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against sodium benzoate mediated renal
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Abstract

Background: Jatropha tanjorensis is a commonly consumed green leafy plant that has found usage in folk
medicine. Sodium benzoate (C6H5COONa) is a widely used preservative in food/drink industries with potential
cytotoxicity. Protective effect of some leafy plants on xenobiotic-induced toxicity have been established. Hence, this
study sought to investigate the protective effect of methanolic leaf extract of Jatropha tanjorensis on sodium
benzoate mediated renal and hepatic dysfunction in rats.

Results: Sodium benzoate treatment caused significant (P < 0.05) alteration in kidney (serum urea, uric acid, and
creatinine) and liver (aspartate and alanine transaminases, acid and alkaline phosphatases) damage markers, serum
albumin, globulin and total protein levels as well as cellular architecture which were significantly reversed in groups
treated with the leaf extracts. Phytochemical screening of the leaf extract revealed the presence of terpenoids,
saponins, cardiac glycosides, flavonoids and tannins.

Conclusion: Sodium benzoate-induced alterations in the renal and hepatic indices were mitigated following
treatment with J. tanjorensis leaf extracts which suggests protective effect of the extract against sodium benzoate
intoxication.

Keywords: Hepatocellular damage, Renal dysfunction, Phytochemical constituents, Jatropha tanjorensis, Sodium
benzoate

Background
Jatropha tanjorensis belongs to the family Euphorbia-
ceae; a common weed of field crops and a gregarious
shrub of about 1.8 m in height. It is usually grown in
rainfall forest zones of West Africa. Jatropha is known
for its use as purgative/laxative and other medicinal pur-
poses. All parts of the plant including seeds, leaves and
bark; fresh or as a decoction, are used in traditional and
folk medicine as well as veterinary purposes [13]. In
some parts of Nigeria, the leaf of J. tanjorensis are locally

consumed as vegetable added to daily meal as well as in
treating diabetes mellitus due to its anti-hyperglycemic
property [26]. The antioxidant and hypoglyceamic
properties of the leaf extracts makes it a popular remedy
for the treatment of diabetics, malaria and hypertension
in these regions.
Many scientific evidences abund on the medicinal

properties of this plant. Leaf extract of J. tanjorensis have
been reported to contain phytochemical constituents
capable of lowering blood cholesterol level which is use-
ful in the treatment of cardiovascular diseases caused by
hyperlipidemia [31]. Its antibacterial activities have been
shown by Iwalewa et al. [20]. Earlier reports have shown
that J. tanjorensis is rich in antioxidant nutrients like
phosphorus, selenium, zinc and vitamins C and E [27].
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Administration of the leaf powder to rabbits resulted in
improvement in hematological indices which revealed an
enhancement of bone marrow function [28]. Further-
more, antioxidant properties of free and bound phenolic
extract of the leaf have been reported [1].
Sodium benzoate is a colourless crystalline salt used as

preservatives in beverages, fruit products, chemically leav-
ened baked goods, and condiments [11, 38]. Benzoic acid
and sodium benzoate are used as antimicrobial agents in
edible coatings. Sodium benzoate is also found useful in
pharmaceuticals as therapeutic regimens in the treatment
of patients with urea cycle enzymopathies and for preserva-
tion purposes in liquid medicines. It is also employed as an
anticorrosive particularly, as additive to automotive engine
antifreeze coolants and waterborne systems [2, 38]. How-
ever, despite its popular application, acute toxicity such as
urticarial, asthma, rhinitis, or anaphylactic shock have been
reported following exposure to this compound. Sodium
benzoate was mutagenic and cytotoxic in lymphocytes with
micronucleus formation and chromosome breakage [34].
Nevertheless, sodium benzoate is widely used as food

preservative and in various products which influenced
its degree of exposure as well as its toxicity. Hence, there
is need for novel strategies towards mitigating toxic
effects arising from human exposure to this compound.
This study thus sought to evaluate the protective effect
of methanolic leaf extract of Jatropha tanjorensis on
sodium benzoate-induced toxicity in rats.

Materials and methods
Materials
Urea, uric acid, creatinine, and enzyme diagnostic kits
(ALT, AST, ALP and ACP) were obtained from Randox La-
boratories Limited, United Kingdom. Sodium benzoate salt
is a product of May and Baker Ltd. Dagenham, England. All
other chemicals which are products of Sigma Chemical
Company, St Louis, USA were of analytical grade and were
prepared in the laboratory in double glass distilled water.

