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ABSTRACT: Gentamicin causes kidney cellular damage by alterations in biological 

functions. This study evaluated the nephroprotective potential of the ethanolic 

extract and its fraction originating from Sapindus emarginatus Vahl. (Sapindaceae) 

bark against the Gentamicin - induced nephrotoxicity in rat. Objective: To evaluate 

the nephroprotective effect of ethanol extract and its organic solvent fraction of S. 

emarginatus Vahl. in gentamicin-induced acute renal failure in rats. Materials and 

Methods: Nephrotoxicity was induced in wistar rats by intraperitoneal 

administration of gentamicin 100 mg/kg/day for ten days. The treatment was done 

with silymarin 50 mg/kg, ethanol extract 200 mg/kg/p.o. and its ethyl acetate 

fractions 100 mg/kg/p.o. bark of S. emarginatus was determined using parameters 

serum creatinine, urea, uric acid, blood urea nitrogen, albumin, protein, other 

parameters are kidney weight, body weight, urine volume and histopathology of 

kidney. Results: It was observed that the ethanol extract and its ethyl acetate 

fractions bark of S. emarginatus has brought back the altered levels of biochemical 

markers to the near normal levels in the dose dependent manner. In histopathological 

study the gentamicin-induced glomerular congestion, peritubular inflammation, 

tubular desquamation, tubular congestion, interstitial haemorrhage and odema of the 

kidney cells were found to be reduced in the group receiving the bark extracts of S. 

emarginatus along with gentamicin. Conclusion: The present study that ethanol and 

its ethyl acetate fraction possessed nephroprotective activity. The isolated fraction 

was found to exhibit greater nephroprotective activity than the ethanol extract

INTRODUCTION: Nephrotoxicity can be defined 

as renal disease or dysfunction that arises as a 

direct or indirect result of exposure to medicines 

and industrial or environmental chemicals. Still, 

aminoglycosides are useful to treat life - 

threatening infections in human and animals 
1
.
 

Gentamicin has nephrotoxic potential. 

Unfortunately, 30% of patients treated with 

gentamicin for more than 7 days show some signs 

of nephrotoxicity 
2
.  
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It has been reported that Gentamicin - induced 

nephrotoxicity characterized by direct tubular 

necrosis that is localized mainly in the proximal 

tubule is followed by renal failure with an increase 

plasma creatinine, urea, uric acid and other plasma 

proteins etc 
3
. And reactive oxygen species (ROS) 

generation in kidneys 
4, 5, 6

. 

 

Approximately, 19 million adults have chronic 

kidney disease and an estimated 80,000 persons 

have chronic kidney failure diagnosed annually in 

India. Kidney disease is the 9
th 

leading cause of 

death in India 
7
. According to WHO, about 75 – 

80% of the world populations still rely mainly on 

herbal remedies; because of it is safe and without 

any side effects etc 
8
. Sapindus emarginatus Vahl 

belonging to family Sapindaceae, commonly 
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known as Soap nut tree (Ritha) 
9
.
 

 Sapindus 

emarginatus is reported to have cosmetic and 

medicinal potential in various literatures. In the 

present context, the in vivo nephroprotective 

activity of ethanol extract and its ethyl acetate 

fraction of Sapindus emarginatus Vahl was 

evaluated in wistar rats. 

 

MATERIALS AND METHODS: 

Collection: The bark of Sapindus emarginatus 

Vahl were collected from Western ghat regions of 

(Satara -District) Maharashtra and (Belgaum - 

District) Karnataka state.   

 

Authentication: 

The plant material is identified and authenticated 

by the Botanist Dr. Harsha Hegde, Scientist ‘C’ 

Regional Medical Research Centre, Indian Council 

of Medical Research, Belgaum. The voucher 

specimen has been deposited at the same herbaria 

with accession no: RMRC - 989. 

 

Extraction: 

The ethanol extract of dried powder 1 kg. of the 

bark was prepared by using Soxhlet apparatus for 

ethanol extraction 
10, 11

. The extracts a solvent was 

evaporated in rota evaporator and this extract 

concentrated on water bath 
12

. The ethanol extract 

dried product to give yellowish – brown, sticky 

mass. The ethanol extract part of was named EESe. 

