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ABSTRACT

Background: Fruits of Withania coagulans (Solanaceae) reported to
possess several bioactive compounds as curative agents for various
clinical conditions. Cisplatin is a chemotherapeutic drug to treat sarcomas,
carcinomas, lymphomas, cervical cancer, germ cell tumors, etc. The major
factor that limits its clinical use is its dose-dependent nephrotoxicity.
Aim: To explore the nephroprotective effect of W. coagulans extract
and its modulatory effects against cisplatin-induced nephrotoxicity and
genotoxicity. Materials and Methods: W. coagulans fruit extract was
quantitatively standardized with withaferin A using high-performance
thin-layer chromatography. The subacute toxicity study was performed
according to OECD guidelines in experimental rats. Nephrotoxicity in
rats was induced by a single dose of cisplatin (6 mg/kg, intraperitoneal).
Nephroprotective role of W. coagulans fruit extract at different doses had
been evaluated. It includes quantification of serum kidney toxicity markers,
renal tissue oxidative stress biomarkers and pro-inflammatory cytokines
level, DNA fragmentation assay, and histopathological examination of renal
tissue. Results: Withaferin A was found 3.56 mg/g of W. coagulans fruit
extract. It significantly prevented the rise in serum urea and creatinine
level and also preserve rat kidneys from oxidative stress and free radical
induced DNA damage. Histopathological study showed extract treatment
eliminates tubular swelling, cellular necrosis, and protein cast deposition in
cisplatin treated kidney tissue. It averted the decline in glutathione content,
activities of superoxide dismutase and catalase. These parameters were
restored to near normal levels by extract in a dose of 400 mg/kg, per oral.
Conclusion: It can be justified that W. coagulans possess dose dependent
protective effect against cisplatin induced kidney damages, primarily
through its free radical scavenging and anti inflammatory activity

Key words: Cisplatin, DNA fragmentation assay, nephroprotective,
withaferin A, Withania coagulans

SUMMARY

e Authentication and standardization of Withania coagulans fruits

e Subacute oral toxicity study

¢ Evaluation of nephroprotective activity against cisplatin-induced nephrotoxicity

INTRODUCTION

Withania coagulans Dunal belongs to family Solanaceae and is a well-known
medicinal plant in indigenous system of medicine mainly distributed in the
east of the Mediterranean region extending to South Asia. It is found in many
parts of India."! The drug has been reported to possess anti-inflammatory,?
cardiotonic activities,”” hepatoprotective,! antifungal,” hypoglycemic, free
radical scavenging activity,® hypolipidemic,” wound healing activity,”® and
diabetic nephropathy.”’ Pharmacognostical standardization of W, coagulans
fruits has also been reported in our previous paper."”’ W. coagulans has a
wide range of active phytoconstituents mainly withanolides, withaferin A,
and coagulins."'?l Traditionally, the ripen and dried fruits of W. coagulans
were used for anti-inflammatory, antioxidant, and as strangury and
also reported to possess nephroprotective activity in rats against
diabetes-induced nephropathy.®*! The Withaferin A is proven to reduce
the inflammation in kidney disease using in vitro model; hence, the fruit
extract of W. coagulans had been chosen for evaluating its nephroprotective
activity against cisplatin-induced nephrotoxicity.
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Nephrotoxicity is very common toxic effect when body is exposed to
drugs or some toxins. It results in failure to filter excess urea and excess
of nitrogenous compounds and creatinine that leads to uremia. There
is no specific therapy for acute renal failure; only the supportive care
is necessary for renal function restoration. It can only be prevented
by avoidance of nephrotoxic substances and maintenance of adequate
hydration and perfusion.*
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Cisplatin (cis-diamminedichloroplatinum II) is the platinum-containing
antineoplastic medication of most of the chemotherapy regimens for
solid or hematologic tumors."" Cisplatin mainly acts by binding to
DNA and form inter- and intrastrand cross-links and arrest DNA
synthesis and DNA replication in rapidly proliferating cells.'®’ Among
gastrotoxicity, myelosuppression, ototoxicity, and allergic reaction, the
nephrotoxicity is the major dose-limiting side effects."”” Approximately
20%-30% patients under cisplatin chemotherapy suffer from severe
renal dysfunction and one-third of patients experience nephrotoxicity
after few days of initial treatment.'® Patients administered with
cisplatin exhibit lowered glomerular filtration."”! The organic cation
transporter 2 is the critical transporter for cisplatin uptake in proximal
tubules. Cisplatin is also taken up through passive diffusion® and
get accumulated in highest concentrations in S3 segment of proximal
tubular cells of the inner cortex and outer medulla.?!! It also causes
impairment in liver function and marked elevation in hepatic
enzymes.”?l Consequences of cisplatin-induced nephrotoxicity are
oxidative stress, inflammation, direct tubular toxicity, and vascular
factors. The mechanism of cisplatin-induced nephrotoxicity is complex
and involves many cellular processes including DNA damage, oxidative
stress, apoptosis, and inflammation.”*?* It has been reported that
cisplatin can induce the release of pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a) by renal epithelial cells and
TNF-o could also produce oxidant stress by sensitizing infiltrating
leukocytes. Interleukin 1-beta (IL-18) and IL-6 level is also increased
in cisplatin-induced renal injury.?**”! From the ancient time, medicinal
plants played an important role in primary health-care system. The
World Health Organization suggested that about 80% of the world’s
population depends on medicinal plants for prevention, treatment, and
cure of diseases.?®! Although there are limited evidences that suggest
adverse effects associated with herbal drugs. However, the toxicological
studies of medicinal plants before giving them to animals or humans are
necessary to evaluate.”” The objective of the present study is to explore
the protective effect of ethanolic extract of W. coagulans (WCE) fruits
against cisplatin-induced nephrotoxicity in rats.

