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Abstract

Aim: The current study was aimed to investigate the nephroprotective potential of hydroalcoholic extract of
seeds of Lens culinaris against cisplatin-induced nephrotoxicity in male wistar rats. Materials and methods:
The renal injury was modeled with cisplatin (5 mg/kg b wt, i.p.). Nephroprotection was investigated by
administration of extract at two different dose levels (200 and 400 mg/kg b. w.) in both curative and
prophylactic regimens. Nephrotoxicity was assessed by determining serum and urinary parameters, renal
oxidative stress markers, histological studies. Results: Induction of cisplatin neprotoxicity indicated by raise
in the levels of Serum markers, Urinary Total protein and Lipid peroxidation and decreased Urinary creatinine
and antioxidant enzymes. Treatment with extract reversed the effects induced by cisplatin in dose dependent
manner. Histological and immunohistochemical studies substantiated the biochemical parameters.
Conclusion: Thus the present study promises beneficial use of Lens culinaris in nephrotoxicity.
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tes t icu la r  cancers  (1) .  However  i t s  use in
chemotherapy has been limited largely due to its
diverse dose related side effects, including kidney,
hematological and testicular toxicity. Previous reports
suggested that Oxidative stress has been associated
with cisplatin-induced kidney damage (2).

Researchers have evaluated different approaches in
a l lopath ic  m edic ine  but  the  t rea tm ent  f o r
nephrotoxic i ty is st i l l  empir ical.  Owing to the
limitations of the agents of modern medicine,
researchers are exploring the traditional system of
medicine. Many medicinal plants have been claimed
and proved as good nephroprotective agents (3). Lens
culinaris (F:Fabaceae) commonly called as lentils.
Seeds of Lens culinaris are being considered as one
of  the most benef icial legumes for health. In

Introduction

From past several years people suffering from kidney
diseases is increasing. Increased use of drugs such
as gentamicin, doxorubicin, NSAIDS, cisplatin is one
of the cause of acute kidney injury. Cisplatin (cis-
diamminedichloroplatinum (II)) is a platinum based
chemotherapeutic drug used to treat a variety of
malignancies, such as bladder, cervical, ovarian, and
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1677/PO/a/12/CPCSEA/9).

Animals:

Healthy Wistar strain albino rats between 2-3 months
of age and weighing about 150-200g had been used
in the present study. They were maintained in a 12
h light/dark cycle at a constant temperature 25°C
with free access to standard rat pellet diet and water
ad libitum.

Acute toxicity studies:

Acute toxicity studies were carried out according to
OECD 423 guidelines. Animals were observed for
gross behavioral studies like changes in skin, fur,
eyes ,  and m ucous  m em branes ,  resp i ratory,
circulatory, motor and behavioral pattern. The animals
were also observed keenly for the presence of any
signs of tremors, excessive salivation, diarrhea,
lethargy, sleep and coma for 14 days. (6).

Evaluation of nephroprotective effect:

Albino strain wistar rats were divided into nine groups
of six each. Nephroprotective activity of extract was

traditional and folklore medicine lentils are used as
blood purifier, diuretic, anti fungal and to treat various
kidney and gastric ailments (4), and till date there
were no reports on nephroprotective activity of this
plant. Hence the present study is designed to
eva luate  the  nephropro tec t ive  potent ia l  o f
hydroalcoholic extract of seeds of Lens culinaris
(HALC) against cisplatin-induced nephrotoxicity in
rats.

Materials and Methods

Collection of Seeds of Lens culinaris:

Lens culinaris seeds were purchased from local
market and authenticated by botanist Dr. K. Madhava
Chet ty,  Ass t .  Pro fessor ,  Dept .  o f  Botany,
S.V.University, Tirupati, Andhra Pradesh and a
voucher specimen was deposited in Dept. of Botany,
S.V.University, Tirupati.

Preparation of hydroalcoholic extract:

Seeds of Lens culinaris were powdered in a Wiley
mill. The powdered seeds were macerated with
ethanol and water (70:30) for 24 h. Macerated
material was refluxed for 3h and then filtered. The
procedure was repeated twice and obtained filtrate
was combined and subjected to distillation under
reduced pressure. Obtained semisolid was stored in
desicator urine further use.

Preliminary phytochemical screening:

Preliminary phytochemical screening was carried out
for hydroalcoholic extract of Lens culinaris (HALC)
for the presence of active phytochemical constituents
like alkaloids, carbohydrates, steroids, proteins,
tannins, f lavonoids, gums mucilage glycosides,
saponins and terpenes (5).

