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ABSTRACT

Cadmium (Cd) is a heavy metal and during its extraction process, it gets accumulated into the atmosphere,
hydrosphere and even soil, thereby contaminating human environment. The present study was aimed to investigate
the cadmium induced damage in some biochemical parameters and the histomorphological changes in adult mice
brain along with the protection afforded by the Allium sativum and Lycopersicon esculentum. Albino mice were
divided into several experimental groups and were given single dose of cadmium followed by natural antioxidants
i.e. garlic and tomato extract for 45 and 90 days under protective and therapeutic study. At the end of the
experiment, the levels of lipid peroxidation were increased while and SOD, CAT, and GST activities along with
AChE levels were decreased in cadmium treatments. There was significant decline in the glycogen, cholesterol and
total proteins in brain of cadmium treated group as compared to control value. Cadmium induced many
pathological changes in the form of vacuolation, hyperemia, necrosis along with pyknotic cells and binucleated cell
formation in both cerebral cortex and hippocampal regions of brain. Thus, the result indicated that cadmium
induced oxidative stress may be the cause of ultrastructural disturbances in the brain tissue. But, the antioxidant
potential of both garlic and tomato along with their constituents afforded significant protection in biochemical and
histopathological changes against cadmium toxicity.

KEYWORDS: Cadmium (Cd); Allium sativum Extract (AE);
Antioxidants, Acetylcholinestrase (AChE), Brain damage.

Lycopersicon esculentum Extract (LE),

INTRODUCTION Cd causes many neurodegenerative  diseases,

Environmental pollution is caused by the heavy metals
that are discharged by various industries. Cadmium
doesn’t have any physiological role but is highly toxic as
it gets accumulated in the living system and causes
damage to the soft tissues i.e. liver and kidneys. It enters
the human body by different routes and has extremely
long half-life with its low rate of excretion.™ Cd
exposure results in renal and hepatic dysfunction,
pulmonary edema, testicular damage, osteomalacia,
damage to the adrenals and hemopoietic system in
humans.™?

Alzheimer’s, Parkinson’s diseases and other age related
disorders by altering many metabolic processes and leads
to several pathological conditions.”! Cd prompted
neurotoxicity and neurogenesis that resulted in neuronal
differentiation and axonogenesis.”! Cadmium reacts on
mitochondria by instigating oxidative stress and
enhancing ROS generation which may further activate
apoptosis by mutating mtDNA along with gene
expression, reducing ATP synthesis, and finally
changing the inner mitochondrial permeability that can
results in the development of various human disorders.
Cadmium challenge was observed in cortical and
trigeminal neurons, in the anterior pituitary cells, in the
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glioma and neuroblastoma cells.) Cd can enter
Cadmium can enter into the brain parenchyma and
neurons during the critical point of development.l’)
causing neurological alteration.® The hippocampus and
cortex part of brain are more susceptible to oxidative
stress and this may affect the learning and memory status
of an individual. Cd targets cardiovascular,
cerebrovascular and immune systems; the liver and the
reproductive systems that contributes to various diseases
like disruption of blood pressure, calcium regulation by
resulting in oxidative and DNA damage."!

The main mechanism associated with Cd induced
damage is the production of oxidative stress along with
the formation of reactive oxygen species. The intake of
some natural antioxidants can prove helpful in
maintaining the antioxidant levels and reversing the Cd-
induced injury in the tissues. Many foods such as
vegetables, fruits, grain cereals, eggs, meat, legumes and
nuts." have different types of antioxidants with various
beneficial effects.

Garlic (Allium sativum) has been reported as one of the
important studied plant with much of the health benefits.
It is composed of rich organosulfur compounds such as
diallyl sulfide (DAS), diallyl disulfide (DADS), ajoene,
allicin, allyl mercaptans and allyl methylsulfides.™ It
contains several enzymes, 17 amino acids, minerals such
as selenium and holds at least 33 organosulfur
compounds that are responsible both for garlic’s pungent
odour and its many medicinal properties.™*”

Tomato (Lycopersicon esculentum) has immense
antioxidants such as carotenoids which may prove
helpful in combating the toxic effects of Cd. It was
reported that this plant synthesizes metal chelating
proteins, peptides, phytochelatins (PC) and other heavy
metal binding complexes analogous to
metallothioneins.™® which further help to prevent
cellular damage by capturing the heavy metals.*!
Lycopene is a major carotenoid present in tomatoes and
is a highly potent antioxidant that provides protection
against integral tissue damage caused by oxidative
stress.™® It is naturally found in many plant foods, being
especially abundant in tomatoes.™*®

The aim of our present work was to assess the impact of
heavy metal cadmium on the various biochemical along

with pathological aspects of brain and further to study
the protective approach of garlic and tomato against this
neurotoxicity induced by Cd in Swiss albino mice.

