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INTRODUCTION 

Aminoglycoside antibiotics are commonly used drugs to 

prevent and treat infections, particularly against gram 

negative bacterial infections since the beginning of 

twentieth century.
1,2 

Besides their beneficial effects, 

aminoglycoside possess considerable side effects. 

Nephrotoxicity and ototoxicity are the common side 

effects that limits long duration therapy.
3
 Gentamicin is 

highly nephrotoxic agent among all aminoglycosides.
4
 

Histopathological findings showed that administration of 

aminoglycosides caused apoptosis, intracellular oedema, 

mesangial cell contraction, basal membrane interruption, 

glomerulus narrowing of the Bowman’s capsule and 

acute tubule necrosis.
5,6

  

Nephrotoxic potential of various aminoglycosides is 

correlated with number of free amino group on their 

surface.
7
 Kidneys are the primary route of elimination of 

gentamicin from the body. Because of small molecular 

weight (500 Dalton), high water solubility and less 

protein bound state of gentamicin facilitates its 

glomerular filtration.
8 

A small part of filtered gentamicin 

gets actively reabsorbed in the proximal tubule.
9
 

Gentamicin enhances the production of superoxide anion 

and hydroxyl radical in renal cortical mitochondria. There 

is a role of hydroxyl radicals in pathogenesis of 

gentamicin toxicity by inducing suppression of Na
+
K

+
-

ATPase activity and DNA synthesis in proximal 

tubules.
10

  

ABSTRACT 

Background: Aminoglycoside antibiotics are most commonly used drugs for 

the prevention and treatment of gram negative infections. Nephrotoxicity is 

the main side effect that restricts its long duration use. Modern medicines to 

treat nephrotoxicity are costly and also not vary effective. Solanum nigrum 

fruits, having potent antioxidant property can be used for nephroprotection as 

well as nephrocure. 

Methods: The study was carried out in two phases. Nephroprotective phase, 

54 rats were randomized in 3 groups named G10, G20 & G30 according to 

10, 20 & 30 days of treatment. Each group was randomized in three 

subgroups i.e. control C group [received normal saline (2 ml/100 gm/day) 

daily for test duration], GT group [received normal saline (2 ml/100 gm/day) 

daily for test duration & intra-peritoneal gentamicin (40mg/kg) for last five 

days] & SNT group [received orally S.nigrum (200 mg/kg/day) daily for the 

test duration and intra-peritoneal gentamicin (40 mg/kg) for last five days]. 

Rats were sacrificed 24 hours after the last dose of gentamicin (on 11
th

, 21
st
 

and 31
st
 day). In nephrocurative phase, 72 rats were randomised in two 

groups of 36 rats each. Group-1 received intra-peritoneal gentamicin (40 

mg/dl) for five days. Group-2 received intra-peritoneal gentamicin (40 mg/dl) 

for five days and then S.nigrum (200 mg/kg/day) orally till the rats are 

sacrificed. Six rats from each group were sacrificed on 3
rd

, 5
th

, 7
th

, 10
th

, 12
th

 

and 14
th

 day after administration of last dose of gentamicin. Blood sample 

were taken for evaluation of BUN and serum creatinine. 
Results: There was significant decrease in BUN and serum creatinine values 

as compared to GT group in all test duration in phase-1. In phase two there 

was no significant difference of these markers in two groups. 

Conclusions: S.nigrum fruits extract provide nephroprotection against 

gentamicin induced nephrotoxicity. 
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Now days, there is increasing incidence of renal failure 

with the consequence of high morbidity and mortality in 

the world. So prevention of occurrence and progression 

of acute renal failure (ARF) has become a very important 

issue. But modern medicine lacks reliable 

nephroprotective drugs.
11

 Medicinal plants have curative 

properties due to the presence of various complexes 

Chemical substances. Ancient literature has prescribed 

various herbs for the cure of kidney disease.
12

 

Solanum nigrum (black nightshade) is a medicinal plant 

member of the Solanaceae family. S.nigrum commonly 

known as Makoi or black nightshade. In India, S.nigrum 

mixed with other herbal medicine has hepatoprotective 

effect in cirrhotic patients. Protective effect can be 

attributed to the diuretic, anti-inflammatory, anti-

oxidative and immuno modulating properties of the 

component herbs.
13

 Glycoprotiens are the main effective 

compound of this plant. Antioxidant potential of isolated 

glycoprotein has been evaluated by several methods like 

DPPH, superoxide radical & hydroxyl radical assay. 