Pharmacological studies:

The experimental protocol was carried out according
to the guidelines of the Committee for the Purpose
of Control and Supervision of Experiments on Animals
(CPCSEA), India and approved by the Institutional
Animal Ethical Committee (IAEC) (Registration No.:

TABLE I : T rea tm ent  s chedu le  f or  eva luat ion o f
nephroprotective activity.

Group

I Normal control- vehicle for 5 days
II Cisplatin on day 1 + vehicle from day 5 to day 9
III Cisplatin on day 1 + HALC (200 mg/kg b. w.) from day

5 to day 9
IV Cisplatin on day 1 + HALC (400 mg/kg b. w.) from day

5 to day 9
V Vehicle from day 1 to day 5 + cisplatin (5 mg/kg, i.p.)

on day 5
VI HALC (200 mg/kg b. w.) from day 1 to day 5 + cisplatin

on day 5.
VII HALC (400 mg/kg b. w.) from day 1to day 5 + cisplatin

on day 5.
VIII Cisplatin on day 1 + cystone from day 5 to day 9
IX Only higher dose of HALC (400 mg/kg b. w.) from day

1to day 5

tested at two different dose levels i. e., 200 and 400
mg/kg b. w.

Assessment of nephroprotective activi ty:

On day 5 from animals of group-I & IX and on day
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9 from remaining groups urine was collected keeping
rats individually in metabolic cages; the urine
samples were subjected for estimation of urinary
functional parameters. The animals were sacrificed
on the respect ive fo l lowing days by cerv ical
decapitation and blood samples were collected by
cardiac puncture and were used for estimation of
serum markers. Biochemical parameters such as
Blood Urea Nitrogen ((BUN) by DAM method), Serum
creatinine ((SC) by Jaffe’s Alkaline picrate method),
Urinary total protein ((U

TP
) by Turbidity method) and

Urinary creatinine ((U
Cr

) by Alkaline picrate method)
were estimated by using commercial kits (7). Kidneys
were iso lated and used for  ant i -ox idant  and
histological studies.

Anti-oxidant studies:

Kidneys were homogenized in ice cold 0.05 M
phosphate buffer pH 7.8 to obtain a 20% (w/v)
homogenate. The homogenate was centrifuged at
10,000 rpm for 15 min and the clear supernatant
obtained was immediately used for the analysis of
antioxidant enzymes. Anti-oxidant studies were
carried out by the estimation of levels of reduced
glutathione, catalase, superoxide dismutase, and lipid
peroxidation (8-11).

Histological studies:

Kidneys of two animals from each group were used
for histological studies. The isolated kidneys were
fixed in 10% neutral buffer formalin and processed
to paraffin wax. Sections (5 microns) were stained
with haematoxylin and eosin and are examined under
light microscope (Magnification 10X).

Immuno-histochemical  studies:

Sections of formalin-fixed, paraffin-embedded kidneys
were obtained on poly-L- lysine coated slides.
Sect ions were deparaf f in ized in xylene,  then
rehydrated through a graded alcohol series. Antigen
retrieval was performed by incubating slides in citrate
buf fer (pH 6.0) (10 mM) at 95°C for 20 min.
Endogenous peroxidase activity was blocked with
3% H

2
O

2
 for 30 min. To detect active kidney injury

molecule-1 (Kim-1/Havcr1) sections were incubated
under humid conditions overnight at 4°C with the

anti-Kim-1/Havcr1 antibody (1:200; R&D systems,
Inc., USA). Next day, the slides were washed three
times in Tris buffers (pH 6.0) and were incubated
with a biotinylated Goat Anti-Polyvalent Plus (Thermo
Fisher  Sc ien t i f ic ,  USA)  for  30  m in  at  room
temperature. This step was followed by further wash
in Tris buffer and incubation of slides at room
temperature with a Streptavidin Peroxidase Plus
(Thermo Fisher Scientific, USA) that binds to the
biotin present on the secondary antibody. After
washing in Tris buffer, the immunostaining reaction
product was developed using 3,3-diaminobenzidine
(DAB Plus substrate, Thermo Fisher Scientific, USA).
After immunoreactivity, slides were dipped in distilled
water, counterstained with Harris haematoxylin and
finally the sections were dehydrated in xylene,
mounted with DPX and cover slipped. Slides prepared
were examined by light microscopy (Magnification
40X) (12).

