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AćĘęėĆĈę

Nerunjil kudineer/Neermulli Kudinner is an ofϐicial Siddha polyherbal for-
mulation used for the various ailments related to the kidney. Cisplatin is an
alkylating agent used in chemotherapy for the treatment of various cancers.
Its use is limited due to their nephrotoxicity. In this study nephroprotective
effect of Nerunjil kudineer (NK) on cisplatin-induced nephrotoxicity in Wis-
tar albino Rats was studied. Male Wistar albino rats were used for this study.
Animals were divided into 5 groups (n=6) as control, Cisplatin control (Sin-
gle dose 7 mg/Kg i.p on the 7th day), Cisplatin with Cystone (p.o), NK200 and
NK400mg/Kg (p.o) for 10 days. At the end of the study, animalswereweighed
and sacriϐiced to estimate the relative kidney weight, serum creatinine and
Urea. Kidney tissue was estimated for oxidant-antioxidant parameters (MDA,
GSH & SOD) and histology study was carried out. Cisplatin reduced body
weight and increased kidney weight signiϐicantly (P<0.0001). It deprived the
renal function by elevating serum creatinine & urea, MDA and reduction in
endogenous antioxidants GSH and SOD signiϐicantly (P<0.0001). Cisplatin
group exhibited focal tubular necrosis and congested blood vessels in his-
tology study. The standard drug Cystone and NK400 signiϐicantly increased
the body weight, reduced the kidney weight, normalized the kidney function
parameters (Serum Cr and Urea), bolstered antioxidant status and showed
a trend towards the recovery of histological alterations. NK showed a dose-
dependent activity and higher dose, NK400mg /Kg possessed strong nephro-
protective activity, which may be due to the efϐicient antioxidant potential,
which reduces lipid peroxidation and oxidative stress induced by cisplatin.
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INTRODUCTION

Nephrotoxicity or renal toxicity is one of the most
common disorder in the kidney and occurs when
the kidney is exposed to a drug or toxin that causes
damage to the kidneys. Drugs cause approximately
20 percent of community and hospital-acquired
incidents of acute renal failure (Nash et al., 2002;
Kaufman et al., 1991). Among older adults, the
incidence of drug-induced nephrotoxicity may be
as high as 66 percent (Kohli et al., 2000). Cis-
platin (cisdiaminedichloroplatinum II, CDDP) is a
co-ordinate metal complex with signiϐicant anti-
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neoplastic activity and the side effects including
acute and chronic renal insufϐiciency, renal mag-
nesium wasting, and electrolyte disturbances like
hypomagnesia, hypocalcaemia, hypophosphatemia
and hypokalemia are common with cisplatin treat-
ment (Blachley and Hill, 1981). The Electrolyte dis-
turbances and renal damagemay be associatedwith
focal necrosis at major parts of nephron (Benoehr
et al., 2005). The occurrence of toxicities in patients
with cancer chemotherapy is found to be a grave
concern, the elimination of side effects and pos-
sible toxicities become a major problem during
chemotherapy (Rebecca et al., 2006).

Cisplatin induces nephrotoxicity by generating oxy-
gen free radicals like superoxide anion and hydroxyl
radicals and stimulates lipid peroxidation in renal
tissue (Masuda et al., 1994; Kruidering et al.,
1997). Superoxide dismutase (SOD) and o-(beta-
hydroxyethyl)-rutoside were acting as a free rad-
ical scavenger and reported to be a partial pro-
tective agent against cisplatin-induced nephrotoxi-
city (Dobyan et al., 1986; McGinness et al., 1978).
Therefore, the generation of free radicals may play a
crucial role in cisplatin-induced nephrotoxicity. So,
there is a continuous search for the agentswhich can
reduce or ameliorate the nephrotoxicity induced by
the Cisplatin for which there is no proper remedy
in allopathy. Therefore, the present work mainly
focuses on the Indian system of medicine for using
naturally available antioxidants, which can effec-
tively scavenge the reactive oxygen species to ame-
liorate the nephrotoxicity.

