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ABSTRACT
Cadmium (Cd) is an environmental and industrial pollutant that may induce harmful effects on
humans, such as lung fibrosis, kidney tubular dysfunction, hypertension, osteoporosis, and cancer. The
kidney is the primary organ targeted by chronic cadmium exposure. This work aims to determine
protective effects of garlic and tomato extract against Cd induced nephrotoxicity. In this study, mice
were divided into four groups. Groups I as control mice. Group II animals were administered Cd (6
mg/kg bw) orally. Group III animals were given a single dose of Cd followed by a daily dose of garlic
(100 mg/kg bw) and tomato extract (50 mg/kg bw) orally. Group IV mice were given Cd followed by GE
+ TE for next 15 days. Autopsies were done at the intervals of 15 and 30 days post treatment. Results
showed that Cd caused a significant enhancement in serum Urea, blood urea nitrogen, creatinine and
alkaline phosphatase causing severe damage in kidneys. Histopathological analyses showed marked
degeneration and atrophy in glomerulus followed by hyperaemia, pyknotic cell formation in the tubules.
Garlic and Tomato extract prevented the toxic alterations induced by Cd. These results suggest that
both the antioxidants may have protective effects against Cd induced renal toxicity.
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INTRODUCTION
Heavy metals have become one of toxic
substances found in our environment [1].
Cadmium is very toxic heavy metal and an
important environment pollutant, present in
soil, water, air, food and smoke [2]. Now days,
Cd contamination of soil and water has been of
great concern because this metal bioaccumulates
in the upper levels of food chain including
humans and its toxicity is dependent on the
route, amount and the duration of exposure [3].
Cadmium induces toxicity in various target
organs through several mechanisms. However
most of its toxic effects are believed to result

