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ABSTRACT

Objectives: To evaluate the nephroprotective properties of ethanol extract of leaves of Aloe vera against gentamicin-induced nephrotoxicity in rats.

Methods: Nephrotoxicity was induced in Wistar rats by intraperitoneal administration of gentamicin 40 mg/kg/days for 5 days. Effect of concurrent
administration of ethanol extract of leaves of A. vera at a dose of 20 ml/kg/day given by oral route was determined using serum creatinine and blood
urea nitrogen as biochemical indicators of renal damage; after 10, 20, and 30 days. The study included a control group which received oral saline only,
gentamicin treated group, received gentamicin and oral saline and A. vera group, received oral A. vera prior to gentamicin administration. Each group

had six rats.

Results: It was observed that in A. vera treated rats, prevented elevation of the biochemical indicators of nephrotoxicity and significantly reduced

histopathological scores.

Conclusion: Ethanol extract of A. vera contains constituents with nephroprotective activities.

Keywords: Gentamicin-induced nephrotoxicity, Aloe vera, Wister rats, Histopathological change.

INTRODUCTION

Aloe vera (Aloe barbadensis miller) is in use as traditional medicine
across geographical boundaries [1,2]. Interest in A. vera has greatly
increased recently owing to their free radical scavenging properties [3].
Studies have demonstrated the presence of bioactive constituents,
exhibiting antioxidant properties, including phenolic glycosides,
polysaccharides, and triterpenes in A. vera [4,5]. However; systematic
and scientific published literature on the nephroprotective effect of
A. vera is very limited [6,7].

Nephrotoxicity is a potential adverse effect of aminoglycosides.
Depending on the clinical scenario, in 7-58% of therapeutic courses,
it leads to nephrotoxicity, which limits their frequent and prolonged
clinical use [8-10]. Gentamicin-induced renal damage is widely used
model for inducing nephrotoxicity in experimental animals. The
mechanism of gentamicin-induced nephrotoxicity is not completely
understood. Oxidative stress is implicated as central mechanism of
the gentamicin-induced renal cell injury [11]. Accordingly, several
compounds with antioxidant activity have been tested to prevent or
ameliorate the gentamicin-induced nephrotoxicity in animals [12-16].

The present study was designed to determine duration dependent
protective effect of ethanolic extract of leaves of A. vera on gentamicin-
induced nephrotoxicity in Wistar albino rats.

METHODS

The experiments were conducted in pharmacology Department of
LLRM Medical College, Meerut (Uttar Pradesh) India during the year
2011-12. The experimental protocol was approved by the Institutional
Animal Ethical Committee (approval no. STP/2011/13) registration no.
(819/04/CPCSEA).

Plant material
A. vera (Aloe barbadensis miller) plants were procured from the local
market of Meerut, Uttar Pradesh, India. The plant was identified and

authenticated by the scientists in Botany Department of Chaudhary
Charan Singh University, Meerut, (UP) India.

Preparation of the plant extract

The A. vera plant extract was prepared as per the procedure
described by Lawrence et al. (2009) [17] with slight modifications.
In brief, the fully expanded leaves of A. vera were selected from the
plants; washed with distilled water and were subjected to surface
sterilization with 70% ethyl alcohol. The parenchymatous covering
of the leaves were peeled and the gel drained out. The slurry was
prepared with the help of pestle and mortar. For the preparation of
ethanolic extract, fresh leaf gel was dried in the oven at 80°C for 48
hrs and then powdered. 20 g of this powder was soaked in 200 ml
of ethanol for 24 and shaker was used to prevent sedimentation.
It was then filtered through Whatman Filter No. 1, and the filtrate
was concentrated by heating at 40°C, until complete evaporation of
the solvent was achieved. 100 mg of this concentrated extract was
dissolved in 1 ml of distilled water, and the resulting solution was
administered to rats.

Experimental animals

The animals were obtained from the rat rearing unit of the central
animal house of the institute. The healthy Wistar albino rats of either
gender, weighing 150-200 g were selected for the study. After 1 week
of quarantine and acclimatization, the animals were included in the
study. The rats were housed in stainless steel metabolic cages under
controlled conditions of temperature (25°C) and alternating periods of
light and darkness of 12 hrs each. The rats had free access to standard
rat pellet diet (Vetcare India Ltd.) and tap water ad libitum.

