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Kidney disease is a worldwide public health problem that affects millions of people worldwide. Globally,
many risk factors for kidney disease progression have been identified. The global prevalence of acute and
chronic forms of kidney disease is rising continuously. Nephrotoxicity is defined as rapid dysfunction of
kidney due to toxic influence of medications and chemicals. Nephroprotective agents are material that
has potential to minimize the effects of nephrotoxic agents. Plants have been shown to be potential ther-
apeutic agents to protect against nephrotoxicity. The purpose of the present study was to evaluate the
nephroprotective effect of basil leaves extract against thioacetamide (TAA) in male rats. Experimental
male rats were divided into four groups. Rats of the first group were served as controls. Rats of the second
group were exposed to TAA. Rats of the third group were treated with basil leaves extract and TAA. Rats of
the fourth group were treated with basil leaves extract. After the end of experimental duration (6 Weeks),
rats of the second group showed significantly increases of serum creatinine, blood urea nitrogen and uric
acid levels, while the levels of serum superoxide dismutase and glutathione were significantly decreased.
Histopathologically, renal sections from rats treated with only TAA showed several alterations in the
structure of most renal corpuscles including a degeneration of glomeruli and Bowman’s capsules.
Treatment with basil leaves extract improved the observed biochemical and histopathological changes
induced by TAA intoxication. These new findings indicate that the extract of basil leaves represent pro-
tective roles on biochemical and histopathological changes induced by TAA toxicity due to its antioxidant
activities.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The kidney is an essential organ required by the body to per-
form several important functions (Ferguson et al., 2008). The kid-
ney is the main organ required by the human body to achieve
and perform different important functions including detoxifica-
tion, regulation of extracellular fluids, homeostasis, and excretion
of toxic metabolites (Stevens et al., 2006). The kidney is concerned
with many homeostatic mechanisms. It maintains the overall
chemical composition of the intracellular environment by regulat-
ing the quantity of water, sodium chloride, potassium, phosphate
and numerous other substances in the body (Hoenig and Zeidel,
2014). Toxic nephropathies are an important and relatively com-
mon category of kidney damage. Although they generally are
reversible when detected early, they may be permanent, leading
to chronic kidney disease (CKD). Toxic nephropathies are defined
primarily as kidney injury caused by any number of medications,
diagnostic agents, alternative products, herbal adulterants, or other
toxin exposures, which includes environmental agents and chem-
icals (Perazella, 2010). Nephrotoxicity occurs when kidney-
specific detoxification and excretion do not function optimally
due to the damage or destruction of kidney function by exogenous
or endogenous toxicants (Kim and Moon, 2012).
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Thioacetamide (TAA) is an organosulfur compound and also
known as thioacetimidic acid, or acetothioamide (C2H5NS). TAA is
one of the several agents that produce centrilobular necrosis of
the liver and has been so employed. Chronic TAA intoxication
was established as a reliable and reproducible experimental model
of fibrosis and cirrhosis in rodents by either the oral or intraperi-
toneal routes (Müller et al., 1988; Muñoz Torres et al., 1991;
Salguero et al., 2008). Experimentally, prolonged administration
of TAA leads to hyperplastic liver nodules, liver cell adenomas
and hepatocarcinomas (Yeh et al., 2004). Moreover, it has been
reported that TAA can also injure different organ systems besides
liver, including lungs, intestine, kidneys, spleen, thymus and pan-
creas (Barker and Smuckler, 1972; Barker and Smuckler, 1974;
Ortega et al., 1997; Al-Bader et al., 1999; Al-Bader et al., 2000;
Latha et al., 2003; Al-Attar et al., 2017).

