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Introduction: Some studies are in favor of protective and anti-inflammatory effects of Ocimum basilicum
(OB) against renal failure.

Objectives: The aim of this study was to explore the protective effects of OB extract against gentamicin
(GM)-induced nephrotoxicity in male rat models of acute kidney injury.

Materials and Methods: Twenty-seven adult male Wistar rats with the weight of 200-250 g were prepared
under standard condition (12 h light/dark cycle, 20 to 22°C temperature). In the gentamicin group (GM), the
rats were administrated normal saline (5 mL/kg; oral) for four consecutive weeks and then GM (80 mg/kg/d;
intraperitoneal) for another one week. In the third (OB-200+ GM) and fourth (OB-800+ GM) groups, the
rats were initially treated with OB extract (200 mg/kg and 800 mg/kg respectively; oral) for four consecutive
weeks followed by intraperitoneal administration of 80 mg/kg/d GM for another one week. The control
group was treated with normal saline (5 mL/kg; oral) for five consecutive weeks. They were sacrificed under
deep anesthesia, then plasma and tissue samples were obtained.

Results: Treatment with OB hydro-alcoholic extract decreased BUN, serum Cr, FeNa and the levels of TNF-a
and NF-kB and also diminished the rate of apoptosis in renal tubular cells compared to gentamicin group.
Conclusion: Our findings provide comprehensive evidence supporting the beneficial role of OB, a
traditional medicinal herb, as a potential therapeutic supplement to prevent the incidence and progression
of renal impairment in GM-induced renal toxicity.
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Acute kidney injury (AKI) is defined as
renal dysfunction secondary to acute
cellular and structural damages to renal
tissues. As kidneys have a key role in the
proper function of several organs, AKI can
manifest as a clinical syndrome with multi-
organ dysfunctions (1-2). Toxin-induced
nephrotoxicity (TIN) is one of the main
reasons of AKI in the general population.
It has been reported that 10%-20% of
pharmacological agents can induce toxin-
induced nephrotoxicity (1,2).

Gentamicin (GM) is a well-known
aminoglycoside antibiotic inhibiting the
growth of gram-negative microorganisms

Key point

In an experimental study we observed that Ocimum
basilicum extract induced anti-apoptotic effects on
renal tubular cells and also ameliorated gentamicin
induced nephrotoxicity in male rats.

(3). The administration of GM in clinical
practice is restricted due to its nephrotoxicity
and ototoxicity (3). If the duration of GM
administration exceeds from 14 days, the
incidence of GM-induced nephrotoxicity
increases by approximately 50% (4-6).
Histologically, GM-induced nephrotoxicity
is characterized by tubular necrosis,
basement membrane destruction, and
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cellular apoptosis leading to reduced glomerular filtration
and renal dysfunction (4-6).

GM reduces the level of cellular ATP by inhibiting the
phosphorylation process in renal tubular cells. On the
other hand, GM can induce inflammation, oxidation and
apoptosis by increasing the expressions of TNF-receptor
typel (TNF-R1), inducible nitric oxide synthase (iNOS),
COX-2 inhibitor, and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-xB). Furthermore, GM
decreases the expression of B-cell lymphoma-extra-large
(Bcl-XL) anti-apoptotic gene (5-7).

Ocimum basilicurn (OB) is a plant growing in Iran
and several countries. OB has commonly been applied
as an herbal remedy in traditional medicine. Several
investigations have described the beneficial roles of OB
in lowering blood glucose and lipids, accelerating wound
healing, scavenging free radicals and inhibiting the growth
of microorganisms (8, 9). This herbal drug has also
been utilized for treating insomnia, abdominal cramps,
migraines, gastroenteritis, diarrhea and malabsorption.
There are no reports of toxicity related to this plant (10,11).
The nephroprotective activity of OB extract has been
reported in some studies (10,11). However, the current
knowledge on the possible nephroprotective mechanisms
of OB is inadequate. In addition, the protective role of
OB extract against GM-induced nephrotoxicity remains
unclear.

Objectives

The aim of this study was to explore the protective effects
of hydro-alcoholic extract of OB against GM-induced
nephrotoxicity in male rats.

Materials and Methods
Experimental animals
Twenty-seven adult male Wistar rats with the weight of

Normal Saline
(5 mL/kg)
4 weeks

. Control

200-250 g were prepared. The animals were kept under
standard condition (12 h light/dark cycle, 20 to 22°C
temperature) with food and water ad libitum.

The study protocol

The rats were randomly divided into four groups. In the
control group (Co), the rats were treated with normal
saline (5 mL/kg; oral) for five consecutive weeks. In the
GM group, the rats were administrated with normal saline
(5 mL/kg; oral) for four consecutive weeks and then GM
(80 mg/kg/d; intraperitoneal) for another one week. In the
third (OB-200+GM) and fourth (OB-800+GM) groups,
the rats were initially treated with hydro-alcoholic extract
of OB (200 mg/kg and 800 mg/kg respectively; oral)
for four consecutive weeks followed by intraperitoneal
administration of 80 mg/kg/d GM for another one week
(Figure 1).