Statistical analysis:

The data was expressed as mean±standard error.
Mean values between the groups was considered
statistically significant p<0.05 after analyzing by one
way ANOVA and was compared using Tukey-Kramer
multiple comparison tests.

Results

Preliminary phytochemical studies:

Phytochemical screening of the hydroalcoholic extract
of seeds of Lens culinaris revealed the presence of
carbohydrates, proteins, saponins, flavonoids, tannins
and phenolic compounds.

Acute toxicity studies:

Animals which received extract at 2000 mg/kg b. w
observed for 14 days had not shown any clinical
signs of toxicity and mortality. Hence the extract is
safe at 2000 mg/kg b.w.

Assessment of nephroprotective activi ty:

Based on acute toxicity studies 1/10th and 1/5th doses
were selected as lower and higher doses for screening
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of nephroprotective activity. Effect of seeds of Lens
culinaris on cisplatin-induced nephrotoxicity was
represented in Table-II and Table-III. Administration
of  high dose of  hydroalcohol ic  ex trac t  for  5
days does not show any deteriorative effects on
kidney.

Effect of seeds of Lens culinaris on blood urea nitrogen:

The levels  of  blood urea n it rogen increased
significantly (p<0.05) in group-II (43.63±0.32) and
group-V animals (44.25±1.15) when compared with
normal control group-I animals (12.61±0.91). While
the elevated levels of blood urea nitrogen were
significantly (p<0.05) decreased by the administration
of the ethanolic extract of seeds of Lens culinaris at
200 and 400mg/kg b.w. p.o. to 24.67±1.52 (group III)
and 20.01±1.39 (Group IV) in curative regimen and to
33.14±0.37 (group-VI) and 26.60±3.37 (group-VII) in
prophylactic regimen in dose dependent manner.
(Table II)

Effect of seeds of Lens culinaris on serum creatinine:

The levels of serum creatinine increased significantly
(p<0.05) in group-II animals (2.18±0.07) and group-
V animals (2.40±0.13) when compared with normal
control group-I animals (0.71±0.04). While serum
creatinine were significantly decreased (p<0.05) by
the administration of the ethanolic extract of seeds
of Lens culinaris at 200 and 400 mg/kg b.w. p.o. to
1.60±0.12 (group III) and 1.25±0.04 (Group IV) in
curative regimen and to 2.36±0.23 (group-VI) and
1.78±0.07 (group-VII) in prophylactic regimen in dose
dependent manner against cisplatin-induced elevation
of serum creatinine (Table II).

Effect of seeds of Lens culinaris on urinary total protein:

The levels  of  ur inary total  protein increased
significantly (p<0.05) in group-II (4.70±0.29) and
group-V animals (5.48±0.29) when compared with
normal control group-I animals (1.15±0.11). While the
raised levels of urinary total protein were significantly
(p<0.05) decreased in animals treated with ethanolic
extract of seeds of Lens culinaris at 200 and 400mg/
kg b.w. p.o. to 3.64±0.26 -Group III and 2.32±0.14 -
Group IV of curative regimen and to 4.25±0.18 -Group-
VI and 2.75±0.16 -Group-VII in prophylactic regimens
in dose dependent manner (Table II).

Effect of seeds of Lens culinaris on urinary creatinine:

The levels of urinary creatinine decreased significantly
(p<0.05) in group-II (7.91±0.32) and group-V animals
(6.38±0.39) when compared with normal control
group-I animals (18.57±0.49). While the levels of
ur inary creat in ine were s igni f icant ly (p<0.05)
increased by the administration of the ethanolic
extract of seeds of Lens culinaris at 200 and 400mg/
kg b.w. p.o. to 10.84±0.52 (group III) and 15.33±0.51
(Group IV) in curative regimen and to 7.70±0.63
(group-VI) and 12.30±0.58 (group-VII) in prophylactic
regimen in dose dependent manner (Table II).

Effect of seeds of Lens culinaris on antioxidant levels:

Animals which received Cisplatin alone i.e., group II
and group-V significantly (p<0.05) increased the levels
of LPO and decreased the levels of GSH, CAT, SOD
when compared to normal control group I animals.
Animals treated with hydroalcoholic extract at 200
and 400 mg/kg b.w. reversed the effects induced by

TABLE II : Effect of HALC on serum and urinary parameters on Cisplatin-induced nephrotoxicity.

