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Abstract: Background: Chronic arsenic-exposure even at a low-dose results in the neural impairment 

and motor/cognitive dysfunction. However, several preventive approaches are made mainly against he-

patic/gastrointestinal damages. Only a few investigations postulate therapeutic strategies for neural 

anomalies. Here, the protective role of Green tea (Camellia sinensis or CS; 10mg/ml aqueous) has been 

evaluated against arsenic-induced (0.6ppm/100g bw/28 days) cerebral/cerebellar tissue degeneration, 

oxidative-threats and neurotransmitter deregulation in female rats.  

Methods and Results: The Dunnett’s t test and multiple-comparison ANOVA-test suggest that arsenic 

significantly decreased free thiol level with an increase in lipid-peroxidised product and damages to the 

tissue-structure. A significant decrease in serum urate accompanied by increases in C-reactive protein 

and TNF- , an acute-phase inflammatory cytokine, strongly suggests a possible mechanism of oxida-

tive-inflammatory tissue injury being supported by the increase in lactate-dehydrogenase activity. In 

addition, suppression in cytosolic superoxide-dismutase (Cu-Zn isoform/SOD1; NBT reduction-test) 

and an insufficient protection through catalase activity culminate free radical-related damages. In-vitro, 

H2O2 inactivated partially-purified (dialyzed/concentrated, 6-8kd cutoff-Millipore) rat liver SOD1 and 

that was markedly protected by 2-mercaptoethanol. Though significant signs of toxicities were noticed 

at biochemical/cellular level, the present treatment did not affect DNA (DNA-fragmentation assay) in 

the brain tissues. The CS supplementation significantly protected serum/tissue antioxidant-components, 

prevented inflammatory-responses and decreased lipid-peroxidation in brain resulting in increased tis-

sue integrity. Moreover, arsenic-induced impairment of neurotransmitters i.e. glycine, glutamate and as-

partate levels in cerebral tissue were significantly restored in CS-supplemented group.  

Conclusion: Taken together, this investigation indicates the potent neuroprotective and antioxidative 

efficiencies of Camellia sinensis against arsenic-induced oxidative threat.  

Keywords: Antioxidant system, arsenic toxicity, DNA fragmentation, neuroprotection by Camellia sinensi, SOD1.  

INTRODUCTION  

Arsenic is a group-I toxicant and a co-carcinogen which 
has been shown to increase the cognitive dysfunction even at 
a lower concentration [1]. It has been shown to have a more 
intense effect in children [2]. Chronic arsenic exposure in-
duces a significant deficit in the long term memory in chil-
dren [3]. Inorganic arsenic modulates locomotor activity, and 
behavioral task, suggesting the impairment of sensory and  
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motor nerves [4]. Epidemiological studies reveal that chronic 
arsenic exposure through drinking water causes cerebral in-
farction, microvascular diseases and impairment in neural 
conduction [5]. A significant elevation of malondialdehyde 
level in response to arsenic exposure is noticed with a de-
crease in mitochondrial- and cytosolic- superoxide dismu-
tase, catalase, glutathione peroxidase, glutathione reductase 
and glutathione-S-transferase activities. These alterations 
were more pronounced in cortex compared with the cerebel-
lum and hippocampus regions [6]. Subchronic level of arse-
nic exposure can affect the level of monoamine neurotrans-
mitters in mice brains. Arsenic can downregulate the concen-
trations of norepinephrine (NE), dopamine (DA), mono-
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amine oxidase (MAO) and 5-OH tryptamine (5-HT) in the 
cerebrum or cerebellum of mice. Arsenic increases acetyl-
cholinesterase in brain tissue [7, 8]. The oxidative damage 
results in structural deformities in the myelin sheath of nerve 
fibers and degradation in the terminals of the mossy-fibers 
impairing synaptic function and spatial memory [9]. Mecha-
nistically, an elevated export of GSH and accelerated con-
sumption of cellular glucose resulted in lactate production 
[10]. In addition, arsenic-treated astrocytes revealed a higher 
toxic potential of arsenite compared to arsenate, accompa-
nied by a loss of total cellular glutathione by an increase in 
the cellular glutathione disulfide content [11]. It was evident 
from animal experiments that arsenic could pass through the 
blood-brain barrier and invades the brain parenchyma [12]. 
Arsenic exposure renders the brain tissue vulnerable to the 
free-radical attack resulting in apoptosis in the neural cells. 
The report suggests that arsenic exposure to mouse litters 
increased neuronal necrosis and mitotic impairment resulting 
in cerebellar immaturity [12]. However, arsenic induced neu-
rotoxicity is not fully elucidated and its therapeutic outcome 
is out of reach [13]. Some inconclusive findings are available 
on therapeutic strategies against arsenic-related neurotoxic-
ity. Arsenic-induced cholinergic deficits in rat brain could be 
protected by curcumin [14]. Report reveals a better therapeu-
tic efficacy of nano-particulated (monoisoamyl dimercapto-
succinic acid) nano-MiADMSA in removing arsenic burden 
from the brain and liver [15]. Neuroprotective effect of Res-
veratrol, nanoparticulate-curcumin and Trichosanthes dioica 
fruit is reported on arsenic-induced oxidative stress in feline 
brain, kidney and brain of rats [16-18]. Therefore, it indi-
cates that an adverse effect of arsenic on bio-macromolecule 
may be mitigated by the intervention of antioxidants. Tea 
polyphenols have chemopreventive properties against cancer 
[19, 20]. Recent reviews suggest protective role of natural 
products isolated from different herbs/plants in protection 
against heavy metals (cadmium, lead, arsenic, and mercury) 
mediated neurotoxicity [21, 22]. In this background, we 
aimed to determine the efficacy of Camellia sinensis (green 
tea) leaf extract against arsenic mediated cerebrum and cere-
bellum toxicity in experimental rat model. 