MATERIALS AND METHODS
Plant identification and extraction procedure

W. coagulans fruits were purchased from the local herbal market
of Varanasi, Uttar Pradesh and authenticated by Prof. V. K. Joshi,
Department of Ayurveda (Banaras Hindu University), Varanasi.
The voucher specimen (Cog/wc/14-15) has been deposited in the
Department of Pharmaceutics, Indian Institute of Technology (Banaras
Hindu University), Varanasi (Uttar Pradesh), for future references.
Coarsely powdered drug (500 g) extracted in ethanol by maceration
process for 7 days. The crude extract was filtered and dried in rotary
vacuum evaporator (IKA RV 10, China) to obtain dried WCE.

Standardization of extract using high-performance
thin-layer chromatography

The obtained dried extract, WCE, was quantitatively standardized for the
presence of withaferin A usinga CAMAG Linomat 5 automatic thin-layer
chromatography (TLC) applicator and a CAMAG TLC Scanner with
solvent system toluene:ethyl acetate:formic acid in the ratio of (5:5:1).
Merck 60F,,, (E. Merck) silica plates of uniform thickness of 0.2 mm were
used for plate development. Visualization was done at 580 nm.

Animals

The certified pathogen-free Healthy Charles Foster albino (150-200 g)
malerats were procured from the Central Animal House (Reg. No. 542/02/
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ab/CPCSEA), Institute of Medical Sciences, Banaras Hindu University,
Varanasi, Uttar Pradesh, India. Animals were housed in polypropylene
cages and maintained under standard conditions (12 h light and dark
cycles at an ambient temperature of 25°C and 45%-55% RH). Rats
were permitted free access to standard feed and water. The animals
were allowed to acclimatize to the environment for 7 days before the
commencement of experiments. All experimental protocols were
approved from the Central Animal Ethical Committee of Banaras
Hindu University (No. Dean/2015/CAEC/1132) and were conducted
in accordance with accepted standard guidelines of National Institutes
of Health Guide for Care and Use of Laboratory Animals (Publication
no. 85-23, revised 1985).

Subacute oral toxicity study

Subacute oral toxicity study had been performed as per OECD
guideline, repeated dose 28-day oral toxicity study in rodents (TG-407).
Nulliparous and nonpregnant female and healthy male rats were used
for this study. The first group was served as control and given with 0.5 ml
normal saline and second, third, and fourth group were administered
with (1000, 2000, and 4000 mg/kg) per oral to overnight fasted rats.
Animals were then observed individually for 48 h for any behavioral and
neurological changes such as tremors, convulsions, salivation, diarrhea,
sleep, lacrimation, and feeding behavior as a sign of acute toxicity for
48 h. Health condition, morbidity, and mortality were observed daily
for 28 days. Reversibility, persistence, or delayed occurrences of signs
of toxicity were noticed, for at least 14 days posttreatment. Preclinical
signs, body weight, and organ weight of different groups were compared
with control. Further, blood was collected from the rats; biochemical
parameters were estimated using Span Diagnostic Ltd., and hematological
parameters were determined by Mythic 18 hematology analyzer.

