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A B S T R A C T

Background: Gentamycin, contrary to its wide range of antimicrobial effects, has a high potential for ne-
phrotoxicity, and renal injury can have effects on other organs such as the liver.
Objectives: The aim of the present study was to assess the effects of hydro alcoholic Malva sylvestris(MS) extract
on nephrotoxicity induced by gentamicin, and also its remote organ injury in the liver.
Methods: Renal and hepatic functions were evaluated through measurement of creatinine, urea-nitrogen, as-
partate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) in plasma.
Oxidative stress was assessed through measuring malondialdehyde (MDA) and ferric reducing/antioxidant
power (FRAP) levels, and histopathologic injuries were evaluated using H & E stained sections. For evaluation of
inflammation, TNF-α and ICAM-1 mRNA expression levels were measured in the renal tissue using Real-time
PCR method.
Results: Gentamicin resulted in an increase in the levels of creatinine, urea-nitrogen, AST, ALT, and ALP in the
plasma, as well as an increase in TNF-α and ICAM-1 mRNA expression levels in the renal tissue, renal and hepatic
histopathologic injuries and MDA level, and a decrease in FRAP. Administration of MS led to improvement in the
function of kidney and liver, a decrease in the expression levels of proinflammatory factors, reduction of oxi-
dative stress, and also a decrease in tissue injuries.
Conclusion: MS extract can protect the kidney against toxic effects of gentamicin, and thus, the degree of harmful
effects of nephrotoxicity on remote organs including the liver will be decreased.

1. Introduction

Aminoglycoside antibiotics are widely used in the treatement of
gram-negative bacterial infections. All of these antibiotics have the
potential for causing of nephrotoxicity, and it has been estimated that
almost 25% of patients who receive therapeutic doses of aminoglyco-
sides may experience nephrotoxicity [1]. However, the potential for
gentamicin (GM) toxicity is higher than the other aminoglycosides, and
is dose dependent [2]. Due to transporters of proteins and cations,
gentamicin preferably accumulates in the proximal renal tubules in
cortex [3] and may result in vascular, glomerular, and tubular damages.
GM in the renal tubules can activate the apoptosis pathway and induce
cellular necrosis, break the respiratory chain, and decrease the ATP

synthesis and production of anion superoxide and hydroxyl radical [4].
It has also been indicated that GM not only results in contraction of
mesangial cells, stimulation of their proliferation [5], and a reduction
in the number and size of pores on the glomerular endothelial cells [6]
but also increases the resistance of the renal vessels [7,8], leukocytes
infiltration, release of cytokines, and activation of TNF-α and NF-κB
[9–11] via its effect on the blood vessels.

Several studies have also shown that acute kidney injuries (AKI) can
affect other organs such as the liver, called “remote organ injury”
[12–15]. As such, renal ischemia- reperfusion may lead to an increase in
the hepatic enzymes, leukocyte infiltration, congestion and cellular
necrosis in liver [13,15]. In another study, it has been reported that
cisplatin increases the levels of hepatic enzymes and induces cellular

https://doi.org/10.1016/j.biopha.2019.108635
Received 18 October 2018; Received in revised form 13 January 2019; Accepted 28 January 2019

⁎ Corresponding author.
E-mail address: houshang.najafi@gmail.com (H. Najafi).

Biomedicine & Pharmacotherapy 112 (2019) 108635

0753-3322/ © 2019 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

Downloaded for Anonymous User (n/a) at Mashhad University of Medical Sciences from ClinicalKey.com by Elsevier on April 26, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

http://www.sciencedirect.com/science/journal/07533322
https://www.elsevier.com/locate/biopha
https://doi.org/10.1016/j.biopha.2019.108635
https://doi.org/10.1016/j.biopha.2019.108635
mailto:houshang.najafi@gmail.com
https://doi.org/10.1016/j.biopha.2019.108635
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2019.108635&domain=pdf


injuries in hepatic tissue [14].
Malva sylvestris L. (MS) is an annual plant that is not only consumed

as food but also widely used in traditional medicine [16]. Several stu-
dies have been performed on the different components of Malva syl-
vestris, which showed that MS contains various components such as
flavonoids, terpenoids, phenol derivatives, vitamins C and E, beta car-
otene, fatty acids and different strolls (especially essential fatty acids
such as omega-3 and omega-6), and sulphite oxidase and catalase en-
zymes that have significant antioxidant and antiinflammatory effects
[17–20]. Therefore, it can protect the kidney against injuries due to
ischemia-reperfusion [15] and nephrotoxicity due to cisplatin and va-
nadium [14,21], as well as protecting the liver against injuries due to
paracetamol [22].