METHODS 

Preparation of Green Tea (Camellia sinensis or CS) 
Aqueous Leaf Extract  

The leaf dust of green tea was collected locally and dried 
in an incubator for 2 days at 40°C, crushed and then pow-
dered in an electric grinder. Extraction was performed by 
taking 500 mg powder in 50 ml of distilled water in a Sox-
hlet apparatus, and a deep brown aqueous extract was ob-
tained [23]. 

Animal Selection and Treatment 

Female albino rats weighing 150 ± 10 g were acclimatized 
for 10 days at 12-hour light-dark cycle, 32°C ± 2°C tempera-
ture and in 50%-70% humidity in the institutional animal 
resource facility. Those were fed with a standard pellet diet 
(Hindustan Lever Ltd, Mumbai, India) and water ad libitum. 
Studies were carried out in accordance with the National 
Institutes of Health (NIH), USA guidelines and the Institu-
tional Ethical concerns were maintained throughout the in-

vestigation. Ethical approvals were collected from the con-
cerned institutes before the commencement of the investiga-
tion. 

Rats were randomly distributed in 3 groups having 6 in 
each. Animals of Group-II and Group-III were fed with 0.5 
ml drinking water containing sodium arsenite at a concentra-
tion of 0.6 ppm / 100 g b.w. / day for 28 days. After conduct-
ing several dose-response studies the present treatment 
schedule was employed [23]. The remaining group (I) desig-
nated as control was supplied with the same amount of 
drinking water for the stipulated duration. The Group-III 
animals were supplemented with lyophilized 1 ml extract of 
CS by gavages at a concentration of 10 mg/ml/100 g body 
weight / day for 28 days [24]. On the day 29, animals were 
exposed to light anesthesia (by ether) and blood was col-
lected using disposable syringe (21-gauge needle) and the 
serum was separated. The cerebrum and cerebellum portion 
of the rat brain were carefully dissected and stored at -40°C 
until use.  

Evaluation of General Toxicity  

Serum lactate dehydrogenase (LDH), C-reactive protein 
and uric acid were measured from the rats of different groups 
by standard protocol with the assay kits (Ranbaxy, India or 
other reputed company). 

Estimation of Malondialdehyde (MDA) Levels 

The Cerebrum and cerebellum tissues were homogenized 
(10 % w/v) in the ice-cold phosphate buffer (0.1 mol /L, pH 
7.4) and the homogenate was centrifuged at 10,000 x g at 
4°C for 45 min. The supernatant was used for the estimation 
of MDA. The MDA assay was conducted following the pro-
tocol as described in Buege and Aust (1978) [25], with a 
slight modification [26]. The level of MDA was calculated 
utilizing the molar extinction coefficient of MDA (1.56 x 10

5
 

cm
2
/ mmol). 

