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Abstract
Background: Clinically Gentamicin (GM) is commonly used aminoglycoside antibiotic for the treatment of  life-threatening Gram-negative
bacterial  infections,  but the nephrotoxic potential  of  drug  limit  its  clinical  interest.  Chrysin  a  plant  flavonoid  possess  potent
antioxidant and anti-inflammatory activity. Objective: To investigate the potential of chrysin against GM-induced nephrotoxicity.
Materials  and  Methods:  Nephrotoxicity  was  induced  in  male  Sprague-Dawley  rats  (220-250 g)  by  intraperitoneal  administration
of gentamicin (120 mg kgG1) for 7 consecutive days. Rats were either treated with chrysin (10, 20 and 40 mg kgG1, p.o.) or
methylprednisolone (12.5 mg kgG1, i.p.) or vehicle distilled water (10 mg kgG1, p.o.) for the 7 days. Various biochemical, molecular and
histological parameters were assessed in serum and kidney. Results:  The  GM-administration significantly  increased (p<0.001) the serum
creatinine and Blood Urea Nitrogen (BUN) as well as renal malonaldehyde (MDA), Nitric Oxide (NO)  along  with  renal  Kidney  Injury
Molecule-1 (KIM-1) and neutrophil gelatinase-associated lipocalin (NGAL) mRNA expressions. In addition, GM also significantly decreased
(p<0.001) the renal superoxide dismutase (SOD), reduced glutathione (GSH) and mitochondrial enzymes (NADH dehydrogenase and
cytochrome c oxidase) activities. However, rats treated with chrysin (10, 20 and 40 mg kgG1, p.o.) failed to produce any significant
inhibition in altered levels of antioxidant, inflammatory, apoptosis, AKI markers and mitochondrial depleted enzymes. Histopathological
abbreviations were also did not ameliorates  by  chrysin  treatment.  Conclusion: Chrysin failed to produce any significant protection
against gentamycin-induced renal toxicity.
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INTRODUCTION

Clinically  gentamicin  is  one  of  the  most  commonly
used   aminoglycosides   antibiotic   for   the   treatment   of
life-threatening Gram-negative bacterial infections. However,
it is associated with serious nephrotoxicity side effect thus its
prescription has been restricted1. Around 30% of patients
administered with gentamicin suffered from serious side effect
such as renal toxicity2.  Exact mechanism underlying cause of
gentamicin-induced  nephrotoxicity  has  not  been  yet
evaluated however, various evidence suggesting that the
possible  mechanism  behind  the  gentamycin-induced
nephrotoxicity are mainly due to generation of Reactive
Oxygen Species (ROS), such as superoxide anions, hydroxyl
radicles and hydrogen peroxide3, Reactive Nitrogen Species
(RNS)4,  Na+-K+-ATPase  inhibition  and  inhibition  of
mitochondrial oxidative phosphorylation3-5.

Many   experimental   animal   models   have   been
designed to reproduce clinic-pathological features of
chemically-induced nephrotoxicity and to develop new
therapeutic  moieties  for  its  treatment6-8.  However,
gentamycin-induced nephrotoxicity is well-established and
reproducible animal model to evaluate the potential of an
array  of  therapeutic  moieties2,9.  As  of  late, the quest for
proper nephroprotective moieties has been again centered
around plants as a result of  less toxicity, simple accessibility
and simple assimilation in the body that may be preferred
treatment  over  as  of  synthetic  medications.  Ayurveda,
Unani and Chinese endorse various medications for renal
diseases10,11. Recently herbal nephroprotective agents have
gained significance to fill the lacunae made by the synthetic
chemical moieties. Plant products are thought to be less toxic
than synthetic medications which are formed by compound
amalgamation.

Since ancient times, plants have been commendable
wellsprings of medication. Plants still constitute one of the
major raw materials in medications for treating different
diseases of a human being, despite the fact that there has
been enormous development in the field of synthetic
chemistry. Saponins, tannins, vital oils, flavonoids, alkaloids
and other chemical compounds are the biologically active
synthetic substances which have healing properties that have
presented in medicinal plants12. Plants and various plant
derivatives  have  long  been  utilized  as  traditional  remedies
for the treatment of  renal disease in numerous parts of  the
world. In the Indian traditional system of medicine, there are
an array of plants and their products that have been utilized
for treatment of renal disease. The potential remedial and
preventive   advantages   of   plant-based   medications   have

been the subject of broad studies and numerous common
constituents  have  been  unrevealed  with  noteworthy
pharmacologic  action,  including  antioxidant  and
nephroprotective properties13,14. Nutraceuticals as well as
functional food that are advantageous to various diseases
which may speak to valuable intensifies that can decrease the
general health  risk impelled by acting  various  maladies  if
there should arise an occurrence of disappointment or in
circumstances where synthetic chemical moieties can’t be
utilized15,16.

Chrysin (5,7-dihydroxyflavone) a plant flavonoid obtained
from honey, flowers and bee propolis reported possessing
potent  antioxidant  and  anti-inflammatory  activity17.  It
contains  an  array  of  pharmacological  properties,  such  as
anti-diabetogenic18, anti-inflammatory19, anticancer20,21

antihypertensive22,  antiviral23,  anti-oestrogenic24  and
anxiolytic activity25  have also been recounted. The potential
neuroprotective effects of chrysin have been well-studied
previously26.     However,     its     potential     against
gentamycin-induced nephrotoxicity has been not yet
revealing. Thus, the aim of present investigation was to
explore the efficacy of chrysin against gentamycin-induced
nephrotoxicity in laboratory rats.

MATERIALS AND METHODS

Drugs and chemicals: Gentamicin and methylprednisolone
were obtained from Symed Pharmaceuticals Pvt., Ltd.,
Hyderabad,  India.  Chrysin,  NADH, cytochrome c, mannitol
and bacterial protease were purchased from Sigma-Aldrich
Co., St Louis, MO, USA. The 1,1,3,3-tetraethoxypropane,
crystalline beef liver catalase, 5,5-dithiobis (2-nitrobenzoic
acid)  were  purchased  from S.D.  Fine  Chemicals,  Mumbai,
India. Sulphanilamides, naphthylamine diamine HCl and
phosphoric acid were obtained from Loba Chemie Pvt., Ltd.,
Mumbai, India. Creatinine and BUN kits were purchased from
Accurex Biomedical Pvt., Ltd., Mumbai, India. Total RNA
extraction kit and one-step RT-PCR kit was purchased from MP
Biomedicals Private Limited, India.