Nerunjil kudineer also called as Neermulli kudi-
neer is a classical and ofϐicial Siddha formula-
tion. It is a polyherbal formulation used by Sid-
dha practitioners for various kidney disorders. As
per (Govt. of India and Family Welfare, 2008;
of AYUSH, 2011), it is comprised of an equal pro-
portion of 11 different ingredients from different
plants, as in Table 1 (Mudaliar, 2002). In Sid-
dha system of medicine, it is prescribed for various
renal disorders and clinical conditions like Inϐlam-
mation, Oedema, Ascites, Absolute urinary retention
or suppression of urine and renal calculi. (Mudaliar
and Utthamarayan, 1998; of Health and Welfare,
1991; Mudaliar, 2012). From the scientiϐic evi-
dence collected from the literatures, it was under-
stood that the ingredients of polyherbal formulation
Nerunjil/Neermulli Kudineer possessed predomi-
nantly diuretic, antiurolithiatic, antimicrobial, anti-
inϐlammatory and antioxidant activities, moderately
immunomodulatory, hepato and nephroprotective
activity (Kumar et al., 2019). Till date, there is no
study to authenticate its nephroprotective activity.
In this current study, it was planned to explore the

nephroprotective activity against Cisplatin induced
nephrotoxicity in Wistar albino rats.

MATERIALS ANDMETHODS

Chemicals

The nerunjil kudineer powder was obtained from
the IMPCOPS (Batch No: SPT-027), Chennai. Cis-
platin was obtained from Celon Laboratories Pvt.
Ltd., Hyderabad. Cystone syrup was obtained from
Himalaya drugs, Banglore. Kits for the estimation
of urea and creatinine were procured from Reckon
Diagnostics P. Ltd. All other chemicals, reagents and
solvents used in this study and analysis were of ana-
lytical grade.

Preparation of Nerunjil kudineer decoction

The nerunjil kudineer powder was weighed and
packed in a wahtman ϐilter paper (Size:1), and
extraction was done by decoction method with Mil-
lipore water as the menstruum. Extraction was
stopped when the menstrum reduced to one fourth
from its initial volume. The further extract was con-
centrated by evaporation and freeze-dried to pow-
der and named as Nerunjil Kudineer extract powder
(NK). Further NK was used by dispersing in Milli-
pore water.

Experimental Animals

Male Wistar Albino rats of 8-10 weeks old with
200-250 g weight were used for the study. For
this study, Institutional Animal Ethics Committee
(IAEC/CPCSEA) approval was obtained (IAEC No:
APCP/IAEC/2018-2019/1). During the studyphase,
animals were kept in polypropylene cages under
ambient conditions of temperature (25±2◦ C), rela-
tive humidity (60± 5%) and 12 hrs of light and dark
cycle. Animals were fed with normal mouse chow
and water ad libitum throughout the study period.

Acute toxicity study

Since the Nerunjil kudineer is an ofϐicial Siddha for-
mulation and relatively non-toxic in clinical prac-
tice the highest dose of 2000 mg/kg/p.o was used
in the acute toxicity study as per OECD 423 guide-
lines (Acute oral toxicity- Acute oral toxic class
method, 2000).

Nephroprotective activity study design

To evaluate the nephroprotective activity of NK,
24 male Wistar rats were randomly divided into 5
groups of 6 animals each. Group I (Normal con-
trol): Treated with 0.9% Normal Saline for ten
days. Group II (Cisplatin control): Administered
with a single dose of cisplatin (7 mg/kg, i.p.) on
7th day alone. Group III (Cp+Cystone): Treatedwith
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Table 1: Nerunjil kudineer ingredients with reference to Siddha literatures
S.
No

Siddha
Ingredients

Vernacular/Tamil name Botanical Name Parts used

1 Nerunjil
samoolam

Small Caltrops (Nerunjil) Tribulus terrestris L. Whole plant

2 Nelli vattral Emblica myrobalan (Nellikai) Phyllanthus emblica L. Dried fruit
3 Neermulli

samoolam
Long leaved barleria (Neermulli) Asteracantha longifolia

L. (Nees)
Whole plant

4 Parangipattai China root (Parankisakkai) Smilax china L. Root tuber
5 Manathakkali

vattral
Black Night shade (Manathakkali) Solanum nigrum L. Dried fruit

6 Sarakkondrai
puli

Indian Laburnum, Purging Cassia
(Sarakkondrai)