Acute toxicity study

The acute toxicity study for ethanolic extract of A. vera was carried out on
Wistar rats as per the revised guidelines by Organization for Economic
Co-operation and Development (OECD) and Committee for the purpose
of control and supervision of experiments on animals [18,19]. Each
animal was administered a single dose of the ethanolic extract of A. vera
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by oral route The animals were observed for any changes continuously
for 2 hrs and up to 24 hrs for any adverse effect.

Estimation of LD,

LD5, of A. vera extract was determined on Wistar rats by standard
procedure [20]. The acute oral toxicity study and estimation of LD.  was
done according to the OECD guideline 423 [21].

Experimental design

The study was carried out in three phases. The basic experimental
design of study remained same (Fig. 1) except that the A. vera was
administered for the duration of 10, 20, and 30 days, respectively, in
first, second, and third phase of the study. For the each test duration,
eighteen rats were randomized into three groups of six rats each.
Group I served as control group and the animals received normal saline
(20 ml/kg/day) orally into two equally divided doses, spaced at 12 hrs,
consecutively for test durations. Group II animals served as gentamicin
group, and animals received normal saline (20 ml/kg/day) orally
twice daily into two equally divided doses consecutively for treatment
duration, as in Group I and in last 5 days gentamicin (Genticyn, Abott
Healthcare Pvt. Ltd, India) was injected intraperitonealy at 8 AM, as
a single dose of 80 mg/kg [22,23]. Group III animals received A. vera
orally in a dose of 20 ml/kg/day into two equally divided doses, in
similar way as oral saline in Group I, consecutively for test duration and
in last 5 days gentamicin was injected intraperitonealy as a single dose
of 80 mg/kg, as in Group II. The test compounds were administered
by gavage method wherein animals were fasted for 3-4 hrs prior
to and 1 hr after administration to ensure proper absorption. On
completion of test duration (i.e., 10, 20, and 30 days in first, second,
and third phase) animals of all the groups fasted for 24 hrs (during
this period tap water remained freely available) before sacrificing
under ketamine (75 mg/kg) and diazepam (10 mg/kg) anesthesia
given intraperitoneally [24]. Blood samples were collected (3 ml) from
anesthetized animals via retro-orbital plexus puncture. The serum was
separated and processed for determination of biochemical parameters.
After blood collection, the animals were sacrificed to dissect out both
kidneys for histopathological examination.

Determination of biochemical parameters
The collected blood sample, after a standing time of % hr, was
centrifuged in Remi R-8 centrifuge at 2500 rpm for 10 minutes. The

Rats randomizedto one
ofthree experimental
groups

Healthy Wistar rats
selected

Animalsof respective
groupsreceive the

A. Normal saline group
B. Gentamicin group

‘group assigned” for test
durations

C. Aloe Vera group

Animalsare sacrificed
for evaluationof
biochemical parameters
and histopathological
changes

Results are collected and
statistical analysis
carried out

Fig. 1: Flowchart of the steps of the experimental study
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serum so separated was used for evaluation of renal functions tests
viz. blood urea nitrogen (BUN) and serum creatinine (SCr) [25]. Serum
urea was estimated spectrophotometrically by Liquimax Urea Reagent
Kit (marketed by Avecon Healthcare Pvt. Ltd). SCr was estimated
spectrophotometrically by AutoZyme Creatinine Reagent Kit (marketed
by Accurex Biomedical Pvt. Ltd).

Histopathological examination

The kidney was excised from the animals and washed with the normal
saline. Whole of kidney was placed in 10% neutral formalin for
12-24 hrs. It was then dehydrated and cleared with ethanol and xylene,
respectively; followed by embedding in paraffin wax from which blocks
were prepared. Sections of 5 pm thickness were prepared from the
blocks using a microtome [26].

These were processed in alcohol-xylene series and were stained with
Harris hematoxylin and eosin stain and subjected to histopathological
examination [27]. Histopathological examination was according to the
scoring system [28].