Experimental  animals:  Adult  male  Sprague-Dawley  rats
(220-250 g) were purchased from the National Institute of
Biosciences, Pune (India). They were maintained at 24±1EC
with a relative humidity of 45-55% and 12:12 h dark/light
cycle. The animals had free access to standard pellet chow
(Pranav  Agro-industries  Ltd.,  Sangli,  India)  and  water
throughout the experimental protocol. All experiments were
carried out between 09:00 and 17:00 h. The experimental
protocol   (CPCSEA/PCL/09/2014-15)   was   approved   by   the
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Institutional Animal Ethics Committee (IAEC) of  Poona College
of Pharmacy, Pune and performed in accordance with the
guidelines of Committee for Control and Supervision of
Experimentation on Animals (CPCSEA), government of India
on animal experimentation.

Experimental design: Rats were randomly divided into
following groups (n = 6) as follows:

Group I: Normal (N): Rats were orally treated with distilled
water  (10  mg  kgG1,  p.o.)  and  received  an
intraperitoneal (i.p.) injection of  normal saline daily
for 7 consecutive days.

Group II: Gentamicin control (GM-control): Rats were orally
treated with distilled water (10 mg kgG1, p.o.) and
an i.p., injection of  GM (120 mg kgG1, i.p.) daily for
7 consecutive days.

Group III: Gentamicin+chrysin  (10  mg  kgG1)  [GM+CRY
(10)]:  Rats  were  treated  daily  with  both  chrysin
(10 mg kgG1, p.o.) and GM (120 mg kgG1, i.p.) at an
interval of 1 h for 7 consecutive days.

Group IV: Gentamicin+chrysin  (20  mg  kgG1)  [GM+CRY
(20)]:  Rats  were  treated  daily  with  both  chrysin
(20 mg kgG1, p.o.) and GM (120 mg kgG1, i.p.) at an
interval of 1 h for 7 consecutive days.

Group V: Gentamicin+chrysin  (40  mg  kgG1)  [GM+CRY
(40)]:  Rats  were  treated  daily  with  both  chrysin
(40 mg kgG1, p.o.) and GM (120 mg kgG1, i.p.) at an
interval of 1 h for 7 consecutive days.

Group VI: Gentamicin+methylprednisolone (12.5 mg kgG1)
[GM+MP  (12.5)]:  Rats  were  treated  daily  with
both methylprednisolone (12.5 mg kgG1, i.p.) and
GM  (120  mg  kgG1,  i.p.)  at  an  interval  of  1  h  for
7 consecutive days.

Nephrotoxicity  was  induced in rats (except normal)  by
GM at a dose of  120 mg kgG1, i.p.  for 7 days9. The  GM  was 
dissolved   in   normal   saline.   Doses   of   chrysin    (20   and
40 mg kgG1)  were  selected  on  the  basis  of  the previous
study  carried  out  in this  laboratory26.  The  dose  of
methylprednisolone (12.5 mg kgG1) was selected on the basis
of the previous study27. At the end of  the study, whole blood
samples were collected from retro-orbital plexus to obtain
serum  for  renal  function  parameters  (creatinine  and  BUN).

Body weights and kidney weights of all animals were recorded
and animals were sacrificed by cervical dislocation. Kidney
tissues  were  harvested,  fatty  and  conjunctive  tissue  layer
were removed, rinsed in normal saline and stored in -80EC
freezer for further biochemicals and RT-PCR studies. A kidney
of rat from each group was isolated and fixed in 10% formalin
solution for histopathological examination.

Serum  biochemistry:  The  serum  was  separated  by
centrifugation    using   eppendorf   cryocentrifuge   (model
No. 5810, Germany),  maintained  at  4EC  and  run at a speed
of  7000  rpm   for  15   min.   Serum   creatinine   and   BUN
were  measured  by  a  spectrophotometer  (UV-visible
spectrophotometer, V-530, Japan) using reagent kits
according to the procedure provided by the manufacturer
(Accurex Biomedical Pvt., Ltd., Mumbai, India).

Biochemical estimation
Kidney tissue homogenate preparation, antioxidants, lipid
peroxidation  (MDA)  and  NO  estimation:  A  known  weight
of the kidney tissue homogenates was prepared with 0.1 M
tris-HCl buffer (pH 7.4) and supernatant of homogenates was
employed to estimate superoxide dismutase (SOD), reduced
glutathione (GSH), lipid peroxidation (MDA) and Nitric Oxide
(NO) as described previously26,28-33.

Mitochondrial  enzymes  estimation:  Renal  mitochondria
were isolated and mitochondrial complex (I-IV) activity was
measured spectrophotometrically according to previously
described method34-40.

Determination  of  KIM-1  and  NGAL  by  reverse
transcriptase-PCR in kidney: The levels of mRNA were
analyzed in renal tissue using a Reverse Transcription (RT)-PCR
approach as described previously26,41-43. Briefly, single-stranded
cDNA was synthesized from 5 :g of total cellular RNA using
reverse transcriptase (MP Biomedicals India Private Limited,
India)  as  described  previously26.  Amplification  of  $-actin
served as a control for sample loading and integrity. The
primer sequences for KIM-1, NGAL and $-actin were selected
according to the previously reported method44. The PCR
products were detected by electrophoresis on a 1.5% agarose
gel containing ethidium bromide. The size of amplicons was
confirmed using a 100 bp ladder as a standard size marker.
The amplicons were visualized and images were captured
using a gel documentation system (Alpha Innotech Inc., San
Leandro, CA, USA). Gene expression was assessed by
generating densitometry data for band intensities  in  different
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sets  of  experiments  by  analyzing  the  gel  images  on  the
image J program (Version 1.33, Wayne Rasband, National
Institutes of Health, Bethesda, MD, USA) semi-quantitatively.
The band intensities were compared with constitutively
expressed $-actin. The intensity of mRNAs was standardized
against that of the $-actin mRNA from each sample and the
results were expressed as PCR-product/$-actin mRNA ratio.

Histological examination: The dissected kidney tissue
specimens were fixed in 10% formaldehyde, processed
routinely for embedding in paraffin. Sections were stained
with hematoxylin-eosin stain and Masson’s trichrome stain as
described previously45. Kidney sections were analyzed
qualitatively under a light microscope (40 and 100X) for
various histopathological alterations.

Statistical analysis: Data was expressed as Mean±Standard
Error Mean (SEM). Data analysis was performed using Graph
Pad Prism 5.0 software (Graph Pad, San Diego, CA, USA). Data
was analyzed by one-way analysis of variance (ANOVA) and
Dunnett’s tests were applied for post hoc analysis.  A value of
p<0.05 was considered to be statistically significant.

RESULTS

Effect of chrysin on GM-induced alterations in relative
kidney weight: There was significant (p<0.01) increased the
relative  kidney  weight  ratio  in  gentamycin  control  rats
when compared to normal rats. The Co-administration of
methylprednisolone (12.5 mg kgG1, p.o.) with gentamicin
significantly (p<0.001) decreased the relative kidney weight
ratio   compared   to   gentamicin   administered   control   rats.

However, chrysin (10, 20 and 40 mg kgG1, p.o.) treatment did
not show significant changes in relative kidney weight ratio
compared to control rats (Table 1).

