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ABSTRACT

Background: Gentamicin induced nephrotoxicity is a major contributor to Acute
Kidney Injury (AKI) resulting from free radicals induced oxidative stress.
Tinospora cordifolia is an Indian medicinal plant, widely used because of its
antioxidant activity. Due to limited scientific literature exploring its
nephroprotective potential, the present study was designed to investigate the
nephroprotective effect of aqueous extract of Tinospora cordifolia against
gentamicin induced nephrotoxicity in albino rats.

Methods: The study was commenced following approval from Institutional
Animal Ethical Committee of L.L.R.M. Medical College, Meerut (UP). Twenty
four rats were randomised into four groups of six animals each. Total duration of
study was 21 days. Group | received normal saline p.o., group Il received normal
saline along with gentamicin on last 5 days, group 111 and IV received Tinospora
cordifolia in graded doses p.o. along with gentamicin on last 5 days. Injection
gentamicin (40mg/kg) i.p. was given once daily for last 5 days to induce
nephrotoxicity in rats of groups Il, 1l and 1V. The rats were sacrificed under
anaesthesia, blood samples analysed for blood urea nitrogen (BUN) and serum
creatinine levels and histopathological changes were studied. Statistical analysis
was done using ANOVA followed by post hoc test.

Results: Tinospora cordifolia pre-treated groups exhibited significant (p<0.001)
limitation in rise in levels of BUN and serum creatinine in a dose dependent
manner. Histolopathological observations further corroborated the biochemical
findings.

Conclusions: The present study concluded that aqueous extract of Tinospora
cordifolia possesses nephroprotective potential against gentamicin induced
nephrotoxicity.
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INTRODUCTION

Acute kidney injury (AKI) is a common clinical
complication which is associated with increased morbidity
and mortality, affecting about 1-7% of hospitalised
patients and 1-25% of patients in the intensive care unit
(ICU).}2 Multiple epidemiologic investigations have
provided a broad range of estimates of the incidence of

www.ijbcp.com

AKI in critically ill patients, and the incidence varied
between 15% and 50%.3 Drugs are a common cause of
AKI responsible for approximately 20% of community
and hospital acquired episodes of AKI which may reach as
high as 66% in the elderly.*>

Gentamicin is an aminoglycoside antimicrobial agent,
effective against a wide range of Gram-negative bacteria
and also against Staphylococcus and Enterococcus,
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especially in synergy with p-lactams. Gentamicin remains
a first-line agent for many severe infections. The major
drawback of the gentamicin is the risk of nephrotoxicity
and ototoxicity. Gentamicin induces nephrotoxicity via
nitrosative stress.® It also causes nephrotoxicity by
inhibiting protein synthesis in renal cells. This mechanism
specifically causes necrosis of cells in the proximal tubule,
resulting in acute tubular necrosis which can lead to acute
renal failure.”

Tinospora cordifolia (T. cordifolia) commonly known as
Guduchi, belonging to family Menispermeaceae is well
known in Ayurvedic medicine due to its property of
healing many diseases. A variety of chemical constituents
such as alkaloids, diterpenoid lactones, steroids,
glycosides aliphatic compounds and polysaccharides have
been isolated, identified and characterized from different
parts of T. cordifolia. T. cordifolia has shown antioxidant,
anti-hyperglycaemic, anti-neoplastic, anti-stress, anti-
spasmodic, anti-pyretic, anti-allergic, antileprotic, anti-
inflammatory and anti-hyperlipidaemic activities in
experimental animals.®

Due to paucity of scientific literature exploring the
nephroprotective action of T. cordifolia, the present study
was undertaken to investigate the nephroprotective
potential of aqueous extract of Tinospora cordifolia
against gentamicin induced nephrotoxicity in albino rats.

METHODS
Experimental animals

Twenty four healthy Wistar albino rats of either sex,
weighing 150-200gm were grouped and housed in
polypropylene cages in CPCSEA approved Central
Animal House of L.L.R.M. Medical College, Meerut (UP).
The rats were maintained under standard laboratory
conditions of alternating periods of light and darkness of
12 hours each, temperature (25+2°C) and relative humidity
(45 to 55%). The rats had free access to standard rat pellet
diet and tap water ad libitum. After one week of
acclimatization, the animals were considered suitable for
study. Pregnant female rats were not included in the study.