Group BUN (mg/dl) SC (mg/dl) U
TP

 (mg/24 hrs) U
Cr

 (mg/24 hr)

I 12.61±0.91 0.71±0.04 1.15±0.11 18.57±0.49
II 43.63±0.32a 2.18±0.07a 4.70±0.29a 7.91±0.32a

III 24.67±1.52b 1.60±0.12b 3.64±0.26*b 10.84±0.52b

IV 20.01±1.39b 1.25±0.04b 2.32±0.14b 15.33±0.51b

V 44.25±1.15a 2.40±0.13a 5.48±0.29a 6.38±0.39a

VI 33.14±0.37c 2.36±0.23ns;c 4.25±0.18c 7.70±0.63ns;c

VII 26.60±3.37c 1.78±0.07c 2.75±0.16c 12.30±0.58c

VIII 21.04±1.82b 1.33±0.06b 1.56±0.07b 15.93±0.49b

IX 11.96±0.66ns;a 0.81±0.07ns;a 1.09±0.07ns;a 18.83±0.41ns;a

Each value represents the Mean±S.E.M from 6 animals in each group. p<0.05; ns: not significant. a: Group-II, V and IX
compared with Group-I; b: Group-III, IV and VIII compared with Group-II; c: Group-VI and VII compared with Group-V.
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the cisplatin on renal oxidative stress markers in
dose dependent manner in both curat ive and
prophylactic regimens (Table III).

Histological studies:

Kidney sections of rat which received cisplatin
caused a marked necrosis in proximal tubules,
degeneration of the tubular epithelial cells and
glomeruli. The treatment with HALC in both curative
and prophylactic regimens caused regenerative
changes and reduced the renal damage. (Fig. 1 to
Fig. 9)

Immuno-histochemical  studies:

Section of rat kidneys which received cisplatin alone
showed marked expression of Kim-1 in damaged renal
tubular cells. While the kidney sections of rats

treated with HALC showed reduced expression of
KIM-1 (Fig: 10-17).

Discussion

Nephrotoxicity of the drugs is usually associated
with their accumulation in renal cortex, dependent
upon their affinity to kidneys and on kinetics of drug
trapping process. Cisplatin is one such drug which
causes nephrotoxicity. A minimum dose of cisplatin
(5 mg/kg body weight) was sufficient to induce
nephrotoxicity in rats (13). Earlier studies have
demonstrated that several mechanisms including
oxidative stress, inflammation and apoptosis are
c losely assoc iated wi th  c isp la t in - induced
nephrotoxicity (14). Clinical use of cisplatin is limited
because of its nephrotoxicity (15). Currently in the
market only ketosteril (synthetic drug) is available
to treat nephrotoxicity but it is associated with severe

TABLE III : Effect of HALC on anti-oxidant levels on Cisplatin induced nephrotoxicity.

Group LPO GSH SOD CAT
(nmol/g of wet tissue) (µmol/gof wet tissue) (units/mg of wet tissue) (units/mg of protein)

I 1.14±0.09 81.83±1.12 35.22±0.55 42.37±0.75
II 7.32±0.25a 21.83±0.42a 11.87±0.46a 15.68±0.92a

III 4.83±0.43b 42.98±0.30b 17.18±0.66b 26.05±0.43b

IV 2.82±0.14b 46.22±0.57b 23.71±2.14b 37.01±1.19b

V 6.76±0.29a 24.17±0.19a 13.08±0.35a 13.78±0.66a

VI 6.50±0.18ns;c 31.82±0.57c 14.84±1.18c 20.08±0.28c

VII 4.19±0.04c 39.70±0.57c 27.90±1.07c 28.49±1.09c

VIII 1.73±.15b 57.75±0.84b 29.95±0.12b 39.97±0.60b

IX 1.27±0.15ns;a 76.49±0.93ns;a 37.83±0.82ns;a 41.75±0.88ns;a

Each value represents the Mean±S.E.M from 6 animals in each groupp<0.05; ns: not significant. a: Group-II, V and IX
compared with Group-I; b: Group-III, IV and VIII compared with Group-II; c: Group-VI and VII compared with Group-V.

Fig. 1 : Group-I: Section of normal rat kidney showing normal
organization of tubular epithelial cells and glomeruli.