Effect of chrysin on GM-induced alterations in renal
function parameters: The levels of serum renal function
parameters such as creatinine and BUN were significantly
(p<0.01 and p<0.001) increased in gentamicin control rats
compared  to  normal  rats.  Oral  administration  of
methylprednisolone  (12.5 mg  kgG1, p.o.)  to  gentamicin-
treated rats significantly (p<0.001) decreased the serum
creatinine and BUN levels compared to gentamicin control
rats. Creatinine  clearance  was  also  significantly  (p<0.001)
decreased in gentamicin-treated rats compared to normal rats.
However, treatment with methylprednisolone (12.5 mg kgG1,
p.o.) significantly (p<0.001) increased the creatinine clearance
compared to gentamicin alone treated rats. However, chrysin
(10, 20 and 40 mg kgG1, p.o.) failed to reduce serum creatinine
and BUN levels as well as failed to increase creatinine
clearance as compared to gentamicin administered control
rats (Table 1).

Effect of chrysin on GM-induced alterations in oxidative
stress: Renal SOD and GSH levels were significantly (p<0.05
and  p<0.01)  decreased  in  gentamicin  alone  treated  rats
when  compared  to  normal  rats.  The Co-administration  of
methylprednisolone (12.5 mg kgG1, p.o.) with gentamicin
significantly (p<0.01 and p<0.001) increased the renal SOD
and GSH levels compared to gentamicin administered rats.
However, chrysin (10, 20 and 40 mg kgG1, p.o.) administration
failed to produce a significant effect on the renal SOD and GSH
levels in gentamicin administered rats (Table 2).

Table 1: Effect of chrysin on GM-induced alterations in relative kidney weight, serum creatinine, BUN and creatinine clearance in rats
Parameters Normal GM-control GM+CRY (10) GM+CRY (20) GM+CRY (40) GM+MP (12.5)
Relative kidney weight 0.48±0.03 0.70±0.05## 0.68±0.03 0.65±0.02 0.64±0.04 0.52±0.06***
Serum creatinine (mg dLG1) 0.76±0.21 2.89±0.38## 2.92±0.30 2.82±0.38 2.70±0.32 0.81±0.44***
BUN (mg dLG1) 22.91±2.21 85.63±3.22### 82.32±4.21 80.23±4.55 83.74±2.44 36.52±8.22***
Creatinine clearance (mL minG1) 22.32±2.11 3.26±0.47### 4.56±0.84 5.63±0.45 6.66±1.85 16.32±2.96***
Data are expressed as Mean±SEM (n = 5) and analyzed by one-way ANOVA followed by post  hoc  Dunnett’s tests. ***p<0.001 as compared with GM-control group
and ##p<0.01, ###p<0.001 as compared with normal group, CRY: Chrysin, BUN: Blood urea nitrogen, GM: Gentamicin and MP: Methylprednisolone

Table 2: Effect of chrysin on GM-induced alterations in oxido-nitrosative stress in rats
Parameters Normal GM-control GM+CRY (10) GM+CRY (20) GM+CRY (40) GM+MP (12.5)
SOD (U mgG1 protein) 12.12±0.95 6.23±0.89# 7.52±0.12 8.55±1.11 8.12±0.37 10.85±0.63**
GSH (mg mgG1 protein) 42.56±4.12 20.44±3.12## 21.22±2.16 19.41±3.55 22.30±4.12 38.96±2.63***
MDA (nmol LG1 mgG1 protein) 0.38±0.08 3.66±0.78## 3.16±0.52 3.08±0.12 3.52±0.33 0.62±0.18***
NO (:g mLG1) 100.62±8.66 201.52±26.32## 209.63±11.78 200.16±12.12 192.63±18.20 120.33±21.52***
Data are expressed as Mean±SEM (n = 5) and analyzed by one-way ANOVA followed by  post  hoc   Dunnett’s tests. **p<0.01, ***p<0.001 as compared with GM-control
group and ##p<0.01, ###p<0.001 as compared with normal group, CRY: Chrysin, BUN: Blood urea nitrogen, GM: Gentamicin, MP: Methylprednisolone, SOD: Superoxide
dismutase, GSH: Reduced glutathione, MDA: Malondialdehyde and NO: Nitric oxide
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Effect of chrysin on GM-induced lipid peroxidation and NO
alteration: Gentamicin administration produced a significant
(p<0.05) increase in kidney tissue MDA and NO levels as
compared to normal rats. Addition of methylprednisolone
(12.5 mg kgG1, p.o.) treatment to gentamicin significantly
(p<0.001) restored the levels of kidney tissue MDA and NO
compared to gentamicin alone treated rats. Furthermore,
administration of chrysin (10, 20 and 40 mg kgG1, p.o.) did not
show a significant effect on kidney tissue MDA and NO levels
compared to gentamicin control rats (Table 2).

Effect of chrysin on GM-induced renal mitochondrial
dysfunction:  The  activities  of  NADH  dehydrogenase
(complex-I)  and  cytochrome  c  oxidase  (complex-IV)  were
significantly  (p<0.001)  reduced  in  renal  mitochondria
isolated from gentamicin-treated control rats when compared
to  normal  rats.  Oral  administration  of   methylprednisolone

(12.5 mg kgG1, p.o.) along with gentamicin significantly
(p<0.001)  restored  the  NADH  dehydrogenase  and
cytochrome c oxidase activities compared with gentamicin
alone treated group. Chrysin (10, 20 and 40 mg kgG1, p.o.)
failed to show significant changes in NADH dehydrogenase
and cytochrome c oxidase activities when compared with
gentamicin control rats (Fig. 1).

Effect of chrysin on GM-induced alteration in renal KIM-1
and NGAL mRNA expressions: Gentamicin administration
produced a significant (p<0.001) upregulation in renal KIM-1
and NGAL mRNA expressions as compared to normal rats.
Administration of methylprednisolone (12.5 mg kgG1, p.o.)
significantly  (p<0.001)  downregulated  the  levels  of renal
KIM-1 and NGAL mRNA expressions as compared to
gentamicin alone treated rats. When compared with
gentamicin  control  rats, chrysin (10,  20  and 40 mg kgG1, p.o.)