This successive extract shows presence of 

carbohydrate, proteins, amino acids, sterol, 

triterpenoids, glycosides, saponins, tannins, 

flavonoids, phenolic, oils and fats etc. 

phytoconstituents 
13

. 

 

Fractionation: 

The 0.5 gm. ethanol extract insoluble residue was 

removed by filtration and the solubles in the filtrate 

100 ml. were fractionated into petroleum ether, 

chloroform, ethyl acetate, n – butanol and remain 

water 
14, 15, 16, 17, 18

.
 
The ethyl acetate fractions of 

ethanol extract (EESe) on concentrated. Finally a 

ethanol extract - ethyl acetate fraction light yellow 

solid was giving positive chemical tests for 

flavonoids, tannins and phenols etc. given in Table 

1 
19, 20

.    
 
TABLE 1: CHEMICAL IDENTIFICATION TEST FOR ETHYL ACETATE FRACTION. 

Sr.  no. Phytoconstituents Chemical  tests Ethyl acetate fraction 

 

01 

 

Flavonoids 

Shinoda  test +  ve 

Ferric chloride test +  ve 

 

02 

 

Tannins 

Phenazone test -  ve 

Gelatin test +  ve 

03 Phenols Zinc - hydrochloride reduction test +  ve 

             Where, (+ ve) = Present         (- ve) = Absent 

                                                                   

Chromatography analysis: 

The EESe and ethyl acetate fraction was separated 

and isolated fraction compound by column 

chromatography with 100 gm. of aluminium oxide 

active - neutral and thin layer chromatography of 

isolated compound fraction was performed using 

the mobile phase ethyl acetate : n - butanol : formic 

acid : water (5:3:1:1) for EESe silica gel - G. The 

Rf value was 0.53 isolated fraction part of was 

named ISLTD se – A 
10, 14, 21, 22, 23

. 

   

Pharmacological evaluation: 

Drugs and chemicals: 

Gentamicin, Silymarin was obtained from Abbott 

and Microlabs, India. The kits for all biochemical 

estimations were purchased from Transasia 

Biomedicals Ltd., India. The solvents and other 

chemicals used were of analytical grade.  

 

Animals: 

Wistar rats (150 – 200 gm.) of male sex obtained 

from Sri Venkateshwara Enterprises, Bangalore 

were kept in standard environment conditions, fed 

with rodent diet and with water libitum. Approval 

from the institutional animal ethical committee for 

the usage of animals in the experiments was 

obtained. (Proposal No: 09/Mar-2014). 

 

Acute toxicity studies: 

The acute oral toxicity study was carried out as per 

the guideline 423 set by Organization for Economic 

Cooperation and Development received from 

Committee for the purpose of control and 

supervision of Experiments on Animals 
24

. 

 

Experimental design: Animals were randomly 

divided in to five groups of six animals each for 10 
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days. Group I normal with vehicle (distilled water, 

p.o.) was kept as normal. Group II toxicant was 

received of gentamicin (100 mg/kg/i.p.). Group III 

standard was received silymarin (50 mg/kg/p.o.) 

with toxicant. Group IV treatment was received 

isolated fraction ethyl acetate compound (100 

mg/kg/p.o.) with toxicant. Group V treatment was 

received ethanol extract of Sapindus emarginatus 

Vahl. (200 mg/kg/p.o.) With toxicant. On the 11
th

 

day after 2 hrs. Respective treatments the blood 

samples were collected for the estimation of 

biochemical marker enzymes. Then animals under 

ether anesthesia were sacrificed. 

 

Histopathological study: 

After collection of blood for biochemical 

estimation, the rats were sacrificed and the kidney 

was carefully dissected, cleaned of extraneous 

tissue, and fixed in 10% formalin for at least 24 hrs. 

Then the paraffin sections were prepared 

(automatic tissue processor Autotechnique) and cut 

into 5 µm. thick sections, using a rotary microtome. 

The sections were stained with Haematoxylin - 

Eosin dye and studied for histopathological 

changes 
25

. 

 

Statistical analysis: 

Results are given as mean ± SEM, (N = 6). Data 

was analyzed using one – way ANOVA followed 

by Dunnett’s test. The statistical significance of 

difference was taken as P < 0.05. The analysis was 

performed by Prism software.  