Traditional herbal medicine and their preparations have been
widely used for the thousands of years in developing and devel-
oped countries owing to its natural origin and lesser side effects
(Kamboj, 2012). The therapeutic use of plants and their extracts
may be a promising approach for the treatment of different dis-
eases (Sakr and Nooh, 2013). Among the plants known for medic-
inal value, the plants of genus Ocimum belonging to family
Lamiaceae are very important for their therapeutic potentials. Basil
(Ocimum basilicum) possesses high power against antioxidation
(Marinava and Ynishlieva, 1997). Basil genus is widely used in folk
medicine to treat a wide range of diseases and many studies have
established that basil leaves extracts has numerous pharmacolog-
ical activities (Chiang et al., 2005; Bozin et al, 2006; de Almeida
et al, 2007; Samson et al, 2007). The antioxidative effect of basil
is mainly due to its content of phenolic components, such as flavo-
noids, phenolic acids, rosmarinic acid and aromatic compounds
(Gülçin et al., 2007). Alomar and Al-Attar (2019) investigated the
effect of basil leaves extract on liver fibrosis induced by TAA in
male rats. Administration of basil leaves extract to rats exposed
to TAA led to inhibition of biochemical and liver histopathological
alterations. They concluded that the protective role of basil leaves
extract attributed to its antioxidant effects. Therefore, the objective
of the present study was to evaluate the possible protective effects
of basil leaves extract against TAA-induced nephrotoxicity in male
rats.
2. Material and methods

2.1. Basil leaves extraction

The extraction of basil leaves was prepared according to the
method of Alomar and Al-Attar (2019). Basil leaves were purchased
from a local market with a highly degree of quality assurance. The
leaves were botanically authenticated and its identification was
confirmed by a specialist of plant taxonomy. Two hundred grams
of dried basil leaves were powdered and added to 7 L of hot water.
After 3 h, the mixture was slowly boiled for 30 min. and the mix-
ture was cooled at room temperature. The obtained mixture was
gently subjected to an electric mixer for 20 min. and filtered using
Whitman filter paper. Thereafter, the filtrates were evaporated in
an oven at 40 �C to produce dried residues (active principles). With
references to the powdered samples, the yield means of leaves
extract were 17.6%.
2.2. Experimental animals

Forty male Wistar rats (236–284 g) were utilized in the current
study. Animals were allocated 10 per cage. Mean daily animal
room temperature ranged from 19 to 21 �C and mean daily relative
humidity equal 65% during the study. Light timers were set to
provide a 12 h light/12 h dark photoperiod. Animals were fed ad li-
bitum on normal commercial chow and had free access to water.
The experimental treatments were conducted in accordance with
ethical guidelines of the Animal Care and Use Committee of King
Abdulaziz University.

2.3. Experimental protocol

Male rats were randomly distributed into four experimental
groups. Rats of the first group were served as controls and
intraperitoneally injected with saline solution (0.9% NaCl), twice
weekly. Rats of the second group were given 300 mg/kg body
weight of TAA (Sigma-Aldrich Corp., St. Louis, MO, USA) by
intraperitoneal injection, twice weekly. Rats of the third group
were orally supplemented with basil leaves extract at a dose of
300 mg/ kg body weight/ day and they were intraperitoneally
injected with TAA at the same dose given to the second group. Rats
of the fourth group were intraperitoneally injected with saline
solution (0.9% NaCl), twice weekly and were orally exposed to basil
leaves extract at the same dose given to the third group. After the
end of experimental duration (6 weeks), animals were anaes-
thetized with diethyl ether. Blood samples were collected from
orbital venous plexus in non-heparinized tubes, centrifuged at
2500 rpm for 15 min. and blood sera were then collected and
stored at �80 �C prior immediate determination of selected bio-
chemical parameters. Serum creatinine level was estimated
according to the method of Larsen (1971). Blood urea nitrogen
(BUN) level was measured according to the method of Patton and
Crouch (1977). The method of Young (1990) was used to determine
the level of serum uric acid. The methods of Nishikimi et al. (1972)
and Beutler et al. (1963) were used to evaluate the levels of serum
superoxide dismutase (SOD) and glutathione (GSH) respectively.
For histopathological examination, kidney tissues were quickly
removed, immersed in 10% formalin, dehydrated and embedded
in paraffin, sectioned at 4 mm, stained with hematoxylin and eosin
(H&E) and evaluated by light microscopy. Images representative of
typical histological profile in control and all treated groups were
captured with the aid of light microscope (Olympus BX61- USA)
connected to motorized controller unit (Olympus bx-ucb- USA)
and photographed by a camera (Olympus DP72- USA).