Fig. 1(a-d): Effect   of   chrysin   on   GM-induced   alterations   in   renal  mitochondrial  enzyme  activities in  rats,  (a) Complex-I,
(b) Complex-II, (c) Complex-III and (d) Complex-IV. Data are expressed as Mean±SEM (n = 5) and analyzed by one-way
ANOVA followed by post hoc  Dunnett’s tests. ***p<0.001 as compared with GM-control group and ###p<0.001 as 
compared with normal group, CRY: Chrysin, BUN: Blood urea nitrogen, GM: Gentamicin and MP: Methylprednisolone
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Fig. 2(a-d): Effect of chrysin on GM-induced alterations in renal (a) KIM-1, (b) NGAL, (c) KIM-1/$-action ratio and (d) NGAL/$-action
ratio mRNA expression in rats, data are expressed as Mean±SEM (n = 5) and analyzed by one-way ANOVA followed
by post hoc  Dunnett’s tests. ***p<0.001 as compared with GM-control group and ###p<0.001 as compared with
normal group, CRY: Chrysin, BUN: Blood urea nitrogen, GM: Gentamicin and MP: Methylprednisolone

Table 3: Effect of chrysin on GM-induced alterations in kidney histology in rats
Parameter Glomerular hypertrophy Inflammatory infiltration Congestion Edema Necrosis
Normal 0 0 0 0 0
GM-control ++++ +++ ++++ +++ ++++
GM+CRY (20) ++++ +++ ++++ +++ +++
GM+CRY (40) +++ +++ ++++ +++ +++
GM+MP (12.5) +++ +++ +++ +++ ++
0: No abnormality detected, +: Damage/active changes up to less than 25%, ++: Damage/active changes up to less than 50%, +++: Damage/active changes up to less
than 75%, ++++: Damage/active changes up to more than 75%

treatment failed to produce any significant inhibition in a
gentamicin-induced alteration in renal KIM-1 and NGAL mRNA
expressions (Fig. 2).

Effect of chrysin on GM-induced histological alteration in
renal tissue: Kidney tissue from normal rat showed intact
glomerulus basement membrane and tubules without any
congestion, necrosis and inflammatory infiltration (Fig. 3a).
Administration of gentamicin resulted in renal damage
reflected by the presence of intrinsic lesions (grade 4) within
the  glomeruli  and  epithelium,  glomerular  hypertrophy
(grade 4) along with intracellular edema (grade 3) and
inflammatory infiltration (grade 3) (Fig. 3b). There was
decreased    inflammatory    infiltration,    intracellular    edema
and   necrosis   (grade 1)   in   histology   of   renal   tissue   from

methylprednisolone (12.5 mg kgG1) treated rats reflected a
reduction in gentamicin-induced renal damage (Fig. 3c). Renal
tissue from chrysin (40 mg kgG1) treated rats showed the
presence of inflammatory infiltration with mild glomerular
hypertrophy,  intracellular  edema  and  necrosis  (Fig. 3d,
Table 3).

DISCUSSION

In clinical settings gentamicin is widely used antibiotic for
the treatment of various infections caused by Gram-negative
aerobes2. However, due to its major side effect of
nephrotoxicity limits its clinical utility46,47. Thus it’s a need of
the hour to protect gentamicin-induced kidney injury by
utilizing various therapeutic approach.  It is well accepted that
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Fig. 3(a-d): Effect of chrysin on GM-induced alterations in kidney histology in rats. Photomicrograph of sections of the kidney of
(a) Normal, (b) GM-control rats, (c) Chrysin (80 mg kgG1) treated rats and (d) Methylprednisolone (12.5 mg kgG1) treated
rats, H and E staining at 40X

free radical generation is the consequence of  reaction of
reactive oxygen species resulted in the generation of oxidative
stress. In the past, the researchers have underlined the
correlation between oxidative stress and gentamicin-induced
nephrotoxicity2,9.  Few recent studies also have suggested that
plant flavonoids with antioxidant potential have the ability to
inhibit gentamycin-induced nephrotoxicity9. Hence, in the
present investigation, it have evaluated that the effect of
chrysin in gentamicin-induced nephrotoxicity in laboratory
animals by assessing various biochemical molecular and
histological parameters.

Reactive Oxygen Species (ROS) played a decisive role in
the initiation and maintenance of vicious cycle of oxidative
stress that caused kidney damage. Activation of inflammatory
cells (such as monocytes/macrophages, polymorphonuclear
leucocytes (PMNs) and endothelial cells) caused tissue
infiltration followed by respiratory burst resulted in increased
oxygen utilization which leading to elevated production of
various physiological messengers including cytokines (TNF-",
IL-1, IL-6, interferons and colony stimulating factor), nitric
oxide, ROS and other mediators of  inflammation culminating
in  inflammation  and  tissue  damage48-54.  An  earlier  report
suggested that gentamicin elevates the oxidative stress in

renal tissue which is a key factor for the development of
nephrotoxicity2,9.  Thus,  anti-oxidative  agents  might  be
beneficial  to  overcome  the  gentamycin-induced
nephrotoxicity.

Superoxide dismutase (SOD) is an endogenous enzyme
possesses the ability to downregulate oxidative stress via
conversion of O2G to H2O2 to reduced elevated ROS55-58.
Whereas glutathione (GSH), a non-enzymatic antioxidant plays
a vital role in cellular defense against elevated H2O2

generation35,59-61. It can decrease cytotoxic H2O2 level by its
conversion to an oxidized form of glutathione (GSSG) via
catalase62-64. It has been reported that gentamycin acts as an
iron chelator and that the iron-gentamycin complex is a
potent catalyst of free radical formation an important
causative factor for oxidative stress65-68. An earlier report
suggested that gentamycin administration spoils the
glutathione redox status and decrease the GSH level in the
renal tissue2,9. In the present study, it has been observed that
gentamycin-intoxicated rats demonstrated significantly
reduced the activities of SOD and GSH in the renal tissue.
However, administration of chrysin failed to inhibit
gentamycin-induced decreased SOD and GSH activities in
gentamycin-intoxicated rats.
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Ferritin delivers free iron molecule upon gentamycin
exposure via activation of heme oxygenase and this free iron
enhance the ROS formation with the highly threatening
hydroxyl radicals through Fenton-type reaction69-71.  Hydroxyl
radicals pierce the membrane barriers and react mutagenically
with DNA in the cell nucleus and show the toxic effect to the
cells72. Gentamycin toxicity resulting in ROS generation causes
lipid peroxidation followed by deterioration of membrane
lipid bilayer arrangement and increased tissue permeability
through the inactivation of membrane-bound enzymes and
receptors which is an essential feature of oxidative stress2,9.
Membrane lipid peroxidation (in terms of MDA) reflects the
damage to the cellular structure via destruction of the double
bonds in the unsaturated fatty acids and is considered to be a
reliable marker of oxidative stress48,49,73,74. In the present study,
gentamycin ingestion causes lipid peroxidation. However,
treatment with chrysin failed to produce any significant
attenuates in this increased renal MDA level in gentamycin
intoxicated rats.

Erstwhile study has outlined that gentamycin intoxicated
rats  show a significant elevation in  NO level75.  Nitric Oxide
(NO) acts as an endothelial releasing factor in various
pathological and physiological processes and its boosting
level may be noxious for several organs including kidney2. In
the present investigation, administration of gentamycin
caused a significant elevation in renal NO level. Treatment
with chrysin did not show any significant reduction in this
elevated levels of renal nitric oxide.