From these results it has been suggested that glycoprotein 

of S.nigrum plant, has potent anti-oxidative potential.
14

 

Several studies showed the nephroprotective role of 

S.nigrum but nephrocurative property of this plant is still 

not evaluated. So this study was done to evaluate the 

nephroprotective as well as nephrocurative property of 

S.nigrum. 

METHODS 

This study was conducted in Department of 

Pharmacology, L.L.R.M. Medical College, Meerut, UP, 

India from Jan 2015 to Oct 2015. Total duration of study 

was ten months. The study was conducted after obtaining 

approval from Institutional Animal Ethical Committee of 

Lala Lajpat Rai Medical College, Meerut, India, 

registered under CPCSEA India.  

Albino rats of either sex, weighing 150-200 gm were 

obtained from the central animal house of the institute. 

The selected rats were housed in cages under controlled 

condition of temperature (25 
0
C) and alternating periods 

of light and darkness of 12 hours each. The rats had free 

access to standard rat pellet diet and tap water ad libitum. 

The rats were considered suitable for study after 7 days of 

acclimatization. Gentamicin manufactured by Abott 

Healthcare Pvt. Ltd (Gentycin) was used to induce 

Gentamicin nephrotoxicity. Aqueous extract of dried 

fruits of Solanum nigrum was used as a test drug. 

Solanum nigrum: The whole dry fruits were separated 

and powdered mechanically with an herb grinder. The 

dried powder was weighted and transferred to a thin 

conical flask containing distilled water and kept in a 

shaker for 24 hours under air tight condition. After 24 

hours it was filtered using Whatmann no.1 filter paper 

and centrifuged. The supernatant was collected & 

evaporated till solid yield of the extract was obtained and 

this extract was used for study. When needed the extract 

was suspended in water and used in the study.
15

  

The study was carried out in two phases.  

Phase-1 

Evaluation of nephroprotective activity: 

Nephroprotection was evaluated for three periods of 10, 

20,30 days and based on duration, the groups were named 

G10, G20, G30. Rats were randomized in three groups of 

18 animals each. In each of the main groups, rats were 

randomized to any of the three subgroups i.e. control (C), 

gentamicin treated (GT), S.nigrum treated (SNT) groups 

of six rats each.  

Group C- This was the control group and was given 

normal saline (2 ml/100 gm/day) orally once a day, every 

day for test duration. 

Group GT- This group was given normal saline (2 ml/100 

gm/day) orally once a day consecutively for test duration, 

Injection gentamicin (40 mg/kg) was given 

intraperitonealy once daily for last five days. 

Group SNT- This group received S.nigrum orally (200 

mg/kg/day) as a single dose in morning, before giving 

feed for the test duration and, injection gentamicin (40 

mg/kg) was given intra-peritonealy once daily for last 

five days.  

In phase 1, rats were sacrificed 24 hours after the last 

dose of gentamicin injection (on 11
th

 21
st
 and 31

st
 day). 

Phase-2 

Evaluation of Nephrocurative Activity: 

In this phase, nephrocurative activity of S.nigrum was 

compared with the spontaneous reversal of gentamicin 

induced nephrotoxicity. For this phase 72 rats were 

randomized into two groups.  

Group-1:  36 rats received intra-peritoneal gentamicin for 

five days in a dose of 40 mg/kg. 

Group-2: 36 rats received intra-peritoneal gentamicin for 

five days in a dose of 40 mg/kg. From fifth day onwards 

these rats received S.nigrum orally in a dose of 200 

mg/kg/day till the rats are sacrificed (as mentioned 

below) 

In phase 2 six rats from each group were sacrificed on 3
rd

 

5th, 7
th

 10
th

, 12
th

 and 14
th

 day after administration of last 

dose of gentamicin.  

The test compounds were administered by the oral 

gavage method with animals fasted three to four hours 

prior to and one hour after administration. On the last day 

of study, rats of all groups were kept on fasting for 24 

hours (during which tap water remained freely available) 

after which they were sacrificed under Ketamine (75 
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mg/kg) and Xylazine (10 mg/kg) anaesthesia given intra-

peritoneally.
16

 Blood samples were collected from 

abdominal aorta for performing bio-chemical tests.  

Estimation of biochemical parameters 

 The collected blood sample was centrifuged & separated 

serum was used for estimation of renal biochemical 

marker. 