MATERIALS AND METHODS

Animals: Swiss albino mice weighing 20-25g were used
for the experiment. All the animals were housed in
hygiene and translucent polypropylene-cage and
randomized into different groups. All the animals were
kept under 12/12h natural light-dark cycle with
controlled temperature and humidity. The overall
research procedure was revised and approved by
Institutional Animal Ethical Committee (Reg No.
107/99/CPCSEA/2014-33).

Chemicals: Cadmium chloride (CdCl,) was purchased
from S.D FINE CHEM LIMITED, Mumbai. It was
mixed in distilled water and administered to mice
through gavage. Garlic and Tomato was obtained from
the local market. Fresh Allium sativum extract (AE) was
prepared by the method of Iwalokun et al.l! and
Lycopersicon esculentum extract (LE) was prepared by
the method of Salawu et al.*® and administered orally to
mice.

Experimental Design: The mice were divided into 8
groups (5 animals each) as follows (Fig.1)

Group | - Control animals, Group Il - Animals were
administered an acute dose of Cd (6 mg/kg bw) orally
and were kept for 45 days. Group Ill - Animals were

treated with an acute dose of Cd orally followed by
aqueous garlic extract (AE) of 100 mg/kg bw for 45
days. Group IV - Animals were given a single dose of
Cd orally and treated with aqueous tomato extract (LE)
of 50 mg/kg bw for 45 days. Group V - Animals were
administered with an acute dose of Cd orally and
combined with an oral supplementation of aqueous garlic
(AE) and tomato extracts (LE) for 45 days. Group VI-
Animals were subjected to Cd at a dose of 6 mg/kg bw
orally for 1% day and were left on normal diet for 45 days
followed by oral administration of aqueous garlic extract
(AE) for next 45 days. Group VII - Animals were given
an acute dose of Cd (6 mg/kg bw) and were left for 45
days followed by aqueous tomato extract (LE) for next
45 days. Group VIII - Animals were given Cd at a dose
of 6 mg/kg bw and were kept for 45 days followed by
AE + LE for next 45 days.

| Control (5 | Cadmium
Cdy (3>

2 Treatments

Protective
Groups

(45 days)

Therapeutic
Groups

(90 days)

TE (5)

cd+ %E(-\)
Ccd+ LE (5
Cd+ AE + LE (5)

Cd+ AE (5)
Cd+ LE (5)
Cd+ AE +
Fig. 1: Division

of animals between different groups.
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Sample Collection: The mice were sacrificed 24 h after
treatment termination. The brain was removed, freed of
adipose tissue, washed with cold saline water, blotted dry
so as to remove blood and was preceded for biochemical,
antioxidant and histological studies (Fig.2).

Preparation of tissue homogenates: Brain was
separated, weighted and homogenized in a tissue
homogenizer in 3 ml of phosphate buffer. The tissue
homogenate was centrifuged at 12,000 rpm for 20 min in
cold centrifuge, and the supernatant was collected for
estimation of various biochemical studies.

Antioxidant

assays
MDA
50D
CAT
GS5T

AChE

.

Biochemical assavs
Total glycogen
Total Cholesterol
Total protein

Fig. 2: Graphical representation of methodology.

Biochemical analysis

Brain homogenates were used for the estimations of
Malondialdehyde (MDA), Superoxide Dismutase (SOD),
Catalase (CAT) and Acetylcholinesterase (AChE)
activity, glycogen content, cholesterol content and total
proteins in different treatment groups.

Measurement of Malondialdehyde (MDA): Lipid
peroxidation (LPO) of tissue was measured using the
thiobarbituric acid reactive substances (TBARS) test
according to Wilbur et al.™ based on the concentration
of malondialdehyde (MDA) which is the most important
end-product of lipid peroxidation.

Measurement of Superoxide Dismutase (SOD):
Superoxide dismutase was measured by an indirect
method which involves the scavenging of superoxide
radicals by SOD. It was measured by the most sensitive
method of Das et al.”?® which involves the generation of
superoxide radical by photoreduction of riboflavin.

Measurement of Catalase (CAT): Catalase is an
enzyme that catalyzes the breakdown of hydrogen
peroxide to H,O and O% The amount of catalase in the
tissue extracts was estimated by the method of Aebi.*!

Measurement of Glutathione-S-Transferase (GST):
GST is a family of enzymes that play an important role
in detoxification of xenobiotics. The activity of
glutathione-S-transferase in the brain tissue extracts was
assessed by the method of Habig et al.??