Estimation of Amino Acid Neurotransmitter by Thin 
Layer Chromatography (TLC) 

The supernatant of rat-cerebrum from different groups 
were run along with control amino acids to detect biogenic 
amines (neurotransmitter; glycine, glutamate and aspartate) 
on the TLC plate with the proper solvent (butanol-1:acetic 
acid:water = 3:1:1). The chromatogram was developed with 
0.2% ninhydrine in acetone.  

Assay of Cytosolic Super Oxide Dismutase (Cu-Zn, 
SOD1) and Catalase Activities 

A tablet of nitro blue tetrazolium (NBT) was dissolved in 
30 ml of water and the non-denaturing (10%) acrylamide gel 
was soaked in it for 30 minutes with shaking. The gel was 
then shaken in 40 ml SOD solution (0.028 M tetramethyleth-
ylenediamine (TEMED), 2.8 x 10

-5
 M riboflavin, and 0.036 

M potassium phosphate at pH 7.8) for 15 min. The soaked 
gel was placed on a clean acetate sheet and was illuminated 
for 5 to 15 min. The gel became purple except at the position 
containing SOD1 [23]. The gel was scanned when the maxi-
mum contrast between the band and background has been 
achieved. 
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Catalase activity was assayed by a colorimetric method 
[27]. Dichromate in acetic acid was converted to perchromic 
acid and then to chromic acetate when heated in the presence 
of H2O2. The chromic acetate formed was measured at 620 
nm. One unit of activity was expressed as one mole of H2O2 
consumed/min/mg protein. 

Estimation of Non Protein Soluble Thiol (NPSH) 

The NPSH in cerebrum and cerebellum homogenates 
(prepared in 0.1M phosphate buffer, pH 7.4) were deter-
mined by the standard DTNB (5, 5’- dithiobis-2-nitrobenzoic 
acid) method with a slight modification [28]. In brief, the 
protein was precipitated by trichloroacetic acid and the clear 
cytosol was added to 0.1M sodium phosphate buffer contain-
ing 5 M DTNB. The level of NPSH was determined against 
a GSH standard curve. 

Estimation of Serum TNF-  Level 

Serum TNF-  level was quantified by ELISA using a 
suitable antibody (BioLegend) following the supplier’s and 
published protocol [29]. 

Histology and DNA Fragmentation Analysis  

Cerebrum and cerebellum tissues were sectioned at 5 M 
using cryocut (LEICA CM1850 CRYOSTAT) and stained 
with eosin, hematoxylin (Harris) and observed under polar-
ized microscope (Nikon, Eclipse LV100, magnification 400 
x) to study the histoarchitechture. 

Cerebrum and cerebellum tissues were used for DNA 
preparation by standard protocol. The tissue was treated with 
500 l of lysis buffer (50 mM Tris pH 8.0, 20 mM EDTA, 
10 mM NaCl, 1% SDS, 0.5 mg / ml proteinase K) for 20 min 
on ice (4°C) and centrifuged in cold at 12,000 g for 30 min-
utes. The supernatant was extracted with 1:1 mixture of phe-
nol: chloroform with gentle agitation for 5 min followed by 
centrifugation and precipitated in two equivalence of cold 
ethanol and one-tenth equivalence of sodium acetate. After 
spinning down and decanting, the precipitate was re-
suspended in 30 L of deionized water-RNase solution 
[0.4ml water + 5 L of RNase] and 5 L of loading buffer 
for 30 minutes at 37°C. A 0.8% agarose gel with ethidium 
bromide was run at 5V for 5 min before increasing to 100V 
and documented in gel documentation system [30].  

In vitro Regulation of SOD1 Activity 

The post-centrifuged (12,000 g) cytosolic fraction was 
prepared from control rat hepatic tissue homogenate, and that 

was cleaned by dialysis membrane (Spectrum Lab, USA) 
and concentrated with the Amicon centrifugal filter units 
(Millipore, USA, 6-8 kd MWCO) to negate small molecular 
interferences. The concentrated fraction was incubated with 
different concentration of only H2O2 (15mM - 100mM) or in 
combination with 2-mercaptoethanol (1μM - 30μM + H2O2). 
The cytosolic (Cu-Zn) SOD known as SOD1 activity was 
tested by NBT test in polyacrylamide gel as described earlier 
[23]. 

