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Plantago major Protects against Cisplatin-induced Renal Dysfunction
and Tissue Damage in Rats
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ABSTRACT. The aim of the present study was to determine the effect of Plantago major (P.
major) on cisplatin-induced kidney injury in the rat. Cisplatin was injected on the 6th day of the
experiment. Animals were treated with P. major extract (300, 600, and 1200 mg/kg) and Vitamin
E for five days before and two weeks after cisplatin administration. Cisplatin caused a significant
decrease in glomerular filtration rate (GFR), urine osmolarity, and urinary excretion rate of
potassium, but significant increase in the kidney index and histological damage compared with
the control group. Administration of Vitamin E and P. major (300 and 600 mg/kg) significantly
increased GFR compared to cisplatin group. Furthermore, urine osmolarity in Vitamin E and P.
major (600 mg/kg) groups were significantly elevated compared to the cisplatin group. P. major
(600 mg/kg) significantly increased the urinary excretion rate of potassium compared with
cisplatin group. Furthermore, all doses of P. major and Vitamin E significantly attenuated the
percentage of kidney tissue damage compared to the cisplatin group. However, only P. major
(600 mg/kg) and Vitamin E treated rats showed a significant reduction in the kidney index. This
study revealed that P. major extract in a dose-dependent manner provides protection against renal
damage induced by cisplatin.
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Introduction

  Cisplatin is one of the most effective anti-
cancer drugs and is widely used for treatment
of a variety of cancers including the head and
neck, testicular, breast, ovarian, bladder, and
small-cell lung malignancies.1 Although, the
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clinical use of cisplatin is often limited due to
its nephrotoxicity, which mainly develops in
the proximal convoluted tubules.2 Nephro-
toxicity is characterized by the signs of renal
injury, including increased serum creatinine
levels and uremia, elevation in urine output,
increase in the products of lipid peroxidation,
hypomagnesemia, hypokalemia, and reduced
glomerular filtration rate (GFR).3-5 The mecha-
nisms of cisplatin-induced nephrotoxicity are
still not fully understood, however, several
mechanisms have been considered including
hypoxia, inflammation,6 oxidative stress,7 and
cellular necrosis or apoptosis.8 Antioxidants
are substances that have the ability to protect
the body from damages caused by free radical-
induced oxidative stress.9 Some medicinal
plants contained pharmacologically useful and
antioxidant compounds and proved to be
effective against various human ailments.
Therefore, use of the medicinal herbs has
increased dramatically in the past years.
Plantago major (P. major) is a perennial plant
belongs to the Plantaginaceae family.10 A wide
ranges of biological activities have been found
from the plant including analgesic,11 immuno-
enhancing,12 anti-inflammatory,13 antioxidant,14

anti-tumor,15 anti-hypertensive,16 anti-diabetic,17

anti-microbial,18 gastroprotective,19 and hepato-
protective properties.20 The aim of this study
was to investigate the possible protective effects
of P. major on kidney function and renal tissue
damage in cisplatin-induced nephrotoxicity in
the rat.

Materials and Methods

Chemicals
 Cisplatin was purchased from the Mylan

company (Greece). Vitamin E was purchased
from 22 Bahman Pharmacy (Iran). P. major
whole plant was obtained from the campus of
Imam Reza hospital, Khorasan Razavi Province,
Mashhad, Iran. All other reagents and solvents
were of a high analytical grade.

Extract Preparation
 P. major whole plants were collected from

the campus of Imam Reza Hospital, Khorasan

Razavi Province, Mashhad, Iran, and was
recognized by botanists in the herbarium of
Mashhad Ferdowsi University. For the prepa-
ration of the hydroalcoholic extract, P. major
whole plant washed, dried, and powdered.
Fifty grams of the powder was extracted in a
Soxhlet extractor with ethanol (70% v/v).
After the extraction, the solution was purified
using a rotary vacuum evaporator and kept at
4°C until use.

Animals
Sixty adult male Albino Wistar rats weighing

250–300 g obtained from the Central Animal
House of the School of Medicine, Mashhad
University of Medical Sciences. The rats were
housed at 22°C ± 2°C and standard condition
of 12 h light/dark cycle with free access to
food pellets and water. All experiments were
performed under the authority of the Mashhad
University of Medical Sciences and the norms
of International Animal Ethics were followed.

Experimental design
In this study, animals were randomly divided

into six groups of 10 each:
1. Control group: Intraperitoneal (ip) injection

of normal saline given on the 6th day of
experiment.

2. Cisplatin group: Injection of cisplatin (7
mg/kg, ip) given on the 6th day of
experiment.

3. Vitamin E + cisplatin group: Injection of
Vitamin E (100 mg/kg, ip) for 20
consecutive days and injection of cisplatin
on the 6th day of experiment.

4. Extract-300 + cisplatin group: Adminis-
tration of P. major extract (300 mg/kg) in
drinking water for 20 consecutive days
and injection of cisplatin on the 6th day of
experiment.

5. Extract-600 + cisplatin group: Adminis-
tration of P. major extract (600 mg/kg) in
drinking water for 20 consecutive days
and injection of cisplatin on the 6th day of
experiment.