from a mechanism related to its ability to
generate free radicals, at a rate enough to
overwhelm the antioxidant defense system of the
body [4]. Cd has an extremely long half‑life (2030 years) in the human body [5] and is highly
cumulative, especially in the liver and kidney [612].
The kidneys are the main target organs of Cd
exposure. After absorption in the body, Cd is
distributed in various tissues. Long-term
exposure to Cd leads to its accumulation,
particularly in the liver and kidneys which leads
to metabolic and histological changes, and
finally damage to the cell membrane [13]. It is
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excreted very slowly through the kidneys [14].
Long-term exposure to Cd can cause
nephrotoxicity in humans; studies in rats have
shown that Cd compounds can cause
nephrotoxicity. Generally, toxic effects of Cd are
due to production of oxidative stress and
interfering with essential elements; especially
zinc (Zn) [15].
Plant food sources contain bioactive compounds
that may provide additional health benefits
beyond the maintenance of adequate vitamins
[16]. Recently, a great deal of attention has been
focused on fruits and vegetables with potent
antioxidant properties. In particular, tomato and
garlic are recognized to possess a wide range of
beneficial effects [17].
Garlic is versatile and widely accepted by almost
all cultures. Garlic is rich in organosulphur
compounds [18]. Garlic (Allium sativum)
possesses many important nutritive and
antioxidant substances as selenium, sulfurcontaining compounds and vitamins (A, B, C and
E). The organosulfur compounds are known to
exhibit
antioxidant
and
metal-chelating
properties as well as modulating inflammatory
and detoxification systems [19, 20].
Tomato products contains lycopene (a major
constituent) which is believed to be associated
with decreased risk of chronic diseases, and its
effects are suggested to be due to antioxidant
properties of lycopene [21]. Serum and tissue
lycopene levels have been found to be inversely
related to the incidence of several types of
chronic diseases including cancer [22].
The antioxidant properties of lycopene have been
demonstrated both in vivo and in vitro [23].
There is also recent evidence which suggests
that lycopene acts as an antiinflammatory agent
[24]. It has been demonstrated that lycopene can
inhibit the expression of inflammatory cytokines
and reverse the loss of antioxidant enzymes
induced by inflammation caused by either
injecting lipopoly-saccharide or exposure to iron
[25].
The present work was aimed to evaluate the
protective and therapeutic role of garlic and
tomato extract on cadmium induced biochemical
and histopathological alterations in kidney of
albino mice.
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MATERIALS AND METHODS
Animals
Swiss albino mice weighing 20-25g were
procured from CRI, Kasauli. They were kept and
acclimatized to the laboratory conditions for 15
days under optimal conditions of light and
temperature. They had ad libitum access to tap
water. The animals were handled with humane
care in accordance with the guidelines of the
‘Committee for the Purpose of Control and
Supervision of Experiments on Animals
(CPCSEA)’, India and all experimentation
procedures were approved by Institutional
Animal
Ethical
Committee
(Reg
No.
107/99/CPCSEA/2014-33).
Chemicals
Cadmium chloride (CdCl2) was bought from S.D
FINE CHEM LIMITED, Mumbai. It was
dissolved in double glass distilled water and
administered orally to mice. Garlic and tomatoes
were obtained from the local market. Fresh
garlic extract (GE) was prepared by the method
of Iwalokun et al. [26] and tomato extract (TE)
was prepared by the method of Salawu et al. [27]
and was administered orally to mice.
Experimental Design
The mice were divided into four groups of five
mice each. Group I – Control animals were
given distilled water. Group II – Animals were
administered a single dose of 6 mg/kg bw of
cadmium orally. Group III – Animals were
given an acute dose of 6 mg/kg bw of cadmium
followed by a daily dose of 100 mg/kg bw of GE
and 50 mg/kg bw of TE orally for 15 days.
Group IV- mice were given a single dose of Cd
and were kept for 15 days followed by GE + TE
for next 15 days. Autopsies were done on 15 and
30 days post treatment.
Biochemical Analysis
On the day of autopsy, 1ml of blood was collected
from each mouse under ether anesthesia. Blood
was pooled in separate eppendrof tubes,
centrifuged (3000 rpm for 15 minutes) and
serum was collected in separate clean tubes. It
was then used for various biochemical analyses.
Serum urea, Blood urea nitrogen (BUN),
creatinine and Alkaline Phosphate (ALP) were
determined by using appropriate kits provided
by Reckon Diagnostics P. Ltd., Vadodara, India.
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Histopathological Analysis
Immediately after the autopsies, excised kidneys
were removed, weighed and then fixed in
alcoholic Bouin’s fixative. The tissues were then
washed, dehydrated, cleared in xylene and
embedded in paraffin wax followed by their
microtome sectioning at 5 – 7 µ. H & E staining
technique was employed for histopathological
studies.
Statistical Analysis
The data was analyzed by using Student’s t-test
and Anova.
RESULTS AND DISSCUSSION
Cd is ubiquitous and due to the increasing
industrial use of Cd, evaluation of toxic
potentials of this metal is important for the risk
assessment of those ordinarily exposed to it. Cd
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accumulates mainly in the kidney and liver;
these two organs are critical targets for acute Cd
toxicity [13, 14]. The kidneys are the major sites
of antagonistic interactions of essential element
including Zn with Cd; therefore, it is a target
organ for Cd toxicity [2].
Organ weight is an essential benchmark for
toxicological studies [28]. The weight of kidney
was non significantly decreased in Cd treated
group as compared to control (Fig. 1). This
reduction may be attributed to the damaging
effects of cadmium on kidney tissue. Anderson et
al. [29] suggested that organ toxicity can be
evaluated by considering the weight of the
organs after exposure to toxicant in animal
toxicity studies. In Cd +GE +TE treated groups
III and IV, a significant increase was observed in
kidney weight of mice.

Fig.1 Kidney weight in all the treated groups. Control Vs Cd, Cd Vs Cd+GE+TE.
* p<0.01, ns Non Significant
There was dose-dependent and significant
(p<0.01) elevation in urea and creatinine in Cd
treated mice (Fig. 2 and 3). It was in accordance
with the results of other workers [30-33].

Further, heavy metals have been found to cause
alterations in the blood biochemical attributes
[34-36].

