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Arsenic is an environmental pollutant with potent neurotoxicity debilitating
the individuals with other ailments. The succimer is a chelating agent used in
therapeutic effects of heavy metal toxicity. This study reports the modulatory
effect of succimer on oxidative stress, behavioural and histological
impairments in the rat treated with arsenic. Adults rats were divided into
four groups: control, arsenic (100ppm/kg BW), arsenic (100ppm/kg
BW)+Succimer (50mg/kg BW) and Succimer (50mg/kg BW). The treatments
were delivered for 15 days. After the treatment period, behavioural studies
were conducted, and the brain was used for biochemical and histological
evaluation. Arsenic-treated rats showed a significantly decreased motor
coordination (Rotarod test), increased paw withdrawal latency period
(Hotplate test), lipid peroxidation content (LPO) as well as a significantly
declined superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) activities. The histological changes such as neural cells with
irregular shape and axon, cyton, and dendrite degenerated in the cerebral
cortex region of the brain. In Arsenic + Succimer group, succimer significantly
reversed the adverse effects of arsenic on the oxidative stress, behavioural
and histological alterations compared to the arsenic group. Succimer alone
treatment has not shown any adverse effect. Thus succimer showed
protective effects against arsenic generated oxidative stress, behavioural
deficits and inhibiting neuronal alterations. Thus, succimer prove to be a
useful therapeutic component against arsenic-induced neurotoxicity.
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arsenic poisoning to co-exist in certain areas of the
world including China, India and Bangladesh. The
major sources of arsenic contamination in drinking

water is the use of arsenic-having insecticides,
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herbicides, pesticides, rodenticides and also
through polluted food (Lalit et al, 2014).
According to Flora et al,, (2005), arsenic enter the
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human body by the respiratory tract, alimentary
tract and skin, then combines with haemoglobin
and is rapidly scattered to many organs, including
the kidney, lung, liver and brain. Arsenic exposure

INTRODUCTION

renders the brain tissue vulnerable to attack by
free radicals resulting in abnormal apoptosis of

The contamination of arsenic a well-known human
toxicant, in groundwater which is regularly used
for human irrigation and industrial activities has
implications of worldwide humankind health.
Nidhi and flora (2011), recently reported

neural cell (Shoufang et al, 2014). The continuing
intake of arsenic trioxide escalates the risk of
disease in people with cardiovascular disorders
(Flora et al, 2011). Halina et al, (2010),
demonstrated the injection of arsenic causes
neural injury. The neurological deficits such as
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Parkinson's disease and dementia are associated
with arsenic (Gordon and Sid, 2010).

The changes in antioxidant enzyme activities
enhance apoptosis in arsenic-exposed animals
(Jiang et al, 2013). Arsenic produces free radicals
resulting in cell injury and death through oxidative
sensitive signalling pathways (Yadav et al, 2010).
The mitochondrial damage and impaired
mitochondrial functions in arsenic-exposed
animals. Arsenic crosses the brain through the
blood-brain barrier (BBB) and leading to
neurobehavioral alterations (Ning et al, 2010) and
Rajesh et al, (2009), also noticed abnormal
behaviour and impairment of memory and
learning functions in arsenic intoxicated rats.
Neurotransmitters  such  as epinephrine,
norepinephrine, serotonin and dopamine were
altered in the hippocampus and cerebral cortex
regions of the brain on chronic arsenic exposure
(Yadav et al, 2010). Further, arsenic exposure
results in destabilisation and disturbance of the
cytoskeletal framework leading to neuronal
degeneration (Gopalkrishnan and Rao, 2006).
Additionally, epidemiological reports have
indicated tissue architecture change in kidney and
liver by arsenic (Abu et al, 2015).