Mitochondria are also known as “Cellular power plant”
involves the production of oxidative energy for the cells and
play a pivotal role in the oxidative phosphorylation76-80.
Mitochondria is the most important targeted organelles for
the oxidative stress that results in the excess generation of
ROS, mitochondrial DNA menace and cellular injury that
ultimately cause a decline in renal function81. This decrease in
renal function was reflected by altered levels of serum
creatinine, BUN and creatinine clearance. Studies reveal that
gentamycin intoxication demur the mitochondrial antioxidant,
mitochondrial  membrane  potential  and  disrupt  the
mitochondrial architecture in the renal tissue2. In the present
investigation, administration of gentamycin resulted in altered
mitochondrial enzyme activity which is according to findings
of  previous  investigators,  however,  administration  of
chrysin did not show any significant inhibition in this
gentamycin-induced altered mitochondrial enzyme activity.

Gentamicin-induced nephrotoxicity associated with Acute
Kidney Injury (AKI) or Acute Renal Failure (ARF)2. Kidney injury
molecule-1 (KIM-1 or T-cell immunoglobulin and mucin-1
(TIM-1)) and neutrophil gelatinase-associated lipocalin (NGAL,

also  known  as  lipocalin-2)  are  two  important  hallmarks
that  has  been  used  clinically  for the assessment of AKI or
ARF. In present investigation administration of gentamycin
significantly  increased  renal  KIM-1  and  NGAL  mRNA
expression in gentamicin-induced nephrotoxicity which is in
line with previous findings. This enhanced KIM-1 and NGAL
mRNA expression did not significantly down-regulated by
chrysin treatment.

CONCLUSION

The results of the present study demonstrate the
insignificant nephroprotective activity of chrysin against
gentamycin-induced  renal  toxicity,  indicating  its
ineffectiveness against gentamycin-induced nephrotoxicity.

ACKNOWLEDGMENTS

The authors would like to acknowledge Dr. S.S. Kadam,
Vice-Chancellor and Dr. K.R. Mahadik, Principal, Poona College
of Pharmacy, Bharati Vidyapeeth Deemed University, Pune,
India for providing necessary facilities to carry out the study.
The authors are also thankful to Ms. Diksha Bhan for her
technical  assistance.  The  authors  would  also  like  to
acknowledge Invaluesys Research Group to carry out statistical
analysis of the study.

REFERENCES

1. Salgado, C., F. Hernandes and J. Novoa, 2007. Glomerular
nephrotoxicity of amino nucleosides. Toxicol Applied
Pharmacol., 223: 86-98.

2. Adil,  M.,  A.D.  Kandhare,  G.  Dalvi,  P.  Ghosh,   S.   Venkata,
K.S. Raygude and S.L. Bodhankar, 2016. Ameliorative effect of
berberine against gentamicin-induced nephrotoxicity in rats
via attenuation of oxidative stress, inflammation, apoptosis
and mitochondrial dysfunction. Ren. Fail, 38: 996-1006.

3. Baliga, R., N. Ueda, P.D. Walker and S.V. Shah, 1999. Oxidant
mechanisms in toxic acute renal failure.  Drug  Metab.  Rev.,
31: 971-997.

4. Balakumar, P., A. Rohilla and A. Thangathirupathi, 2010.
Gentamicin-induced  nephrotoxicity:  Do  we  have  a
promising therapeutic approach to blunt it? Pharmacol. Res.,
62: 179-186.

5. Weinberg, J.M., P.G. Harding and H.D. Humes, 1980.
Mechanisms of gentamicin-induced dysfunction of renal
cortical mitochondria. II. Effects on mitochondrial monovalent
cation transport. Arch. Biochem. Biophys., 205: 232-239.

6. Kandhare,  A.D.,  K.S.  Raygude,  P.  Ghosh,  T.P.  Gosavi  and
S.L. Bodhankar, 2011. Patentability of animal models: India
and the globe. Int. J. Pharm. Biol. Arch., 2: 1024-1032.

303



Pharmacologia 7 (6-7): 296-307, 2016

7. Becker, G.J. and T.D. Hewitson, 2013. Animal models of
chronic kidney disease: Useful but not perfect. Nephrol. Dial.
Transplant, 28: 2432-2438.

8. Singh, A.P., A. Muthuraman, A.S. Jaggi, N. Singh, K. Grover and
R. Dhawan, 2012. Animal models of acute renal failure.
Pharmacol. Rep., 64: 31-44.

9. Sahu, B.D., S. Tatireddy, M. Koneru, R.M. Borkar and J.M. Kumar
et al., 2014. Naringin ameliorates gentamicin-induced
nephrotoxicity and associated mitochondrial dysfunction,
apoptosis and inflammation in rats: Possible mechanism of
nephroprotection. Toxicol. Applied Pharmacol., 277: 8-20.

10. Adil, M., A.D. Kandhare, A. Visnagri and S.L. Bodhankar, 2015.
Naringin ameliorates sodium arsenite-induced renal and
hepatic toxicity in rats: Decisive role of  KIM-1, Caspase-3,
TGF-$ and TNF-". Renal Failure, 37: 1396-1407.

11. Visnagri, A., M. Adil, A.D. Kandhare and S.L. Bodhankar, 2015.
Effect of naringin on hemodynamic changes and left
ventricular function in renal artery occluded renovascular
hypertension in rats. J. Pharmacy Bioallied Sci., 7: 121-127.

12. Sofowora, A., 1996. Research on medicinal plants and
traditional medicine in Africa. J.  Altern.  Complement.  Med.,
2: 365-372.

13. Kumari,  K.  and  K.T.  Augusti,  2007.  Lipid  lowering  effect  of
S-methyl cysteine sulfoxide from Allium cepa  Linn in high
cholesterol diet fed rats. J. Ethnopharmacol., 109: 367-371.

14. Son, I.S., J.H. Kim, H.Y. Sohn, K.H. Son, J.S. Kim and C.S. Kwon,
2007.  Antioxidative  and  hypolipidemic  effects  of 
diosgenin, a steroidal saponin of yam (Dioscorea spp.), on
high-cholesterol   fed   rats.   Biosci.   Biotechnol.   Biochem.,
71: 3063-3071.

15. Ciccone,  M.M.,  F.  Cortese,  M.  Gesualdo,  S.  Carbonara  and
A. Zito et al., 2013. Dietary intake of carotenoids and their
antioxidant and anti-inflammatory effects in cardiovascular
care. Mediators Inflamm. 10.1155/2013/782137.

16. Scicchitano,  P.,  M.  Cameli,  M.  Maiello,  P.A.  Modesti  and
M.L. Muiesan et al., 2014. Nutraceuticals and dyslipidaemia:
Beyond the common therapeutics. J. Funct. Foods, 6: 11-32.