Statistical Analysis 

Statistical analysis was performed using SPSS software 

version 12.0 (SPSS Inc., Chicago, IL, USA). Serum parame-

ters and neural tissue thiol/free-radicals status and their com-

parison between several groups were tested by Dunnett’s t 

test and ANOVA analysis. Data from supplemented group 

was compared to that of control by utilizing ANOVA fol-

lowed by multiple comparison two tailed ‘t’ test. Dunnett’s t 

test was used to compare the characteristics of the different 

treatment categories and their relation to the control group. 

Comparative analysis of the catalase activity and serum 

TNF-  was done utilizing the students ‘t’ test.  

RESULTS 

General Observations 

No significant alteration of food and water consumption 

is noticed in all groups of animal during the experimental 

schedule. At the end of the experiment, general somatic or 

hepato somatic growth of arsenic-treated and CS co-

administered groups of rat did not differ significantly from 

the control group (Table 1). Here, organo-somatic indices 

refer to the organ weight in gram per 100g of animal body 

weight. This parameter represents the general health and 

toxicity status of the animal.  

General Toxicity and Metabolic Inflammatory Outcome 

Arsenic-induced increase in necrotic tissue marker LDH 

is markedly restored by CS up to the control level (Dunnett’s 

t test p<0.01, F = 4.031 for ANOVA test). An important 

metabolic inflammatory marker CRP is significantly overex-

pressed (Dunnett’s t test p<0.01, F = 4.483 for ANOVA test) 

by arsenic and that is prevented by CS (Fig. 1). Serum uric 

acid (~50% decrease in arsenic group) and NPSH level were 

also regained by CS co-treatment, which was moderately 

decreased after arsenic treatment (Fig. 1). 

Table 1. Effect of green tea (GT) aqueous extract on somatic growth and hepato- and reno-somatic indices in arsenic exposed rats 

(mean+SE, n = 6). 

Body Weight (gm) Organosomatic indices (g %) 
Condition 

Initial Final Liver Kidney 

Control 138.75± 12.55 160± 10.55 3.423± 0.15 0.797± 0.02 

Arsenic treated 142± 14.39 158± 16.42 3.353± 0.11 0.727± 0.04 

Arsenic + GT 138± 9.54 162± 11.57 3.89± 0.09 0.752± 0.05 
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Fig. (2). Cytosolic SOD activity of cerebrum and cerebellum cells 

is shown on a polyacrylamide gel. The acrylamide gel containing 

concerned cytosol was soaked in NBT and is then shaken in SOD 

solution (TEMED, riboflavin, and potassium phosphate at pH 7.8) 

min. The soaked gel is placed on a clean acetate sheet and 

illuminated under UV, and the transparent SOD-activity band is 

visualized. The gel is scanned when the maximum contrast between 

the band and background has been achieved. (Please refer to the 

material methods section). (b) SOD- Lane distribution; 1 to 4- 

control, 5 to 7- arsenic treated, 8 to 10- arsenic + CS treated. (d) 

Effect of CS extract on DNA fragmentation in cerebrum and 

cerebellum tissue DNA. Lane distribution: Cerebrum: Lane; 1 to 4- 

control, 5 to 8- Treated with sodium arsenite, 9 to12- Sodium 

arsenite + CS. Cerebellum: Lane; 1 to 3- control rat, 4 to 6- Treated 

with sodium arsenite, 7 to 10- Sodium arsenite+CS. Picture shows 

that arsenic is not able to influence the DNA laddering pattern. (a) 

Serum TNF  was determined by a standard method. TNF  

elevated in the As treated group compared to control and was 

recovered in As+ CS group. (c) Catalase activity was determined by 

a standard method. Catalase activity elevated in As group compared 

to control and was further increased in As+CS group compared to 

both Control and the As group. 

Status of Oxidative Stress Markers  

In the present study we examined the effects of arsenic 
on the antioxidant status of rat cerebral cortex and cerebel-
lum. The MDA content in cerebrum increased significantly 
(Dunnett’s t test p<0.05, F = 7.584 for ANOVA test) in the 
sodium arsenite-exposed rats. However, administration of 
CS extract in addition to arsenic prevented the elevation of 
MDA when compared to the arsenic only treated group. The 
NPSH level decreased in arsenic-treated group and it was 
regained markedly after the CS co-treatment (Fig. 1). 