2.4. Statistical analysis

Numerical data were represented as mean ± standard deviation
(S.D). Statistical Package for Social Sciences (SPSS) for Windows
version 22.0 software was used for statistical analysis. Data were
analyzed using one-way analysis of variance (ANOVA). Results
were considered statistically significant at P < 0.05.
3. Results

The levels of serum creatinine, BUN and uric acid in control,
TAA, basil leaves extract plus TAA and basil leaves extract treated
rats are shown in Fig. 1A–C. Statistically increase in the level of
serum creatinine was noted in rats treated with TAA (+34.3%,
P < 0.002). Additionally, there were no significant differences in
the level of serum creatinine in rats exposed to basil leaves extract
plus TAA and basil leaves extract compared with control rats
(Fig. 1A). TAA intoxicated rats showed a significant elevation in
the level of serum BUN (+39.7%, P < 0.001) compared with control
rats. This parameter was insignificantly altered in basil leaves
extract plus TAA and basil leaves extract treated rats as compared
with control rats (Fig. 1B). In comparison with control rats, the
levels of serum uric acid were statistically increased in rats treated
with TAA (+133.5%, P < 0.001). Insignificant changes were observed



Fig. 1. (A–C) Levels of serum creatinine (A), BUN (B) and uric acid (C) in control, TAA, basil leaves extract plus TAA and basil leaves extract treated rats after six weeks.
* Indicates a significant difference between control and treated groups. ** Indicates a significant difference between rats treated with TAA and basil leaves extract plus TAA
and basil leaves extract.
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in the level of serum uric acid in rats treated with basil leaves
extract plus TAA and basil leaves extract (Fig. 1C).

Fig. 2A and B showed the levels of serum SOD and GSH in all
experimental groups. Relative to the control rats, the experimental
rats treated with TAA exhibited significantly decline in the level of
serum SOD (- 39.6%, P < 0.000). The level of serum SOD was statis-
tically decreased in basil leaves extract plus TAA treated rats
(�21.7%, P < 0.001). In addition, no statistically significant differ-
ence was noted in the level of serum SOD in basil leaves extract
treated rats compared with control rats (Fig. 2A). Significant
decreases in the level of serum GSH were observed in rats treated
with TAA (�21.3%, P < 0.000) and basil leaves extract plus TAA
(�9.5%, P < 0.05) compared with control rats. Moreover, no statis-
tically significant difference was noted in the level of serum GSH in
rats supplemented with basil leaves extract compared with control
rats(Fig. 2B).

Histopathological examination of kidney sections of control,
TAA, basil leaves extract plus TAA and basil leaves extract treated
rats are represented in Fig. 3A-F. As shown in Fig. 3A, 3E and 3F
Fig. 2. (A–B) Levels of serum SOD (A) and GSH (B) in control, TAA, basil leaves extract p
difference between control and treated groups. ** Indicates a significant difference betw
***indicates a significant difference between rats treated with basil leaves extract plus T
of the control (group 1) and basil leaves extract plus TAA (group
3) and basil leaves extract (group 4) treated rats, normal kidney
or renal sections were observed. Fig. 3A showed the normal struc-
ture of renal (Malpighian) corpuscle. The normal renal corpuscle
consists of a tuft of capillaries, the glomerulus, surrounded by a
double-walled epithelial capsule called Bowman’s capsule.
Between the two layers of the capsule is the urinary or Bowman’s
space. Histopathological examination of renal sections from rats
treated with only TAA (group 2) showed several alterations in
the structure of most renal corpuscles including a degeneration
of glomeruli and Bowman’s capsules (Fig. 3B–D).

4. Discussion

The present study showed that rats exposed to TAA display a
pronounced impairment in kidney (renal) function which is con-
firmed by the enhancement of serum creatinine, BUN and uric acid
levels, and histopathological changes. Creatinine, BUN and uric
acid are waste products of protein metabolism that need to be
lus TAA and basil leaves extract treated rats after six weeks. * Indicates a significant
een rats treated with TAA and basil leaves extract plus TAA and basil leaves extract.
AA and basil leaves extract.