1. Blood urea nitrogen (BUN) 

2. Serum creatinine 

 

Blood urea nitrogen (BUN): Serum urea was estimated 

by Liquimax urea reagent kit, spectrophotometrically 

(marketed by Avecon PVT. LTD.) from the serum. The 

kit utilises Marshall method.
17 

 

Serum creatinine: Serum creatinine was estimated 

spectrophotometrically by Auto Zyme Creatinine reagent 

kit (Marketed by Accurex Biomedical PVT. LTD.) from 

the serum. The kit utilises initial rate method using 

alkaline picrate.
18 

 

Statistical analysis 

Mean ± SE was calculated for each group. The statistical 

analysis was done by using one way analysis variation 

(ANOVA) followed by post Hoc Test. p values < 0.05 

were considered as significant. P Values were estimated 

by referring to appropriate tables.
19

 

RESULTS 

Nephroprotective study (Phase-1) 

A. Effect of Solanum nigrum on serum BUN 

In S.nigrum pre-treated group (SNT), values of BUN 

ranged between 24.46 ± 0.73 to 40.29 ± 1.97 mg/dl and 

were significantly low as compared to group GT ( p value 

<0.001) for all test durations of 10, 20,and 30 days. When 

compared to group C, the BUN level was significantly 

higher at 10 days (p value <0.001) but not significant (p 

value > 0.05) at 20 and 30 days pre-treatment (Table-1). 

B. Effect of Solanum nigrum on serum creatinine 

In S.nigrum pre-treated groups (SNT), values of serum 

creatinine ranged between 0.55 ± 0.02 to 0.97 ± 0.02 

mg/dl and were significantly low (p value <0.001) as 

compared to GT group for all test durations of 10, 20,and 

30 days. When compared to group C, the serum 

creatinine level was significantly higher at 10 days (p 

value <0.001) and not significant (p value > 0.05) at 20 

and 30 days pre-treatment (Table-2). 

There were significantly lower levels of serum creatinine 

and BUN at 20 and 30 days treatment than after 10 days 

with S.nigrum. This showed that S.nigrum takes more 

than 10 days to become fully effective. 

Nephrocurative study (phase-II) 

A. BUN levels 

BUN in group II took nearly 10-14 days to became 

normal and this was not significantly different (p value 

>0.05) as compared to spontaneous reversal in group I. 

The BUN levels between group I & II after 14 days were 

not significantly different (p value > 0.05) (Table-3). 

B. Serum creatinine level 

Serum creatinine in group II took nearly 10-14 days to 

became normal and was not significantly different (p 

value >0.05) as compared to spontaneous reversal in 

group I . The serum creatinine levels of group I & II after 

14 days were not significantly different (p value > 0.05) 

(Table-4). 

Table 1: BUN levels in C, GT & SNT groups at 

different test durations (n=6). 

Duration 

of 

pre-

treatment 

(days) 

BUN(mg/dl) 

Mean ± SE 

C GT SNT 

10 22.45 ± 0.40 63.91 ± 0.96
α
 40.29 ± 1.97

ζδ
 

20 24.13 ± 0.41 64.08 ± 0.52
β
 24.67 ± 0.95

ηρ
 

30 23.61 ± 0.41 65.77 ± 1.16
γ
 24.46 ± 0.73

θπ
 

Table 2: Serum creatinine levels in C, GT & SNT 

groups at different test durations (n=6). 

Duration 

of pre-

treatment 

(days) 

Serum Creatinine (mg/dl) (Mean± SE) 

C GT SNT 

10 0.56 ± 0.01 1.89 ± 0.04
α
 0.97 ± 0.02

ζμ
 

20 0.58 ± 0.02 2.00 ± 0.03
β
 0.62 ± 0.02

ηρ
 

30 0.60 ± 0.02 2.20 ± 0.02
γ
 0.55 ± 0.02

θκ
 

 
αp<0.001as compared to 10 days of control. 
βp<0.001as compared to 20 days of control. 
γp<0.001as compared to 30 days of control. 
ζp<0.001as compared to 10 days of control. 
ηp>0.05 as compared to 20 days of control. 

θp>0.05 as compared to 30 days of control. 

μp<0.001as compared to 10 days of GT. 

ρp<0.001as compared to 20 days of GT. 

πp<0.001as compared to 30 days of GT. 

αp<0.001as compared to 10 days of control. 
βp<0.001as compared to 20 days of control. 
γp<0.001as compared to 30 days of control. 
ζp<0.001as compared to 10 days of control. 
ηp>0.05 as compared to 20 days of control. 

θp>0.05 as compared to 30 days of control. 

μp<0.001 as compared to 10 days of GT. 

ρp<0.001as compared to 20 days of GT. 

πp<0.001as compared to 30 days of GT. 
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Table 3: BUN levels in group-1 & group-2 at different 

test durations (n=6). 