Certain effects have been made to assess the
neuroprotective  ability of certain active
compounds in arsenic-induced neurotoxicity with
an emphasis on antioxidant property. Succimer is
one of the protectants and have chelating
properties. Succimer has been proved to be an
efficient antidote for various heavy metals and
metalloids, including antimony, lead, mercury and
arsenic and to possess some antidotal efficiency for
others, such as platinum, tin and cobalt (Bradberry
et al, 2009). Recent reports have proposed that
treatment with succimer has no side effects on rats.
Yuka et al, (2017), reported that succimer showed
effective chelation of Lead and protection against
histological changes significantly. The chelating
effects and antioxidant activity of succimer are
because of two SH groups in its structure (Flora et
al, 2004). Studies have shown that mice and rats
injected with succimer effectively increased
mercury elimination (Ying and Guifeng, 2017).
There are no reports on the neuroprotective role of
succimer against arsenic neurotoxicity through
oxidative stress in the brain. Hence, the present
study was aimed to assess the protective efficacy of
succimer against arsenic-induced neurotoxicity
through oxidative parameters, behavioural and
histological impairments in the brain of rats.

MATERIALS AND METHODS

Chemicals: Succimer and arsenic were purchased
from Sigma-Aldrich chemicals and other chemicals
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were purchased from local chemical suppliers
(Himedia).

Animals and treatment: Experiments were
conducted using albino Wistar rats (Rattus
norvegicus) weighing 200-250 g that were fed a
standard chow diet with water available ad libitum.
Six rats were housed in each plastic cage under a
12-h light/12-h dark «cycle at a constant
temperature of 25+2 0C with 42+5% relative
humidity. The study protocols conformed with the
guidelines of the Osmania University ethical
committee (CPCSEA No: 383/01/a/CPCSE).
Twenty-four rats were randomly divided into four
groups of 6 rats and treated as described below for
15 successive days.

Group I: Control group received distilled water.
Group II: Arsenic group received drinking water
with arsenic (100ppm/kg BW).

Group III: Arsenic+ Succimer group received
drinking water with arsenic (100ppm/kg BW) and
succimer (50mg/kg BW) through oral gavage

daily.
Group [IV: Succimer group received daily
administration of succimer (50mg/kg BW)

through oral gavage.

After 15 days we conducted behavioural studies
(Rotarod and Hotplate test), and the rats were
sacrificed, and brains were dissected out to
perform biochemical (LPO, SOD, CAT, and GPx) and
histology studies (Golgi-cox stain).

Behavioural tests

Rotarod test: The rotarod test was conducted
according to the method of Hutter et al, (2012).
The rotarod test has been widely used to measure
the fore and hind limb coordination and motor
skills: the time of the instrument (Dolphin TM
instruments) adjusted to 0 s and the rotational
speed to 20 RPM. The time was noted and
expressed as time in second.

Hotplate test: The hot plate test was performed as
per the method Gunn et al, (2011). Rat’s response
latency on Analgesiometer-Eddy's Hot Plat was
recorded and expressed as time in second.

Measurement of oxidative stress markers
Assay of Lipid peroxidation (LPO)

Malondialdehyde levels were estimated as per the
method of Garcia et al, (2005) and results were
shown as nanomole MDA/gm weight of tissue.

Assay of Superoxide dismutase (SOD)

Superoxide dismutase activity was carried out
according to the method of Marklund and
Marklund (1974). The enzyme activity was
expressed as Units/mg protein.
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Assay of Catalase activity (CAT)

Catalase activity was carried out according to the
method of Aebi (1984), and results were expressed
as moles of degraded/min/mg/ protein.

Assay of Glutathione peroxidase (GPx)

Glutathione peroxidase activity was determined
according to the modified version of Flohe and
Gunzler (1984). The enzyme activity was
expressed as units/mg protein.

Histology: The Golgi-cox stock solution-fixed
brain tissues were sliced at 4-10 um thickness. The
slices were subjected to golgicox staining
according to the procedure of Gibb and Bryan
(1998). Histopathological changes were observed
using Lawrence & mayo microscope
(Magnification 40X).

Statistical analysis: The results were presented
as meanz S.E. Data was also analysed for statistical
comparison using ANOVA test. Significant
differences between the groups were conducted
using t-test — a significance of (p<0.01 and
p<0.05) level was considered significant.