Fig. 3. (A–F) Photomicrographs of renal corpuscle of control (A), TAA (B–D), basil leaves extract plus TAA (E) and basil leaves extract (F) treated rats. Original magnification
X1000.
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excreted by the kidney, therefore a marked increase of these
parameters, as observed in this study, confirms an indication of
functional damage to the kidney (Panda, 1999). Serum levels of
creatinine, BUN and uric acid are useful tools in diagnosis as the
pick any disturbances to the renal system early enough to allow
for projection and possible remedies. TAA is the most potent
nephrotoxic substance because of its rapid elimination and cumu-
lative injury when it is given intermittently, presumably by free
radical mediated lipid (Dashti et al., 1997; Begum et al., 2011).
However, the present increases of serum creatinine, BUN and uric
acid levels are generally in accordance with previous studies on
experimental animals exposed to TAA (Bakhtiary et al., 2012;
Kadir et al., 2013; Omnia et al., 2014; Zargar et al., 2019). More-
over, Al-Attar et al. (2017) and Ahmad et al. (2018) investigated
the nephrotoxicity induced by TAA exposure in male mice and
female rats. They reported that the levels of serum creatinine,
BUN and uric acid were statistically increased accompanied with
renal histological damage.

The present study showed that TAA induced oxidative stress
which confirmed by the decreases of serum SOD and GSH levels.
These findings clearly showed that TAA induced oxidative stress
in experimental rats. Both enzymatic and non-enzymatic antioxi-
dant system are essential for cellular response in order to deal with
oxidative stress under physiological condition. Therefore, SOD and
GSH were used as indexes to evaluate the level of oxidative stress
(Medina and Moreno-Otero, 2005; Karabulut et al., 2010;
Mallikarjuna et al., 2010; Dey and Lakshmanan, 2013).

Oxidative stress plays a fundamental role in the pathogenesis of
nephrotoxicity. Reactive oxygen species (ROS) are one of the main
causes leading to the progression of pathophysiological changes of
kidney diseases. ROS have many physiological roles in cells; how-
ever, they can exert also deleterious effects such as lipid peroxida-
tion, cellular protein oxidation and DNA damage. These effects may
lead to altered integrity of plasma membrane and mitochondrial
membrane. Also, the oxidative damage can result in impaired func-
tion of the protein and suppression of both cell repair and prolifer-
ation (El-Desouky et al., 2019). SODs belong to a family of
antioxidant enzymes that catalyze the dismutation of superoxide
to yield H2O2 and oxygen (Johnson et al., 2005). SOD is essentially
a protective enzyme which scavenges the superoxide ions pro-
duced as cellular by products during oxidative stress
(Pushpakiran et al., 2004). Its decreased activity can lead to adverse
effects because superoxide anions are extremely toxic and may
accumulate in the cells. GSH, a tripeptide present in the majority
of cells, is responsible for hydrophilic xenobiotics conjugation.
GSH serves many vital physiological functions including protection
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of cells from ROS, detoxification of exogenous compounds, and
amino acid transport (Kojima-Yuasa et al., 2005; Mendoza-Cózatl
et al., 2005). Sulphydryl group of GSH is essential for its antioxi-
dant activity against some forms of ROS in cells (Cnubben et al.,
2001). Much of the pathology is associated with the decrease in
intracellular GSH concentration (Aruoma et al., 1989).