As it has been mentioned, GM may cause a variety of renal injuries
via induction of oxidative stress and activation of proinflammatory
factors, which may lead to liver damage after being transported to liver
through blood flow. On the other side, different studies have shown that
MS has significant antiinflammatory and antioxidant effects. However,
no study has been done on the probable protective effect of MS against
GM induced nephrotoxicity and its consequent liver injury. Therefore,
the aim of the present study was to assess the effects of hydroalcoholic
MS extract on nephrotoxicity induced by GM and also its remote organ
injury in the liver of rats via measuring the plasma levels of creatinine,
urea-nitrogen and hepatic enzymes, oxidative stress and histopatho-
logic injuries in the hepatic and renal tissues, as well as the expression
levels of proinflammatory factors in the kidney.

2. Materials and methods

2.1. Plant material

Fresh flowers of MS were obtained from a medicinal herb shop
(Kermanshah-Iran) and were dried in the shade. The identity of these
flowers was confirmed by a herbal pharmacist at the college of phar-
macy, and a sample of the plant was kept at the herbarium unit of the
college for future referrance. Plant samples were coarse powdered and
used for extraction.

2.2. Extract preparation

For extraction, one liter of 70% ethanol was added to 60 g of dried
powdered flowers and was kept for 24 h in a dark place inside a shaker.
After filtration, its liquid phase was evaporated at 40 °C under vacuum
condition using a rotary evaporator [14,15]. The extract was kept at
−20 °C away from light until its usage.

2.3. Phytochemical analysis

Crude extract was phytochemically evaluated to determine the
presence of alkaloids, flavonoids, phenols, saponins, terpenoids, sterols,
tannins, anthraquinones, anthocyanins, coumarins and musilage ac-
cording to standard methods [23,24]. Any change of colours or the
precipitate formation was used as indicative of positive response to
these tests (Table 1).

2.4. Studied animals

This study was performed on 42 male Wistar rats (9–11 weeks old)
in 200–250 g weight range, which were obtained from the Center of
Laboratory Animal Breeding at Kermanshah University of Medical
Sciences. The animals were kept in standard laboratory conditions, 12 h
light/darkness cycle, 22 °C±2, 55% of humidity, and in polypropylene
cages. They had free access to standard water and food during the
study. If any of the animals had showed unexpected pain and suffering
(including disability, a decreased motility, and abnormal status), it
would have been excluded from the study before its endpoint, and

would have been euthanized via deep anesthesia. All tests and proce-
dures were performed according to the European Economic Community
Guidelines for the care and use of laboratory animals (EEC Directive of
1986; 86/609/EEC), and were proved by the ethics committee of
Kermanshah University of Medical Sciences (Approval number:
IR.KUMS.REC.1396.410).