Fig. 2: Urea concentration in all the treated groups. Control Vs Cd, Cd Vs Cd+GE+TE
* p<0.01, ns Non Significant
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Fig. 3: Creatinine concentration in all the treated groups. Control Vs Cd, Cd Vs Cd+GE+TE
* p<0.01, ns Non Significant
Harper et al. [37] correlated the elevated urea
with increased protein catabolism in mammals
and for the conversion of ammonia to urea as a
result of increased synthesis of arginase enzyme
involved in urea production. Gaurav et al. [38]
also stressed that urea and creatinine levels are
used to monitor renal function and their levels
will not rise until at least half of the kidney
nephrons are destroyed.
It has been proposed that Cd exerts a direct
effect on glomerulus and this leads to decrease
in urea and creatinine clearance [39]. It has
been postulated that increased levels of serum

urea and creatinine are linked to kidney disease
[40].
Cd treatment leads to the significant (p<0.01)
elevation in the level of BUN (Fig. 4) which is an
also an indicator of kidney damage as blood urea
nitrogen is derived from normal metabolism of
protein and is excreted in the urine. Jadhav et
al. [41] suggested that a non-renal effect such as
dehydration caused by decreased water intake
due to poor palatability of dosed water could
result in increase of BUN concentrations and
this further indicates glomerular damage.

Fig. 4 BUN concentration in all the treated groups. Control Vs Cd, Cd Vs Cd+GE+TE
* p<0.01, ns Non Significant
Alkaline phosphatase is a zinc containing
enzyme present in many tissues. It hydrolyses
phosphorylcholine, so that choline can be
transported
across
the
bile
canalicular
membrane. There was increased level of ALP in
cadmium treated group (Fig. 5). The significant

(p<0.01) increase value of ALP activity is in
agreement with the observations of Kodama et
al. [42] and they attributed it to the increased
phosphorylation or tissue damage caused by
cadmium.
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Fig. 5: ALP activity in all the treated groups. Control Vs Cd, Cd Vs Cd+GE+TE
* p<0.01, ns Non Significant

The increase in ALP may be attributed to the
production of free radicals after intoxication
which could have affected the cellular
permeability leading to elevation in circulating
level of this enzyme [43].
Also in the present study, the mice administered
with garlic and tomato extract showed
significant improvement in serum enzymes
indicative of kidney function as compared with
Cd treated group. In co-administered protective
group III, there was significant (p<0.01) decline
in all the biomarkers of kidney in comparison to
Cd treated group. These two ingredients proved
to be effective due to the strong antioxidant
potential of their constituents which reduced the
toxic effects induced by Cd. This study also
confirmed that simultaneous administration of
preventive substances along with Cd showed
more protection in comparison to their
therapeutic approach.
Histopathology analysis of control mice showed
normal histological structure of renal corpuscles
and renal tubules. The renal corpuscle consisted
of tuft of blood capillaries surrounded by
Bowman’s capsule. The renal tubules included
proximal convoluted tubules (PCT) lined by
large pyramidal cells with a brush border and
distal convoluted tubules (DCT) lined by
cuboidal cells (Fig. 6).The renal medulla consists
of collecting ducts (Fig. 7).
The mice treated with Cd (group II) exhibited
histopathological changes as shrinkage or
degeneration of the glomerular tuft, cytoplasmic
degeneration of cells of the renal tubules,
pyknotic nuclei, some tubules are necrotic,
multiple foci of haemorrhage, dilation and
congestion of blood cells (Fig. 8). Similarly, renal
medulla
also
showed
hyperaemia
and