Measurement of Acetylcholinesterase (AChE): AChE
activity in brain tissue was estimated using the method of
Ellman et al.”®! The substrate used in the assay system is

acetylthiocholine iodine, the ester of thiocholine and
acetic acid.

Measurement of Glycogen content: The amount of
glycogen was in tissue extract was assessed by the
method of Montgomery.[?

Measurement of Cholesterol content: Cholesterol is a
steroid which is a group of lipids and this cholesterol
content in the tissues was estimated by the method of
Zlatkis et al./**!

Measurement of Total Proteins: The quantitative
estimation of total protein in brain tissue was done by the
method of Lowery et al.?® It is one of the most common
colorimetric assays for the estimation of proteins.

Histopathological study: Brain tissues of treated and
control mice were cleaned, washed and cut into pieces
and were fixed with Bouin’s fixative for 24 hours. Then
the tissues were washed in 70% alcohol followed by
dehydration in ascending grades of ethanol, cleaned in
xylene and embedded in paraffin wax (60° C melting
point) then sectioned at 5-6 pm. These sectioned are
stretched on slides and are stained with hematoxylin and
eosin staining techniquel®” for histopathological studies.
These slides were observed under light microscopy.

Statistical analysis: The results were expressed as mean
+ standard error (SEM) from all the experiments
performed using a standard number of animals (n=5).
Statistical significance was assessed by using Student’s t-
test on GraphPad Prism software. Inter-group
comparisons were made by using Two-way analysis of
variance (ANOVA) followed by a Tukey’s post hoc
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multiple range test. The significance level was set as p <
0.01 and non-significant levels were set as p > 0.05.

RESULTS

Lipid peroxidation: Cd was found to accelerate the lipid
peroxidation in brain tissue as indicated by MDA
content. There was statistically significant (p<0.0001)
increase in the MDA content of Cd treated group in
comparison to control value at 45 days. But the
treatment with garlic and tomato i.e. in Cd + AE, Cd +
LE and Cd + AE + LE groups showed a statistically
significant (p<0.0001) decline in the MDA content. The

reduction was more in Cd + AE + LE treated group as
compared to Cd + AE and Cd + LE groups at 45 days
which specified decreased peroxidation in the brain
tissue with the supplementation of antioxidants i.e. garlic
and tomato (Fig. 3). At 90 days also, there was
amelioration in the peroxidation of lipids in brain by
significantly (p<0.0001) reducing the MDA level in
these groups. The MDA level was more reduced in Cd +
AE + LE group than in other groups i.e. Cd + AE group
and Cd + LE groups respectively (Fig. 4). Both
protective and therapeutic groups showed affordable
protection against Cd induced MDA activity.
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Fig. 3 Lipid peroxidation and antioxidant status in all the treated groups at 45 days.

The values were expressed as mmoles per gram wet
tissue. Bars represent means = SEM for all the
experiments. *Significant variations at p<0.0001; °
p<0.01; a vs. control; b, ¢ vs. Cd. The mean values
having dissimilar superscripts differ at p < 0.05 in the
Tukey’s Honestly Significant Difference.

Superoxide Dismutase (SOD): There was significant
difference in SOD activity in all the treated groups. Cd
caused statistically significant (p<0.0001) decline in the
SOD level as compared to control group at 45 days. But
the antioxidant treated groups showed significant

(p<0.0001) increase in SOD activity. The values of SOD
was enhanced in Cd + AE + LE group than the other
groups i.e. Cd + AE and Cd + LE groups at 45 days.
Both garlic and tomato prevented the oxidative damage
caused by enzyme SOD (Fig. 3). In the therapeutic
approach also, there was significant (p<0.01)
enhancement in the SOD activity. All the groups i.e. Cd
+ AE, Cd + LE and Cd + AE + LE showed protection in
combating the Cd induced damage in brain (Fig. 4). The
protective groups showed more prevention than the
therapeutic groups.
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Fig. 4 Lipid peroxidation and antioxidant status in all the treated groups at 90 days.

The values were expressed as mmoles per gram wet
tissue. Bars represent means * SEM for all the
experiments. *Significant variations at p<0.0001; °
p<0.01; ™ Non Significant variations at p>0.05; a vs.
control; b, ¢ vs. Cd. The mean values having dissimilar
superscripts differ at p < 0.05 in the Tukey’s Honestly
Significant Difference.