Preparation of plant extract

The aqueous extract of Tinospora cordifolia (AETC) stem
was prepared by taking 100 grams of shade dried and
powdered plant material and mixing with 500mL of
distilled water in a Soxhlet apparatus for 20-24hours. The
filtrate was then concentrated in a rotary evaporator and
the extract stored at 4°C until required.

Drugs and chemicals
Gentamicin used for inducing nephrotoxicity was the

commercially available injectable preparation (Genticyn
manufactured by Abbott Healthcare Pvt. Ltd.). Q-Line

assay kits for serum urea and creatinine were procured
from POCT Services Private Limited, New Delhi, India.

Experimental study design

The study was commenced after getting approval from
Institutional Animal Ethical Committee of L.L.R.M.
Medical College, Meerut, India, registered under CPCSEA
India. The study was conducted in the Department of
Pharmacology, L.L.R.M. Medical College, Meerut (UP)
from September 2017 to August 2018.

The total duration of study was 21 days, wherein 24 rats
were randomly divided into four groups of six animals
each. Drugs were administered per orally to the rats after a
fasting period of 4 hours to ensure proper absorption.

Group-I: Control group was given 0.9 % NaCl solution in
a single oral dose of 2ml/kg/day for 21 days.

Group-II: In addition to 0.9% NaCl solution, the animals
of this group received injection gentamicin (40 mg/kg)
intraperitoneally (i.p.) once daily for last 5 days.

Group-I11I: This group was treated with aqueous extract of
Tinospora cordifolia (AETC) in the dose of 250 mg/kg
body weight after making a suspension in normal saline
per orally for 21 days. Injection gentamicin (40 mg/kg)
was administered intraperitoneally (i.p.) once daily for last
5 days.

Group-1V: This group was treated with aqueous extract of
Tinospora cordifolia (AETC) in the dose of 500 mg/kg
body weight after making a suspension in normal saline
per orally for 21 days. Injection Gentamicin (40 mg/kg)
was administered intraperitoneally (i.p.) once daily for last
5 days.

After fasting for 24 hrs after the last dose of Gentamicin,
with free access to water ad libitum, the rats were
sacrificed under anaesthesia produced by intraperitoneal
injection of Ketamine (75 mg/kg) and Xylazine (10
mg/kg). Blood samples for performing biochemical tests
were collected from abdominal aorta and the kidneys were
dissected out for histopathological study. The collected
blood samples were centrifuged at about 2500 rpm for 10
minutes. The serum so separated was used for estimation
of BUN and serum creatinine levels using assay Kits
spectrophotometrically.

Rats from each group were sacrificed and the kidneys were
excised for histopathological examination. The kidneys
were washed with normal saline. A section of kidney was
dissected, fixed in neutral buffered formalin (10%) and
then dehydrated with grades of ethanol (70%, 80%, 90%,
95% and 100%). Dehydration was followed by clearing
the samples in xylene. Tissue samples were then
embedded in paraffin wax from which blocks were
prepared. Sections of Sum thickness were prepared from
the blocks using a microtome.® Tissue samples were
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stained with Haematoxylin and Eosin stain and subjected
to histopathological examination.

Statistical analysis

The study data were expressed as mean + standard error of
mean (SE). The statistical analysis was carried out using
one way analysis of variation (ANOVA) followed by
Tukey’s post hoc test. p-value <0.05 was considered as
significant.

RESULTS

Effect of Tinospora cordifolia on blood urea nitrogen
(BUN) and serum creatinine levels

BUN level, as depicted in Table 1, in normal saline treated
group was 23.8+0.52 mg/dl. It was found to be
significantly increased (p<0.001) after administration of
gentamicin to 64.42+0.62 mg/dl. Tinospora cordifolia
exhibited a dose dependent limitation of BUN rise after
gentamicin administration. At the dose of 250mg/kg for 21
days Tinospora cordifolia displayed a highly significant
(p<0.001) prevention in BUN rise (40.57+1.54 mg/dl)
when compared to gentamicin treated group. However, in
the dose of 500 mg/kg for 21 days the Tinospora cordifolia
extract showed much more efficacy, in limiting the BUN
rise after gentamicin administration, to 28.92+1.23 mg/dl,
and it was also found to be highly significant (p<0.001).