 

RESULTS AND DISCUSSION: 

Acute toxicity study: 
In the acute toxicity assay it was found that no 

mortality was observed up to doses of 2000 mg/kg, 

orally and hence it was considered as safe. Also 

there were no signs of any toxic reaction found till 

the end of the study period. 1/10
th 

of the median 

lethal dose 50 was taken as an effective dose. 

 

Nephroprotective activity: 

Effect bark of ethanol extract Sapindus 

emarginatus Vahl (EESe) and isolated ethyl acetate 

fraction compound (ISLTD se–A) with standard 

silymarin on biochemical parameters in gentamicin 

– induced kidney toxicity in rats shows Table 2. 

 

TABLE 2: NEPHROPROTECTIVE ACTIVITY OF ETHANOL EXTRACT AND ISOLATED ETHYL ACETATE FRACTION 

COMPOUND IN GENTAMICIN INDUCED TOXICANT. 

Treatment Group 1 Group 2 Group 3 Group 4 Group 5 

Kidney  weight 0.486 ± 

0.004 

0.681 ± 

0.003
###

 

0.508 ± 

0.003*** 

0.521 ± 

0.003*** 

0.633 ± 

0.003*** 

Body weight 177.2 ± 

1.227 

153.2 ± 

0.455
###

 

173.4 ± 

1.077*** 

168.1 ± 

0.570*** 

167.6 ± 

2.256*** 

Urine volume 2.917 ± 

0.030 

2.083 ± 

0.030
###

 

2.700 ± 

0.025*** 

2.600 ± 

0.025*** 

2.317 ± 

0.030*** 

Creatinine 0.676  ± 

0.006 

1.742  ± 

0.011
###

 

0.763 ± 

0.004*** 

0.808 ± 

0.007*** 

1.418 ± 

0.007*** 

Urea 40.58 ± 

0.155 

146.3 ± 

0.257
###

 

45.25 ± 

0.015*** 

41.44 ± 

7.317*** 

114.4 ± 

0.178*** 

Uric acid 4.347 ± 

0.013 

12.13 ± 

0.008
###

 

5.183 ± 

0.098*** 

5.228 ± 

0.014*** 

9.550 ± 

0.140*** 

Blood Urea Nitrogen 18.25 ± 

0.071 

59.53 ± 

0.128
###

 

22.43 ± 

0.117*** 

25.57 ± 

0.133*** 

46.37 ± 

0.190*** 

Albumin 3.850 ± 

0.015 

1.487 ± 

0.004
###

 

3.218 ± 

0.005*** 

2.930  ± 

0.017*** 

2.200 ± 

0.112*** 

Protein 6.553 ± 

0.013 

3.335 ± 

0.011
###

 

5.420 ± 

0.005*** 

5.283 ± 

0.079*** 

4.115 ± 

0.080*** 

 

The aminoglycosides induce nephrotoxicity in 

observed 10 - 20% of therapeutic courses. The 

widespread therapeutic use of the gentamicin is 

limited because of its nephrotoxic side effect and 

oxidative damage which can lead to acute renal 

failure 
26, 27, 28

. 

 

Gentamicin is one of the effective antibiotics used 

in the treatment of gram negative bacterial 

infection. A major complication of the use of these 

drugs is nephrotoxicity. The pathogenesis of 

aminoglycosides nephrotoxicity is a two – step 

process. The first step entails the transportation and 
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accretion of antibiotics in high concentration by 

renal proximal tubular cells. The second step 

involves the adverse interaction between these 

polycationic drugs leading to cellular damage 
29, 30, 

31
. A direct interstitial haemorrhage is also 

observed during nephrotoxicity. Data from recent 

studies showed that the cationic proteins and 

peptides, inhibit the uptake of a nephrotoxic drug, 

gentamicin, which is highly accumulated in the 

kidneys. The mechanism underlying gentamicin – 

induced renal cellular damage by generation of 

superoxide anion, hydrogen peroxide (H2O2), 

hydroxyl radicals and reactive oxygen species 

(ROS) generation in kidneys and finally this has 

been attributed to its deleterious effect on the 

kidney
 32, 33

. 

 

An association between nephrotoxicity and 

oxidative stress has been confirmed in many 

experimental models 
34, 35, 36

. 

 

In our experiment it is observed that a gentamicin 

induced group increased kidney weight, serum 

creatinine, urea, uric acid, blood urea nitrogen 

decreased body weight, urine volume, albumin, 

protein. All in the toxicant group it is also clearly 

indicates kidney damage due to gentamicin. 