Experimental induction of cisplatin-induced
nephrotoxicity

To standardize the dose of cisplatin to induce nephrotoxicity, rats were
divided into three groups with six animals each. Cisplatin, in normal saline
(Cytoplatin-10, Cipla) at a dose of 4 mg/kg, 6 mg/kg, and 8 mg/kg, was
administered intraperitoneal to rats in each group. After 72 h of cisplatin
administration, blood was collected through retro-orbital venous plexus
under light anesthesia. Serum urea and creatinine level were determined
using standard kits (Erba Diagnostics Mannheim, Germany).

Drug treatment protocol

To evaluate the nephroprotective effect of WCE on cisplatin-induced
nephrotoxicity, rats were randomly divided into five groups
with six animals each. The WCE extract was suspended in 0.5%
carboxymethylcellulose (CMC) and given by oral administration
(per-oral [p.o.]) to rats. Cisplatin was freshly prepared in normal saline
(0.9% NaCl) and administered by intraperitoneal (i.p.) injection. The
doses of WCE were selected as one-tenth of the safe dose from subacute
toxicity study. Different doses of WCE were given for total 7 days to
respective groups, and cisplatin (6 mg/kg, i.p.) was administered on
4™ day of the treatment. Finally, on 7 day, rats were sacrificed to collect
blood and harvest kidneys for measuring various parameters (renal
function test, liver function test, antioxidant parameters, and estimation
of pro-inflammatory cytokines level), DNA fragmentation assay, and
histological studies. Schematic presentation of treatment is shown in
Figure 1.
. Group I (normal control): Vehicle (aqueous solution of 0.5% CMC)
for 7 consecutive days and 0.9% NaCl on the 4™ day
e Group II (Toxic control): Vehicle (aqueous solution of 0.5% CMC)
for 7 consecutive days and cisplatin (6 mg/kg, p.o.) on the 4™ day
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Figure 1: Schematic diagram represents treatment protocol

o Group III (WCE-treated groups)
o Group ITITA: WCE (100 mg/kg, p.o.) for 7 consecutive days and
cisplatin (6 mg/kg, i.p.) on the 4™ day
o Group IIIB: WCE (200 mg/kg, p.o.) for 7 consecutive days and
cisplatin (6 mg/kg, i.p.) on the 4 day
o Group IIIC: WCE (400 mg/kg, p.o.) for 7 consecutive days and
cisplatin (6 mg/kg, i.p.) on the 4" day.

Determination of biochemical parameters in serum

Serumureal®” and serum creatinine® had been measured by autoanalyzer
using blood urea nitrogen method and modified rate Jaffe’s kinetic
method. Serum glutamic oxaloacetic transaminase (SGOT), serum
glutamic pyruvic transaminase (SGPT),"? total protein,®! total bilirubin
(TB) and direct bilirubin (DB),* and alkaline phosphate (ALP)"*! had
been also analyzed according to standard methods using autoanalyzer.
Enzyme assay kits were purchased from Span Diagnostic Ltd.

Determination of antioxidant parameters in renal
tissue homogenate

Minced kidneys were homogenized in 0.1 M potassium phosphate
buffer (pH-7) with protease inhibitor. Obtained homogenate (10% w/v)
was centrifuged at 10,000 xg for 20 min at 4°C. The supernatant was
utilized for measuring antioxidant level. Lipid peroxidation (LPO)
levels had been determined in terms of thiobarbituric acid reactive
substance and expressed as equivalent to malondialdehyde (MDA)
using 1’1’3’3’-tetramethoxypropane as standard MDA.P¢ Superoxide
dismutase (SOD) had been estimated in terms of its capacity to inhibit the
reduction of nitroblue tetrazolium by superoxide, generated in the presence
of riboflavin in reaction system through a photosensitive reaction.”
Catalase (CAT) activity had been expressed from the rate of decomposition
of HO, at 240 nm following the addition of tissue homogenate.t
Reduced glutathione (GSH) level had been calculated as protein-free
sulthydryl content using 5,5-dithiobis-2-nitrobenzoic acid.”!