Table 1: Effect of Tinospora cordifolia on Gentamicin induced changes in BUN levels (Mean£SE) (n=6).

Group Treatment BUN (mg/dl), Mean+SE
| Normal Saline (2ml/kg, p.o.) 23.80+0.52
I Normal Saline (2ml/kg, p.o.) + Gentamicin (40mg/kg, i.p.) 64.42+0.62"
I Tinospora cordifolia (250mg/kg, p.o.) + Gentamicin (40mg/kg, i.p.) 40.57+1.54"
v Tinospora cordifolia (500mg/kg, p.o.) + Gentamicin (40mg/kg, i.p.) 28.92+1.23"

*p<0.001 as compared to Normal saline treated group, #p<0.001 as compared to Gentamicin treated group

Table 2: Effect of Tinospora cordifolia on gentamicin induced changes in serum creatinine levels (Mean£SE) (n=6).

Serum creatinine (mg/dl),

Group Treatment Mean+SE
| Normal Saline (2ml/kg, p.o.) 0.55+0.015
1 Normal Saline (2ml/kg, p.0.) +Gentamicin (40mg/kg, i.p.) 1.97+0.016*
Il Tinospora cordifolia (250mg/kg, p.0.) + Gentamicin (40mg/Kkg, i.p.) 0.92+0.024#
v Tinospora cordifolia (500mg/kg, p.o.) + Gentamicin (40mg/kg, i.p.) 0.63+0.017#

"p<0.001 as compared to Normal saline treated group, #p<0.001 as compared to Gentamicin treated group

Normal histological architecture of glomerulus (arrow) and renal
tubules in rats of control group (Oral saline 2mi/100g/day).

Figure 1: Light micrograph of section from kidney
stained with Haematoxylin-Eosin (40X).

Creatinine level, as depicted in Table 2, in normal saline
treated group was 0.55+0.015 mg/dl. It was found to be
significantly increased (p<0.001) after administration of
gentamicin to 1.97+0.016 mg/dl. Tinospora cordifolia
demonstrated a dose dependent limitation of creatinine rise
after gentamicin administration. At the dose of 250mg/kg
for 21 days Tinospora cordifolia showed a highly
significant limitation (p<0.001) of creatinine rise
(0.92+0.024 mg/dl) when compared to gentamicin treated
group. However, in the dose of 500 mg/kg for 21 days the
Tinospora cordifolia extract had much more efficacy, in
limiting the creatinine rise after gentamicin administration,
to 0.63+0.017 mg/dl. This observation was also highly
significant (p<0.001).

Histological studies
The histopathological sections of kidneys of normal

control rats presented with normal morphological
appearance of cortex and medulla with normal glomerular
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and tubular stuctures after 21 days (Figure 1). Whereas, in
gentamicin treated group the kidney tissue sections of rats
revealed haemorrhagic foci, renal tubular degeneration
and leucocytic infiltration (Figure 2). The histological
sections of kidneys of Tinospora cordifolia treated groups
exhibited almost normal architecture of kidney with
minimal leucocytic infiltration after 21days of pre-
treatment (Figure 3), with absence of haemorrhage, tubular
casts, glomerular congestion or tubular necrosis. Thus, the
nephroprotective effect was confirmed by the
histopathological examination of the kidney, wherein the
normal cellular architecture was found to be restored.

(blue arrow) in cortex of rats in Gentamicin group (GT
40mg/kg/day i.p. for last 5 days).

Figure 2: Light micrograph of section from kidney
stained with Haematoxylin-Eosin (40X).

Nearly preserved histological architecture of kidney showing
normal glomerulus (arrow) in rats treated with Tinospora
cordifolia (500mg/kg/day p.o. for 21 days + Gentamicin
40mg/kg/day i.p. for last 5 days).

Figure 3: Light micrograph of section from kidney
stained with Haematoxylin-Eosin (40X).

DISCUSSION

Nephrotoxicity is a kidney specific feature in which
excretion does not go smoothly owing to toxic chemicals

or drugs.'®!! Renal proximal tubular cells, on account of
exposure to toxic levels of drugs in the process of
concentration and reabsorption of glomerular filtrate, are
highly susceptible to nephrotoxicity.*?

