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ABSTRACT
Background and Aim: The proposed work was planned to evaluate the potential protective
role of aqueous Aloe vera (AV) concentrate and/or Omega-3 fatty acids (O3FAs) against
GM -initiated renal toxicity in rats. Materials and Methods: Thirty female Wistar-albino
rats were distributed into five equivalent groups as follows: Normal control group, GM
control group, GM + AV group (200 mg/kg, p.o.), GM + O3FAs group (100 mg/kg,
p.o.), GM + AV + O3FAs group. All the treatments were administered for 10 days. Renal
toxicity was initiated by intraperitoneal administration of GM (80 mg/kg/day) for last 5
days of test duration. Results: Noticeable rise in the levels of serum creatinine, urea,
MDA, TNF-α, TGF-β1, Fibronectin and NGAL was seen alongside a significant decrese in
the levels of serum albumin, total protein content and antioxidant enzymes, SOD, GSH,
catalase in GM control group. Treatment with AV or O3FAs or AV + O3FAs exhibited
a considerable reduction in serum creatinine, urea, MDA, TNF-α, TGF-β1, Fibronectin
and NGAL levels and a rise in the levels of serum albumin, total protein and antioxidant
enzymes. Conclusion: The study concluded the importance of AV and Omgea-3 fatty
acids as effective nephroprotective agents. However, the combined treatment with AV
and O3FAs showed similar beneficial effects as compared to monotherapy in mitigating
adverse effects of GM-initiated renal toxicity. There was no significant difference
observed in monotherapy as well as combination therapy.
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INTRODUCTION
Gentamicin (GM) is an appropriate among
aminoglycoside antibiotics which is capable
of fighting infections caused by gramnegative bacteria. Besides its effectiveness,
main adverse effect of GM is renal toxicity
which accounts for acute renal failure
occurring in 30-70% of people undergoing
treatment with the drug. Deposition of GM
preferentially in the lysosomes and kidney
proximal convoluted tubules stands to be
the foremost reason for the specificity of
GM towards renal toxicity.1
Several study reports were stated the
involvement of reactive oxygen species
(ROS) in the pathway of renal toxicity

induced by GM. Superoxide’s, free
radicals, hydrogen radicals and hydrogen
peroxide tend to serve as chief mediators
of renal tissue injuries. GM-initiated renal
toxicity is fundamentally connected with
events of desquamations of cells, tubular
necrosis, glomerular atrophy, glomerular
hypertrophy, epithelial edema of proximal
tubules, tubular fibrosis, inflammation and
glomerular congestion.2 Oxidative stress
and decreased phospholipase advancing
towards lysosomal phospholipidosis are
many other factors suggested playing key
part in pathogenesis of GM-initiated renal
toxicity.3,4
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Renal toxicity initiated by GM has a pathophysiology
coupled with the production of free radicals and
reactive oxygen metabolites. It has been declared that
among the primary perspectives adopted to improve
or develop a protection for GM-initiated renal toxicity,
the ultimate rational efficacy has been seen by the use
of antioxidant agents. Antioxidants possess intense
scavenging activity towards free radicals in order to
eradicate toxicities induced by GM. They develop
protection by neutralizing the free radicals by the aid
of donation of one of their electron which results in
termination of the carbon-stealing reaction.5,6 Aloe vera
(AV) (synonym: Aloe barbadensis Mill.) being a member
of the family Asphodelaceae is referred as a miraculous
plant for owning powerful pharmacological actions
including anti-inflammatory, immunostimulant, wound
healing, antiulcer, nephroprotective and antidiabetic.
The intrinsic antioxidant and free radical scavenging
properties of AV plant serve to be responsible for its
nephroprotective action.7 Omega-3 fatty acids (O3FAs)
serve to be essential fatty acids and are provided with
amplified health benefits. They tend to reduce the
risk of fatal continuing situations like coronary heart
disease, malignant growth, arthritis, depression and
renal disorders.8
No study has been reported about protective role of AV
or O3FAs in renal toxicity and thus an effort has been
initiated to assess the possible shielding effect of AV
or O3FAs alone and combination of both in assessing
the renal biomarkers on GM-initiated renal toxicity in
animals.
MATERIALS AND METHODS
Drugs and chemicals