6. Extract-1200 + cisplatin group: Adminis-
tration of P. major extract (1200 mg/kg) in
drinking water for 20 consecutive days
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and injection of cisplatin on the 6th day of
experiment.

Blood and 24-h urine samples were collected
on days 0, 12, and 21 of the study. Two weeks
after cisplatin injection, all animals were
humanely killed and both kidneys were
quickly removed. The right kidneys were fixed
in 10% buffered formalin for histopathological
examination. Blood samples were centrifuged
at 4000 g for 10 min, and serums were stored
at −20°C to be assayed later.

Kidney function tests
 Serum and urine levels of creatinine were

measured colorimetrically using a photometer
(Convergys® 100 Biochemistry Analyser,
Germany) and commercial diagnostic kits
(Pars Azmoon Company, Tehran, Iran). Urine-
osmolarity was measured by a cryoscopic
osmometer (Osmomat® 030, Germany). Urine
potassium (K+) concentration was determined
by using an electrolyte analyzer (AC 9800,
China). Creatinine clearance (GFR) was
calculated based on 24-h urine volume, serum,
and urine creatinine concentration by:

Urinary excretion rate of K+ (Exck
+) was cal-

culated based on 24-h urine volume and urine
K+ level by:
Urinary excretion rate of potassium = Urine
concentration × Urine output

Histopathological examinations
The rat’s kidney tissues from all groups were

fixed in 10% formaldehyde, dehydrated in
graded alcohol and embedded in paraffin. 5 µ
sections were obtained, and slides were stained
with hematoxylin and eosin for light micros-
copic analyses. The slides were evaluated by a
pathologist who was blinded to the treatment
groups. Renal tissue sections were graded as
follows: (0) no damage; (1) patchy isolated
unicellular necrosis; (2) tubular necrosis
<25%; (3) tubular necrosis between 25% and
50% and (4) tubular necrosis >50%.21

Kidney index was calculated based on the
body weight of rats on day 21 and kidney
weight by:

Statistical Analysis

All analyses were performed using Statistical
Package for the Social Sciences program
(SPSS) version 20.0 (SPSS Inc., Chicago,
Illinois, USA). The data were expressed as
Mean ± standard error of the mean. For each
data group, the differences between days 12
and 0 were calculated. Differences between
groups means were estimated using a one-way
analysis of variance followed by least signi-
ficant difference test for multiple comparisons.
A P <0.05 was considered as statistically
significant.

Results

Effect of P. major extract and Vitamin E on
kidney function parameters
 In the current study, kidney function tests

were examined on the 1st, 12th, and 21st days of
experiment. However, because there was no
significant alteration in these parameters bet-
ween cisplatin group and other treated animals
on the 21th day, the data were not shown. As
shown in Table 1, cisplatin caused a signi-
ficant decrease in the GFR as compared to
control group (P <0.001). However, treatment
of rats with Vitamin E and P. major extract
(300 and 600 mg/kg) resulted in a significant
increase in the GFR compared to the cisplatin
group (P <0.01) (Table 1).
  Urinary excretion rate of potassium in cis-
platin group was significantly lower than con-
trol group (P <0.001). However, administration
of P. major extract at the dose of 600 mg/kg
significantly increased the urinary excretion
rate of potassium compared to cisplatin-treated
animals (P < 0.05) (Table 1).
 Injection of cisplatin resulted in a significant

decrease of urine osmolarity in cisplatin group
compared to control group (P <0.001). How-
ever, Vitamin E and P. major extract at the
dose of 600 mg/kg could significantly enhance
the urine osmolarity compared to cisplatin
group (P <0.05) (Table 1).
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Effect of P. major extract and Vitamin E on
the kidney injury

Renal tissue sections of the control group
showed normal morphology (Figure 1). A
single dose administration of cisplatin resulted
in a significant tubular and interstitial damage
compared with those of control group (P
<0.001) (Figures 1 and 2). In epithelial cells of
cisplatin-treated rats, desquamation, vacuolation
and necrosis were observed. Hyaline casts and
necrotic epithelial cells in luminal space of
kidney tubules and intertubular hemorrhage
were also observed in cisplatin group (Figure
1). Treatment with P. major extract (300, 600,
and 1200 mg/kg) and Vitamin E significantly

improved the percent of renal histopatho-
logical changes compared with the cisplatin
group (P <0.001) (Figure 1).

Kidney index of cisplatin-treated rats was
significantly higher than those of the control
animals (P <0.001). The administration of
vitamin E and P. major extract (600 mg/kg)
could significantly decreased the kidney index
compared with the cisplatin group (P <0.01
and P <0.05, respectively) (Figure 3).

Discussion

The present results revealed that P. major
extract in a dose-dependent manner showed

Table 1. The effect of P. major extract and vitamin E on GFR, urinary excretion rate of potassium and urine
osmolarity in all of experimental groups.