Nephrotoxicity induced by gentamicin is a commonly used
experimental model for evaluation of nephroprotective
activity of the drugs. Nephrotoxicity is rapidly induced in
rats and presents with established morphological changes
and biochemical markers. High doses (40 mg/kg or more
for gentamicin) are necessary in animals to rapidly induce
extended cortical necrosis and overt renal dysfunction.'®
Therefore, the present study provides an opportunity to
evaluate the nephroprotective potential of Tinospora
cordifolia by using this model.

Gentamicin (GT), belonging to aminoglycoside group of
antimicrobial agents, is actively concentrated in the renal
cortex and in proximal tubular cells particularly. After
entering the cortical cells it binds to lysosomes with
formation of myeloid bodies/secondary lysosomes thus
impairing mitochondrial function, interfering with the
tubular transport, increasing oxidative stress and forming
free radicalswhich is associated with increased lipid
peroxidation and decrease in antioxidant enzyme activity
in the kidney resulting in renal toxicity.2614

General preventive measures against drug induced
nephrotoxicity include using alternative available non-
nephrotoxic drugs, correcting risk factors, assessing
baseline renal function before initiation of therapy,
adjusting drug dosage, monitoring renal function and
avoiding nephrotoxic drug combinations.®

The elevation of BUN and serum creatinine have been
used in gentamicin induced nephrotoxicity models as
indicator of renal insult and have been found to correlate
with extent of injury.2® In the present study also, levels of
BUN and serum creatinine were evaluated and compared
among the 4 groups. Expectedly, the serum creatinine and
urea concentrations in the animals of gentamicin treated
group were significantly higher than that of the control
group. It is an established fact that nephrotoxicity is
associated with increased urea in blood.*®'" Increased
serum creatinine is also strongly related with renal
damage.'"8 Pre-treatment with Tinospora cordifolia was
found to be beneficial in the present study. The levels of
BUN and serum creatinine were significantly decreased
(p< 0.001) in groups treated with this drug as compared to
GT group in a dose dependent fashion (Table 1 and Table
2). These observations indicate remarkable improvement
in renal function.

The results of the serum markers correlated well with the
histopathological observations (Figure 1-3) in the renal
tissue of animals treated with either GT or test drug or
normal saline. It can be inferred from these findings that
Tinospora cordifolia afforded significant protection
against renal tissue injury.
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A relationship between nephrotoxicity and oxidative stress
has been confirmed in many experimental models.-2!
Earlier studies have shown that pre-treatment with
compounds having antioxidant property prevent
gentamicin-induced oxidative stress and renal damage.
These include curcumin, garlic extract, melatonin,
lycopene'® and taurine.?>2%

The presence of polyphenols and flavonoids with
antioxidant potential in methanolic T. cordifolia extract
(TCE) has earlier been reported by Sivakumar et al.?®
Reddy et al, documented the protective effect of TCE in
reducing lipid peroxidation and protein carbonyl content.?”
Studies also reveal free radical scavenging properties of T.
cordifolia.®® Kumar et al, from the same department
previously stated that aqueous extract of T. cordifolia
exhibited potent hepatoprotective activity in albino rats
due its antioxidant properties.?®

Gentamicin induced renal injury was evidenced by the
elevated biochemical markers [blood urea, serum
creatinine] and by the histopathological features of acute
tubular necrosis. Pre-treatment with Tinospora cordifolia
was found to almost normalize the elevated blood urea,
serum creatinine (Table 1 and Table 2) and bring about a
marked recovery in kidneys as evidenced microscopically
(Figure 1-3).

Hence, it can be concluded that Tinospora cordifolia
provides nephroprotection by modulating the antioxidant
status of the Kkidney. T. cordifolia contains many
ingredients which have antioxidant property. Whether it is
due to one single compound, or all compounds together
play a beneficial role remains to be elucidated.

CONCLUSION

It was concluded from the present study that pre-treatment
with  Tinospora cordifolia significantly  reduced
gentamicin induced renal damage. However, further
studies are needed to identify and characterize the
phytoconstituents from Tinospora cordifolia; and also to
explore the exact mechanism by which it acts as
nephroprotective agent, before it can be introduced in a
clinical setting. The study also carries further scope for
assessment of T. cordifolia with its other extracts, dose
levels, extended test durations and other biochemical
parameters, in order to conclusively establish Tinospora
cordifolia as a nephroprotective drug.
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