RESULTS
Behavioural studies

Rotarod test: The control group rats showed
normal motor coordination, while the arsenic
intoxicated group showed significantly (*p<0.05)
decreased motor coordination and normal
activities, whereas arsenic along with succimer
administered group showed significantly
(™p<0.05) improved motor coordination and
behavioural activities. The group administered
with succimer alone showed normal behavioural
alteration as that of the control group (Fig-1).

30.0 1

H

25.0 A

20.0 A EET

H

15.0 1

Time in second

0.0 -

Control As As+succimer  succimer

Experimental groups

Figure 1: Effect of succimer treatment on motor
coordination (Rotarod test) in rats exposed to
arsenic for 15 days. (**p<0.05) as compared to
the Control group and (***p<0.05) as compared to
arsenic-treated group and results are shown in
time in seconds
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Hotplate test: The paw withdrawal in hot plate
test latency period significantly (*p<0.05)
increased in arsenic exposure rats over control
rats, and Arsenic + succimer and succimer treated
rats showed significantly (" p<0.05) improved the
paw withdrawal latency period compared to

arsenic-treated rats (Fig. 2).
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Figure 2: Effect of succimer treatment on the la-
tency period (Hotplate test) in rats exposed to
arsenic for 15 days. (**p<0.05) as compared to
the Control group and (***p<0.05) as compared to
arsenic-treated group and results are shown in
time in seconds.
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Figure 3: Effect of Succimer treatment on LPO
content in rats exposed to arsenic for 15 days.
(**p<0.05) as compared to the control group and
(***p<0.05) as compared to arsenic-treated group
and results are expressed in nanomole MDA/gm
weight of tissue.
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Figure 4: Effect of Succimer treatment on SOD
level in rats exposed to arsenic for 15 days
(**p<0.05) as compared to the control group and
(***p<0.05) as compared to arsenic-treated group
and results are expressed in Units/mg protein.
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Figure 5: Effect of succimer treatment on Cata-
lase level in rats exposed to arsenic for 15 days
(**p<0.05) as compared to the control group and
(***p<0.05) as compared to arsenic-treated group
and results are expressed in umoles /min/mg pro-
tein.
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Figure 6: Effect of succimer treatment on GPx
level in rats exposed to arsenic for 15 days
(**p<0.05) as compared to the control group and
(***p<0.05) as compared to arsenic-treated group
and results are expressed in U/mg.

Oxidative status in the brain: The LPO level and
SOD, CAT, and GPx activities are shown in figures
3, 4, 5 and 6 respectively. Arsenic exposure
significantly ("p<0.05) increased the brain lipid
peroxidation level and also declined the
superoxide dismutase, catalase and glutathione
peroxidase activities when compared with control.
The treatments of Arsenic along with Succimer has
shown protective effect via decreasing
significantly (™p<0.05) the elevated LPO content
to the level of normal and also significantly
increasing the reduced antioxidant enzyme
activities such as superoxide dismutase, catalase
and glutathione peroxidase when compared with
arsenic exposure to that of the normal level. The
succimer alone treatment has no significant
different values from that of control.

Histology: The histological sections with Golgi cox
stain of cerebral cortex region of rat brain treated
with arsenic and succimer (Magnification 40X) are
shown in Figure 7. In Golgi cox stain, neural cells
with irregular shape and axon, cyton, and dendrite
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degenerated in Arsenic intoxicated rat cerebral
cortex region of the brain. The Arsenic+succimer,
succimer alone treated groups were detected with
neurons arranged closely, axon, cyton and dendrite
were clear in the brain compared to the arsenic-
treated group.

Arsenic

Arsenict+Succimer Succimer

Figure 7: Brain Histopathological studies in the
cerebral cortex by golgicox stain in control, Ar-
senic, Arsenic+ succimer, succimer alone
treated groups (Magnification 40x). Blue col-
ored marks showing the neurons arranged closely,
axon, cyton and dendrite was clear.

