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INTRODUCTION
Among events of acute renal failure in the community and hospitals, 
drugs are known to cause around 20% of them [1,2]. Antioxidants 
such as curcumin, extract of garlic, lycopene16, taurine and 
melatonin [3,4] and different extracts of T. cordifolia [5,6] have 
been able to prevent drug-induced renal damage, especially, 
upon pretreatment. The dried and mature stem of T. cordifolia, a 
climber found throughout India, consists of phytochemicals such 
as terpenoids, alkaloids [7] and glycosides [8]. It is used in the 
form of churna, sattva, taila, kapacurakkudinir and is known to be 
antidiabetic, antipyretic and also is a diuretic [7,8]. This traditional 
medicinal herb is considered safe [9] and various phytochemical 
and clinical research is being carried out using this herb [10].

Drug induced nephrotoxicity model in rats using gentamicin can be 
employed to study the effect of post-treatment with T. cordifolia, 
as it is found to resemble the condition seen in humans [11,12]. 
Nephrotoxicity occurs as the proximal convoluted tubules concentrate 
gentamicin, which binds to the lysosomes forming myeloid bodies, 
impairing the mitochondrial function and tubular transport, thus, 
increasing the generation of free radicals and lipid peroxidation 
and decreasing the level of antioxidants [13,14]. It manifests as 
Acute Tubular Necrosis (ATN) brought about by Reactive Oxygen 

Species (ROS) [15,16]. In addition to the renal tubular cells, vascular 
cells and the granulocytes which are metabolically active are few 
of the sources of oxidative stress in the renal tissue. The amino 
acids, lipids, Deoxyribonucleic Acid (DNA) are some of the major 
targets of the ROS [17]. The ROS generated during various normal 
cellular processes is normally balanced by the antioxidant enzymes 
cascade [18] within these cells. An imbalance in this mechanism 
reflects diseases, hence, making it significant to measure the levels 
of the antioxidants [19]. 

Humes HD recommends a careful observation of the recovery phase 
of acute renal failure from a biochemical approach [20]. Though 
the recovery from acute nephrotoxic damage occurs naturally, 
antioxidants can also be supplied exogenously, through diet and as 
medicines from plant sources to help in the process, the beneficial 
potential of which is being explored with regard to diseases in the 
kidney [21]. Exploring the mechanisms of nephroprotectivity of T. 
cordifolia, assessing its extracts at various dose levels and at various 
test durations shall be vital in establishing it as a nephroprotective 
drug [6]. Since, it remains to be explored whether treatment with T. 
cordifolia extract after an episode of drug induced renal failure shall 
benefit the kidney or not, the present study was conducted with 
an aim to study the nephroprotective effect of T. cordifolia extract 
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ABSTRACT
Introduction: Various herbs are known to confer 
nephroprotectivity against renal damage of different origins.
Tinospora cordifolia (Willd.) Miers is known to treat kidney 
disorders. Yet, a lacuna of studying the protective effect of the 
herb on drug induced nephrotoxicity at different time periods 
exists. 

Aim: To determine the protective effect of T. cordifolia (Willd.) 
Miers on drug induced nephrotoxic biochemical changes upon 
post-treatment with the herb.

Materials and Methods: An experimental study was carried 
out at the Centre for Toxicology and Developmental Research, 
Sri Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India, from September 2020 to October 
2020. Gentamicin induced drug nephrotoxicity model was 
employed for the study. The ethanolic extract of T. cordifolia 
was prepared. Total 51 adult male Wistar rats were housed 
under standard animal laboratory conditions for 30 days and 
were assigned to four groups: Control group (Olive oil, per os), 
Nephrotoxicity group (Gentamicin), Toxicity cessation group 
(Gentamicin-Olive oil) and Post-treatment group (Gentamicin T. 
cordifolia ethanolic extract). To induce nephrotoxicity, gentamicin 
(100 mg/kg) was administered through the Intraperitoneal (IP) 
route for 8 days. The ethanolic extract of the stem of T. cordifolia 
(Willd.) Miers (400 mg/kg) was administered orally for one, two 
and three weeks following nephrotoxicity induction. Levels 

of activity of Superoxide Dismutase (SOD), Catalase (CAT), 
Glutathione Peroxidase (GPx), Reduced Glutathione (GSH) 
content and Lipid peroxidation in the kidney were measured. 
Statistical analysis was performed using One-way Analysis of 
Variance (ANOVA) and Post-hoc tests.

