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Abstract

Mallow (Malva sylvestris L.) has had medicinal and therapeutic uses in addition to its oral
consumption. The present study was conducted to examine the protective effect of Malva
sylvestris L. extract on ischemia-reperfusion-induced kidney injury and remote organ inju-
ries in the liver. Before ischemia-reperfusion, rats in the different groups received intraperito-
neal normal saline or mallow extract at the doses of 200, 400 or 600 mg/kg of body weight.
After 30-minutes of bilateral renal ischemia followed by 24-hours of reperfusion, tissue dam-
age in the kidney and liver samples were determined through studying H&E-stained slides
under a light microscope. The degree of leukocyte infiltration and tissue MRNA expressions
of TNF- and ICAM-1 were then measured to examine the degree of renal inflammation. The
renal tissue MDA and FRAP levels were measured for determining the amount of oxidative
stress. Plasma concentrations of creatinine, urea, ALT and ALP were also measured. Ische-
mia-reperfusion led to a significant increase in plasma concentrations of creatinine, urea,
ALT and ALP, and renal tissue MDA, and a significant decrease in renal tissue FRAP. The
expression of pro-inflammatory factors in the kidney tissue, the level of leukocyte infiltration
and the amount of tissue damage in the kidney and liver also increased. Pretreatment by
mallow extract led to a significant improvement in all the variables measured. The 200- and
400-mg doses yielded better results in most parameters compared to the 600-mg dose. The
findings showed that mallow extract protects the kidney against ischemia-reperfusion and
reduces remote organ injury in the liver.

Introduction

Mallow (Malva sylvestris L.) is an annual herb from the Malvaceae family that grows in various
parts of the world, including south Europe, North Africa and southwest Asia [1]. In addition
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Abbreviations: ALP, Alkaline Phosphatase; ALT,
Alanin Transaminase; FRAP, Ferric Reducing/

Antioxidant Power; H & E, Hematoxylin and Eosin;

ICAM, Intracellular Adhesion Molecule; MDA,

Malondialdehyde; PGD2, Prostaglandin D2; PGE2,

Prostaglandin E2; TNF, Tumor Necrosis Factor.

to being orally consumed, mallow has been used for medicinal and therapeutic purposes since
3000 BC due to its laxative, emollient and anti-inflammatory properties [2].

Phytochemical studies on mallow have shown that its various parts contain flavonoids [3-
4], terpenoids [5], phenol derivatives [3, 5], polysaccharides [6], mucilages and coumarins [7],
vitamins C and E and beta-carotene [3], fatty acids and various sterols, particularly essential
fatty acids such as omega-3 and omega-6 [3, 8], chemical elements [9], enzymes such as sulfite
oxidase and catalase [10-12] and amino acids [13,14].

Many studies have examined mallow and proposed numerous properties for this herb.
Extracts from mallow leaves show anti-complementary properties [15], suppress release of
pro-inflammatory mediators PGE2 and PGD2 [16], and have anti-inflammatory properties
[17-21].

Mallow extract also shows antioxidant properties [3, 6, 18], and can destroy H202 due to
its catalase activity [12]. Mallow extract is also shown to protect against the hepatotoxicity
caused by paracetamol [22], and to protect the kidney against vanadium-induced damage [23].

Acute kidney injury (AKI) is a serious complication with no special treatments at the
moment. Renal ischemia-reperfusion (IR) is one of the important causes of AKI. The patho-
physiology of IR-induced renal disorders involves inflammation, oxidative stress and damage
to the vascular endothelium and tubule epithelium [24-25]. Furthermore, AKI can cause
remote organ injuries involving liver, lung, heart, spleen and brain tissues [25]. Gardner et al.
demonstrated that a 40-minute renal ischemia followed by 24-hours of reperfusion increased
liver enzymes in pigs [26]. Interestingly, melatonin reduced hepatic injuries caused by renal IR
[27].

The present study was conducted to examine the protective effects of mallow hydro-alco-
holic extract against the renal injuries caused by ischemia-reperfusion and its consequent
remote liver injury in rats.

Materials and methods

This research was designed and carried out based on the European Economic Community
Guidelines for the care and use of laboratory animals (EEC Directive of 1986; 86/609/EEC)
and was approved by the Ethics Committee of Kermanshah University of Medical Sciences
(KUMS.REC.1394.85). Attempts were made to put the minimum possible number of animals
in each group. If, during the experiment, any of the animals showed signs of unexpected pain
and suffering (e.g. disability, reduced mobility and an abnormal state), they were removed
from the study and euthanized by deep anesthesia.

Extract preparation

The hydro-ethanol extract of mallow leaves was used in this study by purchasing fresh mallow
flowers from a local herb shop in Kermanshah, Iran, and drying them in the shade. The flowers
were approved by herb experts at this university’s Faculty of Pharmacy and samples of the
herb were kept at the faculty’s herbarium. Extraction was performed at the Herb Lab of this
faculty.

One liter of 70% ethanol was added to 60 grams of dried mallow flower and kept for 24
hours in a dark place inside a shaker. After filtering, the liquid phase was evaporated in vac-
uum using a rotary evaporator at 40°C and was stored in the dark at -20°C until use [28, 29].

Experimental procedures and animal study

This study was conducted on 35 male Wistar rats weighing 250-300 grams (10-12 weeks old),
taken from the Animal Breeding Center of Kermanshah University of Medical Sciences. The
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animals were housed in a room with a 12-hour light-dark cycle at 23+2°C and 55% humidity
in cages (three rats per cage during acclimatization period, but after starting to test each rat in
a separate cage). The rats had access to food and water ad libitum throughout the entire experi-
ment. The rats were randomly divided into five groups (n = 7), including the sham control
group, which received normal saline and underwent a sham surgery, the IR (Ischemia-Reper-
fusion) group, which received normal saline and 30-minutes of bilateral renal ischemia, and
three IR+M groups, which received mallow extract at doses 200, 400 and 600 mg/kg of BW
half an hour before ischemia was induced with a protocol similar to the protocol that was used
for administering normal saline to the IR group. These doses were chosen based on the results
of similar studies conducted in the past [22]. After the ischemia induction ended, rats were
returned to their cages for 24-hours (reperfusion period) during which they had access to food
and water ad libitum [30]. To induce anesthesia, 50 mg/kg of pentobarbital sodium was used,
and half an hour before the ischemia, normal saline was injected to the sham and IR groups
and the various doses of the extract were then administered intraperitoneally (ip) to the IR+M
groups. Thirty minutes prior to the induction of anesthesia, all the animals received 50 interna-
tional units (IU) of heparin. Throughout surgery, their body temperature was measured with a
rectal probe (Physitemp BAT-12) and maintained at 37+1°C using a heat lamp and heat plate
[30]. Once the 24-hour reperfusion period ended, the animals were anesthetized again and
blood samples were taken from their abdominal aorta so as to measure their plasma concentra-
tions of creatinine, urea, ALT and ALP.