Determination of pro-inflammatory cytokines in
renal tissue homogenate

The pro-inflammatory cytokines, generated in kidneys due to toxicity
induced by cisplatin, had been investigated by measuring levels of
TNEF-a, IL-6, and IL-1 on homogenized renal tissues using ELISA
kit (Koma Biotech, Korea). Standard and detection antibodies provided
were reconstituted in sterile water. Serial dilutions of standard and
samples were prepared. Selected wells in microplate were washed with
washing solution. One hundred milliliters of samples and standard were
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added to wells followed by addition of diluted detection antibody after
incubation. Color was developed with addition of color development
enzyme and color development solution. Finally, absorbance had been
measured using microplate reader (BioTek Instruments Inc., USA).[!

Qualitative DNA fragmentation assay by agarose
gel electrophoresis

Harvested kidneys were washed with sterile water and homogenized with
phosphate-buffered saline (PBS) buffer and centrifuged at 3000 rpm for
10 min at 4°C, and the supernatant was discarded for 3 times to remove
cell debris and red blood cells. The cells were then washed twice with
PBS and lysed in a buffer containing 50 mmol/l Tris—HCI, pH 8.0, and
0.5% sodium dodecyl sulfate and incubated for 30 min at 37°C. The cell
pellet was stirred with a wide-bore pipette tip to ensure uniform mixing.
The pellet was incubated with 1 ul of DNase-free RNase (10 mg/ml) for
1 h at 37°C. Samples were further added with Proteinase K (50 ug/ml)
solution and incubated for 90 min at 50°C. The precipitated DNA was
dissolved in a 5 ul of Tris-ethylenediaminetetraacetic acid buffer and
quantified spectrophotometrically as described previously. An equal
concentration of DNA (10 ug) had been resolved on a 1% agarose gel at
50 V for 4 h, viewed under ultraviolet light, and documented using the
Alpha Innotech system (San Leandro, California, USA).

Histopathological study

Isolated kidneys washed with isotonic saline were fixed in 10%
neutral buffered formalin for 48 h and embedded in paraffin wax.
Sections (5-6 pwm thickness) had been made from paraffin blocks by
microtome and stained with hematoxylin and eosin and subjected to
microscopic and imaging system (Nikon, Japan).*!]

Statistical analysis

The experimental data had been expressed as mean + standard error of
the mean, with six animals in each group. Analysis of variance (ANOVA)
had done by one-way ANOVA followed by Newman-Keuls multiple
comparison test for determining the statistical significance between
different groups. A difference in the mean values of P < 0.05 had
considered to be statistically significant. GraphPad Prism 5.0
software (GraphPad Software, Inc., La Jolla, CA, USA) had been used for
all statistical analyses.

RESULTS
Standardization of extract

Chromatogram of withaferin A standard showed with maximum peak
height at 270.7. Extract showed maximum peak height of withaferin A at
85.1 at R, = 0.57. The calculated concentration of withaferin A had been
found to be 3.56 mg/g of sample [Figure 2].

Subacute oral toxicity study
Preclinical signs

Throughout the period of 28 days of the study, there were no abnormal
preclinical signs found such as loss of consciousness, tremors,
convulsions, irregular breathing, lethargy, aggression, diaphragmatic
breathing, gait, piloerection, and licking were observed. It had been found
that rats in each group were survived with a normal weight gain pattern
until the termination of experiment. WCE (1000, 2000, and 4000 mg/kg,
p.o. per day) administration for 28 days causes no significant difference
vital organ weight, hematological and biochemical parameters when
compared with the control group [Table 1]. Study established that the
WCE up to 4000 mg/kg, p.o. was found to be safe.
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Figure 2: High-performance thin layer chromatography chromatogram of standard withaferin A and Withania coagulans fruit extract showing peak of

withaferin-A

Table 1: Various parameters studied in subacute oral toxicity study of Withania coagulans extract