Results: The reduction in SOD (6.33±1.19 unit/ mg/mt), CAT 
(57.56±25.89 mcm/mt/mg ptn), GPx (5.79±1.87 nm/mt/mg 
ptn) activity, and GSH (4.98±0.31mcm/g tissue) levels and 
increase in the lipid peroxidation (196.28±100.05 nm/g tissue) 
in the kidney due to gentamicin nephrotoxicity was reversed 
upon post-treatment with T. cordifolia (Willd.) Miers extract 
for 1 week (7.06±0.25 unit/mg/mt, 119.69±22.79 mcm/mt/
mg ptn, 7.08±1.73 nm/mt/mg ptn, 6.19±0.99 mcm/g tissue 
and 93.10±9.11 nm/g tissue), 2 weeks (7.03±0.43 unit/ mg/
mt, 181.79±39.00 mcm/mt/mg ptn, 5.07±0.81 nm/mt/mg 
ptn, 7.58±0.73 mcm/g tissue and 188.31±54.89 nm/g tissue) 
and 3 weeks (7.81±0.47 unit/mg/mt, 165.83±37.48 mcm/mt/
mg ptn, 3.92±1.87 nm/mt/mg ptn, 7.03±1.28 mcm/g tissue, 
214.40±72.93 nm/g tissue).

Conclusion: Post-treatment with T. cordifolia (Willd.) Miers stem 
extract is protective in drug induced nephrotoxic condition, 
even upon 1 week of administration. Its therapeutic influence on 
the alterations in the oxidative stress markers and antioxidant 
levels produced due to gentamicin nephrotoxicity has been 
demonstrated. 
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on drug induced nephrotoxic changes upon its post-administration 
following the administration of the nephrotoxic drug, gentamicin, by 
determining the levels of oxidative stress and antioxidants.

MATERIALS AND METHODS
An experimental study was carried out at the Centre for Toxicology 
and Developmental Research, SRIHER (DU), Porur, Chennai, Tamil 
Nadu, India. Gentamicin induced drug nephrotoxicity model was 
employed for the study. Total 51 adult male Wistar rats (200-250 g) 
were housed in the animal facility, and the experiment was carried 
out with the approval of the Institutional Animal Ethics Committee 
(IAEC) (IAEC/61/SRIHER/700/2020). Throughout the study duration 
of 30 days (September 2020 to October 2020), polypropylene 
cages lined with autoclaved paddy husk housed the animals; 12 
hour artificial light/dark cycle with relative humidity (30-70%) at 
19-23°C was maintained and access to standard rodent feed and 
water were allowed ad libitum. 

inclusion criteria: Healthy male Wistar rats, 8-9 weeks of age 
(adult) were included in the study. 

exclusion criteria: Unhealthy male and female Wistar rats aged 
less than 8 weeks were excluded from the study.

Preparation of Ethanolic Extract of T. cordifolia [ETc]
Authenticated stem of T. cordifolia (Willd.) Miers ex Hook.F.&Thoms 
(PARC/2018/3638) was used in the preparation of herbal extract, in 
the Department of Pharmacognosy, Faculty of Pharmacy, SRIHER 
(DU), Chennai. Dried, coarsely ground stem of T. cordifolia was 
macerated in 99.9% (absolute) ethanol and filtered. The filtrate was 
concentrated using rotary evaporator, mantle heater and desiccator. 
Later, it was stored in an air-tight glass container at room temperature, 
in a cool, dry place, away from sunlight, till further use.

Total 51 rats were assigned to four groups: 

•	 Control group (Group i): Rats were administered with edible 
olive oil, the vehicle used to suspend the ethanolic extract of T. 
cordifolia, at 1 mL/100 g body weight. 

•	 nephrotoxicity (Group ii): Nephrotoxic damage in the kidney 
was achieved in the  group with only administering gentamicin 
{Genticyn (Abbott) 80 mg/2 mL vials}, IP, at 100 mg/kg.

•	 toxicity cessation group (Group iii): Group III represented 
the natural reversal from the nephrotoxic condition for the same 
duration 1, 2 and 3 weeks as the post-treatment group; it was 
hence administered 100 mg/kg gentamicin for 8 days followed by 
the vehicle, 1 mL/100 g body weight edible olive oil. [Table/Fig-1] 
shows the design of the experiment, treatment, dosing period, 
duration of intervention and the day of euthanasia of the animals.
The animals were euthanised using carbon dioxide asphyxia.