Their left kidney was then removed and one half of it was stained with H&E for histopatho-
logical examination under a light microscope. The cortical tissue of the other half was also sep-
arated and was immediately frozen in liquid nitrogen for measuring the mRNA expression of
TNF-o and ICAM-1. The right kidney was transferred to a -70°C freezer after rapid freezing
in liquid nitrogen for examining oxidative stress through measuring malondialdehyde (MDA)
and ferric reducing/antioxidant power (FRAP). A sample of the liver tissue was collected, pro-
cessed and H&E stained to be examined under an optical microscope for possible tissue dam-
age. Once the experiment ended, the rats were euthanized by injection of an overdose (100
mg/kg) of pentobarbital sodium anaesthetic.

Assessing kidney and liver dysfunction

To examine kidney function, plasma concentrations of creatinine and urea were measured in
the rats, and their liver function was also assessed by measuring their ALT and ALP levels.

Assessing kidney and liver tissue damage

To examine kidney and liver tissue damage, a pathologist studied the H&E-stained tissue sec-
tions. Kidney tissue damage was investigated and graded for increased Bowman’s space, intra-
cellular vacuolization, necrosis of the tubular cells, vascular congestion and intratubular cast in
ten microscopic fields [30-31]. The liver slides were also used to examine the level of leukocyte
infiltration, cellular necrosis and congestion, and these damages were graded as poor, moder-
ate and severe.

Assessing inflammation in the kidney tissue

The mRNA expression of the pro-inflammatory factors TNF-o. and ICAM-1 and the level of
leukocyte infiltration into the interstitial space were measured to assess inflammation. The
mRNA expression of TNF-o and ICAM-1 was measured by reverse transcription-polymerase
chain reaction (RT-PCR) using beta-actin as the housekeeping gene in the renal cortical tissue.
Table 1 presents the sequence of the primers used for each of the genes. The PCR products
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Table 1. Primer sequences used to amplify mRNAs encoding proinflammatory cytokines.

Primer Sequence Annealing t°’C Product size (bp)
TNF-a F GAAAGGACACCATGAGCACG 58 264
R GAGAAGATGATCTGAGTGTGAGG
ICAM-1 F CAGCAGACCACTGTGCTTTGA 61 406
R GTCGAGCTTCAGGACCCTAGT
B-Actin F GCCATGTACGTAGCCATCCA 60 375
R GAACCGCTCATTGCCGATAG

TNF-a: Tumor necrosis factor-alpha; ICAM-1: Intercellular adhesion molecule-1.

https://doi.org/10.1371/journal.pone.0188270.t001

were also run on 2% agarose gel [29]. To examine the level of leukocyte infiltration, they were
counted in 20 microscopic fields (each field area was 0.14 mm?) and the average count was cal-
culated in each Mm? [30].

Assessing oxidative stress in the kidney tissue

To examine oxidative stress, MDA level was measured as the final product of the membrane
lipid peroxidation and FRAP as indicative of the total antioxidant activity of the tissue using
colorimetric assay [29, 32].

Statistical analysis

SPSS-16 was used to statistically analyze the data, which were presented as mean+SEM. The
one-way ANOVA and Duncan’s post-hoc test were used to compare the data pertaining to the
kidney and liver functions, oxidative stress and leukocyte infiltration in the kidney. The exact
level of statistical significance (P) was determined using the LSD test. Non-parametric tests
including the Kruskal-Wallis test and Mann-Whitney’s U-test were used to compare the values
obtained for histopathological damage. The level of statistical significance was set at P<0.05.

Results

The effect of mallow extract on renal IR-induced renal and hepatic
dysfunction

Fig 1A and 1B show that 30-minutes renal ischemia followed by 24-hours of reperfusion
caused a significant rise in plasma concentrations of creatinine (126%) and urea (189%) in the
IR group compared to the sham group (P<0.001 for both). All three doses of mallow extract
significantly reduced plasma creatinine concentrations (P<0.001 for all three doses vs I/R
group), to levels similar to that in the sham group in both the IR+M200 and IR+M400 groups
(Fig 1A). In the IR+M600 group, however, it had a significant difference with the sham group
(P<0.05).

Plasma concentrations of urea was also significantly reduced the in all three groups receiv-
ing mallow extract, although its effect was the highest in the IR+M200 group (Fig 1B).

Plasma concentrations of urea in the three groups receiving mallow extract were still signifi-
cantly higher than the value in the sham group (P<0.01 for the IR+M200 group, and P<0.001
for the IR+M400 and IR+M600 groups). It is worth noting that plasma urea concentrations in
the IR+M400 and IR+M600 groups were significantly higher than in IR+M200 group.

Renal IR led to a significant rise in plasma concentrations of ALP and ALT (Fig 2A and
2B). The rise was more significant for ALT plasma concentrations. Pretreatment with mallow
extract at doses 200 and 400 mg/kg led to a complete restoration of ALT (P<0.001 and
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Fig 1. Plasma creatinine (A) and urea (B) levels in rats that underwent renal ischemia/reperfusion (I/R),
pretreated with normal saline (I/R), or malva silvestris extract at 200, 400, or 600 mg/kg (I/R + M) compared
to the sham group. Data is presented as mean + SE (n = 7 in each group).