Collection of plant material and preparation of extracts
Fresh samples of Jatropha tanjorensis leaves were col-
lected at a farm settlement, at Osogbo, Nigeria. The
plant was identified at the Botany Unit, Department of
Biological Sciences, Osun State University, Osogbo.
Dried sample of the leaves was deposited at the Univer-
sity herbarium for future reference. The leaves were air-
dried to constant weight at room temperature after
which they were pulverized. The leaf powder was ho-
mogenized in 6 volumes of 80% methanol for 72 h after
which it was filtered through a Whatman filter paper.
The crude extract was recovered following removal of
the solvent on a water bath. The concentrated extract
was allowed to dry at room temperature after which ser-
ial dilution of the extract was prepared.

Phytochemical screening
Phytochemical tests were carried out on the aqueous
extracts of the sample using standard procedures as
described by Harborne [16]. The total phenol content
was determined according to Singleton et al. [36] while
total flavonoid content was determined according to
Meda et al. [23].

Experimental animals
Twenty-four male Wistar albino rats weighing between
160 and 170 g used for the experiment were obtained
and raised at the Central Animal House, Osun State
University, Osogbo, Nigeria. The rats were kept in venti-
lated cage at optimum temperature and 12 h light / dark
cycle and fed with commercial grower smash and water
ad libitum. The study was carried out in accordance with
established guidelines on the care of laboratory animals
following approval by the Institution’s Ethical Committee.
The rats were acclimatized for 2 weeks before administra-
tion commenced.

Experimental design and dose administration
The rats were sorted into four (4) different groups con-
taining six (6) rats each as follows;
Control: Animals were given distilled water only;
SBT: Animals were treated with oral administration of

sodium benzoate (200 mg/kg bw) only;
SBT + JG1: Animals were given sodium benzoate (200

mg/kg bw) + J. tanjorensis extract (200 mg/kg b.w); and.
SBT + JG2: Animals were given sodium benzoate (200

mg/kg bw) + J. tanjorensis extract (500 mg/kg b.w).
The animals were maintained on this treatment regime

throughout the 14-day duration of the study. Average
body weight of each group were taken and recorded
daily. The chosen doses for this experiment was based
on method of Oyewole et al. [33] and administration of
extract was done using oral gavage.

Preparation of serum
The rats were weighed and sacrificed 24 h following the
last treatment by cervical dislocation. The jugular vein
was punctured by needle and blood collected in to plain
bottles. The blood was allowed to clot and centrifuged at
4000 rpm for 30min to obtain the serum. The serum
obtained was stored in a refrigerator at 4 °C for bio-
chemical analysis.

Preparation of tissue homogenates
The animals were quickly dissected and tissues (liver
and kidney) immediately excised, rinsed with KCl,
blotted with filter paper and weighed. They were then
chopped into bits and homogenized in 4 volumes of 0.1
M Tris-KCl (pH 7.4) using a Teflon homogenizer. The
resulting homogenate was centrifuged at 12,500 g for 15
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min in a cold centrifuge (− 4 °C) to obtain the post mito-
chondrial fraction. The supernatant was collected and
used for biochemical analyses.

Estimation of biochemical parameters
Uric acid was estimated in the serum according to the
method of Cheesbrough [8]. Serum creatinine and urea
were determined as described by Cheesbrough [9]. The
bromocresol green method described by Cheesbrough [8]
was used to determine albumin concentration. Serum
globulin was estimated using the procedure of Mokady
et al. [24]. Protein concentration was determined in the
serum by the method of Lowry et al. [22] using bovine
serum albumin as standard. Aspartate amino transferase
(AST) and aspartate amino transferase (ALT) activities
were determined in the serum using Randox diagnostic
kits based on the principle described by Reitman and
Frankel [35]. Alkaline phosphatase (ALP) and acid phos-
phatase (ACP) were determined in the serum using com-
mercially available enzymatic test kits (Randox Laboratory
Ltd., UK) following the manufacturer’s instructions.

Histological examination
The liver and kidney tissues were immediately fixed in
10% formalin and embedded in paraffin wax. Fine sec-
tions (7–9mm thickness) of the tissues were then
dewaxed in xylene, hydrated in decreasing percentage of
alcohol and stained with hematoxylin and eosin. The
stained sections were observed under a Leitz microscope
and their photomicrograph taken at × 100 with a Canon
(Meville, NY) Power Shot G2 Digital Camera.

