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Abstract 

Background: Aminoglycoside antibiotics, gentamicin (GM) owns the utmost nephrotoxic potential than other  
antibiotics from the same category. To the other side, diosgenin (DG) showed the antioxidant and anti-inflammatory 
property.

Results: The present study was aimed to explore the nephroprotective effect of diosgenin on gentamicin-induced 
renal toxicity in Wistar rats. Wistar albino rats were divided into six groups (n = 6): Normal control (NC), Nephrotoxicity 
control (GM), DG (20 mg/kg), DG (40 mg/kg), DG (80 mg/kg), accordingly. After the treatment, the nephroprotective 
effects of DG were assessed by measuring serum levels of creatinine (Cr), blood urea nitrogen (BUN), total proteins 
(TP), albumin and urea levels. Urine volume, proteins, electrolyte levels, creatinine clearance were also evaluated in 
urine samples. Oxidative stress was evaluated through the measurement of antioxidant stress markers in the kidney 
tissue. Changes in body weight and kidney weight were also recorded along with a histopathological examination 
of kidney sections. For evaluation of inflammation, TNF-α and IL-1β levels were measured in the blood serum using 
ELISA kits. GM intoxication induced elevated serum creatinine, BUN, urea, albumin and TP levels, urine electrolytes 
levels, pro-inflammatory cytokines, antioxidant parameters which were found to be decreased significantly in a dose-
dependent manner in rat groups received DG which was also evidenced by the histological observations.

Conclusion: DG showed a significant nephroprotective effect in a dose-dependent manner by ameliorating the GM 
induced nephrotoxicity in Wistar rats.
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Background
Environmental pollutants, chemicals and drugs such 
as antibiotics can drastically alter the anatomical and 
physiological functions of various organs such as kid-
ney, heart, liver and intestine [1]. However, drugs such 
as antibiotics became the major implicating factor in 
acute kidney injury due to indigenous functions of the 
kidney to excrete them. This acute renal injury often 
leads to renal failure which in turn associated with 
other pathological manifestations such as sepsis, car-
diovascular disorders and diabetes [2]. Gram-negative 
bacterial infections are commonly treated by aminogly-
coside antibiotics. Nephrotoxicity is a common prob-
lem associated with these aminoglycoside antibiotics. 
More than twenty-five percent of patients who receives 
aminoglycosides antibiotics might face the problem of 
nephrotoxicity [3]. Though the nephrotoxicity caused 
by GM is more potent and dose-dependent than any 
other aminoglycoside antibiotic [4]. However, at the 
lowermost therapeutic dose, it is responsible for caus-
ing 10–15% cases of acute kidney failure [5–7]. The 
probable mechanism behind GM induced nephropathy 
because of its accretion in the kidney tubules, which 
would results into glomerular, vascular and tubular 
destruction [8, 9]. The exact mechanism underlying 
the GM induced nephrotoxicity is not yet known [10]. 
Recent research work has recommended the involve-
ment of oxidative stress in the mechanism of nephro-
toxicity with diminution of antioxidant enzymes [11, 
12]. Modifications in the serum creatinine levels were 
also observed in the GM induced nephrotoxicity with 
structural changes in the renal tubules like tubular 
edema and necrosis [13]. Adding to that, TNF-α (Pro-
inflammatory cytokine) is also known to involve in the 
pathophysiology of GM induced nephrotoxicity [14]. 
Furthermore, GM administration to rats also improves 
the liberation of reactive oxidative species (ROS). These 
ROS have been suggested to play a significant role in 
cell death in various pathological disease conditions 
like a renal failure [15, 16].