 

Treatment with silymarin, ethanol extract Sapindus 

emarginatus Vahl (EESe) and isolated ethyl acetate 

fraction compound (ISLTD se–A) has decreased in 

the levels of various biochemical markers of kidney 

i.e. serum creatinine, urea, uric acid, blood urea 

nitrogen, kidney weight and increased albumin, 

protein, body weight, urine volume. All parameters 

in serum and others observed to the near healthy 

levels or normal values of rat.  

 

Histopathological profiles of rat kidney shows in 

Fig. 1 also reveal a major damage in the same 

groups. 

  
  A; Group I: Normal group                  B; Group II: Toxicant group 

 

 
C; Group III: Standard group 

 

  
                                                           D; Group IV: Treatment group          E; Group V: Treatment group 

FIG.1: HISTOPATHOLOGY OF KIDNEY RAT. 
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The observable fact was proved by kidney biopsy 

Fig.1 (A); Group: I the kidney cell of normal 

(vehicle) Tubular congestion, Peritubular 

inflammation, Glomerular congestion, Interstitial 

odema, Loss of brush border, Tubular 

desquamation, Tubular cast, Tubular degeneration, 

Interstitial haemorrhage etc. is normal. Fig.1 (B); 

Group: II The kidney necrosis is occurred in 

Tubular congestion, Peritubular inflammation, 

Glomerular congestion, Interstitial odema, Loss of 

brush border, Tubular desquamation, Tubular cast, 

Tubular degeneration, Interstitial haemorrhage 

observed gentamicin received group. Fig. 1 (C); 

Group:  III Standard silymarin treatment group 

shows Tubular congestion, Tubular degeneration, 

Peritubular inflammation, Interstitial odema, Loss 

of brush border, Tubular desquamation, Tubular 

cast, Interstitial haemorrhage is similar to that 

normal group.  Fig.1 (D); Group:  IV Treatment 

with isolated ethyl acetate fraction compound 

(ISLTD se-A) shows Tubular congestion, Tubular 

degeneration, Tubular desquamation, Peritubular 

inflammation, Interstitial odema, Loss of brush 

border, Tubular cast, Interstitial haemorrhage.  Fig. 

1 (E); Group: V Treatment with ethanol extract of 

bark Sapindus emarginatus Vahl (EESe) shows 

central Tubular congestion, Glomerular congestion, 

Tubular desquamation, Peritubular inflammation, 

Interstitial odema, Loss of brush border, Tubular 

cast, Interstitial haemorrhage. All treatments 

groups of kidney rat is repaired minimal injuries & 

better protection. 

 

The graphical presentation nephroprotective 

activity of ethanol extract (EESe), isolated ethyl 

acetate fraction compound (ISLTD se-A) is 

compared with standard silymarin in gentamicin 

induced toxicant; all data shows in bar type 

Graphs 1. 

 

    
a.   KIDNEY WEIGHT                                                      b.  BODY WEIGHT 

 

     
c. URINE VOLUME                                                                   d.  CREATININE 
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e. UREA                                                                               f.  URIC ACID 

 

    
                     g. BLOOD UREA NITROGEN                                                            h.  ALBUMIN 

 

 
i.  PROTEIN 

GRAPH 1: THE GRAPHS PRESENTS NEPHROPROTECTIVE ACTIVITY OF ETHANOL EXTRACT AND ITS ISOLATED 

ETHYL ACETATE FRACTION COMPARED WITH STANDARD SILYMARIN IN GENTAMICIN INDUCED TOXICANT. 

 

CONCLUSION: This nephroprotective activity of 

the Sapindus emarginatus Vahl ethanol extracts 

and ethyl acetate fraction may be due to antioxidant 

activity which may be due to the presence of  

 

flavonoids and phenolic compounds. The results of 

our study demonstrate the nephroprotective activity 

of ethanol extract of S. emarginatus Vahl is less 

effective than ethyl acetate fraction of ethanol 
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extract of S. emarginatus Vahl. The mechanism for 

its protection against cellular damage may be due 

to its presence of flavonoids (rutin), tannins and 

phenolic compounds etc. having good antioxidant 

activity. All data is justifying the use of this plant 

for treatment of nephroprotective.  Further clinical 

investigation is warranted. 
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