Statistical analysis
Results obtained were presented as mean ± SD. Variation
within a set of data was analyzed by one-way analysis of
variance (ANOVA) using the Graph Pad Prism Software
(GPPS). Values of p < 0.05 were taken as statistically
significant.

Results
The phytochemical screening of the methanolic leaf ex-
tract revealed the presence of saponins, flavonoids, car-
diac glycosides, tannins and terpenoids as constituent
phytochemicals of the J. tanjorensis leaf. However, as
depicted in Table 1, the total phenol content of the ex-
tract is 142.23 mg/g Gallic acid equivalent while the total
flavonoid content is 89.15 mg/g Catechin equivalent.
Figure 1 revealed the effect of methanolic leaf extract

of Jatropha tanjorensis on sodium benzoate mediated al-
teration in serum renal metabolites in experimental rats.
It was demonstrated in the study that exposure of rats to
sodium benzoate resulted into renal damage as shown
by significant (P < 0.05) increase in the serum renal me-
tabolites: urea, uric acid and creatinine when compared

to the control group. However, treatment with the leaf
extracts significantly (P < 0.05) reversed these alterations
in the serum markers of kidney damage in a dose-
dependent manner.
Serum activities of ALP and ACP were significantly

elevated (P < 0.05) in treated groups following exposure
to sodium benzoate when compared with the control
group (Fig. 2). However, administration of methanolic
leaf extract of J. tanjorensis caused a marked reversal in
the activities of these enzymes dose-dependently.
Figure 3 reflects the effect of the leaf extract of J. tan-

jorensis on sodium benzoate-induced alteration in serum
transaminase activities. The results reveal that exposure
to sodium benzoate causes a significant (P < 0.05) in-
crease in serum ALT and AST activities when compared
to the control groups. Nevertheless, the activities of
the transaminases (ALT and AST) were significantly
(P < 0.05) reduced following treatment with the leaf
extract of J. tanjorensis in a dose-dependent manner.
The effect of methanolic leaf extract of J. tanjorensis

on sodium benzoate mediated alteration in serum pro-
tein (albumin and globulin) levels in experimental rats is
presented in Fig. 4. The result showed a significant (P <
0.05) reduction in both serum albumin and globulin
levels following daily oral exposure to sodium benzoate
when compared to the control group. However, treat-
ment with the leaf extract restored serum protein to
levels comparable to control group.
Figure 5 depicts the result obtained from the histological

examination of sections of liver and kidneys slices from the
animals. The result revealed no significant alteration in the
morphological presentation of the hepatic tissue in the con-
trol group as well as the sodium benzoate intoxicated
groups treated with the J. tanjorensis leaf extract. This was
accompanied by a well outlined cellular profile and distinct
hepatic structure. However, the group treated with sodium
benzoate only was characterized by a mild loss of liver
parenchyma, deranged cellular profiles, hemorrhage and
presence of inflammatory red cells within and around the
central vein including the sinusoids as well as distorted hep-
atic vessels (black arrow). Furthermore, no marked degen-
erative changes was seen in the kidney slices of the control
group as well as the sodium benzoate intoxicated group
treated with 500mg/kg body weight of the leaf extract.
However, mild focal sclerosis of the glomerulus, widening of
the Bowman’s space and hyper cellularity are all observable
across groups treated with sodium benzoate alone and the

Table 1 The total phenol and total flavonoid contents of the
methanolic extract of Jatropha tanjorensis leaves

Phytochemical Levels

Total phenol 142.23 ± 18.81

Total flavonoid 89.15 ± 9.93

Values represent mean ± standard deviation of triplicate (n = 3) experiments
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group treated with 200mg/kg body weight of the leaf ex-
tract. Sodium benzoate alone treated group, further dis-
played mild fibrosis and hemorrhage that was characterized
by the presence of red inflammatory cells (arrow).