* P<0.05 in comparison with the sham group

** P<0.01, *** P<0.001 in comparison with the sham group

11 P <0.01, ¥f P <0.001 in comparison with the I/R group

11 P <0.01 in comparison with the I/R + M200 group.

https://doi.org/10.1371/journal.pone.0188270.9001
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Fig 2. Plasma ALT (A) and ALP (B) levels in rats which underwent renal ischemia/reperfusion and
pretreated with normal saline (I/R), or malva silvestris extract at 200, 400, or 600 mg/kg (I/R + M) compared
to the sham group. Data is presented as mean + SE (n=7).

* P<0.05, ** P<0.01, *** P<0.001 in comparison with the sham group

1 P <0.05, 11 P <0.01, £11 P < 0.001 in comparison with the I/R group

1 P <0.05 in comparison with the I/R + M200 group.

https://doi.org/10.1371/journal.pone.0188270.9002
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P<0.01, respectively, compared to the IR group). At the 600 mg/kg dose, however, mallow
extract did not restore plasma ALT (Fig 2A). Mallow extract caused significant changes in
plasma ALP only at the 400 mg/kg dose (P<0.05) and was ineffective at the other doses (Fig
2B).

The effect of mallow extract on renal IR-induced inflammation

Renal IR led to a rise in the mRNA expression of TNF-o and ICAM-1 in the renal cortical tis-
sue (Fig 3A), and the increase in ICAM-1 was more intense (Fig 3B). Following pretreatment
with mallow extract, the mRNA expression of TNF-o. was significantly reduced in all the three
groups receiving the extract compared to the IR group (P<0.05), reaching the same value as
in the sham group. All three doses of mallow extract also reduced the mRNA expression of
ICAM-1 significantly (P<0.001).

Furthermore, leukocyte infiltration increased significantly in the IR group compared to the
sham group (Fig 4A, 4B and 4F), and all three doses of mallow extract significantly reduced
this damage (Fig 4C—4F).

The effect of mallow extract on renal IR-induced renal and hepatic tissue
damage

Fig 5 and Table 2 show that renal IR led to Bowman’s space enlargement, intracellular vacuoli-
zation, tubular cell necrosis, vascular congestion and intratubular proteinaceous cast; such that
the total histopathological score was significantly higher in the IR group compared to in the
sham group (P<0.01). All three doses of mallow extract caused a decline in all of these dam-
ages, although the rate of decline was higher in the IR+M200 group.

Furthermore, renal IR resulted in severe leukocyte infiltration, cell necrosis and congestion
in the liver tissue (Fig 6B), while the severity of these damages decreased to moderate degree in
the groups receiving mallow extract (Fig 6C, 6D and 6E).

The effect of mallow extract on renal IR-induced oxidative stress

The lipid peroxidation level (MDA level) was significantly higher in the IR group compared to
in the sham group (P<0.01), and the 200-mg dose of mallow extract reduced it to the same
level as in the sham group (P<0.05). However, the 400- and 600-mg doses had no effects on
the MDA level (Fig 7A).

The total antioxidant capacity of the kidney tissue was significantly lower in the IR group
as compared to the sham group, as indicated by the lower level of FRAP in the IR group
(P<0.001). The FRAP level increased significantly in the IR+M200 and IR+M400 groups and
reached the same level as in the sham group (P<0.001); however, it was lower in the IR+M600
group compared to the sham group (Fig 7B).

Discussion

The high mortality rate associated with AKI and its high risk in hospitalized patients necessi-
tate design of strategies for better perception and treatment of this condition. The present
study was conducted to examine the protective effects of different doses of hydro-alcoholic
mallow extract against renal injuries after 30 minutes of renal ischemia followed by 24 hours of
reperfusion, and also against remote organ injuries in the liver.

Many studies have shown that renal IR leads to AKI by causing inflammation, oxidative
stress and vascular endothelium and tubular epithelium injuries [24-25]. Cell damage and its
resultant molecular products induce inflammation after IR [33]. Necrotic cells release a
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Fig 3. Representative semi-quantitative reverse transcription polymerase chain reaction (RT-PCR) of mRNA encoding tumor
necrosis factor-alpha (TNF-a) and intercellular adhesion molecule-1 (ICAM-1) (A) in the renal cortex of the sham group (lane 2)
and rats that underwent ischemia/reperfusion after pretreatment with normal saline (lane 3) or malva silvestris extract at 200,
400, or 600 mg/kg (lanes 4-6, respectively). Lane 1 is a 100-bp RNA size marker. Densitometric quantification of relative band
intensities from RT-PCR assays for TNF-a and ICAM-1 (B).

**P <0.01; ***P < 0.001 in comparison with their own sham group.

1P <0.05; £1P < 0.001 in comparison with their own I/R group.

https://doi.org/10.1371/journal.pone.0188270.9003

number of factors into the extracellular space that activate pattern recognition receptors in
renal parenchymal cells and dendritic cells (DCs). These activated cells release proinflamma-
tory cytokines [34-36]. Prolonged hypoxia not only causes AKI, but through secretion of pro-
fibrotic cytokines it can also lead to chronic kidney disease [35-36]. Renal ischemia also results
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Fig 4. Light microscopic images of renal cortex for representing leukocyte infiltration in rats that underwent sham surgery
(A), those that underwent renal ischemia/reperfusion while pretreated with saline (B) or 200, 400, or 600 mg/kg malva
silvestris extract (C-E); and leukocyte infiltration as mean * SE per square millimeters (F). Magnification: 400X.

https://doi.org/10.1371/journal.pone.0188270.9004

in the upregulation of adhesion molecules, such as, ICAM-1, P-selectin and E-selectin in the
vascular endothelium [37-38], and increases synthesis and release of pro-inflammatory cyto-
kines, such as, IL-1, IL-6 and TNF-a in the kidney [39]. These ischemia-induced inflammatory
responses contribute to the development of acute and chronic tissue damage.

Fig 5. Representing histopathologic alterations in kidneys of rats that underwent sham (A), ischemia/reperfusion

and pretreated with normal saline (B), or malva silvestris extract at 200, 400, or 600 mg/kg (C-E). (Haematoxylin-
Eosin, 400x).

https://doi.org/10.1371/journal.pone.0188270.9005
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Table 2. Renal histological damages induced by bilateral renal I/R, and effect of malva silvestris extract administration on them.