Days of  

Sacrifice 

BUN(mg/dl) Mean ± SE 

Group-1 (C) Group-2 (SNT) 

3 70.76 ± 0.66 69.87 ± 0.88
ε
 

5 64.56 ± 0.77 63.46 ± 0.68
ζ
 

7 54.77 ± 0.83 53.38 ± 0.65
η
 

10 35.44 ± 0.53 34.64 ± 0.49
θ
 

12 25.83 ± 0.75 24.07 ± 0.34
ι
 

14 24.09 ± 0.72 23.83 ± 0.74
κ
 

 
εp>0.05 as compared to 3 days of group-1. 
ζp>0.05 as compared to 5 days of group-1. 
ηp>0.05 as compared to 7 days of group-1. 
θp>0.05 as compared to 10 days of group-1. 
ιp>0.05 as compared to 12 days of group-1. 

κP>0.05 as compared to 14 days of group-1. 

 

Table 4: Serum creatinine levels in group-1 & group 2 

at different test durations (n=6). 

Days of 

Sacrifice 

S. Creatinine(mg/dl) 

(Mean± SE) 

Group-1 

(C) 

Group-2 

(WST) 

3 1.24 ± 0.01 1.22 ± 0.02
λ
 

5 1.06 ± 0.02 1.06 ± 0.02
μ
 

7 0.86 ± 0.01 0.79 ± 0.01
π
 

10 0.90 ± 0.01 0.69 ± 0.01
ρ
 

12 0.58 ± 0.02 0.59 ± 0.01
ς
 

14 0.54 ± 0.01 0.56 ± 0.02
σ
 

 

DISCUSSION 

Drug induced renal injuries constitute approximately 20 

percent of community and hospital acquired episodes of 

acute renal failure.
20,21

 In elderly, the incidence of drug-

induced nephrotoxicity may be as high as 66 percent.
22

 

The nephrotoxicity of aminoglycoside antibiotics, and 

especially that of the most commonly used compound, 

gentamicin, is well documented.
23

 The number of patients 

developing nephrotoxicity increases with duration of 

therapy reaching 50% if the therapy is continued for 14 

days or more.
24

  

In this study nephrotoxicity was induced by gentamicin 

because nephrotoxicity is rapidly induced by this and 

presents with well-established morphological and 

biochemical changes.
25

 Gentamicin induced 

nephrotoxicity has spontaneous reversal potential, so 

nephrocurative study can be done.
26

 The elevation of 

BUN and serum creatinine have been used in gentamicin 

induced nephrotoxicity models as indicators of renal 

injury because both have been found to correlate well 

with the extent of injury.
27

 

In present study pre-treatment with S.nigrum the BUN 

and serum creatinine levels were significantly decreased 

in groups treated for 10 or 20 or 30 days as compared to 

GT group (p value <0.001). When compared with saline 

treated group, the BUN and serum creatinine values are 

significantly raised on day 10. But with 20 and 30 days of 

pre-treatment, the levels of biomarkers markedly 

improved and were almost equal to that in saline treated 

group C (p value > 0.05) (Table 1 & 2). It could be 

inferred that the plasma concentration of S.nigrum require 

more than 10 days to reach a protective level. Several 

studies have reported that oxygen-free radicals are 

considered to be important mediators of gentamicin 

induced acute renal failure. Treatment with S.nigrum fruit 

extract significantly modulated the nonenzymatic 

antioxidants to near normal, which may be due to their 

quenching and free radical scavenging action. This 

antioxidant property of S.nigrum is mainly because of the 

glycoprotein present in it.
28

 

In phase II study, the nephrocurative activity of S.nigrum 

was compared with the spontaneous reversal of 

gentamicin induced nephrotoxicity. The BUN & serum 

creatinine levels in S.nigrum treated groups were not 

significantly different from the gentamicin alone treated 

group at all test durations i.e. 3
rd

 ,5
th

 ,7
th

, 10
th

, 12
th

 and 

14
th

 day (Table 3 & 4). It means S.nigrum do not show 

any nephrocurative activity in this study. There may be 

many reasons behind the failure of S.nigrum to show 

nephrocurative activity. First, it may not have so potent 

antioxidant activity to provide nephrocure. Secondly, the 

duration for nephrocurative activity was very less (only 

14 days), as the best nephroprotection was seen only at 

20 days. 

CONCLUSION 

This study clearly indicate that S.nigrum fruit extract had 

nephroprotective potential. To see the nephrocurative 

potential of S.nigrum, some more study will be needed in 

future. 
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