Histopathologically, the present study showed that TAA caused
several alterations in the structure of kidney, including an abnor-
mal structure of renal corpuscles, which appearing a highly degen-
eration of glomeruli and Bowman’s capsules. Moreover, these
results showed that rats exposed to TAA only display a pronounced
impairment in kidney function which confirmed by the enhance-
ment of serum creatinine, BUN and uric acid levels, and
histopathological changes. Moreover, these results demonstrated
that the cortex was more affected than medulla due to long-term
treatment with TAA. This could be partly due to uneven distribu-
tion of metabolites of TAA in the tissue of the kidney where about
90% of the total renal blood flow enters the cortex via the blood-
stream. Accordingly, a relative high concentration of metabolites
of TAA might reach the cortex via the bloodstream than that would
enter the medulla. Metabolic studies of TAA induced tissue damage
suggest that TAA is metabolized by the mixed function oxidase sys-
tem to its toxic metabolites sulfine (sulfoxide) and sulfene (sul-
fone) which are then distributed among several organs, including
plasma, liver, kidney, bone marrow, adrenals and other tissues
(Edward and Baker, 1974). Later, TAA undergoes an extensive
metabolism to acetate and it is excreted through the urine within
24 h (Spira and Raw, 2000; Kadir et al., 2011). TAA is toxic to
selected populations of cells (hepatocytes, proximal convoluted
tubular cells in kidney and cortical thymocytes) and several ani-
mals studies have shown that toxin-induced renal tubular damage
plays a crucial role in the reduction of glomerular filtration rate
either through obstruction and back leak of renal filtrate or sec-
ondary to ROS (Edward and Baker, 1974; Leena and Balaraman,
2005). Moreover, the toxic effects of TAA on kidney of experimen-
tal animals were investigated by several studies. These studies
showed that the light microscopic examinations of renal tissues
revealed severe histopathological changes including congestion
of the glomeruli and focal mesengial cell proliferation, increased
deposition of the collagen in the renal medulla and fibrin in the
cortex, disrupted and swollen cells of convoluted tubules and lob-
ulated atrophied glomeruli, tubular epithelial cell necrosis associ-
ated with diffuse tubular swelling, and inflammatory cell
infiltration (Al-Bader et al., 1999; Mahmoud, 2006; Kadir et al.,
2013; Ahmad et al., 2018).

The current results indicate the treatment with basil leaves
extract significantly attenuated the physiological and histopatho-
logical changes induced by TAA in male rats. The protective action
of basil leaves extract possibly via its antioxidant effect in revers-
ing physiological and histopathological alterations of kidney
induced by TAA. Therefore, the protective effect of this extract
can be credited to rich antioxidant contents. The accumulations
of free radicals in organs or tissues are strongly associated with
oxidative damages in biomolecules and cell membranes. This can
lead to many chronic diseases, such as inflammatory, cancer, dia-
betes, aging, cardiac dysfunction, and other degenerative diseases
(Wang et al., 2004). The medicinal value of any plant depends on
bioactive phytochemical constituents that produce definite
physiological action in the human body. Bioactive phytochemical
constituents like alkaloids, phenolics, flavonoids, essential oils, tan-
nins and saponins are usually responsible for medicinal impor-
tance of herbal plants (Kähkönen et al., 1999; Krishnaiah et al.,
2009). Nephroprotective agents are material that has potential to
minimize the effects of nephrotoxic agents (Chinnappan et al.,
2019). Basil is mainly used for culinary or medicinal purposes
because of its high concentration of antioxidant phenolic
compounds, such as rosmarinic acid and other caffeic acid deriva-
tives (Makri and Kintzios, 2008; Kiferle et al., 2011). Gülçin et al.
(2007) showed that the antioxidative effect of basil is mainly due
to its content of phenolic components, such as flavonoids, phenolic
acids, rosmarinic acid and aromatic compounds. The antioxidant
activity of phenolic compounds is mainly caused by their redox
properties, which permit them to act as reducing agents, hydrogen
donors and singlet oxygen quenchers (Hakkim et al., 2007). Addi-
tionally, several experimental investigations showed that the pro-
tective effects of basil against experimental nephrotoxicity,
myocardial infarction, colon tumors and liver fibrosis were attrib-
uted to its antioxidants and free radicals scavenging properties
(Gajula et al., 2010; Sakr and Al-Amoudi, 2012; Ahmed and
Masoud, 2014; Alomar and Al-Attar, 2019). From the results of
the current study, it can be concluded that the extract of basil
leaves could be used as safe potential natural products in the treat-
ment of TAA toxicity due to its antioxidant properties. Moreover,
further experimental investigations will be required to study the
influence of different concentrations and doses of basil leaves
extract against the toxicity of TAA.
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