The serum level of pro-inflammatory cytokine TNF-  
significantly increased (p<0.05) in response to arsenic but 
that level was restored notably in the green tea supplemented 
group (Fig 2a). The SOD1 gel-band picture (NBT reduction 
test, Fig. 2b) reveals that there is a significant decrease SOD 
(Cu-Zn isoform, SOD1) activity in cerebrum and cerebellum 
in arsenic treated rats when compared to control group. Res-
toration of SOD1 and increase in catalase activities (Fig 2c, 
p<0.001) are observed in the CS and arsenic combination 
group when compared to the control group. Results of aga-
rose-gel electrophoresis of cerebrum and cerebellum DNA 
from different experimental groups showed no significant 
DNA ladder in any group with comparison to arsenic treated 
group. This suggests that the present schedule of arsenic 
treatment was not able to initiate DNA toxicity in rat neural 
tissues (Fig. 2d) 

In the in vitro study (Fig. 3), a significant and gradual de-
crease in SOD1 activity is noticed in reponse to application 
of increasing concentration of H2O2 (upper panel, lane 3-5 
and lower panel lane 3-5) which is markedly and progres-
sively reversed (against highest concentration, 100 mM of 
H2O2) by the increasing concentration of thiol substance 2-
ME (lower panel, lane 6-8).  

Status of Monoaminergic Neurotransmitters 

Present result reveals a significant decrease in the level of 
three amino acid neurotransmitters; glutamate, aspartate and  

 

Fig. (1). Analysis of variance (ANOVA) for the multiple comparison (*p<0.05, **p<0.01) and Dunnett’s t test (
a
p<0.05) were performed to 

characterize the comparison amongst different treatment groups of serum and brain parameters. Values in the parenthesis denote the 95% CI. 
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Fig. (3). Redox regulation of rat liver cytosolic superoxide dismu-

tase (SOD1). In vitro H2O2 inactivation of rat cytosolic SOD1 and 

its protection by 2- mercaptoethanol. Lane distribution (upper 

panel): 2 hour incubation; Lane- 1 and 2-Control, 3- H2O2 (15 mM), 

4- H2O2 (50 mM), 5- H2O2 (100 mM). Lower panel: Lane -1 and 2-

Control, 3- H2O2 (15 mM), 4- H2O2 (50 mM), 5- H2O2 (100 mM), 

6- H2O2 (100 mM) + 2-ME (1 μM), 7- H2O2 (100 mM) + 2-

ME(10μM), 8- H2O2 (100 mM) + 2-ME (30μM).  

 

Fig. (4). TLC band of amino acid neurotransmitters with respect to 

standard amino acid in the cerebrum tissue extract. (a) Glycine, (b) 

Glutamate, (c) Aspartate. 

glycine in cerebrum tissue following chronic arsenic (III) 
exposure which was restored in CS co-treatment group (Fig. 
4).  

Cerebrum Tissue Architecture  

Arsenic ingestion with the present dose and duration re-
sulted in the disarrangement of cerebrum and cerebellum 
tissue. These histological sections were stained with eosin & 
hematoxilin. For the primary study this staining procedure is 
very efficient for the studies on tissue histoarchitecture, 
damages, pycnosis, nuclear condensation/de-condensation 
etc. Present histopathological data showed tissue swelling 
and vacuolar degeneration in cytoplasm, karyolysis and 
karyorrhexis, but the CS co-administration in arsenic-
exposed animals shows partial but significant protection 
which is evident from the histoarchitechture picture (Fig. 5). 
In the cortex picture the cell body part of the neurons are 
shown to be affected notably. The cell surface/ membranes 
and the origin of the dendrites are shown to be degenerated. 
The sharp edge of the membrane of cell body which is no-
ticed in the control group are missing arsenic treated group, 
rather the edge become hazy loosing its sharp border line 
(higher magnifications are presented in the boxed window). 
But the GT treated group was found to be protected from 
this degeneration (Fig. 5). 