Score 0: Normal score

Score 1: Areas of focal granulovacuolar debris in tubular lumens with
or without evidence of tubular epithelial cell desquamation of small foci
(<1% of the total tubular population).

Score 2: Tubular epithelial necrosis and desquamation easily seen but
involving <% of cortical tubules.

Score 3: More than half of proximal tubules showing desquamation
necrosis but involved tubules easily found.

Score 4: Complete or almost complete tubular necrosis.

Statistical analysis

Results of quantitative parameters were expressed as a meanz*standard
deviation. The Statistical analysis was carried out using one-way
Analysis of Variation followed by Student’s t-test. p<0.05 were
considered to be statistically significant.

RESULTS

Acute toxicity study and LD,

There was no observed change in behavioral pattern or signs and
symptoms of toxicity with ethanolic extracts of A. vera in animals up to
24 hrs. Doses of 20 ml/kg to 100 ml/kg in increments of 20 ml/kg were
given to determine the LD, of the A. vera in Wistar rats [20]. There was
no mortality at all doses levels. The pharmacological evaluation was
carried out at 20 ml/kg body weight into two equally divided doses by
the oral route.

EFFECT ON BIOCHEMICAL PARAMETERS

The mean BUN in animals of saline treated control group ranged
between 23.8+1.62 and 25.1+1.34 mg/dl for the different treatment
durations (p=0.310). Administration of gentamicin in animals
resulted in significant (p<0.001) increase in BUN level in gentamicin
group compared to control group (Table 1). A. vera kept the BUN to

Table 1: BUN levels in control group, gentamicin treated and
AVT groups

Duration of
treatment (days)

BUN (mg/dl) (mean*SD)

C GT AVT
10 25.1+1.34 66.16+3.31% 40.5+£7.14*
20 24.4%1.20 64.83+1.72% 29.66+2.50*
30 23.8+£1.62 66.6+3.14* 26x2.41*

(*p<0.001 compared to control group; *p<0.001 compared to gentamicin
group) n=6, AVT: Aloe vera treated, GT: Gentamicin treated, BUN: Blood urea
nitrogen, SD: Standard deviation
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significantly lower level (p<0.001) in group Il animals when compared
to gentamicin treated group Il animals. Administration of A. vera
exhibited the duration dependent limitation of the BUN elevation
(Fig. 2). The 30 days treatment significantly (p=0.005) prevented a rise
in BUN level (26+2.41 mg/dl), and kept it almost near to normal level,
compared to that after 10 days treatment (40.5+7.14 mg/dl).

The mean SCr level in the control group did not change significantly
(p=0.803) for the different treatment durations. There was significant
(p=<0.001) increase in SCr level in group II gentamicin treated animals
(Table 2). In Group III animals, A. vera kept the SCr level to significantly
(p<0.001) lower level when compared to group II gentamicin treated
animals. Similar to BUN duration dependent limitation of the SCr level
was observed for progressively increasing test durations (Fig. 3). The
30 days treatment resulted in SCr level (0.53+0.07) significantly lower
(p<0.001) than after 10 days treatment (0.97+0.06).

Histopathological changes

Control group animals showed glomerular and tubular histology. The
gentamicin treatment resulted in diffuse cell necrosis in proximal
tubules of rat kidneys. The observed histopathological changes
included renal congestion with mononuclear cell infiltration, tubular
necrosis, hyaline, and granular casts (Fig. 4). The concurrent A. vera
administration in Group III animals resulted in the preservation of
the tubular histology by significantly (p<0.05) reducing the scores
of histopathological damage compared to gentamicin treated group
(Table 3).
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Fig. 2: Blood urea nitrogen levels in control group, gentamicin
treated and Aloe vera treated groups. (*p<0.001 compared to
gentamicin group)
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Fig. 3: Serum creatinine levels in control group, gentamicin
treated and Aloe vera treated groups (n=6). (*p<0.001 compared
to gentamicin group)
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DISCUSSION

Drugs are a major contributor to acute kidney insult. Renal toxicity
attributive to aminoglycosides is of major clinical concern because of
their widespread use [29-31]. Thus, amelioration of aminoglycoside
nephrotoxicity by any means would be of great clinical significance.