•	 post-treatment (Group iV): Group IV determined the effect 
of the post-treatment with ETc following the nephrotoxicity 
induction; it was hence administered 100 mg/kg gentamicin 
for 8 days followed by the ETc, orally, at 400 mg/kg dosage 
for 1, 2 and 3 weeks respectively, therefore, referred to as the 
Post-treatment group.

Study Procedure
estimation of oxidative stress markers: The harvested left kidneys 
were stored at -80ºC for further analysis after being weighed. Normal 
saline 0.9% was added and homogenised. The kidney homogenate 
samples were then taken for further analysis of the enzymatic 
activity of Superoxide Dismutase (SOD), Catalase (CAT), Glutathione 
Peroxidase (GPx) and the contents of reduced Glutathione (GSH), a 
non enzymatic antioxidant and Malondialdehyde (MDA), a metabolite 
of lipid peroxidation.

Superoxide Dismutase (SoD): SOD was assayed by taking 0.05 
mL of 10% kidney homogenate followed by addition of sodium 

pyrophosphate buffer (pH 8.3), Phenazine Methosulphate (PMS) 
(186 µM) and Nitroblue Tetrazolium (NBT) (300 µM). The reaction was 
initiated by addition of reduced Nicotinamide Adenine Dinucleotide 
(NADH) (780 µM). The reaction was stopped by addition of glacial 
acetic acid. Then the reaction mixture was stirred vigorously and 
shaken with n-butanol. The colour intensity of the chromogen was 
read at 560 nm using a spectrophotometer (Multiskan spectrum, 
v1.2, USA) [22]. 

lipid peroxidation (lpo)-thiobarbituric Acid reactive 
Substances (tBArS): A 10% kidney homogenate was boiled with 
0.8 mL saline, Butylated Hydroxytoluene (BHT) and Thiobarbituric 
Acid (TBA) reagent for 90 min in water bath. After cooling, the 
solution was centrifuged at 2,000 rpm for 10 min and the precipitate 
obtained was removed. The absorbance of the supernatant was 
determined at 532 nm using a spectrophotometer (Multiskan 
spectrum, v1.2, USA) [23].

reduced Glutathione (GSh): Glutathione content was estimated 
according to the method of Moron MS et al., [24]. A 10% of  kidney 
enzyme preparation was added to equal volume of ice cold 5% 
Trichloroacetic Acid (TCA). To aliquot of supernatant, 0.2 M 
phosphate buffer (pH 8.0) and  5,5′-dithiobis (2-nitrobenzoic acid) 
(DTNB) (0.6 mM) was added and mixed well. The absorbance was 
read at 412 nm using a spectrophotometer (Multiskan spectrum, 
v1.2, USA). 

total protein by biuret method: Estimation of protein was assayed 
by taking 0.2 ml saline, 10% homogenate followed by addition of 
1.25 ml of biuret reagent working solution. Following incubation at 
room temperature for 15 min, the colour intensity was read at 540 
nm in a spectrophotometer (Multiskan spectrum, v1.2, USA) [25]. 

Glutathione peroxidase (Gpx): The activity of GPx was assayed 
by taking Tris-HCl buffer, Ethylenediaminetetraacetic Acid (EDTA) 
along with 100 µL of sodium azide and kidney enzyme preparation 
and mixed well. Thereafter, 200 µL of GSH solution, followed by 0.1 
mL H2O2 were added. The overall reaction was arrested by adding 
10% TCA. The non enzymatic reaction rate was correspondingly 
assessed, by replacing the enzyme sample by buffer. The remaining 
GSH in the supernatant was determined by adding 1.0 mL of 
DTNB. The absorbance was read at 412 nm using an UV/Visible 
spectrophotometer (Perkin Elmer, Lambda 25, USA) [26]. 

Catalase (CAt): The CAT assay reaction mixture contained H2O2 
(2 mM), 0.2 mL of the homogenate in a final volume of 1 mL in 
phosphate buffer (pH 7.4). It was incubated at 37ºC for 5 min and 
then Dichromate acetic acid reagent was added and absorbance 
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pe-
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eu-
tha-
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(day)

9 Control I

I A 3
Olive oil: 1 
mL/100 g 

b.wt

9-15 (1) 16

I B 3 9-22 (2) 23

I C 3 9-29 (3) 30

6
Nephrotoxicity; 
*GEN

II - 6
GEN:100 

mg/kg
1-8 9

18
Toxicity 
cessation;  
GEN-Olive oil

III

- 18
GEN:100 

mg/kg
1-     8 -

III A 6
Olive Oil: 
1 mL/100 

g b.wt

9-15 (1) 16

III B 6 9-22 (2) 23

III C 6 9-29 (3) 30

18
Post-treatment; 
GEN-**ETc

IV

- 18
GEN:100 

mg/kg
1-8 -

IV A 6
ETc (400 
mg/kg)