GM formulation marketed by Zydus Cadila,
Ahmedabad, India was procured from authorized
retailer. AV extract and O3FAs were obtained from
Alpsure Life Sciences Pvt. Ltd., New Delhi. Serum
creatinine, urea, total protein, albumin kits utilized in the
protocol were procured from ARKRAY Healthcare Pvt.
Ltd., Surat, India and Transasia Bio-Medicals Limited,
India. Transforming Growth Factor beta 1 (TGF-β1),
Tumor Necrosis Factor-alpha (TNF-α), Fibronectin and
Neutrophil Gelatinase-associated Lipocalin (NGAL)
ELISA kits were purchased from Sigma Aldrich. All
other substance and reagents utilized in the work were
of analytical grade.
Experimental animals

This research work was performed on healthy fullygrown female Wistar rats (200-250 g). Rats were kept
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under standard condition (12-h light/dark cycle, 24°C,
35 to 60% humidity), contained in polypropylene
cages having free access to optimum quality of diet
and drinking water ad libitum. Prior approval from
Institutional Animal Ethics Committee (IAEC) and
Committee for the purpose of Control and Supervision
of Experiments on Animals (CPCSEA) was taken for
experiment on animals.
Experimental design

Animals were distributed equally into five different
groups each comprising of six animals. Group I labeled
as normal control group and was given 10 ml/kg/day
of normal saline. Group II labeled as GM control group
and were given 10 ml/kg/day of normal saline. Group
III animals received aqueous extract of AV (200 mg/
kg, p.o).9 Group IV animals received O3FAs (100 mg/
kg, p.o.).10 Group V received combination of aqueous
extract of AV + O3FAs. All the aforementioned test
compounds were administered by gavage method
consecutively for 10 days wherein animals were fasted
for 3-4 hr. Prior to and 1 hr. after administration to
ensure proper absorption. Renal toxicity was induced in
all groups expect Group I by intraperitoneal injection
of GM at the dose of 80 mg/kg for last five days of
treatment duration.11
On completion of test duration animals of all the
groups were fasted for 24 hr. (During this period tap
water remained freely available). Blood samples were
collected (2-3 ml) from anesthetized animals via retroorbital plexus puncture using glass capillaries. The
collected blood samples, after a standing time of ½ hr.
were centrifuged in Remi centrifuge at the speed of 2500
rpm for 10 min. The serum so separated was stored
at -20°C for evaluation of renal functions tests viz.
Creatinine, urea, total protein and albumin from serum
using standard diagnostic kit (ARKRAY Healthcare Pvt.
Ltd., Surat, India and Transasia Bio-Medicals Limited,
India.).
Determination of TNF-α, TGF beta 1, Fibronectin
and NGAL by ELISA

TNF-α, TGF-β1, Fibronectin and NGAL levels in
homogenized renal tissues were measured by quantitative
enzyme linked immunosorbent assay (ELISA) kits as
per the maker’s guidelines.
Assessment of oxidative stress parameters

Kidney of all the sacrificed animals were detached
and kept aside on an autoclaved petridis along with ice
cube. Kidney tissues were converted into fine slices
in chilled 0.25 M sucrose with the help of surgical
scalpel and followed by quick blotting on a filter paper.
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Homogenization of minced tissues were achieved with
10 mM Tris-HCl buffer, pH 7.4 (10 % w/v) on a glass
homogenizer followed by centrifugation at 0°C and
speed was fixed at 10,000 X g. Resulting supernatant
was assayed for malondialdehyde (MDA),12 endogenous
antioxidant enzymes like superoxide dismutase (SOD),13
catalase (CAT)14 and GSH.15
Histological study

Kidney tissues of sacrificed animals of aforementioned
groups were detached and followed by cleaning with
saline solution and stored in formalin (10% phosphate
buffer). Samples embedded on paraffin were sliced
down into 5 µm-thick segments and stained by
means of hematoxylin and eosin (H&E). Expected
histopathological changes were assessed under light
microscope (Olympus BX10, Tokyo, Japan) and
photomicrographs were captured (Olympus DP12
camera, Japan). Pathologist executing histopathological
assessment was kept uninformed about the treated
animal group to acquire unbiased outcome.
Statistical analysis