2.5. Experimental procedure

The studied animals were randomly divided into 6 groups. The
control group received intraperitoneal normal saline in the same vo-
lume as the other groups which received drug and extract for 9 con-
secutive days. The second and third groups received intraperitoneal
hydroalcoholic MS extract, 200 or 400mg/kg of body weight, respec-
tively for 9 days and normal saline from the third day instead of GM.
The fourth group received normal saline to the end of the experiment,
and GM was injected from the third day (100mg/kg, i.p). The fifth and
sixth groups received intraperitoneal hydroalcoholic MS extract, 200 or
400mg/kg of body weight, respectively, for 9 days and GM (100mg/
kg) from the third day. It should be mentioned that the doses were
selected based on previous studies and in the manner that would result
in the best effect and the fewest complications [14,15]. In the 10th day
and after the end of the experimental period, the animals were an-
esthetized using Sodium Pentobarbital (60mg/kg), and an incision was
made in the linea alba. First, a blood sample was taken from the des-
cending aorta, and then both kidneys were removed and immediately
placed on dry ice. The right kidney was frozen in liquid nitrogen for
assessment of oxidative stress through measurement of mal-
ondialdehyde (MDA) and ferric reducing/antioxidant power (FRAP)
levels. One half of the left kidney along with hepatic tissue were fixed in
formaldehyde and H & E stained, and were studied under light micro-
scope. The cortex tissue of the other half of the kidney was separated
and immediately frozen in liquid nitrogen for assessment of TNF-α and
ICAM-1 mRNA expression levels.

2.6. Measurement of biochemical parameters and oxidative stress

Kidney function was evaluated via measurement of creatinine and
urea-nitrogen concentration in the plasma using autoanalyzer. The level
of aspartate aminotransferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP) enzymes was also measured to evaluate
hepatic injury.

In order to assess the oxidative stress, MDA and FRAP levels were
measured in the renal and hepatic tissues. MDA is the final product of

Table 1
Phytochemical analyses of the hydroethanolic extract of Malva sylvestris
flowers.

Phytochemical Constituents Test Result

Alkaloids Wagner +
Dragendorff +
Tannic acid +

Tannins FeCl3 ++
5% HCl in n-Butanol ++

Flavonoids Shinoda ++
Saponins Foam height +
Triterpenoids Salkowski +
Musilage Precipitation by ethanol ±
Sterols Liebermann-Burchard ++
Coumarins 10% NaOH –

5% Ethanolic KOH –
Anthraquinones Borntrager –
Anthocyanins 2n HCl +++

NH4OH +++

Phytochemical screening of extract for detecting different plant metabolites
with (-) indicate absence, (± ) indicate doubtful, (+) indicate positivity, (++)
indicate strong positivity and (+++) indicates very strong positivity in test.
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peroxidation of membrane lipids by oxidant agents. In summary, after
adding phosphate buffer in 1:10 ratio (W/V) to the tissue, it was
homogenized. Then, acetic acid 20%, thiobarbituric acid 0.8%, sodium
dodecyl sulfate 8.1%, and tissue extracts were added to all of the test
tubes and heated in a 95 °C water bath for 60min. The color complex
was extracted by adding 1-butanol, and its optical absorption was
measured by a spectrophotometer at 532 nm [25]. The obtained results
were reported based on nanomole per gram kidney weight (nmol/
gKW).

The FRAP level indicates total antioxidant capacity of the tissue,
and its measurement method is based on the ability of tissue sample in
reducing ferric ions (Fe3+) to ferrous (Fe2+) in the presence of 3-pridil-
S-thriazidine (TPTZ). For this purpose, first a fresh FRAP reagent was
prepared that included 10mM TPTZ in 40mM hydrochloric acid,
20 mM FeCl3 and 300mM acetate buffer. Then, tissue extract was
added and it reached 37 °C. FRAP level was measured by the evaluation
of produced color complex at 593 nm wavelength [25]. The obtained
results were reported based on micromole per gram kidney weight
(μmol/gKW).

2.7. Assessment of renal and hepatic tissue injuries

Renal and hepatic tissue damages were evaluated by an expert pa-
thologist using 5 μm tissue sections that were stained with H & E. Renal
tissue injuries were evaluated and graded in 10 microscopic fields based
on the increase in Bowman's space area and degree of tubular necrosis,
vascular congestion, intratubular proteinaceous cast, and perivascular
edema. Also, the rate of leukocyte infiltration, cellular degeneration,
sinusoidal dilatation, and vascular congestion was measured in the
hepatic slides and ranked so that lack of any injury received grade 0,
1–20% injuries received grade 1, 21–40% injuries received grade 2,
41–60% injuries received grade 3, 61–80% injuries received grade 4,
and 81–100% injuries received grade 5. Then, for statistical analysis,
the total histopathologic score was calculated, which was equal to the
sum of all grades of the different injuries [25].

