury molecule-1, Cys-c: cystatin-C, NGAL: neutrophil gelatinase associated lipocalin.
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Therefore, serum level of MDA is elevated while; SOD
and GSH are reduced in different models of gentamicin
induced-nephrotoxicity as illustrated by Hajihashemi et al’s*
study that confirmed the protective effect of hydroalcoholic
extract of Zataria multiflora in reduction of MDA with signifi-
cant effect in rise of anti-oxidant enzyme activities. Despite
these findings, gentamicin in this study elevates MDA serum
levels, reduced SOD and GSH but not significantly which
might due to insufficient gentamicin dose, small sample size or
short duration of the experimental study.

This study also illustrated significant effect of gentamicin
in rise KIM-1 and NGAL sera levels as correspond with Luo
et al’s study that showed both KIM-1 and NGAL sera level are
sensitive and specific biomarkers and correlated with renal
histopathological changes during gentamicin induced-ne-
phrotoxicity within 7 days. The increment in those biomarkers
is time and dose dependent due to progressive gene expression
of KIM-1 and NGAL.”

Usually, renal tissues expresse a low level of KIM-1 but
subsequent to the renal injury, KIM-1 gene expression is
noticeably up-regulated at renal proximal convoluted tubules.
Moreover, KIM-1 serum levels are more sensitive than NGAL
for development of acute renal injury.”®

Neutrophil gelatinase associated lipocalin is a protein
expressed at renal proximal convoluted tubules which also
up-regulated after renal ischemia and injury. It detects in
vitro and in vivo tubular damage, since it rise within 2 h of
renal ischemia thus it regarded as a reliable biomarker for
detection early acute renal injury as it correlated with the
severity of renal damage. Indeed, urinary NGAL can differ-
entiate between intrinsic and prerenal causes of acute renal
injury as urinary NGAL >104 pg/L indicate intrinsic cause
while level <47 pg/L indicate a prerenal cause of acute renal
injury.” But in this study urinary NGAL levels were not
measured due to difficulties in the collection of rat’s urine.
These studies are without doubt corresponding with findings
of this study.

Cystatin-C serum level was significantly increased in
gentamicin group compared with the control group as
supported by Kader et al’s*® study that confirmed significant
elevation in cystatin-C serum level during gentamicin
induced-nephrotoxicity.

Cystatin-c is a surrogate biomarker of GFR, not affected by
muscle mass, age, gender and food type, it superior to serum
creatinin since; it detect earlier renal injury 2 days prior to ele-
vation of blood urea and serum creatinine . Normally, cysta-
tin-C is filtered by glomeruli and reabsorbed by proximal
convoluted tubules thus; elevation of serum cystatin-C indicate
a glomerular damage while elevation of urinary cystatin-C indi-
cating renal tubular damage.””*" Therefore, gentamicin in this
study led to full prone nephrotoxicity and acute renal injury
through reduction of GFR and elevation of glomerular and
tubular damage biomarkers in the experimental rats.

Co-administration of pomegranate with gentamicin in this
study leads to significant reduction of gentamicin induced-ne-
phrotoxicity through reduction of blood urea significantly and
significant amelioration of estimated GFR as observed in
Alimordan et al’s’ study that showed the nephro-protective effect
of pomegranate in attenuation of gentamicin nephrotoxicity.
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Also, body weight and BMI changes were insignificant improved
compared with the control group as demonstrated by Prima-
rizky et al’s* study which pointed out that pomegranate is
effective in preservation of normal body weight in rats during
gentamicin induced-nephrotoxicity.

Regarding the effect of pomegranate on the oxidative
stress, lipid peroxidation and anti-oxidant potential, pome-
granate led to insignificant reduction of lipid peroxidation
marker (MDA) and significant elevation of anti-oxidant
marker (GSH). These findings are inconsistent with different
studies that confirmed the anti-oxidant effect of pomegranate
in attenuation of nephrotoxicity.>**

Insignificant effect of pomegranate on lipid peroxidation
in this study may be due to short duration of the experiment
study, small sample size which may affect the statistical
results or due to MDA serum level variability. Also, El-
Arabey” confirmed the insignificant effect of high dose
of pomegranate in prevention of cisplatin induced-
nephrotoxicity. Certainly, there are different studies regarding
the dose dependent and the anti-oxidant potential in attenu-
ation of drug induced-nephrotoxicity. Low dose of pome-
granate illustrated a protective effect in male rats, while high
dose does not showed this defending effect. As well, gender
differences in the protective effect of pomegranate was
observed in Nematbakhsh et al’s***” studies that showed male
rats were more prone to the nephrotoxicity. These factors
were excluded in this study, since we used male rats and fixed
dose of pomegranate.

Furthermore, pomegranate significantly reduced inflam-
matory and renal tubular injury biomarkers (KIM-1 and
NGAL) due to significant nephroprotective effect and
attenuation of gentamicin induced-nephrotoxicity. Boroushaki
et al’s” experimental study showed that pre-treatment with
pomegranate lead to dose-dependent nephroprotective effect.
Likewise, pomegranate led to reduction of cystatin-C but not
to insignificant level. Reduction of cystatin-C serum level
indicates a protective effect on the glomeruli, since cystatin-C
serum level is correlated with GFR. Therefore, pomegranate
reduces renal tubular injury and improves glomerular func-
tion in different models of drug induced-nephrotoxicity.**

The nephroprotective effect of pomegranate is due to dif-
ferent constituents including gallic acid, punicallin, puni-
calgin, and ellagic acid which exhibit potent free radicals
scavenging and anti-oxidant effects.”® Moreover, gallic acid
exhibits significant nephroprotective effect in attenuation of
vancomycin nephrotoxicity.” But in this study active constitu-
ents of pomegranate juice were not determined as it is well
evaluated in different studies. It has been shown that anti-
oxidants ameliorate oxidative stress marker (MDA) but a
higher dose of these anti-oxidants may induced oxidative
stress causing augmentation of renal ischemic-reperfusion
injury.”® This finding might explain insignificant effect of
pomegranate on the MDA levels in this study, since we used a
high dose of pomegranate (100 mg/kg).

Pomegranate therapy leads to significant weight reduc-
tion due to inhibition of digestive enzymes by tannis that lead
to appetite suppression and reduction of nutrients absorp-
tion*’ which might clarify the reduction in rat body weight in
this study.
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Conclusion

Pomegranate attenuates gentamicin induced-nephrotoxicity
through potentiation of endogenous anti-oxidant capacity and
inhibition of inflammatory pathway.
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