All the statistical outcomes were stated in terms of
mean ± SEM. One-way ANOVA followed by the
Bonferroni multiple comparison test was applied using
computer based fitting program (Prism, GraphPad
version 5, GraphPad Software, Inc) to evaluate statistical
significance between more than two groups, where
significance level was fixed at p < 0.05 for all tests.
RESULTS
Effect of AV or O3FAs or AV + O3FAs on serum
creatinine, urea, total protein and albumin

Intraperitoneal administration of GM triggered a
noticeable fall in kidney function portrayed by substantial
(p < 0.001) elevation in serum urea, creatinine and a
substantial (p < 0.001) decline in total protein, albumin
levels in GM treated rats when compared with normal
control. AV or O3FAs or AV + O3FAs treated with GM
for 10 days period exhibited substantial reduction (p <
0.001) in serum creatinine when compared with GM
treated rats. Administration of AV or O3FAs or AV +
O3FAs showed a substantial (p < 0.01; p < 0.05; p <
0.001) decline in serum urea when compared with GM
treated rats. Serum total protein was significantly (p <
0.01) increased in AV or O3FAs or AV + O3FAs treated
animals as compared GM treated animals. GM control
rats treated with AV or O3FAs or AV + O3FAs exhibited
substantial (p < 0.001; p < 0.05; p < 0.05) increase in
serum albumin level when compared with GM treated

rats. However, co-administration of AV and O3FAs did
not show marked alteration in serum creatinine, urea,
total protein and albumin levels when compared with
monotherapy with AV or O3FAs. (Table 1)
Effect of AV or O3FAs or AV + O3FAs on oxidative
stress biomarkers in kidney tissue

A substantial (p < 0.001) rise in MDA content and
reduced activity of SOD (p < 0.001), CAT (p < 0.05)
and GSH (p < 0.001) levels were noticed after providing
GM treatment. This indicates the production of free
radicals and role of oxidative stress in renal toxicity
induced as a result of GM treatment.
It was observed a substantial (p < 0.001) reduction in
MDA content and an elevation in the level of antioxidant
enzymes, SOD (p < 0.01; p < 0.001; p < 0.001), CAT (p
< 0.001; p < 0.001; p < 0.001) and GSH (p < 0.001; p
< 0.05; p < 0.001) levels after providing treatment with
AV or O3FAs or AV + O3FAs, respectively. Significant
reduction in generation of free radicals after treatment
with AV or O3FAs in renal toxicity indicates the shielding
activity of them to counter oxidative stress. However,
combination therapy of AV along with O3FAs did not
show substantial alterations in SOD, CAT, GSH and
MDA levels when given exclusively (Figure 1 A-D).
Effect of AV or O3FAs or AV + O3FAs on TNF-α,
TGF-β1, Fibronectin and NGAL levels

Administration of GM exhibited substantial (p <
0.001) rise in renal TNF-α, TGF-β1, Fibronectin and
NGAL content. Administration of AV or O3FAs or
AV + O3FAs with GM for 10 days period substantially
reduced TNF-α (p < 0.001; p < 0.001; p < 0.001), TGFβ1 (p < 0.001; p < 0.001; p < 0.001), Fibronectin (p <
0.001; p < 0.001; p < 0.001) and NGAL (p < 0.01; p <
0.001; p < 0.001) when compared with GM treated rats,
respectively. However, concomitant administration of
AV with O3FAs did not have any significant difference
in renal TNF-α, TGF-β1, Fibronectin and NGAL
contents when compared with monotherapy of AV or
O3FAs (Figure 2 A-D).
Histological studies

The histological variations in kidneys in all groups
were assessed. In the proposed research protocol,
kidney segments of the normal rats exhibited regular
orientation of tubules and glomeruli, whereas GM
treated rat’s revealed deterioration and necrosis in the
epithelial cells lining of corresponding renal tubules.
Administration of AV or O3FAs along with GM showed
mild degeneration of tubules, inflammatory cells were
found in lesser number when compared with GM
treated rats. However, concomitant administration of
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Figure 1: Effect of AV or O3FAs or AV + O3FAs on (A) MDA (B) SOD (C) CAT and (D) GSH. All the statistical outcomes were
stated in terms of mean ± SEM; n= 6.
a vs. b, *p< 0.05, ***p < 0.001; b vs. c, b vs. d and b vs. e, #p < 0.05, ## p<.01, ### p< 0.001