9-15 (1) 16

IV B 6 9-22 (2) 23

IV C 6 9-29 (3) 30

[Table/Fig-1]: Experiment - Grouping, Treatment, Dosing and Euthanasia schedule.
*GEN: Gentamicin; **ETc: Ethanolic extract of T. cordifolia; b.wt: body weight
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was taken at 570 nm. Dichromate acetic acid reagent acted as 
blank whereas the reaction mixture without homogenate acted as 
control [27].

STATISTICAL ANALYSIS
Statistical analysis was performed by using the Statistical 
Package for the Social Sciences (SPSS) software version 16.0. 
Difference between groups was analysed using One-way Analysis 
of Variance (ANOVA) and Pair-wise differences were identified 
(multiple comparisons) using Post-hoc tests. Data was expressed 
in mean±standard deviation and was considered as statistically 
significant at p≤0.05.

RESULTS
All animals survived the experimental period except three animals 
in Group III and one in Group IV that died within a week following 
nephrotoxicity induction. 

effect of 1 week of post-treatment with etc on the markers of 
oxidative stress: A reduction in the levels of SOD, CAT, GPx activity 
and GSH content and an increase in the Lipid Peroxidation (LPO) 
level was seen in the Group II compared to the Group I A. Group III A 
showed increase in the level of SOD and GSH and a decrease in LPO 
when compared to the Group II; it showed a reduction in CAT and 
GPx (significant at p≤0.05) activity levels when compared to Group 
IA akin to Group II. Group IVA showed an increase in the SOD level 
compared to the Group III A and in the GPx level when compared 
to Groups II and III A. The levels of CAT and GSH in Group IV A 
significantly increased (p≤0.05) and significantly decreased (p≤0.05) 
the LPO level in comparison to Group II [Table/Fig-2-6].

effect of 2 weeks of post-treatment with etc on the markers 
of oxidative stress: A decrease in the activity of SOD, CAT 
(significant at p≤0.05), GPx, GSH content (significant at p≤0.05) 
and an increase in LPO levels was seen in Group II when 
compared to Group I B. Group III B showed reduction in SOD, 
GPx and GSH (significant at p≤0.05) and an increase in LPO 
levels when compared to Group I B; the CAT level increased 
significantly (p≤0.05) when compared to Group II. Group IV B 
showed an increase in SOD, CAT (significant at p≤0.05) and 
GSH (significant at p≤0.05) compared to the Group II; CAT and 
GPx levels increased in comparison to the Group III B; GSH level 
increased significantly (p≤0.05) and LPO reduced in comparison 
to Groups II and III B [Table/Fig-2-6].

effect of 3 weeks of post-treatment with etc on the markers 
of oxidative stress: In comparison to Group I C, levels of SOD, 
CAT (significant at p≤0.05) and GSH (significant at p≤0.05) reduced 
and GPx and LPO increased in Group II. Group III C showed 
decrease in SOD, GPx and GSH (significant at p≤0.05) levels and 
an increase in the LPO level when compared to Group I C; the CAT 
level significantly increased (p≤0.05) compared to Group II. Group 
IV C showed a decrease in the LPO and GPx levels; the SOD level 
increased significantly (p≤0.05) compared to Group III C; the CAT 
level significantly increased (p≤0.05) compared to Group II and was 
higher than Group III C and closer to Group I C value; the GSH 
level increased significantly (p≤0.05) when compared with Group II 
[Table/Fig-2-6].

DISCUSSION
The post-treatment with ETc has certainly helped, to curb the 
imbalance in the oxidative stress and antioxidant levels aiding 
quicker recovery of the kidney when compared to the untreated 
group in its recovery phase. It could be observed from the 
oxidative stress markers and the antioxidant levels, that the 
enzymatic and non enzymatic antioxidants work together, 
complementing the activity of one another. Importantly, the post-
treatment with ETc restored near normal values, right in the end 
of the first week of treatment compared to the untreated toxicity 
cessation. This further improved upon herbal extract treatment 
for the next two weeks, which could be due to the nature of T. 
cordifolia to mediate the strengthening of the antioxidant pool 
against oxidative insult [28,29].

reduced Glutathione (mcm/g tissue) 

treatment 
duration/
Group

Sub-
groups

Group i
(Mean±SD, n)

Group ii
(Mean±SD, n)