DISCUSSION 

The mechanism of arsenic-induced neurotoxicity is not 
well defined. Several metabolites of arsenic are able to pass 

through the blood-brain barrier and accumulate in the hippo-
campus and some other locations [13]. This affects the intra-
cellular Ca2+ homeostasis and ultrastructures of hippocam-
pal neurons. Arsenic exposure can alter epigenetic regula-

tions and the signaling of hypothalamus-pituitary-adrenal 
axis (HPA). However, in the present study arsenic was not 
able to manifest any significant alteration in the DNA ladder-
ing pattern in cerebral cortex and cerebellum tissues. Reports 

reveal that arsenic can initiate adult neurogenesis. It impairs 
monoaminergic neurotransmission, which is associated to 
Alzheimer-related pathologies [2]. In the present study both 
arsenic induced anomalies and degeneration of cell bodies in 

the cerebral cortex along with its decisive restrainment by 
green tea extract has been studied. Earlier Microscopic stud-
ies revealed a decreased number of pyramidal neurons in the 
superficial layers and the presence of polymorphic cells in 

the subgranular zone of ectal limb of the dentate gyrus [31]. 
Astrocyte damage has been shown to be associated with 
myelin disintegration in the central nervous system. The 
modulation in the levels of myelin basic protein (MBP), 

myelin-associated glycoprotein and neurofilament (NF) are 
reported to be associated with arsenite toxicity. It also 
upregulate vacuolated axons, especially those are present in 
the corpus-callosum region [32]. Oxidative stress associated 

neurodegeneration have been reported as the result of arsenic 
toxicity [33]. This is evident in our present investigation. 
Since, cerebral and cerebellar DNA is found to be less inter-
fered by arsenic so the arsenic-induced toxicities are mostly 

attributable at the cellular level in the current study. In our 
study, decrease in cellular thiol content and the increase in 
MDA in both neural tissues support this fact. The strong 
stimulation of GSH export from astrocytes by arsenate may 

contribute to the arsenic-induced neurotoxicity [33]. How-
ever, in our study, we demonstrate strong anti-oxidant capac-
ity of green tea by thiol restoration/upregulation against ar-
senic toxicity in neuronal tissues. Reports reveal that the 

glial remains unaffected by ROS mediated degeneration [34] 
because of its high content of antioxidant-enzymes and glu-
tathione (GSH). This suggests that toxicity and protection 
both are mainly occurring at the cellular level [35]. Neurons 

are very much sensitive to oxidative stress for their high lipid 
content and low amount of protective enzymes and free-
radical scavengers, e.g. catalase, SOD, GSH and vitamin E 
[36]. In the present study, arsenic treatment clearly induced 

cerebral tissue degeneration (Fig. 4). The tri-valent arsenic 
produces reactive oxygen species on reaction with H2O2 and 
produces high level of lipid peroxides and conjugated di-ene 
[37]. Arsenic also decreases cellular NPSH concentration at 

a sub-chronic or chronic level of toxicity. The impairment of 
antioxidant enzymes like SOD and catalase activity has been 
reported to link with oxidative stress, and our study abides 
by the existing literature. Redox-regulated possible structural 

modification and inactivation of the SOD1 protein are much 
likely occurring in the neuronal tissues of arsenic-treated 
group. This has also been recently reported from our labora-
tory in rat liver tissues [38]. Arsenic exposure attributes to 

oxidative stress by generating ROS, which significantly de-
creased GSH content in liver, cultured lung epithelial cells 
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and in discrete brain areas [39-41]. These findings corrobo-
rate with our present result of NPSH, MDA content as well 
as catalase and SOD activities. Thus it is clearly evident 
from both earlier and our present study that arsenic induces 

oxidative stress. And our study clearly shows that this oxida-
tive stress can be potentially restrained by green tea extract 
in brain tissue. Natural polyphenols present in tea serve as 
excellent antioxidants. Green tea quenches the excessive 

production of ROS, reduce the elevated levels of lipid per-
oxidation and enhance the activity of antioxidant enzymes 
such as catalase, SOD and GPx [37].  

The oxidative stress, increased the expression of pro-

apoptotic proteins and decreased anti-apoptotic proteins in 

frontal cortex and hippocampus [42]. Alteration in the anti-

oxidant components like SOD and catalase, as noticed in this 

study has been linked to the cellular apoptotic signaling in-

troduced by transcriptional factors and/or mitochondrial fac-

tors. The ratio of Bax/Bcl-2 in the high dose arsenic group 

(50mg/L) was significantly higher than that of the control 

group, thus initiating apoptosis in liver and brain tissues 

[43]. Reports reveal that inorganic arsenic-induced oxidative 

stress can cause cellular apoptosis in the cerebrum and cere-

bral locations [44]. These may be the reason behind the cere-

brum and cerebellum tissue disarrangement and degenera-

tion, in our present study. Green tea extract was found to be 

efficient even in the restoration of the cellular morphology 

and tissue histoarchitechture. 