17. Jaganathan, S.K. and M. Mandal, 2009. Antiproliferative
effects of honey and of its polyphenols: A review. J. Biomed.
Biotechnol. 10.1155/2009/830616 

18. Lukacinova,    A.,    J.    Mojzis,    R.    Benacka,    J.    Keller    and
T. Maguth et al., 2008. Preventive effects of flavonoids on
alloxan-induced diabetes mellitus in rats. Acta Veterinaria
Brno, 77: 175-182.

19. Cho, H., C.W. Yun, W.K. Park, J.Y. Kong and  K.S.  Kim et al.,
2004. Modulation of the activity of pro-inflammatory
enzymes, Cox-2 and iNOS, by chrysin derivatives. Pharmacol.
Res., 49: 37-43.

20. Cardenas, M., M. Marder, V.C. Blank and L.P. Roguin, 2006.
Antitumor activity of some natural flavonoids and synthetic
derivatives on various human and murine cancer cell lines.
Bioorg. Med. Chem., 14: 2966-2971.

21. Habtemariam, S., 1997. Flavonoids as inhibitors or enhancers
of  the cytotoxicity of tumor necrosis factor-" in L-929 tumor
cells. J. Nat. Prod., 60: 775-778.

22. Villar,    I.C.,   R.   Jimenez,   M.   Galisteo,   M.F.   Garcia-Saura,
A. Zarzuelo and J. Duarte, 2002. Effects of chronic chrysin
treatment in spontaneously hypertensive rats. Planta Med.,
68: 847-850.

23. Critchfield, J.W., S.T. Butera and T.M. Folks, 1996. Inhibition of
HIV activation in latently infected cells by flavonoid
compounds. AIDS Res. Hum. Retroviruses, 12: 39-46.

24. Machala,  M.,  R.  Kubinova,  P.  Horavova  and   V.   Suchy,
2001.  Chemoprotective  potentials  of  homoisoflavonoids
and  chalcones  of  Dracaena  cinnabari:  Modulations  of
drug-metabolizing enzymes and antioxidant activity.
Phytother. Res., 15: 114-118.

25. Wolfman, C., H. Viola, A. Paladini, F. Dajas and J.H. Medina,
1994. Possible anxiolytic effects of chrysin, a central
benzodiazepine     receptor    ligand    isolated    from
Passiflora  coerulea.  Pharmacol. Biochem. Behav., 47: 1-4.

26. Kandhare,   A.D.,   V.   Shivakumar,   A.   Rajmane,    P. Ghosh
and  S.L.  Bodhankar,  2014.  Evaluation  of  the
neuroprotective effect of chrysin via modulation of
endogenous biomarkers in a rat model of spinal cord injury.
J. Nat. Med., 68: 586-603.

27. Kakalij, R.M., C.P. Alla, R.P. Kshirsagar, B.H. Kumar, S.S. Mutha
and P.V. Diwan, 2014. Ameliorative effect of Elaeocarpus
ganitrus  on gentamicin-induced nephrotoxicity in rats.
Indian J. Pharmacol., 46: 298-302.

28. Ghule,  A.E.,  A.D.  Kandhare,  S.S.  Jadhav,  A.A.  Zanwar  and
S.L. Bodhankar, 2015. Omega-3-fatty acid adds to the
protective effect of flax lignan concentrate in pressure
overload-induced myocardial hypertrophy in rats via
modulation of oxidative stress and apoptosis. Int.
Immunopharmacol., 28: 751-763.

29. Honmore,    V.,    A.    Kandhare,    A.A.   Zanwar,   S.   Rojatkar,
S. Bodhankar and A. Natu, 2015. Artemisia  pallens  alleviates
acetaminophen  induced  toxicity  via  modulation  of
endogenous biomarkers. Pharmaceut. Biol., 53: 571-581.

30. Kamble,   H.,   A.D.  Kandhare,  S.  Bodhankar,  V.  Mohan  and
P. Thakurdesai, 2013. Effect of low molecular weight
galactomannans from fenugreek seeds on animal models of
diabetes mellitus. Biomed. Aging Pathol., 3: 145-151.

31. Kandhare,    A.D.,    J.    Alam,   M.V.K.   Patil,   A.   Sinha   and
S.L. Bodhankar, 2016. Wound healing potential of naringin
ointment formulation via regulating the expression of
inflammatory, apoptotic and growth mediators in
experimental rats. Pharmaceut. Biol., 54: 419-432.

32. Adil, M., A.D. Kandhare, P. Ghosh and S.L. Bodhankar, 2016.
Sodium arsenite-induced myocardial bruise in rats:
Ameliorative effect of naringin via TGF-$/Smad and Nrf/HO
pathways. Chem. Biol. Interact., 253: 66-77.

304



Pharmacologia 7 (6-7): 296-307, 2016

33. Adil, M., A. Visnagri, V.S. Kumar, A.D. Kandhare, P. Ghosh and
S.L.  Bodhankar,  2014.  Protective  effect of naringin on
sodium  arsenite  induced  testicular  toxicity  via  modulation
of  biochemical  perturbations  in  experimental  rats.
Pharmacologia, 5: 222-234.

34. Ketkar, S., A. Rathore, A. Kandhare, S. Lohidasan, S. Bodhankar,
A.    Paradkar    and    K.    Mahadik,    2015.    Alleviating
exercise-induced muscular stress using neat and processed
bee pollen: Oxidative markers, mitochondrial enzymes and
myostatin expression in rats. Integr. Med. Res., 4: 147-160.

35. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Effect of glycosides based
standardized fenugreek seed extract in bleomycin-induced
pulmonary    fibrosis   in   rats:   Decisive   role  of  Bax,  Nrf2,
NF-6B,  Muc5ac,  TNF-"  and  IL-1$.  Chemico-Biol.  Interact.,
237: 151-165.

36. Kandhare, A.D., P. Ghosh and S.L. Bodhankar, 2014. Naringin,
a flavanone glycoside, promotes angiogenesis and inhibits
endothelial apoptosis through modulation of inflammatory
and growth factor expression in diabetic foot ulcer in rats.
Chemico-Biol. Interact., 219: 101-112.

37. Visnagri,  A.,  A.D.  Kandhare,  S.  Chakravarty,  P.  Ghosh  and
S.L. Bodhankar, 2014. Hesperidin, a flavanoglycone attenuates
experimental diabetic neuropathy via modulation of cellular
and biochemical marker to improve nerve functions.
Pharmaceut. Biol., 52: 814-828.

38. Kandhare, A.D., P. Ghosh and S.L. Bodhankar, 2013. Morin
attenuates  airway hyperresponsiveness of  allergic asthma
via down regulation of immune-inflammatory biomarkers.
Proceedings  of  the  15th  International  Congress  of
Immunology, August 22-27, 2013, Milan, Italy.