Discussion
This study investigated the protective potentials of Jatro-
pha tanjorensis leaf extract against sodium benzoate
(C6H5COONa)-mediated hepato-renal toxicity in wistar
rats. The observed increase in kidney damage markers
(urea, uric acid and creatinine) are indication of renal

toxicity. These markers are important metabolites for
routine clinical assessment of renal function. Increase in
serum urea has been reported in acute and chronic in-
trinsic renal disease [6] and in decreased effective circu-
lating blood volume with impaired renal perfusion [29].
Increase in serum creatinine has also been reported to
arise from intrinsic renal lesions, decreased renal perfu-
sion, or obstruction of lower urinary tract [3]. However,
the improved renal function following treatment with
the leaf extract is suggestive of protective effect of the J.
tanjorensis on the kidney. This result is in tandem with

Fig. 1 The effect of methanolic leaf extract of Jatropha tanjorensis on sodium benzoate mediated alteration in serum renal metabolites in
experimental rats. Data presented as Mean ± standard deviation (n = 6). * Significantly different from normal control group at P < 0.05, #

significantly different from group SBT at P < 0.05. Control: Animals were given distilled water only; SBT: Animals were treated with oral
administration of sodium benzoate (200 mg/kg bw) only; SBT + JG1: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract
(200 mg/kg b.w); and SBT + JG2: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (500mg/kg b.w)

Fig. 2 The effect of methanolic leaf extract of Jatropha tanjorensis on sodium benzoate mediated alteration in serum ALP and ACP in
experimental rats. Data presented as Mean ± standard deviation (n = 6). *Significantly different from normal control group at P < 0.05, #

significantly different from group SBT at P < 0.05. Control: Animals were given distilled water only; SBT: Animals were treated with oral
administration of sodium benzoate (200 mg/kg bw) only; SBT + JG1: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract
(200 mg/kg b.w); and SBT + JG2: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (500mg/kg b.w)
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the report of Oyewole et al. [33] on the same plant leaf.
However, the ameliorative effect of the leaf extracts on kid-
ney function could be attributed to constituent phytochemi-
cals such as terpenoids [12], saponins [10], flavonoids [15]
and tannins with known renoprotective properties. Saponins
are potent modulator of the renin-angiotensin-aldosterone
system (RAAS), critical to kidney function. Saponin was re-
ported to exert renoprotective effect via inhibition of intrare-
nal RAAS. Flavonoids could confer renoprotection against
glomerulonephritis, diabetic nephropathy, and chemically-
induced kidney insufficiency [15].

ALP and ACP are marker enzymes for plasma membrane
stability and are required for proper functioning of the liver
[5, 40]. These enzymes are critical in clinical and toxico-
logical studies as changes in their activities could indicate
tissue damage or disease. Exposure to chemical substances
such as sodium benzoate may result in changes in struc-
tural architecture and impaired metabolism/biochemical
events within the cells leading to altered physiological con-
ditions [25]. Thus, increased serum activities of the enzyme
is suggestive of sodium benzoate-induced tissue damage.
Nevertheless, the reduction in their activities following

Fig. 3 The effect of methanolic leaf extract of Jatropha tanjorensis on sodium benzoate mediated alteration in serum ALT and AST in
experimental rats. Data presented as Mean ± standard deviation (n = 6). *Significantly different from normal control group at P < 0.05, #

significantly different from group SBT at P < 0.05. Control: Animals were given distilled water only; SBT: Animals were treated with oral
administration of sodium benzoate (200 mg/kg bw) only; SBT + JG1: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract
(200 mg/kg b.w); and SBT + JG2: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (500mg/kg b.w)

Fig. 4 The effect of methanolic leaf extract of Jatropha tanjorensis on sodium benzoate mediated alteration in serum protein levels in
experimental rats. Data presented as Mean ± standard deviation (n = 6). * Significantly different from normal control group at P < 0.05, #

significantly different from group SBT at P < 0.05. Control: Animals were given distilled water only; SBT: Animals were treated with oral
administration of sodium benzoate (200 mg/kg bw) only; SBT + JG1: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract
(200 mg/kg b.w); and SBT + JG2: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (500mg/kg b.w)
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treatment with J. tranjorensis extract in groups exposed to
sodium benzoate could be due to the ameliorative proper-
ties of its phytoconstituents such as flavonoids which
protect against cellular damage via inhibition of membrane
lipid peroxidation and alteration in critical tissue bio-
molecules. Furthermore, flavonoids have been reported
to inhibit phosphatases [18]. Hence, the observed de-
crease in ALP and ACP activities following treatment
with the leaf extract could be due to flavonoid-induced
inhibition.
The observed increase in serum transaminases (AST and