Group iii
(Mean±SD, n)

Group iV
(Mean±SD, n)

Week 1 A
6.19±0.73

(3)
4.98±0.31

(6)
5.50±0.36

(5)
6.19±0.99#

(5)

Week 2 B
8.93±0.11

(3)
4.98±0.31*

(6)
6.30±0.73*#

(5)
7.58±0.73*#$

(6)

Week 3 C
8.57±0.81

(3)
4.98±0.31*

(6)
6.47±0.88*

(5)
7.03±1.28#

(6)

[Table/Fig-5]: Effect of post-treatment with ETc on GSH levels in gentamicin 
induced nephrotoxicity. 
*Significant at p≤0.05 when compared to control; #Significant at p≤0.05 when compared to 
nephrotoxicity; $Significant at p≤0.05 when compared to toxicity cessation

treatment 
duration/
Group

Sub-
groups

Superoxide dismutase (unit/mg/mt)

Group i
(Mean±SD, n)

Group ii
(Mean±SD, n)

Group iii
(Mean±SD, n)

Group iV
(Mean±SD, n)

Week 1 A 7.16±1.13 (3)
6.33±1.19

(6)
6.71±0.39

(5)
7.06±0.25

(5)

Week 2 B
6.59±0.42

(3)
6.33±1.19

(6)
5.85±0.67

(5)
7.03±0.43

(6)

Week 3 C
6.70±0.75

(3)
6.33±1.19

(6)
5.60±1.36

(5)
7.81±0.47$

(6)

[Table/Fig-2]: Effect of post-treatment with ETc on SOD activity levels in gentami-
cin induced nephrotoxicity. 
$Significant at p≤0.05 when compared to toxicity cessation

Catalase (mcm/mt/mg ptn) 

treatment 
duration/ 
Group

Sub-
groups

Group i
(Mean±SD, n)

Group ii
(Mean±SD, n)

Group iii
(Mean±SD, n)

Group iV
(Mean±SD, n)

Week 1 A
131.64±50.62

(3)
57.56±25.89*

(6)
65.51±26.98*

(5)
119.69±22.79#

(5)

Week 2 B
183.49±2.92 

(3)
57.56±25.89*

(6)
156.46±23.57#

(5)
181.79±39.00#

(6)

Week 3 C
176.71±19.35

(3)
57.56±25.89*

(6)
125.20±12.55#

(5)
165.83±37.48#

(6)

[Table/Fig-3]: Effect of post-treatment with ETc on CAT activity levels in gentami-
cin induced nephrotoxicity.
*Significant at p≤0.05 when compared to control
#Significant at p≤0.05 when compared to nephrotoxicity

Glutathione peroxidase (nm/mt/mg ptn) 

treatment 
duration/
Group

Sub-
groups

Group i
(Mean±SD, n)

Group ii
(Mean±SD, n)

Group iii
(Mean±SD, n)

Group iV
(Mean±SD, n)

Week 1 A
9.35±2.17

(3)
5.79±1.87

(6)
5.35±1.88*

(5)
7.08±1.73

(5)

Week 2 B
6.27±0.52

(3)
5.79±1.87

(6)
4.01±1.40

(5)
5.07±0.81

(6)

Week 3 C
4.84±1.10

(3)
5.79±1.87

(6)
4.63±4.62

(5)
3.92±1.87

(6)

[Table/Fig-4]: Effect of post-treatment with ETc on GPx activity levels in gentami-
cin induced nephrotoxicity. 
*Significant at p≤0.05 when compared to control

lipid peroxidation (nm/g tissue) 

treatment 
duration/
Group

Sub-
Groups 

Group i
(Mean±SD, n)

Group ii
(Mean±SD, n)

Group iii
(Mean±SD, n)

Group iV
(Mean±SD, n)

Week 1 A
97.58±4.91

(3)
196.28±100.05

(6)
106.84±14.26

(5)
93.10±9.11#

(5)

Week 2 B
104.30±3.39

(3)
196.28±100.05

(6)
232.86±3.69

(5)
188.31±54.89

(6)

Week 3 C
183.48±16.26

(3)
196.28±100.05

(6)
297.27±47.84

(5)
214.40±72.93

(6)

[Table/Fig-6]: Effect of post-treatment with ETc on LPO levels in gentamicin 
induced nephrotoxicity.
#Significant at p≤0.05 when compared to nephrotoxicity



Janani Maheshwari V Vyas et al., T. cordifolia Post-treatment on Drug Nephrotoxic Oxidative Stress www.jcdr.net