Kidney
function

pParameters
Control Cisplatin VitE+cis Ext 300+cis Ext 600+cis Ext 1200+cis

GFR
(mL/min)

0.09±0.04 −0.18±0.02*** −0.09±0.02## −0.08±0.02## −0.04±0.01## −0.09±0.009

Exck

(mmol/min)
0.01±0.04 −0.3±0.05*** −0.25±0.01 −0.19±0.0501 −0.12±0.03# −0.21±0.08

Uosmol

(mOsm/L)
78.4±70.3 −1266±102.9*** −812±202# −1345±40 −646.7±27# −1345±102.5

All data were expressed as mean ± SEM (n=10 in each group).
***P <0.01 compared to control group ,#P <0.05, ##P <0.01, ###P <0.01 compared to cisplatin group.

Figure 1. Light microscopy of renal sections from different group of animals. Control group, showing
normal morphology. Cisplatin group, showing necrosis in tubules, hyaline casts in tubules,
desquamation, congestion and swelling in tubules and intertubular hemorrhage, vitamin E and P. major
treated rats showing mild tubular and interstitial changes (hematoxylin and eosin, ×200).
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considerable protective effects on the kidney
dysfunction and tissue damage induced by
cisplatin. Cisplatin is a potent nephrotoxic anti-
cancer drug but the exact mechanism of its
nephrotoxicity in not clearly known. Different
studies have demonstrated that oxidative stress,

inflammation, and apoptosis are closely asso-
ciated with cisplatin-induced kidney injury.22

In recent decades, herbal remedies have
attracted great attention, and plant-derived
compounds are increasingly used for the
treatment of kidney disorders.4,23,24 P. major is

Figure 2. Percentage of renal tissue damage in all experimental groups of animal. Values are the
Mean±SEM. The data were analyzed using one-way ANOVA and post hoc LSD. A significant
difference was considered as P <0.05.
***P <0.001 compared to control group on day 21. ###P <0.001 compared to cisplatin group on day 21.

Figure 3. Kidney index in all experimental groups of animal. Values are the Mean±SEM. The data were
analyzed using one-way ANOVA and post hoc LSD. A significant difference was considered as P <0.05.
***P<0.001 compared to control group on day 21, #P <0.05 and ##P <0.01 compared to cisplatin group on
day 21.
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a plant with a wide range of biological acti-
vities and various pharmacologic properties.10

The present work was planned to investigate
the possible mechanisms of P. major extract
against cisplatin-induced renal toxicity in the
rat. We demonstrated that administration of a
single dose of cisplatin caused significant
change in the GFR that is in agreement with
Pabla and Dong and Sanchez-Gonzalez et al
investigations and confirmed the accuracy of
our experiment in induction of kidney dys-
function.25,26 However, the current results
showed that the administration of P. major
extract at 300 and 600 mg/kg significantly
increased the GFR. Various evidences indicate
that cisplatin through the generation of reactive
oxygen species and production of vasocons-
trictor substances causes damages on glome-
rular compartments and contributes to decline
in GFR.27,28 In this regard, the ameliorating
effect of P. major extract on GFR might be
due to its antioxidant and free radical
scavenging properties.14 In addition, based on
our results, cisplatin in accordance with
Knight et al and Nematbakhsh et al findings
caused a significant change in urine osmolarity
and urinary excretion rate of potassium com-
pared with the control group.29,30 However, in
our study P. major extract at 600 mg/kg was
significantly able to increase the urine osmo-
larity and urinary excretion rate of potassium
compared with the cisplatin group. The pos-
sible mechanisms by which cisplatin affects
the tubular transport of potassium are direct
inhibition of Na+-K+ ATPase pump in the
basolateral membrane of proximal tubular
epithelial cells and inhibition of mitochondrial
synthesis of ATP as well.31,32 Furthermore, the
increase in urine output and dysfunction of
sodium and potassium transporters might be
involved.33,34 Possibly, P. major extract via its
the antioxidant action may improve the mito-
chondrial function and increase ATP synthesis.
In the present study, cisplatin caused severe
glomerular and tubular damage and signifi-
cantly increased the kidney index compared
with the control animals. These structural
changes have also been reported by other
investigators.30,35,36 According to the present

results, administration of P. major extract at
300, 600, and 1200 mg/kg significantly
decreased the cisplatin-induced renal morpho-
logical changes. Meanwhile, the P. major
extract could decrease the renal edema only at
the dose of 600 mg/kg. Hussan et al described
that P. major extract ameliorated the liver
injury in acetaminophen treated rats.13 Numerous
studies indicate that cisplatin via the produc-
tion of oxygen free radicals and induction of
inflammatory responses and apoptosis or
necrosis causes multiple damages in renal
tissue. On the same basis, the beneficial effects
of the P. major extract against cisplatin-
induced renal tissue damage are possibly
related to its cyto-protective, antioxidant, and
anti-inflammatory effects in the kidney.

Conclusion

The present investigation showed the amelio-
rating action of P. major extract on renal
dysfunction and tissue damage-induced by
cisplatin in a dose-dependent manner. How-
ever, it needs more investigations to clarify
mechanisms involved in P. major action on
cisplatin-induced kidney toxicity.
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