Diosgenin, a steroidal sapogenin belonging to the fam-
ily Dioscoreaceae (Fig.  1) mainly present in fenugreek, 
yams and Costus species in high amount. They are 
obtained from numerous herbal species such as Smilax 
menispermoidea, Costus speciosus, Trigonella foenum and 
many other Dioscorea  species [17, 18]. DG is used as a 
major bioactive precursor molecule for the production of 
steroidal drugs in pharmaceutical companies [19]. In this 
regards, primarily over the past 20  years, extensive ani-
mal experimentation have been done to know the bene-
fits and importance of DG as a leading phytoconstituents 
in several disease conditions like antioxidant, hypolipi-
demic, anti-inflammatory, hypoglycemic, anticancer, 

anti-proliferative, allergic diseases, skin ageing, neurode-
generative and menopause [20–23]. Kanchan et al. have 
reported the renoprotective role of DG in streptozotocin-
induced diabetic rats via restoration of antioxidant bio-
markers in kidney tissue after the administration of DG 
[24]. Wang et  al. have reported the role of diosgenin in 
the regulation of renal proximal tubular fibrosis induced 
by high glucose possibly through epithelial-to-mesen-
chymal transition signals pathway [25]. Therefore, nutra-
ceutical, cosmetic and pharmaceutical industries have 
attracted significant devotion towards DG.

Gentamicin revealed significant, reversible acute kid-
ney damage and causes nephrotoxicity alike to other 
nephrotoxic drugs in preclinical evaluation. Numer-
ous research studies have mentioned that GM may pro-
duce renal damaging effect through the stimulation of 
oxidative stress and pro-inflammatory cytokine media-
tors. To the other side, different studies have stated the 
anti-inflammatory and antioxidant effects of DG in 
various animal models. However, hitherto none of the 
research literature has been available to establish the 
probable nephroprotective effect of DG on GM induced 
nephrotoxicity.

Therefore, the present study was aimed to explore the 
nephroprotective role DG on GM induced nephrotoxic-
ity in experimental animals and its correlation with the 
pro-inflammatory mediators and oxidative stress in the 
kidney.

Methods
Drugs and chemicals
Diosgenin, Pyrogallol, Thiobarbituric acid, Trichloro-
acetic acid (20%), 5, 5-dithio-bis-2-nitro benzoic acid, 
O-dianisidine hydrochloride were obtained from Sigma 
Aldrich, USA. Creatinine, total protein, blood urea 
nitrogen and albumin assay kits were procured from 
Accurex Biomedical, Thane. ELYTE 2 kits were pur-
chased from Micare, India for the colorimetric deter-
mination of serum sodium and potassium. Thiopental 
was procured from Merck specialities Pvt. Ltd, Mum-
bai. All other chemicals used were of analytical grade.

Experimental animals
Thirty healthy male Wistar albino rats (200–220 g) were 
purchased from National Institute of Biosciences, Pune. 
Animals were maintained under 12  h light/dark cycle 
at a constant temperature, with free access to water 
and food ad  libitum. The experimental protocol was 
approved by the Institutional Animal Ethical Commit-
tee of the College. All the animals were acclimatized for 
a period of eight days before the start of experiments.
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Acute toxicity study
The acute toxicity study of DG was performed in com-
pliance with OECD guidelines (OECD 425). DG at 
doses of 55 mg/kg, 175 mg/kg, 550 mg/kg, 1750 mg/kg, 
and 2000 mg/kg body weight were administered orally 
to overnight fasted healthy female Swiss albino mice 
and continuously monitored for behavioral changes, 
restlessness, respiratory, salivation, tremors and diar-
rhoea or any signs of toxicity or mortality from 2 to 
48 h and up to 14 days [26].

Selection of DG dose
The dose of DG was selected based on the literature 
survey [27, 28]. Furthermore, a pilot study was per-
formed for selecting doses of DG at 20, 40, and 80 mg/
kg for its potential of nephroprotective activity.

Experimental induction of gentamicin induced 
nephrotoxicity
The rats were randomly divided into five groups of six 
rats (n = 6).

1. Normal Control (NC): Animals received saline orally 
for eight days.

2. Gentamicin (GM): Animals received GM (100  mg/
kg), i.p., for eight days.

3. DG (20  mg/kg): Animals received DG (20  mg/kg) 
orally, after one hour received GM (100 mg/kg) i.p., 
for eight days.