Catalase (CAT): Catalase is a crucial enzyme that was
statistically (p<0.0001) decreased in Cd treated group as
compared to nontreated group. There was significant
(p<0.0001) elevation in Cd + AE (p<0.01), Cd + LE and
Cd + AE + LE groups as compared to Cd treated group
at 45 days. Both garlic and tomato, due to their
antioxidant properties, were able to prevent damage
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within the brain tissue (Fig. 3). There has been non-
significant variations in Cd + AE, Cd + LE groups but a
drastic (p<0.01) elevation was observed in Cd + AE +
LE group in CAT level at 90 days as compared to Cd
group (Fig. 4). More amelioration was observed in
protective groups compared to therapeutic study.

Glutathione-S-Transferase (GST): Cd treated group
showed statistically significant (p<0.0001) decline in
GST activity as compared to control value. There was
significant (p<0.0001) elevation in GST content in all
the antioxidant treated groups i.e. Cd + AE (1.12 = 0.10
mmoles), Cd + LE (1.26 £ 0.04 mmoles) and Cd + AE +
LE (1.42 £ 0.12 mmoles) in comparison to toxic group.
Both the antioxidants were able to prevent the tissue
damage in brain from the oxidative stress caused by Cd
(Fig. 3). There were non-significant variations in GST
activity in all the therapeutic groups i.e. Cd + AE, Cd +

LE and Cd + AE + LE groups at 90 days as compared to
Cd group (Fig. 4). The protection was more in the
protective groups in comparison to therapeutic groups.

Acetylcholinestrase (AChE): There was statistically
significant (p<0.0001) reduction in AChE activity in Cd
treated group in comparison to control group at 45 days.
A significant (p<0.0001) elevation was observed in
AChE level in all the antioxidant treated groups (Cd +
AE, Cd + LE and Cd + AE + LE) at 45 days. Both garlic
and tomato showed protection and caused increment in
AChE level in brain (Fig. 5). A non-significant increase
in AChE activity was observed in Cd + AE, Cd + LE
(p<0.0001) and in Cd + AE + LE groups of therapeutic
study in comparison to Cd group at 90 days. There was
more afforded protection in the proactive groups than in
case of therapeutic groups (Fig.5).
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Fig. 5 Acetylcholesnestrase activity in brain of all the treated groups at 45 and 90 days.

The values were expressed as mmoles per gram wet
tissue. Bars represent means + SEM for all the
experiments. *Significant variations at p<0.0001; ™ Non
Significant variations at p>0.05; a vs. control; b, ¢ vs.
Cd. The mean values having dissimilar superscripts
differ at p < 0.05 in the Tukey’s Honestly Significant
Difference.

Total Glycogen: The concentration of glycogen was
significantly (p<0.0001) decreased in Cd treated group in

comparison to control group. But the protective groups
showed significant (p<0.0001) elevation in the total
glycogen in brain at 45 days (Fig. 6). Even the
therapeutic groups i.e. Cd + AE (p<0.01), Cd + LE and
in Cd + AE + LE (p<0.0001) groups also showed
increment in the glycogen content at 90 days as
compared to Cd group. Both garlic and tomato afforded
protection against AChE activity in brain. More
significant restoration was observed in the protective
study in comparison to therapeutic study (Fig. 7).
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Fig. 6 Glycogen, Cholesterol and Total Proteins in brain of all the treated groups at 45 days.
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The values were expressed as milligram per gram wet
tissue. Bars represent means = SEM for all the
experiments. *Significant variations at p<0.0001; ©°
p<0.01; a vs. control; b, ¢ vs. Cd. The mean values
having dissimilar superscripts differ at p < 0.05 in the
Tukey’s Honestly Significant Difference.

Total cholesterol: There was significant (p<0.01)
decrement in cholesterol level in Cd treated group in
comparison to control value. In the antioxidant treated

groups, a significant (p<0.0001) increment was observed
in Cd + AE, Cd + LE (p<0.0001) and Cd + AE + LE
groups of protective study in comparison to Cd group at
45 days (Fig. 6). A significant (p<0.0001) increase in
cholesterol content was observed in the all the
therapeutic groups i.e. Cd + AE, Cd + LE and Cd + AE +
LE (p<0.01) groups at 90 days. The antioxidants were
able to combat cholesterol content in brain of the
protective study than the therapeutic study (Fig. 7).
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Fig. 7 Glycogen, Cholesterol and Total Proteins in brain of all the treated groups at 90 days.

The values were expressed as milligram per gram wet
tissue. Bars represent means + SEM for all the
experiments. *Significant variations at p<0.0001; °
p<0.01; ™ Non Significant variations at p>0.05;  avs.
control; b, ¢ vs. Cd. The mean values having dissimilar
superscripts differ at p < 0.05 in the Tukey’s Honestly
Significant Difference.

Total Proteins: The total proteins were significantly
(p<0.0001) decreased in the Cd treated group as
compared to control value. All the protective groups i.e.