Histopathology Experimental Groups
Sham I/R I/R+M200 I/R+M400 I/R+M600

Bowman'’s space enlargement 0 \ l 1] 1}
Intracellular vacuolization 0 1l | 1] 1l
Tubular cell necrosis 0 v | | 1l
Vascular congestion | v Il 1] 1l
Intra-tubular proteinaceous casts 0 \% | 1] ]
Total histopathologic score 1 21%* 7% 9%t 12*%

Histopathological scores in rats subjected to sham operation and received normal saline (Sham group), ischemia/reperfusion that received normal saline (I/
R group), or different doses of malva silvestris (I/R+M groups).

* P<0.05,

**P<0.01, in comparison with sham group.

*P<0.05, in comparison with I/R group.

https:/doi.org/10.1371/journal.pone.0188270.t002

In the present study, IR increased expression of the pro-inflammatory factors TNF-o. and
ICAM-1, and leukocyte infiltration in the interstitial space. Pretreatment with mallow extract
significantly reduced the expression of these pro-inflammatory factors and leukocyte
infiltration.

Several studies have shown that mallow extract and its ingredients have anti-inflammatory
properties [15, 20, 40, 41]. Hydro-alcoholic extract of mallow reduces myeloperoxidase activity
and IL-1B level [19]. This anti-inflammatory effect has been in part through a reduction in
PGE2 and PGD2 [16], as well as reducing tissue infiltration with neutrophils, and reducing

Fig 6. Representing histopathologic alterations in liver tissue of rats that underwent sham (A), renal ischemia/reperfusion and
pretreatment with normal saline (B), or malva silvestris extract at 200, 400, or 600 mg/kg (C-E). (Haematoxylin-Eosin, 400x).

https://doi.org/10.1371/journal.pone.0188270.g006
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Fig 7. A, Lipid peroxidation level (MDA) and B, total antioxidant capacity (FRAP) in rats that
underwent renal ischemia/reperfusion and pretreatment with normal saline (I/R), or malva silvestris
extract at 200, 400, or 600 mg/kg (I/R + M) compared to the sham group. Data is presented as mean + SE
(n=7).

* P<0.05, ** P<0.01, *** P<0.001 in comparison with the sham group

$P<0.05,1f P <0.01, 11 P <0.001 in comparison with the I/R group

1 P <0.05 in comparison with the I/R + M200 group.

https://doi.org/10.1371/journal.pone.0188270.g007

expression of cytokines IL-1f, IL-6 and IL-8 [17-18]. Chemical analysis of the aqueous compo-
nent of mallow extract has shown that it contains the rutin compound, a flavonoid with anti-
inflammatory properties through the selective inhibition of cox-2 [42], and that it inhibitis
genes encoding pro-inflammatory factors [43].

The present study shows that mallow extract reduces lipid peroxidation (i.e., reduces
MDA) and increases the total antioxidant capacity of the kidney (i.e., increases FRAP).

In the renal IR model, reduced blood flow in the peritubular capillaries leads to tubular hyp-
oxia and stimulates oxidative stress [44]. Moreover, the changes in renal blood flow are not
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uniform after IR, and as a result, there are hypoxic areas adjacent to areas with normal blood
flow. The interaction between these areas increases the production of reactive oxygen species
[45-46)].

Researchers have also shown that mallow flower extract has antioxidant properties likely
owing to polyphenols, vitamin C, vitamin E, beta-carotene, some polysaccharides and essential
fatty acids, especially omega-3 and Omega-6 [3, 6, 7]. The antioxidant properties were shown
to be directly linked to a phenolic content [47]. Omega-3 has antioxidant and protective prop-
erties against the damage caused by renal IR [48]. Mallow also contains enzymes, such as, cata-
lase that destroy H202 and protect against oxidative stress [12]. Moreover, a decoction of
mallow protected kidneys against vanadium-induced oxidative damage [23].

In our study, renal IR led to a significant AKI as evidenced by increases in plasma creatinine
and urea concentrations as compared to the sham group. AKI is characterized by reduced
GFR due to increased renal vascular resistance [49-51], resulting in increased plasma concen-
trations of creatinine and urea. Various factors are reported to increase renal vascular resis-
tance following IR, including activation of tubuloglomerular feedback, sympathetic nervous
system, renin-angiotensin system, prostaglandins, platelet-activating factor and endothelial
dysfunction [52-53]. Endothelial dysfunction can often be attributed to reduced nitric oxide
production. Moreover, TNF-a produced in the kidney following IR reduces blood flow rate
and glomerular filtration rate, increases glomerular permeability to albumin and stimulates
cell infiltration and ICAM-1 expresion [54].

In our study, the reduced expression of TNF-o. after pretreatment with mallow extract
might have resulted in restoring the normal blood flow and minimizing AKL

Various studies have shown that AKI causes liver damage and increases the risk of mortal-
ity. AKI is thought to cause liver damage by creating oxidative stress and reducing antioxidant
power, increasing pro-inflammatory factors [55], and disrupting activity of cytochrome P450
3A [25]; Thus, antioxidants may help reduce liver damage following AKI [27]. Golab et al.
showed that AKI increased liver enzymes, liver TNF-a. level, oxidative stress, leukocyte infiltra-
tion, apoptosis and cell damage in the liver tissue of rats [56]. However, Gardner et al. [26]
showed that in pigs, AKI led only to a transient increase in acute liver injury markers and did
not cause apoptosis, edema or cell damage. In the present study, IR-induced AKI increased
liver enzymes and led to cell injury and leukocyte infiltration, which is consistent with the
results obtained by Golab et al. We measured ALT and ALP as markers of liver damage [57].
The elevation in serum ALT indicated hepatocyte damage. The elevation in serum ALP indi-
cated hepatic biliary damage. In our study, pretreatment with mallow extract significantly
reduced liver injury. In line with these findings, Hussein et al. reported that mallow extract
protected liver against paracetamol-induced damage, likely through its antioxidant properties
[22]. Given that inflammation and oxidative stress are two mechanisms for liver damage after
AKT, since mallow extract reduced both it protected liver against remote injuries caused by
AKI. The limitation of present study is that we did not obtain baseline measurements of the
biomarkers in serum.