Figure 2: Effect of AV or O3FAs or AV + O3FAs on (A) TNF-α (B) TGF-β1 (C) Fibronectin and (D) NGAL content. All the statistical
outcomes were stated in terms of mean ± SEM; n= 6;
a vs. b, ***p < 0.001, b vs. c, b vs. d and b vs. e, ## p<.01, ### p< 0.001

AV and O3FAs along with GM showed no inflammation
and even the disruption of cell membrane of epithelial
cells was minimal and retains the tissue more like the
normal control rat’s kidney sections (Figure 3 A-E).
DISCUSSION
In spite of the utilization of GM was restricted with renal
toxicity, it tuns into a promising therapeutic antibiotic
since it exhibits effective bactericidal and least bacterial
resistance capabilities. Accumulation of medication
will in general be an essential key pathological event
in GM-inducing renal toxicity and consequent renal
dysfunction.16
S254

Figure 3: Effect of AV or O3FAs or AV + O3FAs on microscopy
of kidney tissue (A) Normal Control (B) GM Control, (C) GM +
AV (D) GM + O3FAs and (E) GM + AV + O3FAs.
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Table 1: Effect of AV or O3FAs or AV + O3FAs on serum creatinine, albumin, total protein
and urea.
Groups

Serum creatinine
(mg/dl)

Serum albumin
(g/dl)

Serum total
protein (g/dl)

Serum urea
(mg/dl)

Normal control (a)

0.73 ± 0.15

5.23 ± 0.45

7.34 ± 0.36

29.74 ± 3.74

GM control (b)

3.54 ± 0.35***

2.04 ± 0.13***

2.00 ± 0.29***

72.94 ± 3.44***

GM + AV (c)

1.66 ± 0.08###

3.99 ± 0.26###

4.86 ± 0.57##

56.03 ± 1.13##

GM + O3FAs (d)

1.80 ± 0.06###

3.39 ± 0.19#

4.80 ± 0.35##

60.14 ± 1.29#

###

#

##

GM + AV + O3FAs (e)

1.62 ± 0.09

3.30 ± 0.14

5.07 ± 0.74

52.37 ± 1.97###

All the statistical outcomes were stated in terms of mean ± SEM; n= 6; a vs. b, ***p < 0.001; b vs. c, b vs. d and b vs. e, #p < 0.05, ##
p<.01, ### p < 0.001.

Preventing the progression of GM-induced renal
toxicity has been a challenge in biomedical research.
Many researchers have suggested in their reports to
focus on antioxidants to alleviate the toxic effects of
GM on renal physiology and functioning. Present
literature is however void of effect of combination
of antioxidants present in AV along with O3FAs on
GM-induced renal toxicity.
The proposed research protocol was aimed at assessing
the hypothesized outcome of administration of AV
singly and simultaneous with O3FAs in rats with renal
toxicity induced by GM. This view is based on extensive
reports on the intimate relationship of oxidative stress,
especially reactive oxygen species (ROS) and the
pathophysiology of GM-induced kidney damage.17
GM evokes mitochondrial liberation of iron in kidney
cortex and amalgamated iron-GM compound boosts the
ROS generation.18 Renal function was altered due to the
over generation of ROS which raises the creatinine and
BUN levels in serum.19 To ameliorate the nephrotoxic
effect of GM, several antioxidant containing substances
have been tried and proposed to have ROS scavenging
capacity. It was predicted that antioxidant activity of AV
or O3FAs would diminish the injurious outcomes of
GM on the kidneys.
In the present study, Wistar rats were included to induce
renal toxicity because the physiology of urinary system
of rats resemble with that of humans. Renal toxicity was
experimentally initiated by the intraperitoneal injection
of GM for duration of 5 days. In the present study, no
mortality was seen throughout the test duration in any
of the treatment groups. Intraperitoneal injection of
GM for a duration of 5 days led to a substantial rise
of urea, creatinine and reduction of albumin, total
protein levels in serum. Many research works reveal that
antioxidant materials attenuate the raised levels of BUN
and serum creatinine in GM-treated rats.20
Administration of AV or O3FAs along with GM for
10 days substantially reduced urea and creatinine levels