Cd + AE, Cd + LE and Cd + AE + LE groups showed
significant (p<0.0001) enhancement in the total proteins
at 45 days in comparison to Cd group (Fig. 6). There was
significant (p<0.01) decrement in total proteins of Cd +
AE and Cd + LE group but non-significant decrease was
observed in Cd + AE + LE group at 90 days. The
prevention was more in the protective study than the
therapeutic study. Both garlic and tomato showed
protection against Cd induced deterioration in total
proteins (Fig. 7).

Fig. 8: Photomicrograph of cerebral cortex of mice.
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8a: Control group showing normal architecture of cells
of cerebral cortex (Cc) with pale open face nucleus and
neuroglia (N). 8b: Cd group showing much vacuolation
(V), pericelluar halos, pyknotic cells (Pc) and
binucleated cells (Bc) Protective Groups 8c: Cd + AE
group showed more or less normal pyramidal cells (PC)
with normal neuroglial cells (N). 8d: Cd + LE treated
group, the cortex appeared to be normal with pyramidal
cells (PC) with a dark stained nucleus. 8e: Cd + AE + LE
group showing normal cortex structure with a little

degeneration in the cells. Therapeutic Groups 8f: Cd +
AE treated group, the cells showed normal structure with
mild vacuolation (V) in the neurophil. 8g: Cd + LE
group showed some shrinkage of cells, necrosis (Nc) and
hyperaemia (HY) in the cytoplasm. 8h: Cd + AE + LE
group, the cortex showed many normal cells with slight
hyperaemia (HY) and necrotic cells (Nc). Shrinkage was
also seen in the cells with pericellular halos. X400, H &
E stain.

Fig. 9: Photomicrograph of hippocampus of mice. 9a.

Control group showing normal structure of hippocampus
(Hp) with CA4 region having a layer of Stratum
Moleculare (SM). 9b: Cd group showing degeneration in
the nerve cells and glial cells with enucleated cells (Ec)
and pyknotic nuclei. Protective Groups 9c: Cd + AE
group showing thick layers of cells with slight shrinkage
in the structure of neurons was visible in the
hippocampal proper (HP). 9d: Cd + LE showing little
vacuolation (V) and deshaped structure of neurons. 9e:
Cd + AE + LE showing normal compact structure with
some vacuolation (V) and binucleated cells (Bc)
Therapeutic groups 9f: Cd + AE showing normal
structure of neurons with pyramidal (PC) and glial cells.
9g: Cd + LE showing differential pattern of distribution
of neurons with pericellular halos. 9h: Cd + AE + LE
showing heterogeneous morphology. Different layers are
visible with cellular halos (PH). X400, H & E stain.

Histopathological Studies

Normal Brain: The Cerebral cortex (Cc) was composed
of six different layers of cells. These were characterized
by the neurons associated with particular functions and
unigue connections that show normal variations in the
arrangements of cells in cerebral hemispheres (CH).
Underneath the outermost molecular layer, four layers of
pyramidal cells were observed along with the multiform
sixth layer that was composed of fusiform cells. The

cells in these layers are the commonly neurons especially
pyramidal and granule cells in addition to neuroglial
cells. The neurophil was a mat of neuronal and glial cell
processes (Fig. 8a). The hippocampus (Hp) section single
layer of very densely packed neurons which curls into a
tight S shape. It further has two parts: hippocampal
proper (HP) and dentate gyrus. The three major Cornu
Ammonis (CA) regions i.e. CAl, CA2 and CA3 forms
the hippocampal proper. The dentate gyrus (DG) consists
of granular layer that is characterized by the small cells.
The axons of the granule layer pass through the
polymorphic layer and the dendrites of the granule layer
enter the molecular layer. The polymorphic layer
consists of several cell types including pyramidal
neurons (Fig. 9a).

Effects of Cadmium (Cd): The tissue disclosed many
multifocal histological alterations in all the layers of the
cerebral cortex as compared to control group. There was
the presence of large round cells (astrocytes) with foamy
cytoplasm.  Astrocytes showed hypertrophy and
alterations in the neurofibrils that have clumped and
twisted into odd shapes. The neuronal cell body also
showed tremendously distended patterns in its structure.
The cortex showed the formation of many pyknotic
nuclei and binucleated cells along with hyperemia. The
granule cells were more affected with ill-defined
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boundaries and loss of nuclei. The overall structure
showed vacuolated background (Fig. 8b). The
hippocampus showed decreased thickness in all the
layers of hippocampus with the formation of pyknotic
cells and enucleated cells. Hippocampus proper showed
distorted structure with much undesirable changes. It is
further correlated with many areas of vacuolation,
hyperemia and showed much of the edema in the tissue
(Fig. 9b).

