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Abstract

Background: Kidney is an important excretory organ. Its damage can be occurred due to prolonged

use and higher doses of drugs, exposure to some chemicals, toxins, or infectious agents. Herbal plants

as Ashwagandha (Withania somnifera) may have free radical scavenging activity thereby can be used

for the prevention and treatment of kidney damage. Objective: To observe the nephroprotective effect

of Ashwagandha (Withania somnifera) root against gentamicin induced nephrotoxicity in Wistar

albino rats. Methods: This experimental study was carried out in the Department of Physiology, Sir

Salimullah Medical College (SSMC), Dhaka from 1st July 2010 to 30th June 2011. A total number of 35

Wistar albino rats, age ranged from 90 to 120 days, weighing between 150 to 200 grams were included

in this study. After acclimatization for 14 days, they were divided into control group (Group A) and

experimental group (Group B). Control group was again subdivided into group A1 (baseline control,

consisted of 10 rats) and group A2 (gentamicin treated control group, consisted of 10 rats). Again,

experimental group (Group B- Ashwagandha pretreated and gentamicin treated group) consisted of 15

rats. All groups of animals received basal diet for 22 consecutive days.  In addition to this, group A2
also received gentamicin subcutaneously (100mg /kg body weight/day) for the last eight (15th to 22nd

day) consecutive days. Again, group B received ashwagandha root extract (500mg/kg body weight/

day; orally) for 22 consecutive days and gentamicin subcutaneously (100mg/kg body weight /day) for

last eight (15th to 22nd day) days. All the animals were sacrificed on 23rd day. Then blood and kidney

sample were collected. Estimation of serum urea, creatinine levels were done by using standard

Laboratory kits. The statistical analysis was done by one way ANOVA and Bonferroni test as applicable.

Results: The mean serum urea, creatinine levels were significantly (p<0.001) higher in gentamicin

treated control group in comparison to those of baseline control. Again, these levels were significantly

(p<0.01) lower in ashwagandha pretreated and gentamicin treated group (experimental group) when

compared to those of gentamicin treated group (control). Conclusion: Ashwagandha (Withania

somnifera) root may have some nephroprotective effect against gentamicin induced nephrotoxicity.

Key words: Nephroprotective, Ashwagandha, Gentamicin

J Bangladesh Soc Physiol. 2011 December; 6(2): 84-89

For Authors Affiliation, see end of text.

http://www.banglajol.info/index.php/JBSP

T
Introduction

he kidney is an essential excretory

organ of our body, plays a dominant

role in homeostasis by excreting the

metabolic waste products and excess necessary

substances. It conserves necessary products

depending on the needs of the body1. It is prime

target of several drugs, toxic xenobiotics or
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chemicals due to high  rate of blood flow (20%-

25% of cardiac output) and  presence of cellular

transport systems that causes accumulation of

these compounds within the nephron epithelial

cells2 .  Metabolites of the drugs that are excreted

from kidney may also cause cellular damage

leading to kidney dysfunction. Several xenobiotic

substances like aminoglycosides,

cephalosporins, anticancer drugs (cisplatin),

amphotericin B, analgesics etc exert their toxic

effects by one or more common pathogenic

mechanism that can produce nephrotoxicity3.

Kidney disease is one of the commonest cause

of hospitalization in most of the countries. Acute

renal failure (ARF) is a common and serious renal

problem having high morbidity and mortality

rate4.  Increase in the levels of blood urea and

creatinine is the principal diagnostic criteria of

renal failure. Severe and progressive uremia may

result in death5.

Gentamicin is a broad-spectrum antibiotic

belonging to the amino glycosides group, very

effective against gram-negative and some gram-

positive bacterial infections6.  Gentamicin is well

recognized, to produce renal tubular necrosis

mainly in the proximal tubule. This drug causes

generation of reactive oxygen species (ROS),

which induces cell injury and necrosis via lipid

peroxidation7.8.

Withania somnifera, known as ashwagandha /

Winter cherry/ Indian ginseng, widely used in

the Ayurvedic medicine, belongs to the family of

Solanaceae.  Leaves, fruits, seeds, shoots and

roots of this plant have all been used traditionally

as well9. The roots of Withania somnifera

contained 35 chemical constituents. Withaferin

A and withanolides, the active ingredients

contribute to the most of the biological actions

of Withania.  Furthermore, the roots of this plant

are reputed to promote health and longevity by

augmenting defense against some diseases,

arresting the aging process, revitalizing the body

in debilitated condition, increasing the capability

of individual to resist adverse environment

factors and by creating a sense of mental well

being10. Till today, no side effects have been

found in ashwagandha11.

Some researchers observed that Withania

somnifera significantly reduced gentamicin

induced elevation of serum urea and creatinine

levels in rats12. Recently some researchers

showed that the root of this plant lowers the

dehydration-induced increase in the level of

serum urea and creatinine indicates protective

effect of this plant against renal injury11.