Conclusion

In conclusion, administration of 30-minutes of renal ischemia followed by 24-hours of reper-
fusion caused significant renal dysfunction, inflammation, oxidative stress, and tissue damage
in both kidney and liver. Pretreatment with mallow extract reduced their severity and restored
much of these derangements. The hydro-alcoholic extract of mallow was therefore found to
have protective effects in the kidney against IR-induced damage, as well as, remote liver
damage.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188270 November 20, 2017 12/16


https://doi.org/10.1371/journal.pone.0188270

@° PLOS | ONE

Renal and hepatic protection by Malva sylvestris

Acknowledgments

The authors gratefully acknowledge the research deputy of Kermanshah University of medical
sciences for financial support (research project 93422 to HN).

Author Contributions

Conceptualization: Houshang Najafi, Zeynab Mohamadi Yarijani.

Data curation: Houshang Najafi, Zeynab Mohamadi Yarijani, Saeed Changizi- Ashtiyani.
Formal analysis: Houshang Najafi, Zeynab Mohamadi Yarijani.

Funding acquisition: Houshang Najafi.

Investigation: Houshang Najafi, Zeynab Mohamadi Yarijani.

Methodology: Houshang Najafi, Kamran Mansouri, Masoud Modarresi, Seyed Hamid
Madani.

Project administration: Houshang Najafi.

Resources: Houshang Najafi, Kamran Mansouri, Masoud Modarresi, Seyed Hamid Madani.
Supervision: Houshang Najafi.

Validation: Houshang Najafi, Seyed Hamid Madani.

Visualization: Houshang Najafi, Bahar Bastani.

Writing - original draft: Houshang Najafi, Saeed Changizi- Ashtiyani.

Writing - review & editing: Bahar Bastani.

References

1. Gasparetto JC, Martins CA, Hayashi SS, Otuky MF, Pontarolo R. Ethnobotanical and scientific aspects
of Malva sylvestris L.: a millennial herbal medicine. J Pharm Pharmacol. 2012; 64: 172-89. https://doi.
org/10.1111/j.2042-7158.2011.01383.x PMID: 22221093

2. Guarrera PM. Traditional phytotherapy in central Italy (Marche, Abruzzo, and Latium). Fitoterapia.
2005; 76: 1-25. https://doi.org/10.1016/].fitote.2004.09.006 PMID: 15664457

3. BarrosL, Carvalho AM, Ferreira IC. Leaves, flowers, immature fruits and leafy flowered stems of Malva
sylvestris: a comparative study of the nutraceutical potential and composition. Food Chem Toxicol.
2010; 48: 1466—72. hitps://doi.org/10.1016/j.fct.2010.03.012 PMID: 20233600

4. Billeter M, Meier B, Sticher O. 8-hydroxyflavonoid glucuronides from Malva sylvestris. Phytochemistry.
1991; 30: 987-90.

5. Cutillo F, D’Abrosca B, Dellagreca M, Fiorentino A, Zarrelli A. Terpenoids and phenol derivatives from
Malva sylvestris. Phytochemistry. 2006; 67: 481-85. https://doi.org/10.1016/j.phytochem.2005.11.023
PMID: 16403542

6. Samavati V, Manoochehrizade A. Polysaccharide extraction from Malva sylvestris and its anti-oxidant
activity. Int J Biol Macromol. 2013; 60: 427-36. https://doi.org/10.1016/}.ijbiomac.2013.04.050 PMID:
23612362

7. Gasparetto JC, Martins CA, Hayashi SS, Otuky MF, Pontarolo R. Ethnobotanical and scientific aspects
of Malva sylvestris L.: a millennial herbal medicine. J Pharm Pharmacol. 2012; 64: 172—89. https://doi.
org/10.1111/j.2042-7158.2011.01383.x PMID: 22221093

8. Guil JL, Torija ME, Giménez JJ, Rodriguez I. Identification of fatty acids in ediblewild plants by gas chro-
matography. J Chromatogr A. 1996; 719: 229-35. PMID: 8589832

9. Hicsonmez U, Erees FS, Ozdemir C, Ozdemir A, Cam S. Determination of major and minor elements in
the Malva sylvestris L. from Turkey using ICP-OES techniques. Biol Trace Elem Res. 2009; 128: 248—
57. https://doi.org/10.1007/s12011-008-8270-0 PMID: 19083156

10. GanaiBA, Masood A, Zargar MA, Syed MB. Kinetics of sulfite oxidase purified from Malva sylvestris. J
Ind Pollut Contr. 2006; 22: 77-82.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188270 November 20, 2017 13/16


https://doi.org/10.1111/j.2042-7158.2011.01383.x
https://doi.org/10.1111/j.2042-7158.2011.01383.x
http://www.ncbi.nlm.nih.gov/pubmed/22221093
https://doi.org/10.1016/j.fitote.2004.09.006
http://www.ncbi.nlm.nih.gov/pubmed/15664457
https://doi.org/10.1016/j.fct.2010.03.012
http://www.ncbi.nlm.nih.gov/pubmed/20233600
https://doi.org/10.1016/j.phytochem.2005.11.023
http://www.ncbi.nlm.nih.gov/pubmed/16403542
https://doi.org/10.1016/j.ijbiomac.2013.04.050
http://www.ncbi.nlm.nih.gov/pubmed/23612362
https://doi.org/10.1111/j.2042-7158.2011.01383.x
https://doi.org/10.1111/j.2042-7158.2011.01383.x
http://www.ncbi.nlm.nih.gov/pubmed/22221093
http://www.ncbi.nlm.nih.gov/pubmed/8589832
https://doi.org/10.1007/s12011-008-8270-0
http://www.ncbi.nlm.nih.gov/pubmed/19083156
https://doi.org/10.1371/journal.pone.0188270

@° PLOS | ONE

Renal and hepatic protection by Malva sylvestris

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Ganai BA, Masood A, Baig MA. Isolation, purification and partial characterization of sulphite oxidase
from Malva sylvestris. Phytochemistry. 1997; 45: 879-80.