Effects of Protective treatment: In Cd + AE treated
group, the pyramidal and granule cells were appeared to
be normal with nucleus and basophilic cytoplasm. The
neurophil was apparently normal with many neuroglial
cells (Fig. 8c). The different layers of Hp appeared to be
thick with increase in number of neurons. There was
slight shrinkage in the structure of neuron (Fig. 9c). In
Cd + LE treated group, the cortex appeared to be normal
with some of the pyramidal cells that contained dark
stained nucleus in the neurophil. Very few pyknotic cells
with compact cytoplasm were observed (Fig. 8d). The
Hp showed normal structure with slight vacuolation and
deshaped nature of neurons in the tissue (Fig. 9d). In
combined treated group, Cd + AE + LE showed normal
cortex structure as that of control group with the
pyramidal cells and glial cells along with little
degeneration in the neural cells. (Fig. 8e). Even the
hippocampus showed compact structure with somewhat
thick layer of neurons but slight vacuolation and
binucleated cells were seen in the hippocampal proper
(Fig. 9e).

Effects of Therapeutic treatment: In Cd + AE treated
group, the cortex showed vacuolation with almost
normal neuroglial cell, pyramidal and granule cells.
Some of the neurons were slightly affected with a dark
stained nucleus (Fig. 8f). The Hp tissue showed almost
normal pattern of distribution of cells. Neurons and glial
cells were more prominent and all the cells were clear
with mild degeneration (Fig. 9f). The tomato extract
treated group, Cd + LE showed some necrosis,
hyperamia in the cytoplasm with slight degeneration in
the cells of the cerebral cortex (Fig. 8g). The Hp area
also showed slight differential pattern of distribution of
neurons. Some of the areas were more predominant with
densely packed pyramidal cells than the other areas in
the cytoplasm of the hippocampal proper (Fig. 9g). In
the combined treated group, Cd + AE + LE, the cortex
showed many normal cells with slight vacuolation and
necrosis in the cells. Shrinkage was also observed more
in the cells with pericellular halos (Fig. 8h). The
hippocampal neurons showed diversified morphology.
Some areas were predominated with pyramidal cells and
some areas with glial cells in the neurophil (Fig. 9h).

DISCUSSION

Cadmium (Cd) is a toxic heavy metal that induced many
biochemical and pathological changes in the brain. It
further may get accumulated the tissue and disturb the
physiological and metabolic activities in the cells. MDA

is the most popular and widely used indicator for
oxidative stress in various tissues and organs. The acute
effect induced by low dose of Cd in the present study
was confirmed by statistically significant (p<0.0001)
increase in the level of MDA in brain tissue extracts. The
direct targets of lipid peroxidation are the cell
membranes as they are composed of phospholipid
bilayers with extrinsic proteins and this may further lead
to various detrimental effects such as increased
membrane rigidity, osmotic fragility, cell membrane
destruction and cell damage.”® that influences the
fluidity of the cell membrane along with DNA.?*! The
intensity of the Cd intoxication not only depends on the
route but also on the dose and duration of the exposure to
the metal.®® So, lipid peroxidation constituted a major
consequence of Cd- induced oxidative damage and also
was correlated with the exposure levels to Cd.*!

The brain is believed to be more vulnerable to oxidative
stress, among all the organs because it has high
concentrations  of  polyunsaturated fatty  acids,
nondegenerative nature of neurons along with high
oxygen consumption, which may further lead to many
neurodegenerative  diseases.®? The main event
associated with Cd evoked neurotoxicity is its ability to
penetrate blood brain barrier (BBB) and accumulate
within the brain to induce lipid peroxidation. Therefore,
the Cd-elicited lipid peroxidation was mediated by
overproduction of superoxide radicals to make a toxic
product, MDA B!

The analysis of various enzymatic activies in the brain is
very crucial in determining the toxic effects of heavy
metals.® and AChE is an important enzyme that is
responsible  for  hydrolyzing and  deactivating
acetycholine in the body.”® In the present study, a
statistical significant (p<0.0001) decrement in brain
AChE activity was observed in Cd group. The attenuated
AChE activity within the brain may be one of the
symptoms for Cd-elicited complication in the brain as,
brain AChE activity is an important regulator and
controller of all the behavioral processes.*®! Even many
studies also interpreted that the free radical production
may be related to the decrease in the AChE level ")
Cadmium induced peroxidation as well as oxidative
stress is also related to the fact that metallic cadmium
will pass through the BBB and gets concentrated in the
brain to cause tissue injury.!