in serum. These outcomes are in agreement with the
earlier reports in which it was shown that AV or O3FAs
when administered alone produced a beneficiary effect
against drug-induced nephrotoxicity.21,22 However,
co-administration of AV and O3FAs did not have
any significant difference in serum albumin, total
protein, creatinine and urea levels when compared with
monotherapy with AV or O3FAs.
In the current work, substantial rise was observed in
MDA content and reduced action of SOD, GSH and
CAT after providing GM treatment. This indicates the
production of free radicals and role of oxidative stress
in renal toxicity induced as a result of GM treatment.
These results are in accordance with the previous studies
which reported the progression of oxidative stress is
the result of iron liberated from mitochondria of renal
tubules. The released iron is catalyzed by GM which is
responsible for generation of ROS.23,24
It was observed a substantial decline in MDA level
and an elevation of antioxidant enzymes (SOD, CAT
and GSH) were experienced after the administration
of AV or O3FAs. Significant reduction in generation
of free radicals after treatment with AV or O3FAs
in renal toxicity indicates the protective role of them
against oxidative stress. This activity is shown by AV due
to free radical scavenging activity owned by it due to
the presence of phenolic compounds.21,22 In contrast,
combination therapy of AV along with O3FAs did
not show remarkable alterations in aforementioned
antioxidant enzymes and MDA content than individual
therapy.
It was previously demonstrated that TGF-β1 and
TNF-α cytokines are involved in the development of
renal toxicity. TGF-β1 expressions were found to be
elevated in the glomeruli of rats due to nephrotoxicity
induced with GM. Elevations in levels of TGF-β1 are
associated with inflammatory and fibrogenic responses
to GM.25,26
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In our report, intraperitoneal injection of GM exhibited
a substantial rise in the renal TGF-β1 and TNF-α levels.
Administration of AV or O3FAs in GM treated rats
for 10 days meaningfully reduced TGF-β1 and TNF-α
level. These findings are in accordance with the former
conclusions.27
In the previous studies it has been reported that
fibronectin cytokine is involved in the development of
nephrotoxicity. It is a pervasive glycoprotein of kidney
matrix. It acts like a inter link to connect epithelial
cells with integrin via extracellular matrix collagen.
Upregulation of fibronectin occurs in different
experimental models of drug-induced nephrotoxicity.
It is an early marker of tubular injury and ischemia
occurring as a response to nephrotoxicants and high
concentrations of it are found in urinary excretion
and kidney tissues.25 In the existing study, GM received
rats showed a substantial rise in the levels of renal
fibronectin, whereas treatment with AV or O3FAs
in GM treated rats for 10 days drastically reduced the
level of fibronectin. Above-mentioned findings are in
agreement with the past reports.28
In the previous studies it has been reported that NGAL
is involved in the development of nephrotoxicity. NGAL
is a protein (25kDa) belonging to lipocalin family is
specific to renal epithelial cells and shows a crucial role in
response to injuries of kidney. In conditions such as renal
ischemia and nephrotoxicity developed in rat models it
has been reported that levels of NGAL messenger RNA
and protein gets upregulated.29 In the proposed work,
administration of GM exhibited a substantial rise in the
renal NGAL levels. Administration of AV or O3FAs
combined with GM for 10 days period drastically
reduced the level of NGAL. Above-mentioned findings
are in agreement with the past reports.30
However, co-administration of AV and O3FAs did not
have any significant difference in TGF-β1, fibronectin
and NGAL levels as compared to monotherapy with AV
or O3FAs.

better nephroprotective effect than when administered
singly. The antioxidant effect of AV or O3FAs was
possibly responsible for the tissue protection and
strengthens the idea that GM-initiated renal toxicity
was developed due to oxidative stress. Thus, it could be
suggested that antioxidant therapy should precede and
be co-administered with GM. Finally, on the basis of
these investigations, it was concluded that that adjuvant
therapy is as efficient as monotherapy with AV or O3FAs
to overcome GM-initiated renal toxicity complications.
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PICTORIAL ABSTRACT

SUMMARY
The present study demonstrated the renorotective
role of AV and O3FAs on GM-initiated renal toxicity in
wistar rats. In our study, AV and O3FAs significantly
ameliorates GM-initiated renal toxicity mainly by
decreasing the levels of TNF-α, TGF-β1, Fibronectin,
NGAL along with suppressing the increased serum
markers and potentiate the depleted antioxidant
parameters caused by GM.
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