Table 2: SCr levels in in control group, gentamicin treated and
AVT groups (n=6)

Duration of
treatment (days)

Serum creatinine (mg/dl) (meanxSD)

C GT AVT
10 0.58+0.04 1.23+0.10% 0.97+0.06*
20 0.59+0.07 1.22+0.07* 0.67+0.05*
30 0.60+0.04 1.24+0.09* 0.53+0.07*

(*p<0.001 compared to control group; *p<0.001 compared to gentamicin group)
n=6, AVT: Aloe vera treated, GT: Gentamicin treated, SD: Standard deviation,
SCr: Serum creatinine

Table 3: Semi quantitative comparison and scores of the
histopathological damage of the renal tissue of rats of different
treatment groups normal saline treated (C), GT, AVT (n=6)

Histopathological features C GT AVT
Glomerular congestion - +++ +
Peritubular congestion - +++ +
Epithelial desquamation - + -

Blood vessels congestion - +H+ +
Interstitial edema - + +
Inflammatory cells - +++ -

Tubular casts - + +

Necrosis - + +
Histo-pathological score 0 2.9%0.4** 1.4£0.15**

**Gentamicin treated group versus Aloe vera pre-treated group (p<0.05),
AVT: Aloe vera treated, GT: Gentamicin treated, SD: Standard deviation

Fig. 4: Light microscopy of the renal tissue from the rats
(H&E, x100): (a) Normal saline group, (b) Gentamicin treated and
(c) Aloe vera treated
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Gentamicin-induced nephrotoxicity is an established experimental
model of acute renal failure caused by oxidative stress generated by
free radicals [32,33].

The results of the present study revealed that the ethanolic extract of A.
vera possesses significant nephroprotective effect against gentamicin-
induced nephrotoxicity. Co-administration of A. vera extract resulted
in significantly prevented elevation of serum urea and creatinine
level. Gentamicin has been shown to induce renal injury as evident
from the elevated serum urea and creatinine levels and also from
the histopathological features of acute renal failure [34-36]. The
histopathological examination in gentamicin treated group revealed
extensive tubular necrosis which is typical of gentamicin-induced
nephrotoxicity [11,36]. The concurrent A. vera administration in
Group III animals resulted in the preservation of the tubular histology
compared to gentamicin treated group.

Gentamicin-induced nephrotoxicity is known to result from free radical
induced oxidative damage [9,37,38]. Agents with free radical scavenging
property can either inhibit or attenuate the renal damage induced by
drugs [39]. Several chemicals and phyto derived compounds (because
of their antioxidant properties) have been experimentally used to
reduce the gentamicin nephrotoxicity [12-14]. Plant derived phenolic
compounds have been demonstrated to confer excellent protection
against reactive oxygen species induced renal damage by exhibiting
good scavenging activity [14]. Several clinical and experimental studies
have shown the antioxidant potential of A. vera [15,40] through both
direct free radical scavenging as well as by regulating xenobiotic
mechanisms [41]. The nephroprotective properties of ethanolic extract
of A. vera seems to be due to its antioxidant properties.

Three treatment duration phases were used to study the relationship
between duration of prophylaxis with A. vera and degree of amelioration
of the gentamicin nephrotoxicity. Evaluation of the results suggested a
dose-effect relationship. Prophylactic administration of the A. vera for
a longer duration (30 days) was associated with the least disruption of
renal function parameters and renal histology. However to determine
the optimum duration of pre-exposure prophylaxis, further studies are
required.

CONCLUSION

The results of this study suggest that the ethanol extract of A. vera
contains constituents with nephroprotective activities. Based on the
observations in the present study A. vera extract supplementation may
provide a cushion against drug-induced nephrotoxicity without harmful
side effects. However, further investigations are required to identify
and isolate the specific nephroprotective and antioxidant constituent
in A. vera, as well as to delineate the mechanism of alleviation of
gentamicin nephrotoxicity.
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