4. DG (40  mg/kg): Animals received DG (40  mg/kg) 
orally, after one hour received GM (100 mg/kg) i.p., 
for eight days.

5. DG (80  mg/kg): Animals received DG (80  mg/kg) 
orally, after one hour received GM (100 mg/kg) i.p., 
for eight days.

On  9th day rats were euthanized with thiopental 
(40  mg/kg, i. p.) to obtain blood samples for biochemi-
cal estimations and cytokines analysis. Kidneys were 
removed for histopathological analysis and measurement 
of antioxidant parameters. The blood samples were cen-
trifuged at 3500  rpm (15  min) for separation of serum. 
The separated serum samples were used for the analy-
sis of renal markers such as Cr, TP, BUN, albumin and 
cytokines (TNF-α and IL-1β). Kidney and body weight Fig. 1 Chemical structure of Diosgenin

Fig. 2 Schematic representation of the induction of GM induced nephrotoxicity and drug treatment in rats
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of rats were recorded after the experimental procedure. 
Urine samples were collected for 24 h in standard meta-
bolic cages. During the period of urine collection, access 
to food was restricted but the water was offered ad libi-
tum. The collected urine samples were used for the detec-
tion of urine volume, urine protein, creatinine clearance, 
urine sodium and potassium level. One part of the tissue 
was fixed in 10% formaldehyde for histopathological eval-
uation using haematoxylin and eosin (H & E) stain and 
the other part was used for measurement of oxidative 
stress markers like Malondialdehyde (MDA), Reduced 
Glutathione (GSH), Superoxide dismutase (SOD) and 
Myeloperoxidase (MPO) (Fig. 2) [29].

Assessment of body weight and kidney weight
On 9th day, the body weights were measured to evalu-
ate the change in body weight. After the blood collection, 
the kidneys were excised, weighed and the result was 
expressed as wet kidney weight/100 g of body weight to 
assess the change in kidney weight [30].

Assessment of serum biochemical parameters
The estimation of serum Cr, TP, BUN, urea and albumin 
were carried out by using Accurex assay kits according to 
the manufacturer instructions.

Assessment of urine biochemical parameters
Urine was collected in polypropylene tubes and urine 
volume was measured. Urine samples were analyzed 
for protein, sodium, potassium, creatinine clearance 
using Accurex Biomedical kits, Thane and ELYTE 2 kits 
according to the manufacturer instructions.

Assessment of oxidative stress markers
Determination of MDA in the tissue was determined 
by the method of Ohkawa et  al. [31]. The estimation of 
GSH was carried out by the method of Ellman, 1959 [32]. 
The determination of SOD was carried by Marklund and 
Marklund method, 1974 [33]. The estimation of MPO 
was done by the method of Barone et al. [34].

Assessment of serum cytokine levels
The estimation of TNF-α and IL-1β cytokines were car-
ried out with ELISA kits, as per the manufacturer’s 
protocol.

Histopathological analysis
The rat’s kidneys were collected after sacrifice for his-
topathological examinations. The sections were cut at 
4  μm thick, fixed in10% neutral buffered formalin and 
embedded in paraffin wax. Each section stained with 

hematoxylin and eosin stain to visualize cellular infiltra-
tion, tubular dilation, glomerular degeneration, vascu-
lar congestion and necrosis. The grading system used 
for assessment of parameters was (–: absence of dam-
age; + : Up to 30% damage; ++ : 30–70% damage; +++ : 
70–100% damage) [35].

Statistical analysis
Graph Pad Prism software was used for the statistical 
analysis of data. Results were expressed as mean ± SEM. 
One Way Analysis of Variance (ANOVA) and post hoc 
Tukey’s multiple comparison tests were used to analyze 
the data. A P-value of less than 0.05 was considered sta-
tistically significant.