Parameters Unit Treatment groups
Control 1000 mg/kg 2000 mg/kg 4000 mg/kg
Body weight
0 day g 175.3+0.8 165+1.06 182.8+1.07 173.6+0.88
7 day g 175.6+0.7 165.5+0.88 183.2+1.01 175+0.73
14" day g 176.£0.7 166.3+0.6 184.5+0.76 175.1+0.47
Organ weights
Heart g 0.345+0.004 0.347+0.004 0.35+0.003 0.345+0.003
Brain g 0.44+0.006 0.47+0.005 0.5+0.006 0.45+0.005
Liver g 3.31+0.06 3.25+0.08 3.16+0.7 3.18+0.04
Kidney (left) g 0.28+0.004 0.28+0.003 0.302+0.004 0.295+0.004
Kidney (right) g 0.308+0.004 0.308+0.0007 0.3+0.005 0.29+0.007
Lungs g 0.49+0.006 0.54+0.006 0.50+0.008 0.024+0.009
Stomach g 1.53+0.003 1.6+0.007 1.78+0.007 1.55+0.016
Biochemical analysis in blood serum
TP g/L 7.45+0.17 6.56+0.08 7.7+0.07 7.4+0.06
SGOT U/mL 135.23+0.25 136+0.15 135.56+0.09 137.33+0.17
SGPT U/mL 65.7+0.05 65.79+0.03 66.5+0.08 65.98+0.2
Creatinine U/mL 0.37+0.007 0.34+0.009 0.37+0.008 0.34+0.02
Urea mmol/L 46.59+0.03 47.24+0.03 46.45+0.04 47.52+0.11
Hematological parameters in blood serum
WBC x10°/L 7.8+0.2 8.06+0.23 7.95+0.27 8.1+£0.23
RBC x10"%/L 5.52+0.15 5.8+0.17 6.34+0.18 6.7+0.14
Platelet x10°/L 747%9.2 761.67+£9.25 752.5%5.18 763.5+£9.49
HB g/L 157.34+3.04 163.5+3.5 159.17+5.6 167.67+4.4
Hematocrit Percentage 37.3+1.23 37.27+0.17 36.77+0.25 35.43+0.13

Values are mean+SEM (n=6). SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic transaminase; WBC: White blood cell; RBC: Red
blood cell; HB: Hemoglobin; SEM: Standard error of the mean; TP: Total protein
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Experimental induction of cisplatin-induced nephrotoxicity
Cisplatin at a dose of 4 mg/kg, i.p. showed no significant elevation
(P>0.05) inureaand creatinine level after 72 h of cisplatin administration.
Cisplatin at the dose of 6 mg/kg, i.p. and 8 mg/kg, i.p caused significant
elevation (P < 0.05) in urea and creatinine concentration. Administration
of cisplatin at the dose of 8 mg/kg, i.p., causes mortality (one-half) in a
group of test rats. Therefore, nephroprotective activity of WCE had been
evaluated in rats treated with 6 mg/kg, i.p. of cisplatin [Table 2].

Effect of ethanolic extract of W. coagulans on cisplatin-induced
nephrotoxicity

Cisplatin-induced renal toxicity was followed with WCE treatment
at different doses. WCE 400 mg/kg, p.o. for 7 days significantly
decreased the elevated levels of serum urea and serum creatinine
level. The decreased total serum protein level in cisplatin
(6 mg/kg, i.p.)-treated group was also elevated to normal level after
administration of WCE (400 mg/kg, p.o.). It also significantly lowers
the increased levels of other biochemical parameters such as SGOT,
SGPT, TB, DB, and ALP to normal as compared to control group
(P < 0.05). WCE (100 and 200 mg/kg, p.o.) showed no significant
protection [Table 3].

Antioxidant studies in renal tissues of rats

The activity of SOD, CAT, and GSH content had decreased while
MDA level had elevated in cisplatin (6 mg/kg, i.p.)-treated rats. WCE
(400 mg/kg, p.o.) treatment significantly inverted the changes in
antioxidant enzymes in dose-dependent manner (P < 0.05) [Table 4].

Pro-inflammatory cytokines in renal tissues of rats

The proinflammatory molecules generated after cisplatin-induced
nephrotoxicity had been investigated by measuring cytokine levels of
TNF-0,, IL-6, and IL-1f on homogenized renal tissues using standard.
The level of TNF-a, IL-6, and IL-1f in serum elevated after cisplatin
injection in rats. However, WCE pretreated rats at dose of 400 mg/kg,

p.o. had reduced the expression of these pro-inflammatory molecules in
the kidney [Table 5].

Qualitative DNA fragmentation assay by agarose gel
electrophoresis

Agarose gel electrophoresis technique performed for the DNA
fragmentation assay in kidneys of treated rats. As perceptible from
the figure that cisplatin treatment results in a substantial increase in
oligonucleosome-length degradation of DNA. However, the WCE

Table 2: Effect of different doses of cisplatin on blood urea and creatinine concentration

Dose (mg/kg) Initial After 72 h
Urea (mg/dL) Creatinine (mg/dL) Urea (mg/dL) Creatinine (mg/dL)
Control 42.2+0.85 0.58+0.012 42.17+0.96 0.58+0.013
4 41.4+2.8 0.59+0.008 45.03+£2.6 0.61+£0.01
6 42.6+1.06 0.6£0.04 116.8+5.7%* 1.43+0.13*%*
8 41.7£1.9 0.59+0.04 354.7+17.57%* 2.87+0.227*%*

Each column represents as means+SEM (n=6). Values are expressed as means+SEM (n=6) ***P<0.001 the level of significance with respect to normal control group.