AChE activity was also inactivated due to high Cd
concentration because Cd** is one of the metal inhibitors
of the enzyme (where Ca®* is one of the activators) that
can induce a conformational change in the protein
structure, which further leads to the formation of an
“unreactive” enzyme.®® Regarding calcium (Ca), it
should be noted that calmodulin does not differentiate
between Ca and Cd, resulting in alteration of cholinergic
functioning. Cd induced oxidative stress may also play
a significant role in the process of down regulating
nAChRs (acetylcholesnestrase recepters) that leads to
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marked decline in AChE level so, all the observed
changes in AChE activity probably indicated that Cd can
affect brain cholinergic or dopaminergic mechanisms.*"!

The most important defense mechanisms that help in
neutralizing free radical chain reactions and protect the
cell against their toxic effects”*) are mostly connected
with the antioxidant effect of SOD, CAT, GPx and GST.
With the long term exposure to Cd, the activity of SOD,
CAT and GST was reduced as many of the essential
metals from their active sites and were replaced by other
nonessentials metals by making the enzymes less
active.*J Even Cd may change the protein conformation
by interacting with the enzyme and finally changing its
functional activity which may further result in a number
of deleterious effects due to the aggregation of
superoxide radicals.”*¥ So, the decreased SOD activity in
Cd treated group might be due to its inhibition by the
immense production of ROS." as noticeable by the LPO
levels in the present study.

CAT is an inducible cytosolic enzyme which serves to
protect the biological system against reactive oxygen
species, rapidly converting hydrogen peroxide to non-
toxic oxygen and water.! There was significant decline
in CAT level in Cd treated group. This decrease was
attributed to the possibility of high production of ROS
and their increased intracellular accumulation which
further exceed the detoxification capacity of antioxidant
enzymes, finally resulting in subsequent development of
tissue injury.[* The decrease in CAT level could also
result from iron deficiency due to cadmium intoxication
as iron acts as a composing element for the interaction
between Cd and catalase.*”) and Cd decreases the iron
level in blood.

GST is an important enzyme that catalyses the reaction
of the thiol group of the GSH with electrophilic reagents
by neutralizing their electrophilic sites and providing
more water soluble products.*®! The overconsumption of
the enzyme GST to escape from the toxicity of peroxides
under Cd insult resulted in decrement of GST activity
and further this decrease in the GST concentration might
be correlated with the effect of Cd on GSH because of its
high affinity to this molecule where a sulfhydryl acid, an
amino acid and two carboxylic acid groups as well as
two peptide linkages represent reactive sites for
metals.* making the enzymes nonfunctional. Even
Shagirtha et al.l*! also recorded a decrease in the
activities of enzymatic antioxidants in rats intoxicated
with Cd.

The brain is an important part of biological system
whose function is to help and regulate other parts along
with various mechanisms of the body but any damage or
stress experienced to this part of the body may have a
serious effect on the entire organism.’” Cd causes an
adverse effect on cellular defense systems and thiol
status, since metallothionein (MT) is cysteine rich
molecule and Cd has high affinity for MT, so cadmium is

stored as a Cd-MT complex and further it is metabolized
in lysosomes to liberate cadmium ions. The Cd toxicity
occurs when the MT synthesis cannot keep up with the
demand and the non-MT bound Cd overwhelms the
defense systems as Cd ions gets bound to the existing
MT.BY  The attainable mechanism in Cd-elicited
antioxidant enzyme depletion in the present study was
also because of the interaction with SH groups in some
enzymes to exchange essential metals from their active
sites, or alteration in amino acid chain due of the radical
mediate reaction so, these toxic changes results in
inactivation and loss of protein function.2*

Glycogen is an imperative source of energy for the
general metabolism of the body.®? A reduced insulin
release/activation of gluconeogenic enzymes may also
results in decrement of tissue glycogen.* and are further
linked to the depressed feeding and/or elevated levels of
the stress hormones: cortisol and adrenaline.® Glycogen
can be depleted in response to some physiological
processes or nonchemical stresses such as temperature
and hypoxia.®® This decreased glycogen levels in the
brain can lead to neurological disruption and this further
promotes cortical spreading depression due to disturbed
K* regulation by astrocytes.®® along with altered
astrocyte morphology.

Cholesterol is an essential part of cell membrane and
helps in the maintenance of cellular homeostasis along
with the communication between and with cells.*"! There
was decrement in the cholesterol level in response to Cd
treatment. This decrease in the cholesterol content may
be because of Cd-induced production of free radicals that
can damage the glial cells leading to depletion in tissue
cholesterol.®  The decreased concentrations of
cholesterol might be due to increased ACTH secretion by
pituitary leading to decreased cholesterol
concentration.!