Arabaci G, Usluoglu A. Catalytic Properties and Immobilization Studies of Catalase from Malva sylves-
tris L. Journal of Chemistry, Volume 2013, Article ID 686185, 6 pages. http://dx.doi.org/10.1155/2013/
686185

Classen B, Blaschek W. An arabinogalactan-protein from cell culture of Malva sylvestris. Planta Med.
2002; 68:232-36. https://doi.org/10.1055/s-2002-23127 PMID: 11914960

Blunden G, Patel AV, Armstrong NJ, Gorham J. Betaine distribution in the Malvaceae. Phytochemistry.
2001; 58:451-54. PMID: 11557077

Gonda R, Tomoda M, Shimizu N. Structure and anticomplementary activity of an acidic polysaccharide
from the leaves of malva sylvestris. Carbohydrate Res. 1990; 198: 323—-29.

Martins CAF, Weffort-Santos AM, Gasparetto JC, Trindade AC, Otuki MF, Pontarolo R. Malva sylvestris
L. extract suppresses desferrioxamine-induced PGE2 and PGD2 release in differentiated U937 cells:
the development and validation of an LC-MS/MS method for prostaglandin quantification. Biomed Chro-
matogr. 2014; 28: 986-93. https://doi.org/10.1002/bmc.3106 PMID: 24403179

Benso B, Rosalen PL, Alencar SM, Murata RM. Malva sylvestris inhibits inflammatory response in oral
human cells. An in vitro infection model. Plos One. 2015; 19; 10(10):e0140331. https://doi.org/10.1371/
journal.pone.0140331 PMID: 26479870

Benso B, Franchin M, Massarioli AP, Paschoal JAR, Alencar SM, Franco GCN, et al. Anti-Inflammatory,
Anti-osteoclastogenic and antioxidant effects of Malva sylvestris extract and fractions: In vitro and in
vivo studies. Plos One. 2016; 19; 11(9): e0162728. https://doi.org/10.1371/journal.pone.0162728
PMID: 27643502

Prudente AS, Loddi AMV, Duarte MR, Santos ARS, Pochapski MT, Pizzolatti MG, et al. Pre-clinical
anti-inflammatory aspects of a cuisine and medicinal millennial herb: Malva sylvestris L. Food Chem
Toxicol. 2013; 58: 324—31. https://doi.org/10.1016/j.fct.2013.04.042 PMID: 23684757

Chiclana CF, Enrique A, Consolini AE. Topical anti-inflammatory activity of Malva sylvestris L. (Malva-
ceae) on carragenin-induced edema in rats. Latin Am J Pharm. 2009; 28: 275-78.

Hamedi A, Rezaei H, Azarpira N, Jafarpour M, Ahmadi F. Effects of Malva sylvestris and Its Isolated
Polysaccharide on Experimental Ulcerative Colitis in Rats. J Evid Based Complementary Altern Med.
2016; 21: 14-22. https://doi.org/10.1177/2156587215589184 PMID: 26045553

Hussain L, lkram J, Rehman K, Tariq M, Ibrahim M, Akash MS. Hepatoprotective effects of Malva syl-
vestris L. against paracetamol-induced hepatotoxicity. Turk J Biol. 2014; 38: 396—402

Marouane W, Soussi A, Murat JC, Bezzine S, Feki A. The protective effect of Malva sylvestris on rat kid-
ney damaged by vanadium. Lipids Health Dis. 2011 Apr 23; 10: 65. https://doi.org/10.1186/1476-511X-
10-65 PMID: 21513564

Abuelo JG. Normotensive ischemic acute renal failure. N Engl J Med. 2007; 357: 797-805. https://doi.
org/10.1056/NEJMra064398 PMID: 17715412

Doi K, Rabb H. Impact of acute kidney injury on distant organ function: recent findings and potential
therapeutic targets. Kidney Int. 2016; 89: 555—64. https://doi.org/10.1016/j.kint.2015.11.019 PMID:
26880452

Gardner DS, Brot SD, Dunford LJ, Grau-Roma L, Welham S, Fallman R, et al. Remote effects of acute
kidney injury in a porcine model. Am J Physiol Renal Physiol. 2016; 310: F259-F271. https://doi.org/
10.1152/ajprenal.00389.2015 PMID: 26608790

Fadillioglu E, Kurcer Z, Parlakpinar H, Iraz M, Gursul C. Melatonin treatment against remote organ
injury induced by renal ischemia reperfusion injury in diabetes mellitus. Arch Pharm Res. 2008; 31 (6):
705-12. https://doi.org/10.1007/s12272-001-1216-3 PMID: 18563351

Elsagh M, Fartookzadeh MR, Kamalinejad M, Anushiravani M, Feizi A, Amini Behbahani F, et al. Effi-
cacy of the Malva sylvestris L. flowers aqueous extract for functional constipation: A placebo-controlled
trial. Complement Ther Clin Pract. 2015; 21: 105-11. https://doi.org/10.1016/j.ctcp.2015.02.003 PMID:
25801702

Mahmoudzadeh L, Najafi H, Changizi-Ashtiyani S, Mohamadi yarijani Z. Anti-inflammatory and protec-
tive effects of saffron extract in ischaemia-reperfusion induced acute kidney injury. Nephrology. 2017;
22(10): 748-54. https://doi.org/10.1111/nep.12849 PMID: 27381453

Najafi H, Owji SM, Kamali-Sarvestani E, Shid Moosavi SM. A1-Adenosine receptor activation has
biphasic roles in development of acute kidney injury at 4 and 24 h of reperfusion following ischaemia in
rats. Exp Physiol. 2016; 101(7): 913-31. https://doi.org/10.1113/EP085583 PMID: 27121856

Changizi-Ashtiyani S, Alizadeh M, Najafi H, Babaei S, Khazaei M, Jafari M, et al. Physalis alkekengi
and Alhagi maurorum ameliorate the side effect of cisplatin-induced nephrotoxicity. Cancer Gene Ther.
2016; 23(7):235—40. https://doi.org/10.1038/cgt.2016.24 PMID: 27255563