degeneration in the walls of the collecting ducts
(Fig. 9). These observations are in accordance
with results of other workers [44-46].
Cd induced nephrotoxicity is thought to be
mediated by cadmium-metallothionein (Cd-Mt)
complex, which is synthesized in the liver and is
taken up by the renal proximal tubule cells [47].
When Mt becomes insufficient for binding to all
the Cd ions in liver, it is released in to blood,
then it is filtered and taken up by the kidney
[48]. On its way to kidney, it causes damage to
the cortical region causing a gradual loss of
organ function [49, 50]. These changes may also
be due to production and accumulation of free
radicals as a result of increased MDA in the
renal tissue of Cd treated mice [51].
These pathological lesions induced by Cd were
remarkably reduced by the pre and post
administration of Cd + GA + TE (group III and
IV) respectively. It was observed that the
recovery was more in pre treated protective
group III and showed the glomeruli and renal
tubules appeared to be similar as that of control
(Fig. 10). Renal medulla showed partial
amelioration with some shrinkage in the lumen
and pyknotic nuclei formation (Fig. 11).
The post treated therapeutic group IV, exhibited
very limited recovery as Bowman’s capsule with
glomerulus appeared to be normal but there was
immense degeneration in the lining of the
tubules (PCT and DCT) along with their
deranged structure (Fig. 12). The renal medulla
also showed vacuolation and cytoplasmic
congestion in the lumen of the collecting ducts
(Fig. 13).
Treatment with garlic and tomato showed
significant decline in the kidney biomarkers
(Urea, creatinine, BUN and ALP) in group III

J Pharm Chem Biol Sci, June - August 2018 ; 6(2):13-22

P.Vijaya and Suman Sharma
(p<0.01) and a non significant reduction in group
IV as compared to Cd treated group. These
results are in agreement with the results of [52],
who revealed that treatment with aged garlic
extract appeared to enhance the recovery from
carbon tetrachloride (CCl4). Yang et al. [53] also
reported that diallyl sulfide (DAS) and related
compound from garlic reduced CCl4, Nnitrosodimethylamineand
acetaminopheninduced toxicity in rodents. It was somewhat
surprising that garlic ameliorated the toxic
reactions of a wide variety of toxic agents. It
seems unlikely that garlic is only an antioxidant
in these situations. Garlic extracts elicit
antioxidant action by scavenging reactive oxygen
species
(ROS),
enhancing
the
cellular
antioxidant enzyme superoxide dismutase,

Fig. 6 Showing renal cortex of normal
mice with Bowman’s Capsule and
convoluted tubules. X400

Fig. 8 Showing renal cortex of group
II mice with atrophied Bowman’s Capsule
and hyperaemia in convoluted tubules.
X400
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catalase and glutathione peroxidase, and
increasing glutathione in the cells [52, 54] due to
the presence of high content of sulfur compounds
[55].
Similarly, Rao and Agarwal [56] observed that,
dietary supplementation of lycopene from
traditional tomato products increased lycopene
concentration in plasma and reduced oxidative
damage to lipids and proteins. Tomato extract
contains lycopene, having antioxidant and antiinflammatory properties [57] and other
antioxidants which exerts as inhibitory effect
against certain diseases that have an oxidative
stress component [58].
Garlic and Tomato extract proved to be useful in
ameliorating Cd induced renal injury in mice
from biochemical and histopathological aspects.

Fig. 7 Showing renal medulla of
normal mice with collecting ducts. X400

Fig. 9 Showing renal medulla of group
II mice with hyperaemia and in
convoluted tubules. X400
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Fig. 10 Showing renal cortex of
group III mice with almost normal
Bowman’s Capsule and convoluted
tubules. X400

Fig. 11 Showing renal medulla of
group III mice with normalized
collecting ducts little shrinkage in the
lumen. X400

Fig. 12 Showing renal cortex of group
IV mice with stable glomerular tuft but
degeneration in the convoluted tubules.
X400

Fig. 13 Showing renal medulla of
group IV mice with cytoplasmic
congestion in the lumen of collecting
ducts. X400

CONCLUSION
Our
results
suggest
that
GE
+TE
supplementation has the ability to ameliorate
kidney damage, thus attenuating Cd in mice.
The protective effect of GE might be due to Sallyl cysteine, which is a major constituent of GE
which has been proved to inhibit the expression
of CD36 along with its antioxidant and antiglycation properties. The protective action of
tomato may be due to the presence of lycopene, a
strong antioxidant which normalized all the
biochemical parameters. Both the extracts
showed alarming protection, when administered
concomitantly with Cd as compared to, when

they were given as a therapeutic dose after Cd
caused severe injury to the tissue.
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