2.8. Assessment of inflammation in the renal tissue

TNF-α and ICAM-1 mRNA expression levels were measured using
Quantitative Real-Time PCR (qRT-PCR), using beta-actin as house-
keeping gene in the renal cortex tissue. Total RNA was extracted from
the renal cortex tissue using Trizol (Bioneer-Korea), and cDNA was
synthetized (Takara- China). Gene expression levels were measured
using Rotor Gene 6000 systems (Corbett Research, Australia), SYBR
Green and Ampliqon kit, based on the manufacturer’s protocol. Finally,
the 2−ΔΔCT method was used to analyze the relative expression of
genes. Sequences of forward and reverse primers for TNF-α were 5´-
TCTTCTCATTCCTGCTCGTG-3´ and 5´-TTTGGGAACTTCTCCTCCTTG-
3´, respectively, for ICAM-1 were 5´-GGGATGGTGAAGTCTGTCAA-3´
and 5´-GGCGGTAATAGGTGTAAATGG-3´, respectively, and for beta-
actin were 5´-TGCTATGTTGCCCTAGACTTC-3´ and 5´-GTTGGCATAG
AGGTCTTTACGG-3´, respectively. For assessing the degree of leukocyte
infiltration, their number was counted in 20 microscopic field (each
field has 0.14mm2 area), and the mean in each mm2 was calculated
[26].

2.9. Statistical analysis

SPSS software version 23 was used for data analysis, and all data
were presented as mean ± standard error (mean ± SEM). Data re-
lated to the renal and hepatic function, oxidative stress and genes ex-
pression in different groups were compared using one-way ANOVA and
Tukey post hoc test. In the case of any significant differences, LSD test
was used for the calculation of exact p-value. For comparison of his-
topathologic renal injuries, Kruskal-Wallis and Mann-Whitney non-
parametric tests were used as well. The significance level of the analysis

was considered to be p < 0.05.

3. Results

3.1. The effect of MS on the renal and hepatic function

As shown in Fig. 1, MS extract alone could not change the con-
centrations of creatinine and urea-nitrogen in the plasma, but admin-
istration of GM significantly increased their levels in comparison with
the control group (p < 0.001). Coadministration of MS extract (in both
studied doses) with GM resulted in a significant decrease in the plasma
creatinine and urea-nitrogen concentrations in comparison with the GM
group. However, there were still significant differences in their values
compared with the control group.

Table 2 also showed that plasma levels of the hepatic enzymes (AST,
ALT, and ALP) in MS extract receiving animals had no significant dif-
ference from the control group. The levels of the hepatic enzymes
measured in the plasma of the GM receiving group were 2.6, 1.4 and
1.4, times respectively higher than those of the control group
(p < 0.001 for AST and ALT, p < 0.01 for ALP). Using MS extract
could decrease all three hepatic enzymes in comparison with the GM
group, so that the levels of ALT and ALP reached the control group but
AST level was still significantly different from it (p < 0.001).

3.2. The effect of MS extract on oxidative stress of the renal and hepatic
tissues

It should be mentioned that none of the doses of MS extract had any
effect on MDA and FRAP in the hepatic and renal tissues when used

Fig. 1. Plasma creatinine (A) and urea-nitrogen (B) concentrations in rats re-
ceived normal saline (Control), Malva sylvestris (MS) at 200 or 400mg/kg
(M200 and M400), Gentamicin (GM), or GM plus MS at 200 or 400mg/kg
(G+M200 and G+M200). Data is presented as mean ± SE (n=7).
** P < 0.01, *** P < 0.001 in comparison with the control group.
† P < 0.05. †† P < 0.01, ††† P < 0.001 in comparison with the GM group.
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alone. MDA level in the kidney of the control group was
97.8 ± 1.5 nmol/gKW, which increased by about 20% following the
use of GM (p < 0.05). MS extract caused MDA to decrease in
G+M200 and G+M400 groups compared to the GM group, and to
reach its level in the control group (Fig. 2A). GM also resulted in a
significant decrease in total antioxidant capacity in the renal tissue in
comparison with the control group (p < 0.001), in which only
400mg/kg MS extract could significantly increase it (p < 0.05) in
comparison with the GM group (Fig. 2B). Moreover, the rate of lipid
peroxidation in the hepatic tissue of the GM receiving group was sig-
nificantly higher than the control group (p < 0.01), and both doses of
MS significantly reduced it while 400mg was more effective (Fig. 3A).
Fig. 3B shows that FRAP level in the hepatic tissue of the control group
was equal to 10 ± 0.24 μmol/gKW, which decreased by about 15%
following GM administration (p < 0.01). MS significantly increased