Results
Effect of DG on assessment of body weight and kidney 
weight
The body weight of GM treated rats was found to be 
significantly (p < 0.001) decreased when compared with 
NC rats. However, the body weight were found to be 
improved significantly (p < 0.05; p < 0.01; p < 0.001) in 
DG + GM treated rats (20, 40 and 80 mg/kg) as compared 
to GM treated rats. Opposite to that, the kidney weight 
of GM treated rats was improved significantly (p < 0.001) 
when compared to NC rats. On the other hand, kidney 
weight was improved significantly (p < 0.01; p < 0.001) in 
DG + GM treated rats (20, 40 and 80 mg/kg) when com-
pared to GM rats (Fig. 5).

Effect of DG on assessment of serum biochemical 
parameters
As shown in Fig.  3, the serum Cr, BUN and urea levels 
were improved significantly (p < 0.001) in GM rats when 
compared to NC rats. However, the serum Cr (p < 0.05; 
p < 0.001), BUN (p < 0.01; p < 0.001) and urea (p < 0.01; 
p < 0.001) level exhibited remarkable reduction in the 
DG + GM treatment groups (40 and 80 mg/kg). The rats 
treated with DG + GM (20  mg/kg) exhibited a non-sig-
nificant decrease in serum Cr and urea levels when com-
pared to GM treated rats. These reductions were found 
to be more significant (p < 0.001) in DG + GM (80  mg/
kg) treatment groups as compared to GM treated rats 
(Fig. 3).

On the other hand, serum levels of TP and albumin 
were decreased considerably (p < 0.001) in GM rats as 
compared to NC groups rats. However, TP (p < 0.01; 
p < 0.001) and albumin (p < 0.05; p < 0.01; p < 0.001) levels 
were found to be increased significantly in rats treated 
with DG + GM (20, 40 and 80  mg/kg) when compared 
to NC rats. The rats treated with DG + GM (20  mg/kg) 
exhibited a non-significant increase in serum TP level as 
compared to GM treated rats.
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Effect of DG on assessment of urine biochemical 
parameters
As specified in Fig.  4, the urine volume, urine Protein 
and urine sodium levels in GM treated rats was improved 
considerably as compared to NC rats (p < 0.001). How-
ever, urine volume and TP levels were found to be 
decreased significantly (p < 0.01; p < 0.001) in rats treated 
with DG + GM (20, 40 and 80 mg/kg) when compared to 
NC rats.

The urine potassium and creatinine clearance level of 
GM rats was decreased extensively as compared with the 
NC rats (p < 0.001). To the other side, urine potassium 
and creatinine clearance level were improved significantly 
(p < 0.05; p < 0.01; p < 0.001) in DG + GM treated rats (40 
and 80 mg/kg) when compared with GM rats. However, 
there was a non-significant decrease in the urine potas-
sium and creatinine clearance level in rats treated with 
DG + GM (20 mg/kg) when compared to NC rats (Fig. 5).

Effect of DG on assessment of oxidative stress markers
As specified in Fig.  6, tissue MDA and MPO level of 
GM treated rats was increased significantly (p < 0.001) 
when compared with the NC rats. However, tissue MDA 
and MPO level were improved significantly (p < 0.01; 
p < 0.001) in DG + GM treatment rats (40 and 80  mg/
kg) when compared with GM rats. However, there was 
a non-significant decrease in the tissue MPO level was 
found in DG (20 mg/kg) treated rats as compared to the 
NC group rats. On the other hand, tissue GSH and SOD 
level of GM rats was decreased significantly (p < 0.001) 
when compared with the NC rats. Tissue GSH and SOD 
level was improved significantly (p < 0.01; p < 0.001) in 
DG + GM treatment rats (40 and 80 mg/kg) when com-
pared with GM rats. However, there was a non-signifi-
cant increase in the tissue SOD level was found in rats 
treated with DG (20 mg/kg) when compared to NC rats.

Effect of DG on assessment of pro‑inflammatory markers
The serum TNF-α and IL-1β level of GM treated rats 
were augmented significantly (p < 0.001) as compared 
to NC groups animals. Whereas, the rats treated with 
DG + GM treatment rats (40 and 80 mg/kg) showed sig-
nificant improvement in the serum TNF-α and IL-1β 
levels when compared to GM rats. However, there was a 
non-significant increase in the serum TNF-α and IL-1β 
level was found in rats treated with DG (20 mg/kg) when 
compared to NC rats (Fig. 7).