PLOS ONE | https://doi.org/10.1371/journal.pone.0188270 November 20, 2017 14/16


http://dx.doi.org/10.1155/2013/686185
http://dx.doi.org/10.1155/2013/686185
https://doi.org/10.1055/s-2002-23127
http://www.ncbi.nlm.nih.gov/pubmed/11914960
http://www.ncbi.nlm.nih.gov/pubmed/11557077
https://doi.org/10.1002/bmc.3106
http://www.ncbi.nlm.nih.gov/pubmed/24403179
https://doi.org/10.1371/journal.pone.0140331
https://doi.org/10.1371/journal.pone.0140331
http://www.ncbi.nlm.nih.gov/pubmed/26479870
https://doi.org/10.1371/journal.pone.0162728
http://www.ncbi.nlm.nih.gov/pubmed/27643502
https://doi.org/10.1016/j.fct.2013.04.042
http://www.ncbi.nlm.nih.gov/pubmed/23684757
https://doi.org/10.1177/2156587215589184
http://www.ncbi.nlm.nih.gov/pubmed/26045553
https://doi.org/10.1186/1476-511X-10-65
https://doi.org/10.1186/1476-511X-10-65
http://www.ncbi.nlm.nih.gov/pubmed/21513564
https://doi.org/10.1056/NEJMra064398
https://doi.org/10.1056/NEJMra064398
http://www.ncbi.nlm.nih.gov/pubmed/17715412
https://doi.org/10.1016/j.kint.2015.11.019
http://www.ncbi.nlm.nih.gov/pubmed/26880452
https://doi.org/10.1152/ajprenal.00389.2015
https://doi.org/10.1152/ajprenal.00389.2015
http://www.ncbi.nlm.nih.gov/pubmed/26608790
https://doi.org/10.1007/s12272-001-1216-3
http://www.ncbi.nlm.nih.gov/pubmed/18563351
https://doi.org/10.1016/j.ctcp.2015.02.003
http://www.ncbi.nlm.nih.gov/pubmed/25801702
https://doi.org/10.1111/nep.12849
http://www.ncbi.nlm.nih.gov/pubmed/27381453
https://doi.org/10.1113/EP085583
http://www.ncbi.nlm.nih.gov/pubmed/27121856
https://doi.org/10.1038/cgt.2016.24
http://www.ncbi.nlm.nih.gov/pubmed/27255563
https://doi.org/10.1371/journal.pone.0188270

@° PLOS | ONE

Renal and hepatic protection by Malva sylvestris

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mohamadi Yarijani Z, Najafi H, Madani SH. Protective effect of crocin on gentamicin-induced nephro-
toxicity in rats. Iran J Basic Med Sci. 2016; 19: 337-43. PMID: 27114805

Chen GY, Nunez G. Sterile inflammation: Sensing and reacting to damage. Nat Rev Immunol. 2010;
10: 826-37. https://doi.org/10.1038/nri2873 PMID: 21088683

Rabb H, Griffin MD, McKay DB, Swaminathan S, Pickkers P, Rosner MH, et al. Inflammation in AKI:
Current understanding, key questions, and knowledge gaps. J Am Soc Nephrol. 2016 Feb; 27(2): 371—
79. https://doi.org/10.1681/ASN.2015030261 PMID: 26561643

Kurts C, Panzer U, Anders HJ, Rees AJ. The immune system and kidney disease: Basic concepts and
clinical implications. Nat Rev Immunol. 2013; 13: 738-53. https://doi.org/10.1038/nri3523 PMID:
24037418

Anders HJ, Schaefer L. Beyond tissue injury-damage-associated molecular patterns, toll-like receptors,
and inflammasomes also drive regeneration and fibrosis. J Am Soc Nephrol. 2014; 25: 1387—-400.
https://doi.org/10.1681/ASN.2014010117 PMID: 24762401

Akcay A, Nguyen Q, Edelstein CL. Mediators of inflammation in acute kidney injury. Mediators Inflamm.
2009; 2009: 137072. https://doi.org/10.1155/2009/137072 PMID: 20182538

Kelly KJ, Williams WW Jr, Colvin RB, Meehan SM, Springer TA, Gutierrez-Ramos JC, et al. Intercellular
adhesion molecule-1-deficient mice are protected against ischemic renal injury. J Clin Invest. 1996; 97:
1056-63. https://doi.org/10.1172/JCI118498 PMID: 8613529

Thurman JM. Triggers of inflammation after renal ischemia/reperfusion. Clinical Immunol. 2007; 123:
7-13.

Sleiman NH, Daher CF. Malva sylvestris water extract: a potential anti-inflammatory and anti-ulcero-
genic remedy. Planta Med. 2009; 75—PH10. https://doi.org/10.1055/s-0029-1234727

Conforti F, Sosa S, Marrelli M, Menichini F, Statti GA, Uzunov Det, et al. In vivo anti-inflammatory and in
vitro antioxidant activities of Mediterranean dietary plants. J Ethnopharmacol. 2008; 116: 144-51.
https://doi.org/10.1016/j.jep.2007.11.015 PMID: 18164564

Choi KS, Kundu JK, Chun KS, Na HK, Surh YJ. Rutin inhibits UVB radiation-induced expression of
COX-2 and iNOS in hairless mouse skin: p38 MAP kinase and JNK as potential targets. Arch Biochem
Biophys. 2014; 559: 38—45. https://doi.org/10.1016/j.abb.2014.05.016 PMID: 24875145

Kauss T, Moynet D, Rambert J, Al-Kharrat A, Brajot S, Thiolat D, et al. Rutoside decreases human mac-
rophage-derived inflammatory mediators and improves clinical signs in adjuvant-induced arthritis.
Arthritis Res Ther. 2008; 10: R19. https://doi.org/10.1186/ar2372 PMID: 18252009

Matejovic M, Ince C, Chawla LS, Blantz R, Molitoris BA, Rosner MH, et al. Renal hemodynamics in AKI:
In search of new treatment targets. J Am Soc Nephrol. 2016 Jan; 27(1): 49-58. https://doi.org/10.1681/
ASN.2015030234 PMID: 26510884

Lee CG, Kim JG, Kim HJ, Kwon HK, Cho IJ, Choi DW, et al. Discovery of an integrative network of
microRNAs and transcriptomics changes for acute kidney injury. Kidney Int. 2014; 86: 943-53. https://
doi.org/10.1038/ki.2014.117 PMID: 24759152

Becker GJ, Hewitson TD. Animal models of chronic kidney disease: Useful but not perfect. Nephrol Dial
Transplant. 2013; 28: 2432-38. https://doi.org/10.1093/ndt/gft071 PMID: 23817139

Javanmardi J, Stushnoff C, Locke E, Vivanco J. Antioxidant activity and total phenolic content of Iranian
Ocimum accessions. Food Chem. 2003; 83: 547-50.