the FRAP level in the hepatic tissue compared to the GM group
(p < 0.05 for 200mg/kg, and p < 0.01 for 400mg/kg).

3.3. Effect of MS extract on inflammation of renal tissue

The mRNA expression levels of TNF-α and ICAM-1 in groups which
had received only MS were not significantly different from their levels
in the control group (Fig. 4). However, using GM resulted in their sig-
nificant increase compared to the control group (p < 0.001 for both).
Simultaneous use of MS (in both studied doses) and GM led to a re-
duction in the increased mRNA expression induced by GM in both
genes, so that in 400mg/kg, the mRNA expression of ICAM-1 reached
the control group.

Moreover, GM increased leukocytes infiltration by 2.4 grade, which
significantly decreased after MS administration (Table 3).

Table 2
The effects of MS extract administration on hepatic functional disturbances induced by renal toxicity.

control M200 M400 GM G+200 G+400

AST (U/l) 111.2 ± 8.4 122.3 ± 20.3 95.3 ± 12.4 286.4 ± 19.1*** 206.7 ± 12.4*** ††† 231.6 ± 6.2†† ***
ALT (U/l) 51.85 ± 2.1 52.1 ± 1.3 48 ± 1.1 73.5 ± 2.4*** 49.6 ± 1.2††† 46.8 ± 1.7†††
ALP (U/l) 546.6 ± 30.2 524.3 ± 32.1 529.8 ± 28.1 762.8 ± 51.3** 493.2 ± 62.7†† 546.3 ± 28.3††

Values are represented as mean ± SE for plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) in rats received
normal saline (Control), Malva sylvestris (MS) at 200 or 400mg/kg (M200 and M400), Gentamicin (GM), or GM plus MS at 200 or 400mg/kg (G+M200 and
G+M200).
**P < 0.01, ***P < 0.001, in comparison with control group.
††P < 0.01, †††P < 0.001 in comparison with GM group.

Fig. 2. A, Renal tissue lipid peroxidation level (MDA) and B, total antioxidant
capacity (FRAP) in rats received normal saline (Control), Malva sylvestris (MS)
at 200 or 400mg/kg (M200 and M400), Gentamicin (GM), or GM plus MS at
200 or 400mg/kg (G+M200 and G+M200). Data is presented as
mean ± SE (n= 7).
* P < 0.05, *** P < 0.001 in comparison with the control group.
† P < 0.05, †† P < 0.01, ††† P < 0.001 in comparison with the GM group.

Fig. 3. A, Hepatic tissue lipid peroxidation level (MDA) and B, total antioxidant
capacity (FRAP) in rats received normal saline (Control), Malva sylvestris (MS)
at 200 or 400mg/kg (M200 and M400), Gentamicin (GM), or GM plus MS at
200 or 400mg/kg (G+M200 and G+M200). Data is presented as
mean ± SE (n=7).
** P < 0.01 in comparison with the control group.
† P < 0.05, †† P < 0.01 in comparison with the GM group.
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3.4. Effect of MS extract on renal and hepatic tissue injuries

As shown in Fig. 5 and Table 3, GM increases Bowman’s space area,
tubular epithelial cell necrosis, vascular congestion, intratubular pro-
teinaceous cast, and perivascular edema compared to the control group.
As such, total histopathologic score in GM group was 19.3, which was
significantly higher than that of the control group (p < 0.001). MS
supplement led to a reduction in all these injuries in both studied doses
(p < 0.01) but was still higher than the control group (p < 0.05).