ALT) suggests hepatocellular injury in rats exposed to so-
dium benzoate. These enzymes are critical to clinical diag-
nosis of hepatocellular injury as well as health status of the
liver; with increased serum activities of the enzymes indica-
tive of liver injury. Thus, increase in serum AST and ALT
activities following sodium benzoate intoxication suggests
leakage of the cytosolic enzymes into the blood stream due
to increased lipid peroxidation and damage to cellular mem-
brane. This finding agreed with previous reports on some
xenobiotic-induced liver damage in mammalian models [7,
32]. However, reduction in the enzyme activities following
treatment with the leaf extract of J. tanjorensis is suggestive
of hepatoprotection or restoration of normal cellular acti-
vities by its constituent phytochemicals. Hepatoprotective
property of many plant foods/materials have been previously
documented.

Protein synthesis was compromised in the sodium
benzoate-treated animals as evidenced by reduced serum
albumin and globulin levels. Liver is the main organ re-
sponsible for protein synthesis and maintenance of protein
homeostasis. Hence, liver injury would result in impaired
protein synthesis. Thus, the reduced serum total protein
level following sodium benzoate exposure could be due to
liver damage or impaired hepatic function. Cytotoxic
effect of sodium benzoate in primary culture of rat hepa-
tocytes was shown to occur via suppression of intracellular
protein and DNA synthesis [30]. Nevertheless, the
observed increased in the serum protein levels follow-
ing J. tanjorensis treatment suggest restoration of hepatic
function, stimulation of protein synthesis and/or protec-
tion against sodium benzoate-impaired protein synthesis
by constituent phytochemicals of J. tanjorensis leaves.
Sodium benzoate caused marked derangement in cellu-

lar architecture and triggered inflammatory response in
the liver and kidneys of the intoxicated rats as observed
from the histological studies. However, this was abrogated
by treatment with J. tanjorensis leaf extract which re-
inforces its cytoprotective property. The protective effect
of the leaf extract could be mediated via regulation of
sodium benzoate-induced derangement in cellular antioxi-
dant and inflammatory responses. Studies have shown
that components of plant foods/extracts rich in bioactive
compounds such as polyphenols could modulate

Fig. 5 Representative histological sections of panoramic views of the (a) liver and (b) kidney slices of the experimental rats. H & E stain
(× 100 magnification respectively). Control: Animals were given distilled water only; SBT: Animals were treated with oral administration of sodium
benzoate (200mg/kg bw) only; SBT + JG1: Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (200mg/kg b.w); and
SBT + JG2:Animals were given sodium benzoate (200 mg/kg bw) + J. tanjorensis extract (500 mg/kg b.w)
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antioxidant response by activating the transcription factor
Nrf2 [4, 19, 37, 39]. Furthermore, some polyphenols are
known to activate anti-inflammatory response via, inacti-
vation of NF-kB transcription factor, and activation of the
PPAR-alpha transcription factor which are critical to the
maintenance of mitochondria activity and ATP system,
thus ensuring cell viability [14, 17] and organ stability.
Polyphenol-rich green leafy vegetables exert hepatoprotec-

tive properties via antioxidant and anti-inflammatory re-
sponses thus mitigating ROS or xenobiotics-induced cellular
damage or death. The health promoting effect of these
plants are attributed to their flavonoid constituents which
have demonstrated potent modulatory effect on several
cellular and molecular events. Flavonoids are a class of poly-
phenol compounds widely distributed in plant foods with
therapeutic effects on liver injuries via complicated mecha-
nisms. They produce subtle effects on multiple targets, and
possess a variety of pharmacological activities on oxidative
stress, lipid metabolism, insulin resistance, and inflamma-
tion; which are important pathological processes underlying
tissue damage [21] or xenobiotic-induced organ toxicity.

Conclusion
Taken together, the results of this study showed that
sodium benzoate intoxication could cause hepato-renal
dysfunction which is characterized by altered biochem-
ical and molecular indices, compromised cellular and
structural integrity, as well as physiological functions of
both the liver and kidney. Nevertheless, treatment with
methanolic leaf extract of J. tanjorensis significantly
reversed these anomalies, suggesting its protective effect
against sodium benzoate-induced hepato-renal damage,
and may be relevant in the prevention/management of
some xenobiotic-induced tissue damage or diseases.
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