Cassia ϔistula L. Fruit pulp

7 Sombu Fennel
(Sombu)

Foeniculum vulgare Mill. Dried fruit

8 Vellari vithai Cucumber
(Vellari)

Cucumis sativus L. Seeds

9 Surai kodi Bottle gourd (Surai) Lagenaria siceraria
(Mol) Standl

Stem climber

10 Kadukkai thol Myrobalan (Kadukkai) Terminalia chebula Retz. Dried fruit
(Pericarp)

11 Thandrikkai
thol

Beleric Myrobalan (Thandrikai) Terminalia bellerica
(Gaertn.) Roxb.

Dried fruit
(Pericarp)

the standard drug Cystone (Rao and Rao, 1998) (5
ml/kg, p.o) for ten days. Group IV(Cp+NK200) &
V (Cp+NK400): Group IV and V were given with
test drug NK 200 mg/kg p.o and 400 mg/kg p.o.
Respectively for all ten days. Group III, IV and V
were administered with a single dose of cisplatin
(7 mg/kg,i.p.) on the 7th day along with group II,
after one hour fromadministering the standard/test
drug. Bodyweight was recorded, and bloodwas col-
lected at the initial period to estimate the serum cre-
atinine & Urea. At the end of the study period after
taking the body weight, all the animals were sacri-
ϐiced by anaesthetizingwith pentobarbitone sodium
(60mg/kg; i.p.) to collect blood samples and dis-
section of the kidney. Blood samples were collected
via cardiac puncture, kept aside for 1 hr at 4◦C and
centrifuged to separate serum. The serum samples
were taken for the estimation of creatinine and urea.
The dissected kidneys samples were weighed indi-
vidually, and the tissue homogenates were prepared
for estimation of Oxidant–Antioxidant Parameters
and section of the kidney was taken for histopathol-
ogy studies.

Estimation of Body and kidney weight

Body weights of all the groups were recorded at
the ϐirst and ϐinal day of the study period, to read
the change in body weight. After sacriϐicing the
animals, dissected kidneys were weighed individ-

ually. Change in body weight and Relative kidney
weight for each group was calculated to study the
nephroprotective activity of Nerunjil kudineer. It is
reported that body weight loss has a good concor-
dance with the onset of Cisplatin side effects (Bula-
cio and Torres, 2015). Relative kidney weight was
calculated by the following formula and expressed
in percentage.

Relative kidney weight = (Kidney Wt/Body Wt) x
100

Estimation of Kidney function parameters
Serum Creatinine is determined by the alka-

line picric acid method by estimating the col-
ored creatinine-alkaline picrate complex at 510 nm
(modiϐied Jaffe’s kinetic method) and expressed as
mg/dl (Peake and Whiting, 2006). Serum urea was
determined by estimating the colored compound
diacetyl monoxime at 578 nm (modiϐied Berth-
elot methodology) and expressed as mg/dl (Henry,
1968; Chaney and Marbach, 1962). Both creatinine
and ureawere estimated using the commercial diag-
nostic kit (Reckon Diagnostics P. Ltd.).

Assessment of Renal Oxidant–Antioxidant
Parameters
Kidney samples were removed from -8◦C, thawed,
weighed and 10% homogenate was prepared in tis-
sue homogenizer with 0.025M Tris-HCl of pH 7.4.
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This homogenate was taken for the estimation of
MDA, GSH and SOD.

Estimation of malondialdehyde (MDA)
Malondialdehyde (MDA) concentration in tis-
sues was measured as it is the major product of
membrane lipid peroxidation as per the method
by (Ohkawa et al., 1979). The principle of this
method depends on the formation of pink color
resulted in a reaction between MDA and thiobarbi-
turic acid. This reaction producing a thiobarbituric
acid reactive substance (TBARS), pink color, mea-
sured spectrophotometrically at 532 nm. To 0.2
ml of tissue homogenate, 0.2 ml of 8.1% sodium
dodecyl sulfate, 1.5 ml of 20% acetic acid (pH 3.5)
and 1.5 ml of 0.8% thiobarbituric acid was added.
The mixture was made up to 5 ml with distilled
water and then heated in an oil bath at 95◦C for 60
min. After cooling, 5 ml of n-butanol: pyridine (15:1
v/v) mixture was added and shaken vigorously.
After centrifugation at 4000 rpm for 10 min, the
organic layer was taken, and its absorbance was
measured at 532 nm. The tissue MDA levels were
measured from the standard curve. The level of
MDA is expressed as nmoles of mg of tissue.