39. Kandhare,  A.D.,  K.S.  Raygude,  P.  Ghosh,  A.E.   Ghule   and
S.L.  Bodhankar,  2012.  Neuroprotective  effect  of  naringin
by  modulation  of  endogenous  biomarkers  in
streptozotocin induced painful diabetic neuropathy.
Fitoterapia, 83: 650-659.

40. Kandhare,   A.D.,   K.S.  Raygude,  P.  Ghosh,  A.E.  Ghule  and
S.L. Bodhankar, 2012. Therapeutic role of curcumin in
prevention of biochemical and behavioral aberration induced
by alcoholic neuropathy in laboratory animals. Neurosci. Lett.,
511: 18-22.

41. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Prophylactic efficacy and possible
mechanisms of oligosaccharides based standardized
fenugreek    seed    extract    on    high-fat    diet-induced
insulin resistance in C57BL/6  mice.  J.  Applied  Pharma.  Sci.,
5: 35-45.

42. Kandhare, A.D., P. Ghosh, A.E. Ghule and S.L. Bodhankar, 2013.
Elucidation of molecular mechanism involved in
neuroprotective effect of Coenzyme Q10 in alcohol-induced
neuropathic pain. Fundam. Clin. Pharmacol., 27: 603-622.

43. Visnagri, A., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2013.      Endothelin      receptor      blocker      bosentan
inhibits   hypertensive   cardiac   fibrosis   in   pressure
overload-induced cardiac hypertrophy in rats. Cardiovasc.
Endocrinol., 2: 85-97.

44. Visnagri, A., A.D. Kandhare and S.L. Bodhankar, 2015.
Renoprotective effect of berberine via intonation on
apoptosis and mitochondrial-dependent pathway in renal
ischemia    reperfusion-induced    mutilation.    Renal     Fail.,
37: 482-493.

45. Kandhare, A.D., M.V. Patil and S.L. Bodhankar, 2015. L-arginine
attenuates the ethylene glycol induced urolithiasis in
ininephrectomized hypertensive rats: Role of KIM-1, NGAL
and NOs. Renal Fail., 37: 709-721.

46. Juan, S.H., C.H. Chen, Y.H. Hsu, C.C. Hou and T.H. Chen et al.,
2007. Tetramethylpyrazine protects rat renal tubular cell
apoptosis induced by gentamicin. Nephrol. Dial. Transplant.,
22: 732-739.

47. Sue,  Y.M.,  C.F.  Cheng,  C.C.  Chang,  Y. Chou, C.H. Chen and
S.H. Juan, 2009. Antioxidation and anti-inflammation by haem
oxygenase-1 contribute to protection by tetramethylpyrazine
against gentamicin-induced apoptosis in murine renal
tubular cells. Nephrol. Dial. Transplant., 24: 769-777.

48. Patil, A., A. Guru, A. Mukhrjee, A. Sengupta and S. Sarkar et al.,
2015. Elucidation of gastro-protective activity of Morin in
pylorus ligation induced gastric ulcer via modulation of
oxidative stress. Der Pharmacia Lettre, 7: 131-139.

49. Sarkar,  S.,  A.  Sengupta,  A.  Mukhrjee,  A.   Guru,   A.   Patil,
A.D. Kandhare and S.L. Bodhankar, 2015. Antiulcer potential
of morin in acetic acid-induced gastric ulcer via modulation
of endogenous biomarkers in laboratory animals.
Pharmacologia, 6: 273-281.

50. Honmore,  V.S.,  A.D.  Kandhare,  P.P.  Kadam,  V.M.  Khedkar
and  D. Sarkar et al.,  2016. Isolates of  Alpinia  officinarum
Hance as COX-2 inhibitors: Evidence from anti-inflammatory,
antioxidant  and  molecular  docking  studies.  Int.
Immunopharmacol., 33: 8-17.

51. Kandhare,  A.D.,  S.L.  Bodhankar,  V.  Singh,  V.  Mohan  and
P.A. Thakurdesai, 2013. Anti-asthmatic effects of type-A
procyanidine  polyphenols  from  cinnamon  bark  in
ovalbumin-induced airway hyperresponsiveness in laboratory
animals. Biomed. Aging Pathol., 3: 23-30.

52. Kandhare, A.D., M.V.K. Patil and S.L. Bodhankar, 2016.
Ameliorative effect of alkaloidal fraction of  leaves of Alstonia
scholaris  against acetic acid induced colitis  via  modulation
of oxido-nitrosative and pro-inflammatory cytokines.
Pharmacologia, 7: 170-181.

53. Kandhare, A.D., K.S. Raygude, P. Ghosh, A.E. Ghule, T.P. Gosavi,
S.L. Badole and S.L. Bodhankar, 2012. Effect of hydroalcoholic
extract of  Hibiscus  rosa  sinensis  Linn. leaves in experimental
colitis in rats. Asian Pac. J. Trop. Biomed., 2: 337-344.

305



Pharmacologia 7 (6-7): 296-307, 2016

54. Kandhare,  A.D.,  K.S.  Raygude,  V.S.  Kumar,  A.R.  Rajmane
and A. Visnagri et al., 2012. Ameliorative effects quercetin
against  impaired  motor  nerve  function,  inflammatory
mediators and apoptosis in neonatal streptozotocin-induced
diabetic    neuropathy    in    rats.    Biomed.    Aging    Pathol.,
2: 173-186.

55. Badole,  S.L.,  S.M.  Chaudhari,  G.B.  Jangam, A.D. Kandhare
and S.L. Bodhankar, 2015. Cardioprotective activity of
Pongamia  pinnata  in streptozotocin-nicotinamide induced
diabetic rats. BioMed Res. Int. 10.1155/2015/403291 

56. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Acute and repeated doses (28 days)
oral toxicity study of glycosides based standardized
fenugreek seed extract in laboratory mice. Regul. Toxicol.
Pharmacol., 72: 323-334.

57. Mohod, S.M., A.D. Kandhare and S.L. Bodhankar, 2016.
Gastroprotective potential of pentahydroxy flavone isolated
from  Madhuca  indica  J.  F.  Gmel.  Leaves  against  acetic
acid-induced  ulcer  in  rats:  The  role  of  oxido-inflammatory
and      prostaglandins     markers.     J.     Ethnopharmacol.,
182: 150-159.

58. Raygude, K.S., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2012.   Anticonvulsant   effect   of    fisetin    by    modulation
of    endogenous    biomarkers.   Biomed.   Preventive   Nutr.,
2: 215-222.

59. Saraswathi,  K.Y.,  A.  Muthal,  A.  Kandhare,  S.  Rojatkar  and
S.  Bodhankar,  2014.  Study  of  methanolic  extract  of
Artemisia  pallens  wall on endurance of laboratory animals.
Pharmacologia, 5: 298-309.