Moreover, the degree of leukocyte infiltration, cellular

degeneration, sinusoidal dilatation, and vascular congestion in the he-
patic tissue of animals that received GM significantly increased com-
pared with the control group, which was improved after MS adminis-
tration (Fig. 6 and Table 4).

4. Discussion

GM is widely used against infections caused by gram-negative
bacteria; however, its usage is limited because of its severe side effects
on the kidney [1]. Several studies have shown that severe renal injury
may affect remote organs such as the liver. Recently, herbal supple-
ments have become more commonly used, due to their lower side effect
profile, to protect and treat certain diseases. Therefore, the aim of this
study was to assess protective effects of hydroalcoholic MS extract on
nephrotoxicity induced by GM, and also its remote effect on liver. The
present study demonstrates for the first time that hydroalcoholic MS
extract can ameliorate GM induced renal oxidative stress, inflamma-
tion, histopathologic damages and functional disturbances. Also, GM
induced nephrotoxicity led to functional disturbances, oxidative stress,
and cellular damages in liver, while MS extract was able to reduce the
damages.

The results of this study demonstrated that GM leads to a significant
increase in plasma concentrations of creatinine and urea-nitrogen, renal
tissue MDA, pro-inflammatory factors (TNF-α and ICAM-1), and his-
topathologic damages, and decreased FRAP level. Since plasma con-
centrations of nitrogenous waste products are inversly proportional to
the degree of glomerular filtration rate (GFR), increasing concentra-
tions of creatinine and urea-nitrogen in the plasma can be attributed to
the reduction of GFR. It has been shown that GM can reduce GFR in
different ways. GM can induce apoptosis and cellular necrosis via in-
terference with mitochondrial function that leads to breaking of the
respiratory chain and reducing the synthesis of ATP, inhibiting a
number of membrane protein carriers that increase Bowman’s capsule
pressure and decrease GFR via tubular blockage [3,4,6,27]. On the
other side, epithelial cell injuries result in activation of tubuloglo-
merular feedback via reducing proximal tubular reabsorption and in-
creasing water and solute delivery to the distal tubule, which in turn
causes a further decrease in GFR [28]. GM can also stimulate mesangial
cells proliferation and their contraction [5], glomerular hypertrophy
[29,30], decrease the number and size of pores on endothelial cells of
the glomerulus [31], and increase the resistance of renal vessels via
production of vasoconstrictors [6,7], all of which resulting in a reduc-
tion in GFR.

The concentration of creatinine and urea-nitrogen in plasma of the
groups that received GM and MS significantly decreased, which in-
dicates the protective effect of MS against nephrotoxicity induced by
GM. As it was mentioned previously, MS contains several antioxidants
such as polyphenols that have vasodilatory property [32], and in other
studies, the use of compounds with antioxidant properties improves

Fig. 4. Representative mRNA fold change expression for A, tumor necrosis
factor-alpha (TNF-α) and B, intercellular adhesion molecule-1 (ICAM-1) in the
renal cortex of the rats received normal saline (Control), Malva sylvestris (MS)
at 200 or 400mg/kg (M200 and M400), Gentamicin (GM), or GM plus MS at
200 or 400mg/kg (G+M200 and G+M200). Data is presented as
mean ± SE (n= 5).
** P < 0.01, *** P < 0.001 in comparison with the control group.
††† P < 0.001 in comparison with the GM group.

Table 3
The effect of MS extract on renal histopathological damages induced by GM administration.