SD: Standard deviation

Table 3: Effect of different doses of Withania coagulans on biochemical parameters in rats treated with cisplatin

Parameters Unit Control Toxic control WCE

100 200 400
Urea mg/dL 47.74£2.03 71.9142.17¢ 65.55+2.47>d¢ 57.85+2.58>bce 49.7+2.06>4
Creatinine mg/dL 0.396+0.0049 0.657+0.03%¢4 0.58+0.027* 0.49+0.043> 0.376+0.056"¢
SGOT 1U/L 137.1340.67 170.06+3.41%¢ 168.48+4.74%¢ 153.6747.5*¢ 134.2+6.87><4
SGPT 1U/L 65+4.97 88.05+3.42%¢ 82.75+3.207*¢ 80.7+3.745%¢ 62.2+2.23b¢d
TP g/dL 7.41£0.38 5.20+0.34*¢ 6.006+0.41* 6.116+0.38° 7.13+0.25°
TB mg/dL 1.24+0.22 4.4+0.37%% 4.340.29%¢ 2.8+0.46%0<¢ 1.3+0.375<4
DB mg/dL 0.41+0.04 1.32+0.170%5%¢ 0.97+0.06*" 0.75£0.07%¢> 0.32£0.1315¢
ALP 1U/L 68.4+3.1 258.4+13.9%4¢ 246.2+10.34¢ 154.4+7.0*bc¢ 72.7+5.8bcd

Values expressed as means+SD (n=6) of 6 animal in each group. *P<0.05, comparing with normal control group; °P<0.05, comparing with toxic control group;
‘Comparing with treatment group (WCE 100 mg/kg, p.o.); P<0.05, comparing with treatment group (WCE 200 mg/kg, p.0.); °P<0.05, comparing with treatment
group (WCE 400 mg/kg, p.o.). One-way ANOVA followed by Newman-Keuls multiple comparison test. ANOVA: Analysis of variance; WCE: Ethanolic extract of
W. coagulans; SD: Standard deviation; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic transaminase; TB: Total bilirubin; DB: Direct
bilirubin; TP: Total protein; ALP: Alkaline phosphate

Table 4: Effect of different doses of Withania coagulans on renal antioxidant enzyme levels in rats treated with cisplatin

Parameters Unit Control Toxic control WCE

100 200 400
CAT umol H,0, consumed/min/mg of protein 28.45+0.8 12.03+1.0%4¢ 17.52+1.03%b4¢ 23.23%1.16%>¢* 26.9610.69%¢
LPO nmol MDA/g of tissue 24.58+2.33 61.93+7.94% 57.802+6.39%¢ 42.5+9.36 26.9+4.4b¢
GSH ug glutathione per mg protein 264.2+27.6 123.2+36.88*¢ 197.04£31.08 214.2+31.1 261.7425.2°
SOD Units/mg protein 36.38+0.33 16.53+2.34%¢c4 20.88+1.61> 24.31+1.24%¢> 35.61+0.300><¢

Values expressed as means+SD (n=6) of 6 animal in each group. *P<0.05, comparing with normal control group; °P<0.05, comparing with toxic control group;
‘Comparing with treatment group (WCE 100 mg/kg, p.0.); “P<0.05, comparing with treatment group (WCE 200 mg/kg, p.o.); °P<0.05, comparing with treatment
group (WCE 400 mg/kg, p.o.). One-way ANOVA followed by Newman-Keuls multiple comparison test. ANOVA: Analysis of variance; SD: Standard deviation;
CAT: Catalase; LPO: Lipid peroxidation; GSH: Glutathione; SOD: Superoxide dismutase; MDA: Malondialdehyde; WCE: Ethanolic extract of W. coagulans
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treatment significantly inhibited this smear length. At a dose of
400 mg/kg, p.o., there was approximately no smearing, indicated
complete protection of DNA damage [Figure 3].