Journal of Clinical and Diagnostic Research. 2022 Oct, Vol-16(10): AC11-AC161414

The present study is probably the first, to explore the effect of post-
treatment with the ETc on drug induced nephrotoxicity employing 
gentamicin. ROS trigger antioxidant response, as a cytoprotective 
adaptation. While the pre and co-treatment studies bring out the 
preventive and protective effect of T. cordifolia on drug nephrotoxicity, 
the current study with post-treatment explored the therapeutic effect. 
The utilisation of ROS by the growth promoters as signalling aids gives 
rise to the speculation, that ROS could be playing a role in the recovery 
phase post ATN [30]. In this study, the toxicity cessation group with 
untreated recovery would reflect this natural response of the kidney, 
to the increase in oxidative stress which reverses the injury and repairs 
the kidney. The oxidative stress markers and antioxidant levels upon 
natural recovery are also probably reported for the first time.

The ETc was insoluble in water and suspended well in edible olive 
oil, hence, it was used as the vehicle. To eliminate the possibility of 
its confounding antioxidant effect, olive oil was also administered to 
control (Group I) and toxicity cessation (Group III) groups. Therefore, 
comparison between post-treatment (Group IV), control and toxicity 
cessation groups clearly brought out the effect of the herbal extract 
on the nephrotoxic damage.

As recorded by earlier studies, nephrotoxicity induction in this 
study also decreased SOD [31-34], CAT [33,34], GSH [31-34], GPx 
[34,35] and increased LPO [31-34]. Such an increase in free radical 
generation and peroxidation of lipids and decrease in the level of 
antioxidants due to gentamicin induced nephrotoxicity  [13,14] is 
known to result in ATN [15,16] which signifies the loss of the tubular 
epithelium. Renal vasculature, haemodynamics, glomerular filtration 
and tubular reabsorption and secretion are directly or indirectly 
affected by oxidative stress, during an injury or disease [21] due 
to major damage to the mitochondria, lysosomes, basolateral and 
brush border membrane and internal organelles. 

Male rats were utilised in this experimental study, as they manifest 
more severe necrosis and degeneration [36] than the females, 
upon gentamicin administration. Also, more number of Differentially 
Expressed Genes (DEGs) of different time points, induced by 
gentamicin, co-regulates the process in males when compared to 
females  [37].

No clinical signs or mortality was observed throughout the period of 
nephrotoxicity induction, similar to earlier studies [34,38]. However, 
during the recovery phase, the animals treated with the herbal 
extract (Group IV) withstood better the effect of toxicity induction 
in comparison to the animals that were allowed untreated recovery 
(Group III) in terms of mortality, which was observed only in the first 
week upon post-treatment while it was observed in all the three 
weeks upon toxicity cessation. The routine cage side observation of 
clinical signs, which were not quantified, also indicated the same.

The superoxide/oxygen radical impacts the renal vasculature, by 
mediating the mesangial cell contraction,induced by gentamicin [39]. 
SOD is an antioxidant enzyme found in the cytosol, mitochondria and 
extracellular spaces that scavenges the superoxide anion and alters 
the renal blood flow. In this study, the level of SOD activity, reduced 
due to the nephrotoxicity (6.33±1.19 unit/mg/mt) in comparison to 
the control (7.16±1.13 unit/mg/mt). A level similar to nephrotoxicity 
group was seen in the toxicity cessation group (6.71±0.39 unit/
mg/mt) at the end of the first week, indicating less improvement. 
However, the SOD activity in the post-treatment group (7.06±0.25 
unit/mg/mt) was similar to the control group and higher than the 
toxicity cessation group. At the end of week 2, the results were 
similar whereas at the end of the third week, the SOD level upon 
post-treatment was significantly higher than the toxicity cessation 
group and closer to the control group [Table/Fig-2]. Therefore, the 
level of SOD activity had been restored to near normal levels when 
observed at the end of all 3 weeks upon post-treatment with ETc 
in comparison to the toxicity cessation, possibly ensuring normal 
blood flow in the kidney. Scavenging of superoxide radicals by the 
methanolic extract of T. cordifolia has been reported earlier [40].