Reports reveal that arsenic can initiate inflammatory re-
sponses by increasing proinflammatory cytokines (IL-6 and 
TNF- ), [45] which has been noticed in the current study. 
But the green tea supplementation remarkably restored the 
TNF-  level. Moreover, the inflammatory marker, c-reactive 
protein (CRP) originating from metabolic dysregulations has 
also been linked to the tissue degeneration, necrosis and car-
cinogenesis. ROS-induced significant elevation of CRP has 
been noticed in vivo in mouse and in vitro in human in re-
sponse to arsenite exposure [46]. In our present study, a sig-
nificant elevation of serum CRP in arsenic-exposed rats 
might initiate sustained inflammatory responses which are 
decisively counteracted by CS exposure resulting in the ces-
sation of ROS-related stress. The result suggests that ROS 
plays an important role in neuronal differentiation. Report 
reveals that both ROS and CRP can activate the important 
transcription factor like NF- -  [46]. Beside arsenic induc-
tion of NF- - , several MAPKs and AKT are also activated 
by arsenic in cellular degeneration process which is visible in 
the present study (Fig. 4) [47]. In addition to the ROS role in 
CRP or NF- -  activation, ROS also induce apoptotic de-
generative signaling via mitochondrial-membrane instability 
followed by the cytochrome-c release to the cytosol and re-
lated reaction cascade [48]. The LDH result of our present 
study infers the occurrence of necrotic tissue lesions which 
strongly support our hypothesis on oxidative-inflammatory 
factors in arsenic induced nervous toxicity. The present tox-
icity has been decisively restrained by the green tea supple-
mentation.  

 

Fig. (5). Cerebrum and cerebellum tissue were sectioned by cryostat microtome, serially sectioned at 5 mM, stained with eosin and 

hematoxylin (Harris) and observed under a microscope (magnification X 40 and X 100) to study the histoarchitechture (a-f). Cerebrum 

(X40): (a) Control rat, (b) Treated with Sodium arsenite, (c) Sodium arsenite + CS. Cerebrum (X100): (a´) Control, (b´) Sodium arsenite, 

(c´) Sodium arsenite + CS respectively. Cerebellum (X40): (d) Control, (e) Treated with sodium arsenite (f) Sodium arsenite + CS. 
Cerebellum (X100) : (d´) Control, (e´) Treated with sodium arsenite, (f´) Sodium arsenite + CS.  
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Moreover, the immuno-inflammatory potentiation of 
TNF-  by arsenic make the tissue more sensitive [49]. TNF 