60. Thakurdesai,  P.,  V.  Mohan,  A.  Rajmane,  A.  Kandhare  and
S. Bodhankar, 2014. Protective effects of  asiaticoside on 2, 4,
6-trinitrobenzene sulfonic acid induced experimental colitis
in rats. Indian J. Pharmacol., 45: S34-S34.

61. Visnagri,  A.,  A.D.  Kandhare,  V.S.  Kumar,  A.R.  Rajmane  and
A.  Mohammad et al.,  2012.  Elucidation  of  ameliorative
effect  of  co-enzyme  Q10  in  streptozotocin-induced
diabetic  neuropathic  perturbation  by  modulation  of
electrophysiological, biochemical and behavioral markers.
Biomed. Aging Pathol., 2: 157-172.

62. Sies, H., 1999. Glutathione and its role in cellular functions.
Free Radic. Biol. Med., 27: 916-921.

63. Kumar, V.S., A.R. Rajmane, M. Adil, A.D. Kandhare, P. Ghosh
and S.L. Bodhankar, 2014. Naringin ameliorates acetic acid
induced   colitis   through   modulation   of   endogenous
oxido-nitrosative balance and DNA damage in rats. J. Biomed.
Res., 28: 132-145.

64. Sarkate, A.P., P.R.  Murumkar,  D.K.  Lokwani,  A.D.  Kandhare,
S.L. Bodhankar, D.B. Shinde and K.G. Bothara, 2015. Design of
selective TACE inhibitors using molecular docking studies:
Synthesis and preliminary evaluation of anti-inflammatory
and   TACE   inhibitory   activity.   SAR   QSAR   Environ.   Res.,
26: 905-923.

65. Karahan, I., A. Atessahin, S. Yilmaz, A.O. Ceribasi and F. Sakin,
2005. Protective effect of lycopene on gentamicin-induced
oxidative  stress  and  nephrotoxicity  in   rats.   Toxicology,
215: 198-204.

66. Kandhare, A.D., K.S. Raygude, P. Ghosh and S.L. Bodhankar,
2011. The ameliorative effect of fisetin, a bioflavonoid, on
ethanol-induced and pylorus ligation-induced gastric ulcer in
rats. Int. J. Green Pharm., 5: 236-243.

67. Kandhare,  A.D.,  P.  Ghosh,  A.E.  Ghule,  G.N.  Zambare  and
S.L. Bodhankar, 2013. Protective effect of  Phyllanthus  amarus
by modulation of endogenous biomarkers and DNA damage
in acetic acid induced ulcerative colitis: Role of phyllanthin
and hypophyllanthin. Apollo Med., 10: 87-97.

68. Bhilare,  V.N.,  S.S.  Dhaneshwar,  A.J.  Sinha,  A.D.  Kandhare
and   S.L.   Bodhankar,   2016.   Novel   thioester   prodrug  of
N-acetylcysteine for odor masking and bioavailability
enhancement. Curr. Drug Deliv., 13: 611-620.

69. Goswami,  S.,  A.  Kandhare,  A.A.  Zanwar,  M.V.  Hegde  and
S.L. Bodhankar et al., 2016. Oral L-glutamine administration
attenuated cutaneous wound healing in Wistar rats. Int.
Wound J., 13: 116-124.

70. Kandhare, A., S. Bodhankar, V. Mohan and P. Thakurdesai,
2013. Low molecular weight galactomannans from fenugreek
seeds ameliorates high-fat diet-induced insulin resistance in
C57BL/6 mice model. Indian J. Pharmacol., 45: S15-S15.

71. Gosavi, T.P., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2012. Anticonvulsant activity of Argentum metallicum, a
homeopathic preparation. Der Pharmacia Lettre, 4: 626-637.

72. Aswar, U.M., A.D. Kandhare, V. Mohan and P.A. Thakurdesai,
2015.  Anti-allergic  effect  of  intranasal  administration  of
type-a procyanidin polyphenols based standardized extract
of cinnamon bark in ovalbumin sensitized BALB/c mice.
Phytother. Res., 29: 423-433.

73. Kandhare, A.D., V.S. Kumar, M. Adil, A.R. Rajmane, P. Ghosh
and S.L. Bodhankar, 2012. Investigation of gastro protective
activity  of  Xanthium  strumarium  L.  by  modulation  of
cellular and biochemical marker. Orient. Pharmacy Exp. Med.,
12: 287-299.

74. Raygude,  K.S.,  A.D.  Kandhare,  P.  Ghosh,  A.E.   Ghule   and
S.L. Bodhankar, 2012. Evaluation of ameliorative effect of
quercetin in experimental model of alcoholic neuropathy in
rats. Inflammopharmacology, 20: 331-341.

75. Mukherjee, S., D. Das, M. Mukherjee, A.S. Das and C. Mitra,
2006. Synergistic effect of folic acid and vitamin B12 in
ameliorating Arsenic-induced oxidative damage in pancreatic
tissue of rat. J. Nutr. Biochem., 17: 319-327.

76. Ballinger, S.W., 2005. Mitochondrial dysfunction in
cardiovascular disease. Free Radical Biol. Med., 38: 1278-1295.

77. Alam,  J.,  A.  Kandhare,  S.  Deokar,  S.D.  Jagtap,  M.  Hegde 
and S. Bodhankar, 2013. Pharmacological evaluation of
hydroalcoholic extract of Withania somnifera (L.) root
formulated  ointment  cream  on  wound   healing   on
excision  and  incision  wound  model.  Indian  J.  Pharmacol.,
45: S219-S219.

306



Pharmacologia 7 (6-7): 296-307, 2016

78. Alam, J., A. Kandhare, M. Patil, A. Sinha, P. Singh and P. Ghosh,
2013. Naringin alleviates paracetamol induced hepatotoxicity
via modulation of endogenous enzyme and oxidative stress
in wistar rats. Indian J. Pharmacol., 45: S109-S109.

79. Aswar, U., U.  Mahajan,  G.  Nerurkar,  M.  Aswar,  A.  Kandhare,
V. Mohan and P. Thakurdesai, 2014. Mechanism based
efficacy study of standardized extract of  Centella  asiatica  (L.)
urban leaves on testosterone induced benign prostatic
hyperplasia  in   male   Wistar   rats.   Indian   J.   Pharmacol.,
45: S6-S6.

80. Devkar,  S.,  A.  Kandhare,  A.  Zanwar,  S.  Jagtap,  S.  Katyare,
S. Bodhankar and M. Hegde, 2016. Hepatoprotective effect of
withanolide rich fraction in acetaminophen intoxicated rat:
Decisive role of  TNF-", IL-1$, COX-II and iNOS. Pharmaceut.
Biol., (In Press). 

81. Kumaran, K.S. and P.S.M. Prince, 2010. Caffeic acid protects rat
heart mitochondria against isoproterenol-induced oxidative
damage. Cell Stress Chaperones, 15: 791-806.

307