Histopathologic damages Experimental groups

Control M200 M400 GM G+M200 G+M400

Bowman's space enlargement 0 0 0 5 1.1 0.9
Tubular cell necrosis 0 0 0 3.1 1.2 1.6
Vascular congestion 0.8 0.7 0.9 3.7 2.2 2.4
Intra-tubular proteinaceous casts 0 0 0 2.8 0.3 0.7
Perivascular edema 0.5 0.3 0.8 2.3 1.4 1.8
Leukocyte infiltration 0.2 0 0 2.4 1.0 0.9
Total histopathologic score 1.5 1.0 1.7 19.3*** 7.2†† * 8.3†† *

Histopathological scores in rats received normal saline (Control), Malva sylvestris (MS) at 200 or 400mg/kg (M200 and M400), Gentamicin (GM), or GM plus MS at
200 or 400mg/kg (G+M200 and G+M200).
*P < 0.05, ***P < 0.001, in comparison with control group.
††P < 0.01, in comparison with GM group.
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renal function following GM use [33]. Moreover, Zuo et al established
that MS protect the heart from ischemia/reperfusion via a significant
increase in plasma NO concentration [34]. Also, MS may increase GFR
via a reduction in cellular injuries caused by GM, and as a result reduces
the concentrations of creatinine and urea-nitrogen in the plasma. Re-
duction of tissue injuries has been shown in the histopathologic as-
sessments of the present study.

We also found that GM results in an increase in lipid peroxidation
(MDA increase), and a reduction of total antioxidant capacity (FRAP
reduction) of renal tissue, which is consistent with other studies
[35,36]. Accumulation of GM in the endosomes of proximal tubule
leads to tearing of their membrane and releasing GM into the cyto-
plasm, which stimulates hydrogen peroxide and anion superoxide
production, as well as increasing hydroxyl radical production via its

Fig. 5. Representing histopathologic alterations in renal tissue of rats received normal saline (A), Malva sylvestris at 200 (B) or 400 (C) mg/kg, Gentamicin (D), or
Gentamicin plus Malva sylvestris at 200 (E) or 400 (F) mg/kg. (Haematoxylin-Eosin, 400x, scale bar: 200 μm).
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effect on the mitochondria and endoplasmic reticulum [37]. On the
other side, it has been shown that GM leads to a reduction in the ac-
tivity of antioxidant enzymes in the body [38]. Moreover, GM results in
an increase in the expression of iNOS and the production of NO that
produces proxy nitrite after reacting with superoxide anion, which is a
radical with more activity [39]. Therefore, GM induces oxidative stress
via increasing the production of reactive oxygen and nitrogen species,

as well as reducing antioxidant capacity of the tissues.
MS extract led to a reduction of MDA level and an enhancement of

FRAP level in the renal tissue, which indicates reduction of oxidative
stress. It is shown, consistent with this finding, that MS contains of
several antioxidant components such as flavonoids, vitamins C and E,
beta-carotene, omega-3 and omega-6 essential fatty acids, enzymes
such as sulfite oxidase and catalase, and polysaccharide [17,19], whose

Fig. 6. Representing histopathologic alterations in liver tissue of rats received normal saline (A), Malva sylvestris at 200 (B) or 400 (C) mg/kg, Gentamicin (D), or
Gentamicin plus Malva sylvestris at 200 (E) or 400 (F) mg/kg. (Haematoxylin-Eosin, 400x, scale bar: 200 μm).
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antioxidant and radical scavenging properties are due to these com-
ponents [21]. Also, in this study we found that the most abundant
compounds present in the MS extract are anthocyanins (Table 1). It has
been shown that antioxidant potency of anthocyanins is more powerful
than well-known antioxidant vitamins [40] and these compounds can
protect the liver against alcohol-induced oxidative stress through
strengthening antioxidant defenses and reducing peroxidation of lipids
[41]. In addition, Qi et al showed that anthocyanins, due to their an-
tioxidant and anti-inflammatory properties, protect kidney against
cisplatin induced acute kidney injury [42]. Therefore, it can be con-
cluded that the antioxidants present in the MS extract, especially the
anthocyanins, protect the kidney against oxidative agents.