 is a homotrimer, binding of TNF-  trimer to the extracellu-
lar domain of TNFR1 induces receptor trimerization and 
recruitment of the adaptor protein TNF receptor-associated 
death domain (TRADD) which then recruits additional adap-
tor proteins: receptor-interacting protein (RIP), TNF recep-
tor-associated factor 2 (TRAF2), and Fas-associated death 
domain (FADD). Recruitment of TRAF2 and FADD acti-
vates caspases 8 and 10 that initiate a protease cascade that 
leads to apoptosis [50]. Studies found a significant higher 
level of TNF  in the brain and CSF (cerebrospinal fluid) in 
Parkinsonian pateints than those in controls and suggest its 
relation to the neuronal degeneration in Parkinsonian disease 
[51]. Being an important signal transducer of the immune 
system with cytotoxic properties, it may be one of the cause 
of tissue degeneration (Fig. 4) in the brain in our study. The 
(-)-epigallocatechingallate (EGCG) performs as an efficient 
preventive agent against neural toxicity by targeting a signal 
pathway for the cellular terminal differentiation. Such prop-
erties could impact on cell chemotaxis through the blood-
brain barrier and prevent cancer-related neuroinflammation 
[52]. Reports reveal that neuroglobin involves during arsenic 
toxicity in rat cerebellar granular apoptosis. Apoptotic ef-
fects could be partially reversed by the antioxidant N-acetyl-
L-cysteine supporting our present result of green tea medi-
ated thiol protection and decrease in MDA and neuronal 
damages in arsenic intoxicated rats [49]. In relation to the 
amino acid neurotransmission, report reveals that arsenic-
induced excessive glutamate accumulation in the extracellu-
lar space induces excitotoxicity [53]. Excitatory amino acid 
neurotransmitters are glutamate and aspartate, while GABA 
( -aminobutyric acid), glycine (aminoacetic acid), and 
taurine are inhibitory. Excitotoxicity refers to a process of 
neuronal death caused by excessive or prolonged activation 
of receptors such as AMPA-type glutamate receptors (AM-
PARs) [54]. Excitotoxicity has a role in the progression of 
many human acute or chronic neurodegenerative diseases, 
including ischemia, AD, PD, MS, and ALS have been pro-
posed [55]. Glycine and aspartate was found to be reduced in 
the As treated group, whereas, glutamate was increased in 
the As treated group. Thus, an imbalance between the excita-
tory and inhibitory neurotransmitters may cause excitotoxic-
ity. Studies report that TNF-  was able to potentiate excito-
toxicity in human neuronal cultures [56]. TNF-  also poten-
tiated glutamate neurotoxicity and that effect could be 
blocked by competitive (2-APV) and noncompetitive (MK-
801) NMDA receptor antagonists [57]. Both glycine and 
aspartate were restrained in the As+CS group. Whereas, glu-
tamate was further elevated in As+CS treated group. The 
neuronal, cerebrum and cerebellum degeneration in our 
study may also be attributed by excitotoxicity. The cells be-
ing unable to resolve the triggers imposed by inflammatory 
markers and oxidative stress undergoes degeneration. There 
is a negative correlation between the levels of amino acid 
neurotransmitters and the contents of arsenic in brain tissues 
which is an important provision for neurotoxicity [58]. The 
proportion of the apoptotic cells gradually increased with the 
increasing level of arsenic. In our present study, a significant 
increase in oxidative stress along with altered monoaminer-
gic neurotransmitter was noticed. Arsenic may downregulate 
the gene expression and synthesis of important neurotrans-

mitters [8] which is reflected in our experimental results. 
Further, a protection by CS supplementation is also evident.  

Arsenic significantly depleted serum urate level in the 
present study, which has been reported in our earlier rat ex-
periment and human sample studies [59,60]. The uric acid, 
being an anti-oxidant has been regarded in delaying the se-
nescence and ageing process [61]. The hypouricemic condi-
tion may facilitate diseases like multiple sclerosis [62]. The 
long term effects in the decrease in serum urate may sustain 
an increase in free radical product like MDA level, which 
may be linked to the neural-senescence promoting ability of 
arsenic [63]. The blocking of the molybdenum (Mo) center 
of xanthine oxidase by arsenic minimizes O2 reduction to 
form H2O2 during the formation of hypoxanthine to xanthine 
and xanthine to uric acid [64]. This incident results in the 
deleterious effects like decline in antioxidant capacity as a 
result of low urate level and decrease in rate of oxidation of 
more toxic arsenite (+3) to less toxic arsenate (+5) [64]. Hy-
drogen peroxide is reduced to H2O by antioxidant enzymes 
like peroxidase and catalase [65]. In the present study, green 
tea has been decisively shown to restore the serum urate 
level with a concomitant decline in serum and tissue MDA 
level. The anti-ageing and life-span enhancing role of urate 
and SOD1 (cytosolic Cu-Zn SOD) are evident [61,66]. In the 
current study, for the first time we demonstrate the role of 
green tea in promoting urate and SOD1 function in neural 
tissues to resist oxidative stress in arsenic-intoxicated rat 
model. This finding is further justified by our in vitro study, 
where H2O2-mediated inactivation of partially purified 
SOD1 is decisively circumvented by the thiol substance 2-
ME. Role of important Cys residues in the cata-
lytic/substrate-binding domain of SOD1 is evident [23]. 

CONCLUSION 

In conclusion, we demonstrated that the present duration 
and dose of arsenic was able to initiate toxicity more at cellu-
lar level in cerebral tissues. Here, we demonstrated for the 
first time that green tea is efficient to initiate strong anti-
oxidant and anti-inflammatory responses against arsenic-
induced neurotoxicity. Future investigations are required to 
predict more conclusively regarding the green tea protection 
mechanism.  
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