Estimation of Reduced glutathione (GSH)
Reduced glutathione (GSH) was measured by
reaction with 5,5’-dithiobis(2-nitrobenzoic acid)
(DTNB) to give a yellow compound that absorbs
at 412 nm (Ellman’s method) (Moron et al., 1979).
Homogenate was centrifuged with an equal volume
of 10% tichloroacetic acid. To the 0.2 ml of super-
natant 2 ml of Na2HPO4 (0.4 M;pH8.0) and 2 ml
of freshly prepared DTNB reagent prepared in 1%
trisodium citrate was added and mixed thoroughly.
The intensity of yellow colour developed is mea-
sured in a spectrophotometer at 412nm. The tissue
GSH levels were measured from the standard curve.
The values are expressed as µmoles/g wet tissue.

Estimation of Superoxide dismutase (SOD)
Superoxide dismutase enzyme activity was deter-
mined by the method described by (Marklund and
Marklund, 1974). Tissue homogenate was cen-
trifuged at 5000 rpm for 10 minutes, and to the 0.1
ml supernatant, 2.95 ml of phosphate buffer (0.1M;
pH 8.4) and 0.05 ml of pyrogallol (7.5mM) was
added, and the change in absorbance was recorded
at an interval of 60 s for 2 min at 420 nm. One
unit of enzyme activity was deϐined as the amount
of enzyme required to produce 50% inhibition of
pyrogallol autoxidation under assay conditions and
expressed as U/mg protein.

Histopathology examination
The kidneys harvested from each group were

ϐixed in 10% neutral buffered formaldehyde. Tis-
sues dehydration, clearing in xylene and parafϐin
embedding was done according to the standard
method (Sood, 2002). Sections were cut by a rotary
microtome at 5–7 µm thick, and were stained by
haematoxylin-eosin and mounted with DPX. Sec-
tions were examined under a light microscope and
ϐindings documented by the certiϐied histopatholo-
gists (Ogeturk et al., 2005).
Statistical analysis
All the Data were expressed as Mean ± SEM.

GraphPad Prism 7 was used for statistical analysis.
One way analysis of variance followed by posthoc
turkeys test was used to ϐind the signiϐicant differ-
ence in means of various groups. Values of P < 0.05
were considered statistically signiϐicant.

RESULTS AND DISCUSSION

Acute toxicity study
NK at the dose of 2000mg/kg/po did not exhibit any
abnormalities or mortality in rats. As per OECD 423
guidelines the dose is categorised to be “Unclassi-
ϐied” under the toxicity scale. Hence further study
with higher doses was not executed. Based on
this report, the dose was ϐixed for nephroprotective
study.

Effect of NK on Body and Kidney weight
At the beginning of the study, body weight was
not signiϐicantly different (Table 2). Control group
showed normalweight gain during the study period,
but cisplatin control group showed a signiϐicant
decrease in body weight(P<0.0001). Whereas stan-
dard drug cystone and test drugs NK200 & NK 400
showed an increase in body weight but signiϐicantly
less (P<0.0001) than the control group at the same
time it showed a signiϐicant increase (P<0.0001)
in weight when compared to cisplatin group. The
reduction in body weight following cisplatin admin-
istration may be caused by polyuria resulting from
tubular injury (Humanes et al., 2012), which in turn
leads to dehydration. Moreover, gastrointestinal
toxicity may also contribute to its weight reduc-
tion. (Ali et al., 2007; Atessahin et al., 2005).Rela-
tive kidneyweightwas signiϐicantly high (P<0.0001)
for cisplatin group but all other groups showed no
signiϐicant difference when compared to the control
group (Table 2). The weight gain of kidney in Cis-
platin group is due to the increase in thekidneydam-
age by Cisplatin (Nematbakhsh et al., 2013). The
reduction in relative kidneyweight compared to cis-
platin group indicates the reduction in the tissue
damage.