Effect of DG on histopathological evaluation
In kidney sections of NC rats, showed a normal renal glo-
meruli surrounded by capsule and normal proximal, distal 
and convoluted tubules (Fig.  8A). The kidney sections of 
GM treated rats on showed severe damage such as tubular 

epithelial cell necrosis, accumulation of inflammatory cells 
(neutrophils), tubular dilation, glomerular sclerosis, inter-
tubular hemorrhage, cellular swelling and in certain areas 
haemorrhage was also seen (Fig. 8B). Mild histopathologi-
cal lesions were observed in glomerulus and renal tubules 
of the kidney tissues of rats receiving different doses of DG 
(20, 40 and 80 mg/kg). The tubular damage was less evident 
in the rats receiving 40 and 80 mg/kg of DG (Fig. 8C–E). 
Histological scoring in GM induced renal injury is shown 
in Table 1.

Discussion
Gram-negative bacterial infections are commonly treated 
by using aminoglycoside antibiotics like GM. There usage 
are restricted due to its severe side effects on the kid-
ney. The nephrotoxic potential of the aminoglycosides 
antibiotic like GM is well documented [36]. Numer-
ous research works have stated the involvement of oxi-
dative stress through the generation of reactive oxygen 
species (ROS) in kidney injury [37]. Furthermore, these 
generated reactive oxygen species are also participated 
in GM induced renal tubular necrosis and acute renal 
failure [38]. Diverse mechanisms are involved in ROS 
(Superoxide anions and hydroxyl radicals) mediated GM 
nephrotoxicity that causes cell injury and cell death such 
as DNA damage, lipid peroxidation, inhibition of cellu-
lar respiration and creation of adenosine triphosphate, 
electron transport chain inhibition and destabilization 
of the tubular cell membrane. The renal morphological 
changes are altered due to deposition of GM in the renal 
cortex in which the disease condition is very alike to 
human beings and experimental animals. Therefore, GM 
induced nephrotoxicity experimental model was selected 
to study the molecular and pathological mechanism of 
kidney injury [38]. In recent times, more focus is thrown 
on herbs and herbal supplements in a variety of diseased 
conditions due to their minimal side effects. Therefore, 
the present study was aimed to evaluate the nephropro-
tective role of DG on GM induced nephrotoxicity. The 
current research work reveals that DG can improve GM 
prompted kidney tubular inflammation, oxidative stress, 
histopathological changes and instabilities of kidney 
function.

Enhancement in the serum levels of Cr, BUN, urea, 
proteins, albuminuria, decrease in glomerular filtration 
rate are the indications of GM mediated renal failure 
[39]. In our study, the GM treated rats showed abnor-
mal serum BUN, urea, proteins, Cr and albumin levels. 
The treatment of rats with 20  mg/kg of DG with GM 
did not exhibit significant nephroprotective activity as 
shown by the raised levels of serum Cr, urea and albu-
min respectively. Whereas rats treated with DG + GM 
(40 and 80  mg/kg) doses confirmed diminution of the 
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nephrotoxicity injury as demonstrated by declining 
serum and urine biomarkers. Furthermore, the nephro-
protective potential of DG on clearance of creatinine 
might be credited to its antioxidant potential, as impaired 
glomerular filtration rate is linked to ROS [40]. Further-
more, the serum urea, uric acid and urinary protein level 
were elevated during renal injury [41] that may be a pro-
found biomarker of kidney injury, reduced absorptive 
ability of tubule protein or diminished filtration of pro-
tein at glomerulus capsular barrier [42]. In this research, 

the levels of serum biomarkers like Cr, urea and uric 
acid were elevated significantly on GM treatments to 
rats when compared to NC rats. The aminoglycosides 
nephrotoxicity would results in increased serum Cr and 
imbalances in serum electrolytes levels.