In the kidney, the Proximal Convoluted Tubule (PCT) cells exclusively 
localise CAT in their cytoplasm which makes assessing its level 
important and interesting as gentamicin induces ATN involving the 
PCT [41]. Nephrotoxicity induced by gentamicin reduced the CAT 
activity (57.56±25.89 mcm/mt/mg ptn) significantly compared to 
the control groups. Catalase, in its role as an antioxidant, catalyzes 
the decomposition of hydrogen peroxide, often resulting from the 
action of SOD, into oxygen and water, without the involvement of 
cofactors. Therefore, the reduction of CAT activity  lead to the rise 
in hydrogen peroxide, a free radical. At the end of week 1, CAT was 
significantly less upon toxicity cessation (65.51±26.98 mcm/mt/mg 
ptn) when compared to the control (131.64±50.62 mcm/mt/mg ptn) 
and showed only a slight increase compared to the nephrotoxicity 
group. However, the CAT level upon post-treatment with ETc 
(119.69±22.79 mcm/mt/mg ptn) was higher than nephrotoxicity and 
significantly higher than the control groups. The toxicity cessation and 
post-treatment groups showed significant increase in the CAT level at 
the end of weeks 2 and 3 compared to the nephrotoxicity induced 
group, however, the CAT levels upon post-treatment was higher than 
upon toxicity cessation [Table/Fig-3]. Hence, post-treatment with ETc 
helped restoration of CAT activity levels significantly even after a week 
of treatment. The study, that there was increased catalase activity 
in the membrane of erythrocytes in diabetic rats brought about by 
the methanolic extract of T. cordifolia adds strength to the present 
outcome [42]. It is also noteworthy that the apoptosis induced by 
gentamicin was prevented by the overexpression of CAT by reducing 
ROS generation [41]. 

The improvement in the GPx activity upon post-treatment with ETc was 
seen right in the first week. Nephrotoxicity reduced GPx levels though 
not significantly, in the present study. GPx, located in the cytoplasm 
and mitochondria, catalyses the destruction of the oxidising hydrogen 
peroxide molecule and other organic peroxides. At the end of week 
1, the post-treatment group (7.08±1.73 nm/mt/mg ptn) showed good 
improvement with GPx activity increasing closer to the control group 
(9.35±2.17 nm/mt/mg ptn) while toxicity cessation (5.35±1.88 nm/
mt/mg ptn) showed significant reduction compared to the control and 
was closer to the nephrotoxicity group (5.79±1.87 nm/mt/mg ptn). 
The GPx level did not differ significantly across the four groups at the 
end of weeks 2 and 3. The level of GPx activity of the post-treatment 
group were higher than the toxicity cessation group and closer to the 
control group whereas the toxicity cessation group had GPx level lesser 
than the nephrotoxicity group [Table/Fig-4]. Supportive of the present 
outcome, co-treatment with the methanolic extract of T. cordifolia is 
known to increase the level of GPx [28].

ETc post-treatment, helps in faster restoration of GSH levels compared 
to natural recovery. GSH is the major thiol antioxidant in tissues which 
along with GPx, provides a critical mechanism for the detoxification of 
peroxides. The non enzymatic antioxidant, GSH content was reduced 
upon nephrotoxicity (4.98±0.31 mcm/g tissue); it was significantly 
lesser than the control in the weeks 2 and 3. One week of post-
treatment with ETc (6.19±0.99 mcm/g tissue) significantly increased the 
GSH level, compared to the nephrotoxicity group which was higher as 
compared to toxicity cessation group (5.50±0.36 mcm/g tissue) as well. 
Generally, the turnover of GSH in the kidney is rapid, hence, requiring 
ATP [43]; however, a reduction in the ATP increases susceptibility to 
toxic injury induced damage. This probably explains the decrease in 
GSH concentration in the nephrotoxicity group. Two weeks of post-
treatment with ETc showed significant increase (7.58±0.73 mcm/g 
tissue) compared to nephrotoxicity and control groups. GSH level upon 
toxicity cessation (6.30±0.73 mcm/g tissue) was significantly lower than 
the control group (8.93±0.11 mcm/g tissue), yet, significantly higher 
than the nephrotoxicity induced indicating slight improvement. At the 
end of week 3, the GSH content upon toxicity cessation remained 
almost the same as week 2 and significantly lower than control group 
while upon post-treatment, the GSH level was significantly higher 
than nephrotoxicity induced group though similar to week 2 values 
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[Table/Fig-5]. Modulating and enhancing GSH has been shown to 
confer  nephroprotectivity [10,44,45].  Priya LB et al., reported, that the 
methanolic extract of Tc decreased the utilisation of GSH by cadmium 
intoxication in the heart tissue of rats upon co-treatment, may be, due 
to its free radical scavenging activity [28]. These reports are supportive 
of the present observations of the groups III and IV. Torres AM et al., 
demonstrated that the replenishment of GSH level was quicker than 
the restoration of renal functions with time, which could indicate that 
restoration of the renal GSH pool is necessary before the restoration of 
renal function, following a rise in oxidative stress; based on the present 
analysis, such a concept of restoration of normal levels of antioxidants 
with time seems extensible to all the parameters observed [29]. While 
Fauconneau B et al., [46] did not observe much fluctuation in the GSH 
level due to gentamicin induced nephrotoxicity, few researchers also 
reported that supplementation with GSH did not have an impact on 
it, immaterial of the decrease in lipid peroxidation and increase in level 
of GSH in the kidney [47]. These contradictions to the impact of ETc 
observed on the GSH levels presently do pave the way for prospective 
research in this area.