Assessment of nephroprotective effects
Blood and urine samples were obtained on the first day,
28th day and at the end of study. Serum samples were
collected by 15 minutes centrifugation of the blood sample
at 3000 rpm. The serum levels of creatinine and blood urea
nitrogen (BUN), Na, triglyceride and cholesterol, NF-«xB
and tumor necrosis factor alpha (TNF-a) were measured.
The fractional excretion of sodium gENa was calculated
according to the equation of FeNa = UNaxFer
PNaxUCr

The rats were anesthetized by the intraperitoneal
injections of ketamine and xylazine on day of 36th.
Then, all the animals were slaughtered under complete
anesthesia.

Assessment of cellular apoptosis
The terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) assay was used to
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Figure 1. Study protocol and treatment groups. Wistar rats were categorized into 4 separate groups; control group was treated with normal saline for 4 weeks
and then 7 days, Group 1 was treated by normal saline for 4 weeks followed by 7 days of 80 mg/kg gentamicin, Groups 2 and 3 were treated with 200 and
800 mg/kg Ocimum basilicum respectively for 4 weeks followed by 7 consecutive days of treatment with 80 mg/kg gentamicin.
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determine cellular apoptosis using a special kit (TUNEL;
In Situ Cell Death Detection Kit, 11684817910 Roche).
The total number of cells and the numbers of TUNEL
positive cells (i.e. apoptotic cells) were enumerated using
a fluorescence microscope.

Ethical issues

This experimental study was approved by the Ethics
Committee of Shahid Beheshti University of Medical
Sciences (# IRRSBMU.RETECH.REC.1396.333) and was in
accordance with the international guidelines for the care
and use of laboratory animals.

Statistical analysis

The parametric variables were expressed using mean
and standard deviation. The qualitative variables were
presented using number and percentage. The data were
analyzed by SPSS (v.24. IBM Inc. IL). For inferential
analysis, chi-square test, one-way ANOVA, and Tukey’s
post hoc test were applied. The P value <0.05 was
considered as the statistical significance level.

Results

Overall, the histological and biochemical parameters of
renal function significantly improved in mice treated with
OB extract (OB-200+GM and OB-800+GM).

Thelevel of urinary excretion of sodium was significantly
higher in the GM group than other groups (P<0.05;
Figure 2).

Also, a significant increase in serum BUN level in the
GM group was seen. However, BUN initially increased and
then decreased in the control, as well as the OB-200+GM
and OB-800+GM groups. We found a significant increase
in serum BUN level in the GM group at the end of the
study (P=0.0001); however, such differences were not
observed in other groups (Figure 3).

As shown in Figure 4, serum creatinine level significantly
increased in the GM group, while no significant alternations
were found in other groups. As shown in Figure 5, the FENa
significantly increased in mice treated with GM alone
(i.e. GM group). In contrast, significant reductions were
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Figure 2. The alternations in urinary sodium excretion at different stages in
different study groups.
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Figure 3. The alternations of serum BUN level at different stages in different
study groups.
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Figure 4. The alternations in serum creatinine level at different stages in
different study groups.
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Figure 5. The levels of fractional excretion of sodium (FENa) at different stages
in different study groups.

recorded in the levels of FENa in mice treated with either
OB extract (i.e. OB-200+GM and OB-800+GM groups) or
normal saline (i.e. control group). Overall, no statistically
significant differences were observed in the levels of these
biochemical parameters (urinary Na excretion, BUN, and
FENa) among OB-200+GM, OB-800+GM, and control
groups.
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Figure 6. The levels of serum cholesterol at different stages and different study groups.
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Figure 7. The serum levels of triglyceride at different stages in different study groups.

The serum cholesterol level decreased in mice treated
with 200 mg/kg OB extract (OB-200+GM), while an initial
increase and then a decrease in the serum cholesterol level
in mice received 800 mg/kg OB extract (OB-800+GM) was
detected (Figure 6). However, intra-groups comparison
revealed no significant alternations in serum cholesterol
levels during the study in neither of the groups.

A mild increase and then a slight decrease were reported
in the serum level of triglyceride in the control group.
In the OB-200+GM and OB-800+GM groups, relatively
prominent decreases were observed in serum triglyceride
level after an initial increase. This pattern of changes may
indicate a delay effect for the herbal extract regimens.
There was a significant difference in serum triglyceride
level comparing the control with the OB-200+GM but
not the OB-800+GM group. Additionally, a significant
difference in serum triglyceride level comparing the OB-
200+GM and OB-800+ GM groups was seen (Figure 7).

The mean levels of serum TNF-a were 81.0+1.5 pg/
mL, 67.25 + 1.43 pg/mL and 33.75 £ 1.79 pg/mL in GM,
OB-200+GM and OB-800+GM groups, respectively.
Furthermore, the mean levels of NEF-kB were 77.75+1.03
pg/mL, 21+0.70 pg/mL and 9.75+1.10 pg/mL in GM, OB-
200+GM and OB-800+GM groups, respectively. These
observations indicated prominent increments in the levels

of TNF-a and NF-«kB followed by the administration of
GM. However, pretreatment with OB extract prevented
these elevations in a dose-dependent manner (i.e. lower
TNF-a, NF-kB levels in OB-800+GM than OB-200+GM
group).