The concept behind the aminoglycoside nephrotoxic-
ity is clinically significant as it results in azotemia con-
ditions (an oliguric acute renal failure). Urinary output 
of GM treated rats for 24 h was significantly elevated as 
compared to NC rat indicating the polyuria conditions of 
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Fig. 3 Effect of DG on serum Cr, TP, BUN, urea and albumin (mg/dl) in GM induced renal damage in rats. Results are expressed as Mean ± SEM 
(n = 6). ###p < 0.001 as compared to NC rats and *p < 0.05, ***p < 0.01, ***p < 0.001 compared to GM rats
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rats. However, the rats receiving treatment of DG + GM 
(20, 40 and 80  mg/kg) urine volume was considerably 
decreased as compared to GM treated experimental ani-
mals, indicating the protective role of DG against acute 
tubular necrosis. In this study, intraperitoneal injection 
of GM for eight days resulted in a significant decline 
in body weight and elevation in kidney weight when 
matched with NC rats. This decline in the body weight 
may be associated with renal tubule damage results in 
the incapability of renal tubules to reabsorb water that 
both would result in dehydration and loss of body weight 
[43] or improved catabolism and reduced food ingestion 

[44]. The rise in kidney weight after administration of 
GM injection was an outcome of tubular cells inflam-
mation and edema [45]. The reduction in body weight 
and improvement in kidney weight were also proposed 
in the prior research [46, 47]. The serum  K+ levels were 
decreased significantly in the GM treated rats as com-
pared to NC rats. The observations were also seen in 
the previous work of Silan et al., 2007 and Said, 2011 in 
which the  K+ levels were also not found to be elevated in 
rats with GM induced nephrotoxicity [48, 49].

The functional integrity of kidney was evaluated by 
measuring the particular serum biomarker enzymes and 
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Fig. 4 Effect of DG on urine volume, urine Protein, urine Sodium, urine Potassium and creatinine clearance in GM induced renal damage in rats. 
Results are expressed as Mean ± SEM (n = 6). ###p < 0.001 as compared to NC rats and *p < 0.05, **p < 0.01, ***p < 0.001 compared to GM rats
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antioxidant stress markers as the brush border mem-
brane and other cellular components (lysosomes and 
mitochondria) are the identified targets of gentamicin in 
nephrotoxicity [50, 51]. In this study, we have accessed 

the levels of MDA, GSH, SOD and MPO as a result of 
GM induced oxidative stress. GM prompted nephro-
toxicity is linked with a diminished potential of vari-
ous antioxidant enzymes (CAT and SOD) in the kidney 
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cortex region [52]. Moreover, these reduced levels of kid-
ney antioxidant enzymatic system can magnify oxidative 
damage in rats [40].

Glutathione is a main intracellular reducing agent 
that causes detoxification of lipid peroxides and is 
associated with other antioxidants like NADPH, vita-
min C and vitamin E, protecting against oxidative 
stress. GSH is a scavenger of hydroxyl radicals and 
singlet oxygen [53]. In association with SOD, that 
enhances the generation of oxygen and hydrogen per-
oxide from superoxide anion [54]. Enhancement in the 
MDA levels recommends improved oxidative stress in 
GM induced nephrotoxicity in the rat model [55]. In 
this study, the levels of MDA was found to be signifi-
cantly improved whereas the levels of GSH, CAT and 
SOD were decreased in the rat kidney underwent GM 
treatment as compared to NC rats. In this experimen-
tal model, DG exhibits nephroprotective potential by 
increasing the activity of GSH, CAT and SOD enzymes 
and decreasing the level of MDA (lipid peroxidation 
marker) that finally would result in decreasing the oxi-
dative stress. Here, the expressions of pro-inflamma-
tory cytokines like TNF-α and IL-1β was found to be 
increased significantly. It is revealed that NF-κB path-
way displays a central part in the stimulation of pro-
inflammatory cytokines subsequent GM treatment to 
rats. The binding of NF-κB to IκB (inhibitor protein) 
results in inactivation of NF-κB in normal cells.