One of the first targets for ROS is generally the membranes of cells 
and subcellular organelles producing MDA, one of the TBARS as a 
metabolite due to LPO, which is an indirect marker of cell oxidation. 
Secondly, the interaction of ROS with Poly Unsaturated Fatty 
Acids (PUFA) leads to the generation of hydroperoxides and their 
metabolites, which are additional radicals resulting in a chain reaction 
of ROS production. The LPO levels increased upon nephrotoxicity 
(196.28±100.05 nm/g tissue) though not significantly. While toxicity 
cessation (106.84±14.26 nm/g tissue) did show a decrease in LPO 
level at the end of week 1, post-treatment with ETc (97.58±4.91 
nm/g tissue) decreased LPO significantly compared to nephrotoxicity 
induced group. No significant difference between any of the groups 
was seen at the end of weeks 2 and 3, however, the LPO levels 
upon post-treatment was lesser than upon toxicity cessation [Table/
Fig-6]. The reduction of MDA upon post-treatment with ETc implies, 
either lesser lipid peroxidation or faster clearance of the metabolite, 
which is indicative of the curtailing of the damage. Alcoholic extract 
of T. cordifolia inhibited lipid peroxide formation [40] and reduces 
it [48]. Ramasammy LS et al., opined that LPO is a consequence 
of gentamicin nephrotoxicity and also found that pretreatment with 
antioxidant vitamin E prevented nephrotoxicity, by preventing an 
increase in esterified acids [33]. But, Fauconneau B et al., did not 
report much fluctuation in the level of LPO [46] while, Martinez-
Salgado C et al., reported that gentamicin does not cause any change 
in fluidity or LPO in the plasma membrane [39].

The observed beneficial effect of the ETc could be probably due to its 
antioxidant phytoconstituents. The free radical scavenging property 
of T. cordifolia [40] and its extracts have been established in vitro and 
in vivo [10,45] where its ethanolic extract showed the highest activity 
compared to aqueous or methanolic extracts [45]. It has been found 
to be protective against cisplatin and aflatoxin induced nephrotoxicity, 
due to its semi-polar antioxidant principles [49,50] and free-radical 
scavengers such as alkaloids, flavonoids and glycosides [9,10]. 
Though T. cordifolia is considered safe for consumption [9], it is only 
after confirmation in relevant models of diseases, that such antioxidant 
therapy shall be used in ATN in humans for recovery after an episode 
of ATN [30].

Further, determining the effect of a higher dosage of ETc on the 
various stages of the nephrotoxicity depending on the dosage and 
duration of gentamicin may be beneficial. The impact of ETc on CAT 
and GSH levels is worthy of exploration.

Limitation(s)
Experimenting with a larger sample size, would provide a clearer 
picture of the impact of the herbal extract on the oxidative stress and 
antioxidant levels due to drug induced nephrotoxicity. Comparing 
these levels with the tissue changes observed at the gross and 

histological levels, shall help to understand the implication better. 
In addition to scientific leads, practical difficulties in conducting the 
experiment, such as manpower and resource intensive aspects of 
housing, maintaining the animals and carrying out the procedures 
limited the inclusion of female rats in the present study.

CONCLUSION(S)
The present study showed that the negative impact on oxidative 
stress markers and antioxidants rendered by gentamicin, i.e. 
reduction in SOD, CAT, GPx activity and GSH levels and increase 
in the lipid peroxidation reversed upon post-treatment with T. 
cordifolia stem ethanolic extract; this occurred at the end of the first 
week of post-treatment with ETc than during the untreated recovery 
following toxicity cessation, reflecting its therapeutic influence. 
Hence, T. cordifolia (Willd.) Miers extract shall be beneficial to 
the kidney, even when taken after the consumption of potentially 
nephrotoxic drugs.
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