Fig. 2 : Group-II: Section of rat kidney showing necrotic changes
in kidney tissues and congestion (Curative control)
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Fig. 3 : Group-III: Section of rat kidney showing moderate
regenerative changes in kidney tissue (curative lower
dose)

Fig. 4 : Group-IV: Section of rat kidney showing marked regenerative
changes in renal tubule and Bowman's capsule (curative
higher dose)

Fig. 5 : Group-V: Section of rat kidney showing congestion in glomeruli,
vacuolization, and necrotic changes (Prophylactic control)

Fig. 6 : Group-VI: Section of rat kidney showing mild regeneration
of kidney tissue (prophylactic lower dose)

Fig. 7 : Group-VII: Section of rat kidney showing regenerative
changes in kidney tissue and similar to normal architecture
(prophylactic higher dose)

Fig. 8 : Section of rat kidney showing almost normal organization
of Bowman's capsule and distal convoluted tubule (standard
treated)
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RT-Renal tubule BC- Bowman's capsule (Magnification 10X)

Fig. 9 : Section of rat kidney showing almost normal organization
of Bowman's capsule and distal convoluted tubule (Only
higher dose of HALC)

Fig. 10 : Normal Kidney architecture showing absence of
KIM-1 expression (Group-I)

Fig. 11 : Kidney section showing marked expression of KIM-
1 (Group-II)

Fig. 12 : Kidney section showing moderate expression of
KIM-1 (Group-III)

Fig. 13 : Kidney section showing mild expression of KIM-1
(Group-IV)
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Fig. 14 : Kidney section showing profound expression of
KIM-1 (Group-V)

Fig. 15 : Kidney section showing moderate expression of
KIM-1 (Group-VI)

Fig. 17 : Kidney section showing mild expression of KIM-1
(Group-VIII)

Fig. 16 : Kidney section showing reduced expression of KIM-
1 (Group-VII)

side effects (16). Hence there is dire need to invent
effective drugs to treat nephrotoxicity. Previous
reports evidenced that number of medicinal plants
exhibited significant nephroprotection against renal
toxicity induced by different nephrotoxicants (17).
Lens culinaris is one such plant in traditional and
folklore medicine seeds of this plant is used to treat
various kidney ailments (4). Hence present study is
planned to evaluate nephroprotective potential of
hydroalcoholic extract of Lens culinaris in both
curative and prophylactic regimens. Hydroalcoholic
extract is selected since many previous reports
states that hydroalcoholic extract will be rich in
antioxidant principles like flavonoidal glycosides and
phenolic compounds and it is the most preferred
type in ayurvedic formulations. The nephrotoxicity is

a rapid process due to the reaction with the proteins
in renal tubules. The renal damage is produced within
one hour after administration. Hence the presence of
protective agent in the renal tissues may reduce the
toxic effects of cisplatin. This is the rationale behind
the prophylactic regimen (16).

In the current study, cisplatin at a dose of 5mg/
kg.b. w. induced nephrotoxicity in albino rats which
was characterized by signs of injury, such as
increased creatinine and BUN levels in plasma, raise
in urinary total protein, reduced creatinine clearance
and these results are in accordance with previous
f indings (18). Like Hygrophila spinosa, Bassia
malabarica, Berberis aristata treatment with seeds
of Lens culinaris restored the nephrotoxic effects
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induced by cisplatin in dose dependent manner in
both curative and prophylactic regimens (19, 20, 3).

Reactive Oxygen Species (ROS) generated during
normal cellular processes are immediately detoxified
by endogenous antioxidants like GSH, catalase, SOD
etc., but according to Kim et al., excessive ROS
accumulation by cisplatin causes an antioxidant
status imbalance leading to lipid peroxidation and
GSH depletion. Also, the increased reactive oxygen
species that attack the cell membrane lipids leads
to increased tissue lipid peroxides as manifested by
increased MDA level and over accumulation of lipid
peroxides in tissue causes over consumption and
depletion of GSH and inhibit ion of antioxidant
enzymes (21). In accordance with earlier reports in
present study also administrat ion of  c isplat in
decreased the activity of antioxidant enzymes SOD
and CAT, depletion of GSH and enhancement of MDA
production in renal tissue leading to increased LPO
levels (22). In the current study, administration of

extract in both regimens exhibited a clear protective
action against the deleterious effects resulting from
the administration of cisplatin on the antioxidant
status. Nephroprotective activity of HALC was also
supported by the histological and Immunohistochemical
studies. Administration of HALC alone for 5 days did
not show any deteriorative effects on kidney revealing
that the extract is safe.

In conclusion, present study promises the beneficial
use of seeds of Lens culinaris as a nephroprotective
agent against cisplatin-induced nephrotoxicity.
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