Effect of NK on Serum Creatinine and Urea

© International Journal of Research in Pharmaceutical Sciences 1723
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Table 2: Effect of NK on Body and kidney weight in Cisplatin induced nephrotoxicrats
Treatment
Groups

Initial Body-
weight

Final Body-
weight

∆ Body Wt
(g)

Relative kidney Wt (%)

I - Control 235.67±3.15 252.67±2.33 17.00±2.35 0.81±0.03
II - Cisplatin
Control

232.33±4.90 221.50±3.68 -10.83±6.24a 1.19±0.07a

III - Cp + Cys-
tone

225.00±5.22 227.17±6.25 2.17±5.33a,b 0.83±0.02c

IV -
Cp+NK200

230.67±3.50 233.00±3.71 2.33±1.69a,b 0.90±0.01c

V - Cp+NK400 224.33±6.74 229.67±5.44 5.33±1.65a,b 0.87±0.03c

Values expressed as Mean±SEM; n=6. a - P<0.0001 Vs Control group. b -P<0.0001 Vs Cisplatin control group. c- No signiϐicant
difference with Control group

Table 3: Effect of NK on kidney function parameters (Serum Creatinine and Urea)in
Cisplatin-induced nephrotoxic rats
Treatment Groups Creatinine (mg/dl) Urea (mg/dl)

Initial Final Initial Final

I – Control 0.56±0.01 0.63±0.02 47.00±2.48 41.33±1.78
II - Cisplatin
Control

0.53±0.03 3.34±0.06a 47.67±2.96 116.67±3.82a

III -
Cp+Cystone

0.43±0.03 0.94±0.03a,b 48.33±1.67 61.33±2.42d,b

IV -
Cp+NK200

0.53±0.04 1.43±0.03a,b 45.00±1.59 94.00±2.35a,e

V -
Cp+NK400

0.50±0.02 0.86±0.04d,b 47.33±2.25 56.83±4.77c

Values expressed as Mean±SEM; n=6. a - P<0.0001 Vs Control group. b - P<0.0001 Vs Cisplatin control group. c- No signiϐicant
difference with the control group. d- less signiϐicant difference (P<0.05) with Control group. e- less signiϐicant difference (P<0.05)
with Cisplatin control group

Initial creatinine levels (Table 3) of all groups was
not signiϐicantly different, except Cp+Cystone group,
which showed very less signiϐicant difference with
control group P<0.05. This difference may be due
to the difference in body mass (Table 2). At the
end of the study Control group showed a usual
increase in creatinine. The cisplatin control group
showed a signiϐicant increase with P<0.0001. All
other treatment groups except NK400 showed a sig-
niϐicant increase in creatinine (P<0.0001) with the
control group at the same time it was signiϐicantly
less (P<0.0001) when compared with the Cisplatin
control group. Among all the treated group NK400
showed (0.86±0.04 mg/dl) less signiϐicant differ-
ence compared to control group (0.63±0.02 mg/dl)
with P<0.05.

Urea level of different study groups was not signif-
icantly different in the initial period (Table 3). At
the end of the study, Cisplatin control group showed
a signiϐicant increase (116.67±3.82 mg/dl) in urea
compared to control group (41.33±1.78 mg/dl)

with P<0.0001. Whereas Cp+Cystone group showed
(61.33±2.42) a less signiϐicant difference with the
control group with P<0.05, but it was signiϐicantly
less when compared to Cisplatin control group with
P<0.0001. Cp+NK 200 group showed an signif-
icant increase (94.00±2.35 mg/dl) in urea level
with P<0.0001 compared to control group and also
exhibits less signiϐicant difference compared to Cis-
platin control group. Among test groups, Cp+NK400
exposed 56.83±4.77 mg/dl of urea, which was not
signiϐicantly different from the control group.