Evaluation of structural changes in renal tissue of rats

Analysis of renal histology showed that control group (Group I) has
normal architecture, i.e. cortex with convoluted tubules and medulla
with collecting tubule and pars recta. The toxic control group showed
distorted histology with atrophied glomerulus, collecting tubules showing
necrosis, vacuolization, and loss of normal architecture. Rats treated with
WCE (100 mg/kg, p.o.) showed no protective effect. WCE (200 mg/kg,
p.o.)-treated rats manifest damaged histology with less protective effect,
but WCE (400 mg/kg, p.o.) justified protective action of WCE by
minimizing necrosis and inflammation and vacuolization [Figure 4].

DISCUSSION

Kidneys are vital organs for survival. Their vital role is to maintain the
homeostatic balance of body fluids by filtering and excreting metabolites
(such as urea) and minerals from the blood. It also eliminates the
nitrogenous wastes along with water from body fluid and involved in

Marker Treated 5td Toxic Control

Figure 3: DNA fragmentation of kidney cells exposed to cisplatin,
silymarin as standard, and ethanolic extract of W. coagulans (400 mg/kg,
per-oral) treated rats. Each lane reflecting the presence of DNA fragments
was viewed on an ethidium bromide-stained gel

maintaining blood pressure, glucose metabolism, and erythropoiesis.
Severe kidney toxicity may lead to renal failure. Cisplatin is an inorganic,
divalent, water-soluble, platinum-containing anticancer drug. Its
mechanism of killing tumor cells is different from tubular toxicity
in kidney.*>*! After administration of the drug, high concentration
of cisplatin is found in kidney tissues as about 90% of its platinum is
covalently bound to plasma proteins in blood. A small amount of
cisplatin is excreted by the kidneys during first 6 h of administration,
after 24 h up to 25%, and in 5 days, 43% of the administered dose is
recovered in the urine. Intestinal and biliary excretion is very less.
Nephrotoxicity becomes major side effect of cisplatin at higher
doses.24+%] Nephrotoxicity involved various pathogenic mechanisms
such as reactive oxygen species (ROS)-induced cellular oxidative stress
and inflammation which causes production of ROS and TNF-ot and other
pro-inflammatory cytokines. Relationship between nephrotoxicity and
free radical oxidative stress has been reported.”#¢#8! Cisplatin decreases
antioxidant enzymes such as GSH, CAT, and SOD due to excessive
accumulation of ROS by cisplatin. The peroxidation of membrane lipids
may attribute its nephrotoxicity. The cisplatin-induced nephrotoxicity
is believed to be due to peroxidation of membrane lipids. Hence, the
LPO assay may be the convenient method to measure oxidative damage
to tissues. LPO is an autocatalytic process, MDA is one of the end
products in the LPO process and releases during oxidative degeneration
as a product of free oxygen radicals, which can be calculated as an
indicator of LPO. The inflammation is a major issue due to its prominent
role in various pathological conditions. The role of inflammation
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Figure 4: Photomicrograph of renal sections showing a protective
effect of ethanolic extract of W. coagulans and cisplatin-induced tubular
damage. Group I: control group, Group Il: Toxic control group, Group A:
Treatment group with 100 mg/kg, per-oral of extract, Group B: Treatment
group with 200 mg/kg, per-oral of extract, Group C: Treatment group with
400 mg/kg, per-oral of extract

Table 5: Effect of Withania coagulans treatment with different doses on pro-inflammatory cytokines interleukin-1 beta, interleukin-6, and tumor necrosis

factor-alpha in renal tissue of rats treated with cisplatin

Parameters Unit Control Toxic control WCE

100 200 400
IL-18 pg/mL 486.50+50.80 1186.7+41.58* 1038.16+49.05*¢ 705.66+42.37 550.94+49.75¢
IL-6 pg/mL 785.91+42.42 1305.08+35.30>¢¢¢ 1204.6+£32.03%¢ 1132.5+32.30%> 775.08+39.005"¢
TNF-o. pg/mL 145.62+26.67 846.18+29.44%4 840.25+38.56%¢ 657.1+46.77%b< 162.11+33.81><¢