Moreover, some other researchers found that

root of Withania somnifera significantly inhibit

lipid peroxidation and generation of free radicals

to provide protection against nephrotoxicity13,

14. Whereas, some other researchers found

ashwagandha (Withania somnifera) induced

marked renal lesions in rats15.

Now a days, there is increasing incidence of renal

failure with consequence of high   morbidity and

mortality in our country. So, preventions of

occurrence and progression of acute renal failure

(ARF) has become a very important issue. But

modern medicine lacks of reliable

nephroprotective drugs. In recent years, great

effort has been focused on traditional and herbal

medicine for the treatment of ARF16.  But in

Bangladesh, little is known about the

nephroprotective effect of ashwagandha

(Withania somnifera).Therefore, the present

study has been designed to observe the

nephroprotective role of ashwagandha (Withania

somnifera) in experimental animals after inducing

nephrotoxicity by gentamicin. It is also expected

that the result of this study would make the

ashwagandha acceptable among the people as a

rich source with medicinal value for the

prevention of kidney diseases.

Methods

This experimental study was conducted between

July 2010 to June 2011 in the Department of

Physiology, SSMC, Mitford, Dhaka. A total

number of 35 Wistar albino rats, age ranged from

90 to 120 days, weighing between 150 to 200

grams were included in this study. After

acclimatization for 14 days, they were divided

into control group (Group A) and experimental

group (Group B). Control group was again

subdivided into group A1 (baseline control,

consisted of 10 rats) and group A2 (gentamicin
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treated control group, consisted of 10 rats).

Again, experimental group (Group B-

Ashwagandha pretreated and gentamicin treated

group) consisted of 15 rats. All groups of animals

received basal diet for 22 consecutive days.  In

addition to this, group A2 (gentamicin treated

group) also received gentamicin subcutaneously

(100mg /kg body weight/day) for the last eight

(15th to 22nd day) consecutive days. Again, group

B (ashwagandha pretreated and gentamicin

treated group) received ashwagandha root

extract (500mg/kg body weight/day; orally) for

22 consecutive days and gentamicin

subcutaneously (100mg/kg body weight /day)

for last eight (15th to 22nd day) days. After giving

gentamicin and ashwagandha all the animals

including baseline control rats, were

anaesthetized with the help of chloroform and

sacrificed on 23rd day.  After 14 days of

acclimatization, body weights were measured

(initial bw), Again, final body weights (final bw)

of rats before anaesthetized on 23rd day were

taken. The blood and kidney samples were

collected. Kidney was washed in ice cold saline.

Then, it was wiped in tissue paper and weighed

by electric balance analyzer. Blood was

centrifuged at the rate of 4000 rpm for 5 minutes

and supernatant serum was collected. Out of 35

serum samples, four (4) were hemolyzed. So,

thirty one (31) samples were estimated.

Assessment of kidney function was done by

estimating serum urea (modified urease-berthelot

colorimetric method in auto analyzer17 )and

creatinine (alkaline picrate method in auto

analyzer18) levels in the laboratory of Department

of Physiology, SSMC. Statistical analysis were

done by one way ANOVA and Bonferroni test by

using SPSS windows, version 16.

Preparation of root extract of ashwagandha

(Withania somnifera) :

 Ashwagandha is cultivated and harvested in the

Ayurvedic nursery of Hamdard

Laboratories, Meghna. After collecting the roots

of this plant, it was dried in sunlight for 2 days,

crushed in an electrical grinder into powder. Then

the  powder was extracted in methanol, filtered,

evaporated by rotatory evaporator and dried.

After that, the dried root extract of ashwagandha

was dissolved by propylene glycol (2ml/kg body

weight) and finally mixed with distilled water for

feeding.

Results

Body weights of the rats are presented in Table I.

Table I: Initial and final body weight with the percent of change of body weight in different groups (n=31)

Groups                                     Body weight (g)

Initial (Day 1) Final (Day 23)

A1(n=9) 181.13 ± 2.64 187.18 ± 3.66 3.34 ± 0.92

A2(n=9) 182.30 ± 2.80 176.83 ± 3.69 -2.99 ± 1.47

B(n=13) 181.85 ± 3.13 180.46 ± 2.59 -0.75 ± 0.79

Statistical  analysis

P value

A1 vs A2 0.189ns 0.000*** 0.001**

A1 vs  B 0.285ns 0.000*** 0.004**

 A2 vs  B 0.363ns 0.012* 0.003**

Results are expressed as Mean ± SD. Statistical analysis was done by ANOVA test and then Bonferroni test was

performed to compare between groups.

 Group A1 (Baseline control group)          Group A2 (Gentamicin treated control group)

 Group B (Ashwagandha pretreated and gentamicin treated group)

ns: Non-significant   * : Significant at p < 0.05   ** : Significant at p < 0.01

***: Significant at p < 0.001

% of change from final (F) weight to

initial (I)  weight[(F-I)/I×100]
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Table II: Serum urea and creatinine levels in

different groups of rats (n=31)

Groups Serum urea Serum Creatinine

(mg/dl) (mg/dl)

A1(n=9) 50.78 ± 2.05 0.88 ± 0.18

A2(n=9) 127.56 ± 4.71 2.70 ± 0.25

B(n=13) 63.23 ± 1.48 1.13 ± 0.13

Statistical  analysis             P value

A1 vs  A2  0.000*** 0.000***

A1  vs  B  0.017* 0.025**

A2  vs  B 0.004** 0.007**

Results are expressed as Mean ± SD. Statistical

analysis was done by ANOVA test and then Bonferroni.