Effect of NK on Renal Oxidant–Antioxidant
Parameters
MDA, GSH and SOD values of various groups were
depicted in Table 4. Compared to the control
group, the Cisplatin control exhibited a signiϐicant
increase (P<0.0001) in the level of lipidperoxidation
marker, MDA level. And also decrease in the level of
antioxidants GSH (P<0.0001) and SOD (P<0.0001)
was noted when compared to the control group.
This clearly predicts the inϐluence of cisplatin in
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Table 4: Effect of NK on Oxidant–Antioxidant Parameters in Cisplatin induced nephrotoxic
Treatment Groups MDA (nmol/g Tissue) GSH (µmol/g Tissue) SOD (U/mg Protein)

I - Control 67.5±2.00 0.785±0.045 5.31±0.14
II - Cisplatin Con-
trol

165.4±4.94a 0.358±0.034a 3.33±0.16a

III - Cp + Cystone 72.8±4.86c 0.657±0.018c 5.14±0.10c

IV - Cp + NK 200 76.5±2.41c 0.632±0.027d,b 4.37±0.16d,b

V - Cp + NK 400 65.1±0.76c 0.769±0.029c 5.17±0.11c

Values expressed as Mean±SEM; n=6. a - P<0.0001 Vs Control group. b - P<0.0001 Vs Cisplatin control group. c- No signiϐicant
difference with the control group. d- less signiϐicant difference (P<0.05) with Control group

inducing the oxidative stress in the kidney (Yuce
et al., 2007). In treatment groups, Cp+cystone and
Cp+NK400 showed no signiϐicant difference in all
the three parametersMDA, GSH and SODwhen com-
pared to Control group. The lower dose of Nerun-
jil kudineer Cp+NK200 group showed no signiϐi-
cant difference in the MDA level compared to the
control group. Whereas in GSH and SOD parame-
ters concerned, Cp+NK200 showed a less signiϐicant
decrease (P<0.05) compared to control group and
signiϐicant increase (P<0.0001) compared to Cis-
platin control group.

Histopathology assessment

Histological micrographs of a kidney from the ϐive
different groups were portrayed in Figure 8 (A-
E). Control group 8(A) showed no abnormalities,
whereas in Cisplatin control group 8(B) focal tubu-
lar necrosis and congested blood vessels were
found. In Cp+Cystone group 8(c) minimal focal
tubular degeneration and congested blood ves-
sels were noted, as the trend towards the recov-
ery. Cp+NK200 group 8(D) exhibited mild tubu-
lar necrosis and mild congested blood vessels and
glomeruli. 8(E) represents the Cp+NK400 group,
which showed a good trend towards the recovery
and in which mild focal tubular Degeneration and
congestion of blood vessels was noted. Histopathol-
ogy study evidently conϐirms that there was a good
sign of recovery from the Cisplatin-induced nephro-
toxicity.

Summary

Cisplatin is an anticancer drug used in the
chemotherapy treatments of various types of
cancers. Side effects, especially Nephrotoxicity, is
the dose-limiting problem of Cisplatin (Sastry and
Kellie, 2005). In this study, the nephroprotective
effect of Nerunjil/Neermulli kudineer was assessed.
Wistar Albino rats were used as the In-Vivo model
as the changes in renal function observed in the rat
system correlates well with the nephrotoxic effects
of cisplatin in man (Daugaard, 1988). Cisplatin tox-

Figure 1: Difference in Body weight. * indicates
signiϐicant difference with the control group
and # indicates the signiϐicant difference with
Cp control group with P<0.0001

Figure 2: Relative kidney weight. * and $
indicates signiϐicant difference with P<0.0001
and no signiϐicant difference with the control
group, respectively
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Figure 3: Creati ninelevel. * and # indicates
signiϐicant difference (P<0.0001)and less
signiϐicant difference (P<0.05) with the control
group, respectively

Figure 4: Urea level. * and # indicates
signiϐicant difference (P<0.0001) and less
signiϐicant difference (P<0.05) with the control
group, respectively. $indicates no signiϐicant
difference with the control group

icity was manifested by a decrease in body weight
and increase in kidney weight, elevated serum
creatinine and urea, altered oxidant-antioxidant
parameters MDA, GSH, SOD and with histopathol-
ogy abnormalities in the Cisplatin control group
which received a single dose of Cisplatin 7 mg/Kg
i.p. The body weight difference and relative kidney
weight were found to get back to normal in the
Standard Cp+Cystone, Cp+NK200 and Cp+NK400
compared to control group. Cp+NK400 showed
good increase in body weight and reduced relative
kidney weight than the other test groups. This
indicates the reduced side effect and tissue dam-
age (Atessahin et al., 2005; Nematbakhsh et al.,
2013). Nephrotoxicity induced by Cisplatin is char-
acterized by the diminution in renal function that
is characterised by an increase in creatinine and