We have found in this study that GM results in an increase in the
expression of proinflammatory molecule (TNF-α), adhesion molecule
ICAM-1, and leukocyte infiltration into the interstitium. It is shown that
NF-κB pathway plays a major role in the activation of proinflammatory
cytokines following GM administration. In normal cells, NF-κB is in-
activated by binding to its inhibitor protein (IκB). Following the use of
GM, the increase in ROS production results in the destruction of IκB and
the release of NF-κB, which after translocating into the nucleus, acti-
vates transcription of proinflammatory cytokines such as TNF-α and IL-
6 [36,43,44]. TNF-α results in renal functional disturbances via vaso-
constriction, decreased blood flow, infiltration of leukocytes and pro-
duction of ICAM-1 [45], and ICAM-1 in turn increases adhesion of
leukocytes to the endothelium and intensification of their immigration
into the interstitium.

Recently, researchers have isolated several metabolites from Malva
sylvestris, with antiinflammatory properties. Lin and colleagues in their
study found that anthocyanin malvidine3-glucoside (which is in Malva
sylvestris) results in the inhibition of IL-6 [46], and Dreiseitel et al found
that malvidine can inhibit the activity of Phospholipase A2 that plays
an important role in inflammation [47]. It has been shown in another
study that coumarin scopoletin of MS interferes with the production of
inflammatory cytokines via inhibition of IκB/NF-κB signal cascade [48].
Moreover, flavonol Quercetin can reduce edema [49], and an acidic
polysaccharide isolated from MS has anti-complementary activity [50],
with studies showing that complement system is related to renal dis-
eases [51]. It has also been shown in a number of experimental studies
that MS inhibits the production of prostaglandins D2, E2 and F2α [20],
decreases TNF-α and IL-6 gene expression, interferes with the produc-
tion of IL-1β and leukocyte migration in cell culture media [52].
Therefore, it appears that it can reduce the expression of proin-
flammatory factors and adhesion molecules via several antiin-
flammatory components, which is also seen in our study.

In this study, several structural changes were observed in the renal
tissue of the rats that received GM, including increasing area of
Bowman’s space, tubular cell necrosis, vascular congestion, intratubular
proteinaceous cast, and perivascular edema, which is consistent with
our results on kidney function, inflammation and oxidative stress. Many
studies have shown that GM leads to a variety of tissue injuries in the

kidney [44,53,54]. As mentioned previously, GM damages ATP pro-
duction, stimulates ROS production and inflammatory molecules, in-
hibits membrane associated transporters and stimulates vasoconstric-
tion, all of which result in cell damage.

Using MS extract could to some extend improve all of these da-
mages, which indicates protective effects of MS against histopathologic
injuries due to GM. As these injuries are caused by activated in-
flammatory and oxidative agents following GM usage, it seems that MS
leads to improvement of these histopathologic injuries via reduction of
oxidative stress and inflammation. In support of this finding, it has been
shown that the use of ROS scavengers can weaken renal injuries due to
GM [55].

On the other hand, acute kidney injury can affect other organs and
increase mortality rate. In this study, GM induced renal injury resulted
in increased plasma levels of AST, ALT and ALP, increased MDA level,
decreased FRAP, increased infiltration of leukocytes, cellular degen-
eration, sinusoidal dilatation, and vascular congestion in the liver
tissue. The mechanism by which AKI affects the liver is still unclear, but
it has been suggested that uremic toxins, inflammatory cytokines, ac-
tivated leukocytes, and oxidative stress play a role in this process
[12,56], also it has been suggested that glutathione injection could
decrease the effects of AKI on the liver [57].

In this study, MS administration led to a reduction of all hepatic
disturbances caused by GM induced nephrotoxicity which may be due
to its antioxidative and antiinflammatory properties in the kidney and/
or its direct effect on the liver [22]. Understanding its exact mechanism
needs more research studies.

In conclusion, the present study has shown for the first time that
using hydroalcoholic MS extract can ameliorate GM induced renal
disturbances and its remote liver organ injuries. The elevation in liver
enzymes may be a direct hepatotoxicity at high gentamicin plasma le-
vels or a possible remote organ injury, and in either case MS has to
some extend protected the livers too. The mechanism of these effects is
via the reduction of oxidative stress, reduction of inflammation, vaso-
dilator effects, increasing total tissue antioxidant capacity, or possibly
other unknown pathways, which requires further research studies.
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