GM-induced-apoptosis in renal tubular cells was
confirmed by the TUNEL assay. The ratio of TUNEL
positive cells (i.e. apoptotic cells) significantly increased in
the GM group compared with other groups. Pre-treatment
with OB extract (i.e. OB-200+GM and OB-800+GM
groups) diminished the rate of apoptosis in renal tubular
cells. Accordingly, significant lower ratios of apoptotic
cells were observed in the OB-200+GM and OB-800+GM
groups compared to the GM group (Figures 8 and 9).

Discussion

Aminoglycoside-induced nephrotoxicity is characterized
by decreased renal function and increased apoptotic
renal cells. This phenomenon is one of the most prevalent
and prominent adverse effects of aminoglycosides (12).
GM-induced nephrotoxicity which is characterized
by significant renal dysfunction has been associated
with increased morbidity and mortality rates in animal
models (13). The studies on animal models can help
to better understand the possible mechanisms of GM-
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Figure 8. Effects of Ocimum basilicum extract against gentamicin-induced apoptosis in the gentamicin group, OB 200 group and OB 800
group by the TUNEL assay. Apoptotic cell nuclei were stained by the TUNEL assay with green, and all nuclei were stained by 4’,6-diamidino-
2-phenylindole (DAPI) staining with blue (original magnificationx100).
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Figure 9. TUNEL-positive cells percentage was calculated.

induced nephrotoxicity and also to introduce appropriate
chemical and herbal therapeutic agents (14). In our
previous study, we reported that the administration of
Portulaca oleracea extract decreased the risk of GM-
induced nephrotoxicity by reducing apoptosis in renal
cells and improving renal functional parameters (3). In
the present study, we assessed the protective effects of
OB hydro-alcoholic extract, as an herbal supplementary
agent, against GM-induced nephrotoxicity. We observed
that the extract of OB improved renal function and
prevented apoptosis in renal tubular cells in the rat model
of GM-induced nephrotoxicity. Our findings showed that
the administration of GM in rats significantly increased
the levels of urinary sodium excretion, as well as serum
BUN and creatinine levels. However, pre-treatment with
OB extract considerably decreased these biochemical
parameters. We also found that the level of FENa, as one
of the main renal functional parameters, was significantly
lower in the rats treated with either normal saline or OB-
extract than those exposed to GM. Overall, no significant
differences were observed between the two OB-treated
groups with each other and with the control group in
terms of these biochemical parameters and FENa level.
Apoptosis in renal tubular cells can be accompanied
by prominent tubular necrosis and infiltration of
inflammatory cells (15). Recently, Casanova et al
highlighted the role of oxidative stress as a key mechanism

involved in nephrotoxicity and also the effectiveness of
antioxidant supplements in preserving renal function (16).
We also indicated that GM administration significantly
increased the levels of TNF-a and NF-kB inflammatory
markers. Accordingly, OB extract significantly diminished
the levels of these inflammatory markers in a dose-
dependent manner. In this regard, lower levels of TNF-a
and NF-kB were detected in rats treated with 800 mg/
kg than those received 200 mg/kg OB extract. Our
results suggested that OB extract can be administered as
a potential anti-inflammatory and anti-oxidant herbal
supplement for preventing GM-induced nephrotoxicity.
Nevertheless, OB extract did not significantly affect serum
lipid profile in rats treated with GM.

Aminoglycoside-induced apoptosis in renal tubular cells
is one of the most important pathological characteristics
of this type of drug-induced nephrotoxicity (17,18).
Apoptosis in renal epithelial cells has also been introduced
as an important mechanism involved in renal hypoxic and
chemical injuries (17,18). In this study, we demonstrated
that the ratio of TUNEL positive renal tubular cells (i.e.
apoptotic cells) dramatically increased in rats treated with
GM. On the other hand, pre-treatment with OB extract
decreased the rate of apoptotic tubular cells in rats exposed
to GM.

In a study by Oyouni et al on rats treated with tacrolimus,
OB extract revealed both antioxidant and nephroprotective
activities and also improved biochemical (BUN, creatinine,
total protein and albumin) and histological parameters
(19). The results of the recent study were consistent
with our findings suggesting anti-oxidative and anti-
inflammatory roles for OB extract. On the other hand,
Karaali et al have also asserted that OB extract may act as
a natural antioxidant to prevent acetaminophen-induced
acute liver and kidney toxicities (20).

Conclusion

In this study, we observed that OB extract induced anti-
apoptotic effects on renal tubular cells and also prevented
pathological changes in GM-induced nephrotoxicity.
Therefore, our findings provide comprehensive evidence
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supporting the beneficial role of O. basilicum, a traditional
medicinal herb, as a potential therapeutic supplement to
prevent the incidence and progression of renal impairment
in GM-induced renal toxicity.
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