The generation of ROS, on GM administration, 
resulted in the devastation of IκB and NF-κB release, 
that enters the nucleus and stimulates the transcrip-
tion of inflammatory cytokines like TNF-α and IL-1β 
[56–58]. The generated TNF-α was responsible for dis-
turbances in renal functions through decreased blood 
flow, vasoconstriction and gathering of leukocytes at 

the site of injury [56]. The serum levels of TNF-α and 
IL-1β were increased noticeably in the GM rats as com-
pared to NC rats whereas, the rats treated with DG 
were found to be decreased levels of TNF-α and IL-1β. 
Furthermore, DG reduced the TNF-α expression, a 
pro-inflammatory cytokine involved in inflammation as 
well as tissue remodelling that resulted in renal fibrosis 
[59].

Histopathological analysis signifying structural varia-
tions in renal tissue treated with aminoglycoside antibi-
otics like GM were stated by specific investigators [60, 
61]. The histopathological analysis of kidney tissue dis-
played severe and extensive kidney destruction in rats 
receiving GM treatment along with renal tubule dila-
tion and necrosis, glomerular sclerosis, cellular swelling 
and edema, which are in accordance to these reported 
studies. The possible reason behind such a kind of dam-
age may be the generation of extremely reactive free 
radicals due to oxidative stress caused due to GM treat-
ment to rats. The normal architecture of kidney histo-
logical features was restored in NC rats as compared to 
GM treated rats showing more widespread and notice-
able renal tubule necrosis. Whereas, minor glomerular 
sclerosis and accumulation of inflammatory cells (neu-
trophils) were observed with normalization of kidney 
histological structure in rats treated with GM + DG. 
These results were also supported by previous similar 
studies on GM induced nephrotoxicity and its reversal 
by several drugs [62–64].

In summary, present study demonstrated the nephro-
protective potential of DG on GM induced nephro-
toxicity in rats. The precise mechanism behind 
nephroprotective activity of DG may be significant 
downregulation of serum and urinary biochemical 
parameters, kidney tissue homogenate oxidative stress 
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Fig. 7 Effect of DG on TNF-α and IL-1β (pg/g) in GM induced renal damage in rats. Values expressed as Mean ± SEM (n = 6). ###p < 0.001 as 
compared to NC rats and *p < 0.05, **p < 0.01, ***p < 0.001 as compared to GM group
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markers, serum proinflammatory cytokines and reduc-
tion of severe and extensive kidney destruction in rats. 
Our findings support that DG represents a new therapy 
for GM-induced nephrotoxicity and may have a consid-
erable impact on future clinical treatments of patients 
with renal failure; however, more investigation on 

levels of nitric oxide and molecular markers in the kid-
ney homogenate [65] are limitations which are needed to 
determine the precise mechanism of action of DG.

Fig. 8 Histopathological results of kidney sections stained with H & E in GM induced renal damage in rats (×40). a NC; Group; b GM; c: DG (20); 
d: DG (40); DG (80). Black arrow indicates: Degeneration and necrosis in renal tubules; Yellow arrow indicates: inflammatory cells infiltration 
(neutrophils); Green arrow indicates: inter-tubular hemorrhage
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Conclusion
Gentamicin at a dose of 100  mg/kg, i.p. causes signifi-
cant kidney injury as supported by oxidative stress and 
histopathological damage in the kidney tissue. The prob-
able mechanism behind GM induced nephrotoxicity may 
be a restoration of serum and urine biochemical param-
eters, reduction of oxidative stress and diminution of an 
inflammatory response by measuring the pro-inflamma-
tory cytokines levels in serum. DG is a potent free radi-
cals scavenging agent that gives protection against GM 
encouraged nephrotoxicity. Hence, the current research 
recognizes DG as a challenging nephroprotective drug 
against kidney damage. In this study, a dose of 40 and 
80  mg/kg of DG was found to be more efficient than 
20 mg/kg, highlighting a dose-dependent role of DG on 
kidney GM induced renal injury.
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