Group A1 (Baseline control group) Group A2
(Gentamicin treated control group)

Group B (Ashwagandha pretreated and gentamicin

treated group), n  : Number of subjects

*   : Significant at p < 0.05 ** : Significant at p < 0.01

***: Significant at p < 0.001

The mean serum levels of urea and creatinine

were significantly higher in group A2 (p<0.001)

and group B (p<0.05) in comparison to those of

group A1. Again, these levels of group B were

significantly (p<0.01) lower than those of group

A2. (Table II).

Discussion

In this study, the kidney weight was significantly

higher in gentamicin treated control rats when

compared to that of baseline control and

experimental group. But, no significant difference

of this value was observed between experimental

group and baseline control group.  This finding

is in consistent with that of some other

investigators12, 19 .

In the present study, serum levels of urea and

creatinine were significantly higher in gentamicin

treated control and in experimental group  in

comparison to those of baseline control group.

Again, significantly   lower levels of these

parameters were observed in experimental group

when compared to those of gentamicin treated

control group. Similar findings were also reported

by different researchers 11, 20.

It has been suggested that, toxic dose of

gentamicin may decrease the plasma magnesium

concentration. This hypomagnesaemia may

reduce the body weight, as magnesium is an

essential mineral required for regulation of

carbohydrate, protein and lipid metabolism and

for maintenance of normal health21.

It has been postulated that, gentamicin induced

toxicity may be produced by accumulation and

dumping of gentamicin in kidney which causes

oedema and inflammatory changes in the proximal

tubular epithelial cells and thereby increases the

kidney weight22, 23.

Again, toxic dose of gentamicin causes impairment

of renal microcirculation and glomerular

hemodynamics thus, decreases glomerular

filtration rate (GFR) and thereby increases serum

urea and creatinine levels7, 23. However, gentamicin

induced toxicity may cause excessive formation

of ROS (reactive oxygen species) such as O2
-,

OH- and H2O2 that stimulate mesangial cells

contraction. So, there is decreased GFR (glomerular

filtration rate) and increased serum urea and

creatinine levels12, 24.

However, some other researchers suggested that,

ashwagandha root contained sitoindosides VII-

Figure 1: Mean kidney weight of different groups

of rats (n=31)

Group A1 (Baseline control group)

Group A2 (Gentamicin treated control group)

Group B (Ashwagandha pretreated and gentamicin

treated group)

The kidney weight was significantly (p<0.01) higher

in group A2 when compared to those of group A1
and B. Again, kidney weight of group B was higher

than that of group A1, but the difference was not

statistically significant (Figure 1).
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X and withaferin A, have antioxidant activity by

enhancing the free radical scavenging enzymes

such as, superoxide dismutase (SOD), catalase

(CAT), glutathione peroxidase (GPx)9, 10 .

Therefore, it may suppress toxin-mediated

enhancement of serum urea and creatinine levels

and improvement of body weight11, 12.

 Furthermore, ashwagandha also have the ability

to decrease serum urea and creatinine levels by

increasing glomerular filtration rate may be due

to some of its active components like phenolic

compounds and flavonoids14.

Moreover, it has been suggested that

ashwagandha root extract contained

withanolides, which inhibit cyclooxygenase

enzymes, lipid peroxidation and proliferation of

tumor cells. Thus, it reduces inflammatory

process by inactivating nuclear factor –kappa B

(NF-˜B) activation. This anti-inflammatory

property may be helpful in decreasing the kidney

weight25.

In the present study, nephrotoxicity was

observed in rats treated with gentamicin as

evidenced by higher levels of serum urea and

creatinine. This is further supported by an

increase in kidney weight in nephrotoxic rats of

present study which may be due to increased

production of free radicals and this may initiate

lipid peroxidation and subsequent cellular

damage.

Again, lower levels of serum urea and creatinine

and decrease in kidney weight in ashwagandha

pretreated and gentamicin treated rats of the

present study suggested the nephroprotective

role of this root extract against gentamicin toxicity.

These effects are most likely due to free radical

scavenging activity of ashwagandha. However,

the exact mechanism involved in the nephro-

protective  activity of ashwagandha (Withania

somnifera) root extract against gentamicin

induced nephrotoxicity in rats cannot be find out

from this type of study.

Conclusion

From this study, it can be concluded that

ashwagandha (Withania somnifera) root extract

may have some role in decreasing serum urea

and creatinine levels and normalize the kidney

weight against gentamicin toxicity, which may

be due to its inhibition of generating and

scavenging free radicals.
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