Values expressed as means+SD (n=6) of 6 animal in each group. *P<0.05, comparing with normal control group; "P<0.05, comparing with toxic control group;
‘Comparing with treatment group (WCE 100 mg/kg, p.o.); “P<0.05, comparing with treatment group (WCE 200 mg/kg, p.o.); °P<0.05, comparing with treatment
group (WCE 400 mg/kg, p.o.). One-way ANOVA followed by Newman-Keuls multiple comparison test. IL: Interleukin; ANOVA: Analysis of variance;
WCE: Ethanolic extract of W. coagulans; SD: Standard deviation; TNF-oi: Tumor necrosis factor-alpha
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in nephrotoxicity is highly acknowledged with the participation of
pro-inflammatory cytokines, chemokines, leukocytes, and adhesion
molecules. TNF is an intercellular chemical messenger and is involved in
the inflammatory process released by T lymphocytes, white blood cells,
macrophages, and monocytes. In infection, sepsis, and ischemia, IL-1f3
has been reported to be a proximal mediator of the inflammatory events.
IL-6 (polypeptide) secreted from activated macrophages, monocytes,
adipocytes, endothelial cells, and fibroblasts in response to various
stimuli such as TNF-q,, IL-1f, bacterial endotoxins, physical exercise,
and oxidative stress. 2!

W. coagulans contains wide range of withanolides (steroidal lactones),
withaferin A, and coagulin.®*** withaferin-A (steroidal lactone)
prevents inflammatory and oxidative stress-induced changes of cellular
macromolecules such as DNA, RNA, and proteins, and subsequent
dysfunction of cellular biochemical pathways. Withanolides are
naturally occurring polyhydroxy C,, steroidal lactones, they are found
to possess marked anti-inflammatory and antioxidant properties.
(3456-58] Eyrthermore, withaferin A and withanolide D have been
demonstrated to inhibit inflammation in chronic kidney disease using
proximal tubular epithelial cell line, NRK-52E.®) Taking the lead
from previous studies, the extract was standardized with withaferin
A. The subacute oral toxicity study ensures that oral administration
of WCE was considered to be safe and nontoxic in rats below the dose
of 4000 mg/kg. There were no significant toxic symptoms and changes
in body weight, organs weight, or biochemical parameters were found
with increasing dose of WCE (1000, 2000, and 4000 mg/kg, p.o.) for
28 days. The dose of cisplatin which can cause tubular toxicity was
standardized. It was found that cisplatin (6 mg/kg, i.p.) at single dose
produces toxicity as evidenced from elevated level of serum urea,
creatinine, and other biochemical parameters. The nephrotoxicity
involved the oxidative stress and DNA damage in renal tissues also
histopathological changes. Since the oxidative stress or free radical
stress also affect cell components including DNA, it leads to DNA
damage.! Therefore, it was considered to examine the effect of WCE
on DNA damage in renal tissue. The treatment with WCE (400 mg/
kg, p.o.) lowered the elevated levels of biochemical markers mainly
urea, creatinine, SGOT, SGPT, ALP, ALT, AST, and total protein.
Our result explores that MDA production was significantly reduced
and decreased activity of GSH, CAT, and SOD was restored by WCE
administration. It indicates the ability of WCE to reduce oxidative
stress. There was significant increase in IL-1f, IL-6, and TNF-o in
kidneys of rats injected with cisplatin. The study demonstrated that
cytokines IL-6, IL-18, and TNF-o orchestrate the inflammatory
response. It was evident from the study that the treatment with
WCE significantly protects the cisplatin-induced nephrotoxicity in
dose-dependent manner by attenuating free radical oxidative stress and
pro-inflammatory cytokines level. WCE also prevented DNA damage
in renal tissues which may be probably due to its phytoconstituents.
Histology was impaired including swelling, vacuolization, proximal
tubular necrosis, glomerular congestion, and inflammation by single
dose of cisplatin in toxic control rats. In transverse sections of kidney,
damaged tissue architecture brought to normal by WCE treatment at
a dose of 400 mg/kg, p.o.

CONCLUSION

On the basis of results obtained, it can be justified that WCE fruit is
nontoxic up to the dose of 4000 mg/kg, p.o. to rats. The pretreatment
with WCE (400 mg/kg, p.o.) attenuated the cisplatin-mediated
renal damage and upregulation of serum urea, creatinine, and other
biochemical parameters. It also prevents the cisplatin-induced oxidative
stress. Since the oxidative stress is also associated with DNA damage. It

360

was therefore considered to appraise the effect of WCE on DNA damage
in renal tissue. It also normalizes tissue architecture by reducing
necrosis. It is concluded that the pretreatment with WCE prevents
cisplatin-mediated tubular damage. Nephroprotective effect may be
due to its direct free radical scavenging activity and anti-inflammatory
property as it maintains antioxidant defense system and elevation in
pro-inflammatory cytokines.
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