Figure 5: MDA level. * and $ indicates signiϐicant
difference (P<0.0001) and no signiϐicant
difference with the control group, respectively

Figure 6: GSH level. * and # indicates signiϐicant
difference (P<0.0001) and very less signiϐicant
difference (P<0.05) with control group
respectively. $indicates no signiϐicant
difference with the control group

Urea level in serum (Farooqui et al., 2017). Serum
creatinine and urea were elevated very signiϐicantly
in Cisplatin group, but it reversed towards normal
in all other test groups. Cp+NK400 group showed
the superior effect with a less signiϐicant difference
in creatinine (P<0.05) and No signiϐicant difference
in Urea when compared to the control group.

Several studies have suggested that oxidative stress
is the major reason for nephrotoxicity caused by
lipid peroxidation and free radicals. Cisplatin gen-
erates Reactive Oxygen Species (ROS) synthesis by
inducing mitochondrial dysfunction and disrupting
the electron transport chain. ROS reacts with mem-
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Figure 7: SOD level. * and # indicates signiϐicant
difference (P<0.0001) and less signiϐicant
difference (P<0.05) with the control group,
respectively. $indicates no signiϐicant
difference with the control group

Figure 8: Light microscopy photo micrographs
depicting sections from kidneys ofrats various
groups. A –Control; B- Cisplatin control; C-
Cp+Cystone; D-Cp+NK200; Cp+NK400. Arrow
mark indicates the abnormalities

brane lipids, cellular proteins and DNA resulting in
their modiϐication leading to cellular stress (Pabla
and Dong, 2008). Lipid peroxidation is a conse-
quence of excessive ROS production, which in turn
leads to an increased level of lipid peroxidation
marker MDA (Matsushima et al., 1998; Pabla and
Dong, 2008). In the present study, the MDA level of
Cisplatin group increased signiϐicantly (P<0.0001),
and all other groups showed no signiϐicant differ-
ence with the control group. So both the stan-

dard Cystone and nerujil kudineer reduced the lipid
peroxidation and oxidative stress. The excessive
ROS produced is combated by endogenous antioxi-
dants. However, when the synthesis of ROS override
its destruction, there is over-consumption of these
antioxidants,whichwas also evident inpreviousCis-
platin nephrotoxicitymodels (Al-Majed et al., 2006).
The consumption of endogenous antioxidants glu-
tathione and SOD will decrease their level in tis-
sue. In this study, this same pattern was observed
in the cisplatin-control group in which GSH and SOD
level declined signiϐicantly compared to the con-
trol group. However, the nephroprotective treat-
ment with Cystone and a higher dose (400 mg/Kg)
of Nerunjil kudineer maintained GSH and SOD at
near normal levels in the renal tissue with no sig-
niϐicant difference compared to control group. This
supports the antioxidant potential of Nerunjil kudi-
neer. Histopathology study also substantiated the
above result by showing mild focal tubular Degen-
eration and congestion of blood vessels, indicating
a strong sign of recovery compared to the Cisplatin
group, which exhibited focal tubular necrosis and
congested blood vessels.

CONCLUSION

In conclusion, Nerunjil/Neermulli kudineer amelio-
rates the Cisplatin induced cytotoxicity in the kid-
ney, and also it exhibited a dose-dependent nephro-
protective activity. Higher dose, NK400mg/kg was
found to be more potent and showed better activity
than the standard drug Cystone. Nephroprotective
activity may be due to efϐicient antioxidant poten-
tial, which reduces lipid peroxidation and oxidative
stress. As a Siddha drug, the extract was taken as
such for this study, in future antioxidant-rich frac-
tion or isolated active components can be taken for
investigation. Moreover, Nerunjil kudineer should
be assessed its nephroprotective activity in Cisplatin
treated tumor animal model, before stepping up to
the clinical study.
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