Proteins are the constituents of cell membranes and are
manufactured by the ribosomes of the cells. There was
decreased in the total protein content in Cd treated group
as compared to control value. This decrease may be
correlated to with the decreased protein synthesis due to
hepatic dysfunction under heavy metal exposure.®™ Even
the chronic renal diseases that are associated with heavy
metal toxicity can cause excessive loss of proteins.[®
Hypoproteinuria is generally regarded as a nonspecific
indicator of toxicity and can be caused due to several
factors such as the reduction in food intake, chronic liver
function and renal protein loss. Moreover, Cd retards
the protein synthesis by binding itself to sulfhydryl group
(SH) of many enzymes and this may further cause
inhibition of many enzymatic activities.®

Cd treatment induced histological changes in all the
layers of the cortex which involved different types of
cells especially pyramidal and granule cells along with
neuroglia. Cd induced changes in the cerebral cortex
were hyperaemia, lymphocytic infiltration, vacuolation
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in the neurophil, astrocytes with ill-defined boundaries
and pericellular halos as compared to control tissue. The
hippocampus of Cd treated mice also showed many
remarkable and undesirable changes in the form of
vacuolation, edema, pyknotic nuclei and the formation of
many binucleated cells in comparison to normal
structure.

The present study showed that Cd intoxication resulted
in degeneration in the pyramidal neurons of the CA3
subfield of the hippocampus and this is implicated due to
the possibility of interruption of the nervous impulses
transmitted from the granule cell layer of the DG of the
hippocampus top the CA3 area.! Even, the neurotoxic
effects of Cd due to oxidative injury may bring many
necrotic changes in the brain as it is high susceptible to
Cd toxicity.[®! The astrocytes in the neuroglia may form
enlarged processes due to the result of lipid peroxidation
theory and also cause swelling of the cells due to an
increase in the sodium permeability resulting in sodium
accumulation along with an increase in water content
inside the cell.®® Further, Cd-mediated neurotoxicity
may be due to Cd evoked free radicals that may cause the
oxidation of macromolecules to make carbonyl groups
and result in toxicity.!*”?

AGE treatment showed significant amelioration in all the
biochemical and pathological studies. Garlic increases
the antioxidant levels by elevating homeostatic
regulation of cellular GSH contents as well as by
promoting removal of metabolic intermediates through
induction of phase Il metabolizing enzymes such as
GST.® Zaidi et al.® concluded that the intra-gastric
administration of crude garlic extract significantly
elevated the circulating activities of SOD, CAT and
GST, therefore found to prevent and normalize oxidative
stress generated by immobilization stress. They further
suggested that garlic along with its constituents behaved
as double-edged swords to up-regulate the antioxidant
activities during stress.*! and this might be possible due
to the organosulfur contents in garlic which are potent
free radical scavengers.

ATE treatment showed significant changes in the
protective groups (p<0.0001) but non-significant
variations were observed in the therapeutic groups.
These changes may be correlated to the protection
against per oxidative injury induced by ROS which is
associated with the risk of osteoporosis and can be
reduced by certain dietary antioxidants.'™ The
administration of antioxidant i.e. tomato extract as a
dietary supplement showed remarkable protection by
restoring the general structure of the tissues. These
results indicated that carotenoid (lycopene) is a highly
efficient scavenger of singlet-oxygen (*O,) and other
excited species. The energy is transferred from 'O, to the
lycopene molecule during quenching, thereby converting
it to the energy-rich triplet state by preventing their
damage.l’”

The administration of garlic and tomato (AGE + ATE)
singly or in combination showed good amelioration in
biochemical parameters in all the protective as well as
therapeutic groups as compared to toxic groups. Garlic
may participate in the chelation of heavy metals due to
the presence of an important constituent i.e. allicin.’”
Even Tomato, has some of the metal chelating proteins
and phytochelatins that has been proven effective in
counteracting and ameliorating some of the biomarkers
of toxicity.®! The combination of both the antioxidants
has played a significant role in attenuating Cd induced
biochemical changes in brain of mice.

CONCLUSION

Cd administration resulted in severe toxic effects in both
biochemical and histological aspects of brain tissue in
mice. But the intake of antioxidants i.e. garlic and tomato
reversed the toxic effects of Cd to some extent. But the
synergistic action of garlic and tomato proved even more
satisfactory and encouraging in reducing the damage
caused by Cd. So, it is concluded that regular intake of
both the antioxidants may be beneficial in minimizing
and counteracting the damage caused by heavy metals in
the brain tissue of humans and other animals exposed to
environmental pollution.
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