Changizi Ashtiani S, Najafi H, Kabirinia K, Vahedi E, Jamebozorky L. Oral omega-3 administration
cause to reduction of renal dysfunction induced by ischemia/reperfusion in rats. Iran J Kidney Dis. 2012;
6 (4): 275-283. PMID: 22797097

Sutton TA, Fisher CJ, Molitoris BA. Microvascular endothelial injury and dysfunction during ischemic
acute renal failure. Kidney Int. 2002; 62(5):1539-49. https://doi.org/10.1046/j.1523-1755.2002.00631.x
PMID: 12371954

Dagher PC, Herget-Rosenthal S, Ruehm SG, Jo SK, Star RA, Agarwal R, et al. Newly developed tech-
niques to study and diagnose acute renal failure. J Am Soc Nephrol. 2003; 14(8): 2188-98. PMID:
12874475

Bonventre JV, Weinberg JM. Recent advances in the pathophysiology of ischemic acute renal failure. J
Am Soc Nephrol. 2003; 14(8): 2199-210. PMID: 12874476

Basile DP, Yoder MC. Renal endothelial dysfunction in acute kidney ischemia reperfusion injury. Cardi-
ovasc Hematol Disord Drug Targets. 2014; 14(1): 3—14. PMID: 25088124

Basile DP, Anderson MD, Sutton TA. Pathophysiology of Acute Kidney Injury. Compr Physiol. 2012; 2
(2): 1303-53. https://doi.org/10.1002/cphy.c110041 PMID: 23798302

PLOS ONE | https://doi.org/10.1371/journal.pone.0188270 November 20, 2017 15/16


http://www.ncbi.nlm.nih.gov/pubmed/27114805
https://doi.org/10.1038/nri2873
http://www.ncbi.nlm.nih.gov/pubmed/21088683
https://doi.org/10.1681/ASN.2015030261
http://www.ncbi.nlm.nih.gov/pubmed/26561643
https://doi.org/10.1038/nri3523
http://www.ncbi.nlm.nih.gov/pubmed/24037418
https://doi.org/10.1681/ASN.2014010117
http://www.ncbi.nlm.nih.gov/pubmed/24762401
https://doi.org/10.1155/2009/137072
http://www.ncbi.nlm.nih.gov/pubmed/20182538
https://doi.org/10.1172/JCI118498
http://www.ncbi.nlm.nih.gov/pubmed/8613529
https://doi.org/10.1055/s-0029-1234727
https://doi.org/10.1016/j.jep.2007.11.015
http://www.ncbi.nlm.nih.gov/pubmed/18164564
https://doi.org/10.1016/j.abb.2014.05.016
http://www.ncbi.nlm.nih.gov/pubmed/24875145
https://doi.org/10.1186/ar2372
http://www.ncbi.nlm.nih.gov/pubmed/18252009
https://doi.org/10.1681/ASN.2015030234
https://doi.org/10.1681/ASN.2015030234
http://www.ncbi.nlm.nih.gov/pubmed/26510884
https://doi.org/10.1038/ki.2014.117
https://doi.org/10.1038/ki.2014.117
http://www.ncbi.nlm.nih.gov/pubmed/24759152
https://doi.org/10.1093/ndt/gft071
http://www.ncbi.nlm.nih.gov/pubmed/23817139
http://www.ncbi.nlm.nih.gov/pubmed/22797097
https://doi.org/10.1046/j.1523-1755.2002.00631.x
http://www.ncbi.nlm.nih.gov/pubmed/12371954
http://www.ncbi.nlm.nih.gov/pubmed/12874475
http://www.ncbi.nlm.nih.gov/pubmed/12874476
http://www.ncbi.nlm.nih.gov/pubmed/25088124
https://doi.org/10.1002/cphy.c110041
http://www.ncbi.nlm.nih.gov/pubmed/23798302
https://doi.org/10.1371/journal.pone.0188270

o @
@ ’ PLOS | ONE Renal and hepatic protection by Malva sylvestris

54. Donnahoo K, Shames BD, Harken AH, Meldrum DR. The role of tumor necrosis factor in renal ische-
mia-reperfusion injury. J Urol. 1999; 162: 196—203. https://doi.org/10.1097/00005392-199907000-
00068 PMID: 10379787

55. Grams ME, Rabb H. The distant organ effects of acute kidney injury. Kidney Int. 2012; 81: 942—48.
https://doi.org/10.1038/ki.2011.241 PMID: 21814177

56. Golab F, Kadkhodaee M, Zahmatkesh M, Hedayati M, Arab H, Schuster R, et al. Ischemic and non-
ischemic acute kidney injury cause hepatic damage. Kidney Int. 2009; 75(8): 783-92. https://doi.org/
10.1038/ki.2008.683 PMID: 19177157

57. Sreelatha S, Padma PR, Umadevi M. Protective effects of Coriandrum sativum extract on carbon tetra-
chloride-induced hepatotoxicity in rats. Food Chem Toxicol. 2009; 47: 702-708. https://doi.org/10.
1016/}.fct.2008.12.022 PMID: 19146910

PLOS ONE | https://doi.org/10.1371/journal.pone.0188270 November 20, 2017 16/16


https://doi.org/10.1097/00005392-199907000-00068
https://doi.org/10.1097/00005392-199907000-00068
http://www.ncbi.nlm.nih.gov/pubmed/10379787
https://doi.org/10.1038/ki.2011.241
http://www.ncbi.nlm.nih.gov/pubmed/21814177
https://doi.org/10.1038/ki.2008.683
https://doi.org/10.1038/ki.2008.683
http://www.ncbi.nlm.nih.gov/pubmed/19177157
https://doi.org/10.1016/j.fct.2008.12.022
https://doi.org/10.1016/j.fct.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/19146910
https://doi.org/10.1371/journal.pone.0188270