DISCUSSION

Arsenic accumulation in the brain causes
neurotoxic effects (Dhar et al, 2005). The arsenic
intoxicated rats have shown significant alterations
in oxidative stress, histopathological and
neurobehavioral alterations.

Further, the succimer treatment has reversed the
alteration above of arsenic-exposed rats. The
rotarod test and paw withdrawal test (hot plate
test) were used for the assessment of motor
coordination and nociceptive pain. Declined motor
coordination in rotarod task in repeated trials
demonstrates the motor altered coordination
function in animals. Previous studies have also
indicated that chronic or acute exposure to arsenic
causes nervous system dysfunctions including
cognitive impairment and c (Rajesh et al, 2009).
Arsenic  exposure reduces motor-neuronal
coordination through inhibition of the effects of
neurotransmitters (Ning et al.,, 2010).

Further, arsenic-induced behavioural
amendments could be due to disturbance of
glutamate catecholamine and acetylcholine
transmitters systems along with

neurodegeneration (Delgado et al, 2000). In this
study, we have used a hot plate test for the
evaluation of nociceptive pain processes. Antigona
et al, (2011), reported midazolam-induced
antinociception for inflammatory pain. Only a few
studies report the arsenic toxicity effects on
nociceptive pain (Mccormack, 1994). The

© International Journal of Research in Pharmaceutical Sciences 17



increased latency of the hot-plate test in arsenic-
treated rats shows the inhibition of pain sensitivity
which was reversed in the succimer treatment. Our
result confirms that chelation therapy following
Arsenic treatment resulted in a reversal of altered
motor coordination and paw withdrawal activities.

Oxidative stress results with an imbalance of pro
and anti-oxidant systems, which is implicated in
the pathogenesis of a variety of disorders such as
cardiovascular, neurodegenerative  diseases,
cancer, and inflammatory diseases (Xi et al, 2010).
Oxidative stress play a vital role in the
neurodegenerative process. Both acute and
chronic arsenic exposure altered the oxidative
stress markers and morphological changes of cells
in soft tissues. The reduced ability for cellular
regeneration in contrast to other organs such as
kidney, liver and heart, the neural tissue is
specifically vulnerable to the damaging affects of
ROS. Many antioxidants have been shown to
prevent the formation of oxidative compounds
linked with many diseases such as cardiovascular
and neurodegenerative diseases (Ramakrishnan et
al, 2017). Schieber and Chandel, (2014),
demonstrated oxidative stress is also concerned
with ineffective deletion of reactive oxygen species
from the cells. The studies have shown the
oxidative stress involved in arsenic-induced
hepatotoxicity and cardiotoxicity (Ghosh et al,
2011). The content of lipid peroxidation, as well as
levels of superoxide dismutase, catalase and
glutathione significantly altered in arsenic
intoxicated animals (Rai et al.,, 2010). According to
Prakash et al, (2015), arsenic toxicity is due to the
formation of reactive oxygen species and results in
oxidative effects on proteins and lipids. The
reduced glutathione plays a key role in protecting
cells against oxidative stress and acts as important
pivotal in the detoxification mechanisms of arsenic
(Richa and Flora, 2006). Moraes et al, (2013),
reported declined CAT activity in arsenic-exposed
animals as catalase decomposes hydrogen
peroxide, therefore protect cells from reactive
oxidative species and balance the oxidative stress
status. Treatment with arsenic, showed a decline in
body weight, brain weight gain, water and food
intake. Parental undernutrition may induce
oxidative stress, which can result in damaged
neurodevelopment, alterations in learning and
memory, increased anxiety, and alterations
antioxidative enzymes such as, SOD, CAT, GPx
levels and lipid peroxidation content (Lalit et al,
2014; Xi et al,, 2010). Our results corroborate the
earlier studies indicating a disturbance of the
antioxidant defense system in arsenic toxicity as
observed in other pathological situations.
Oxidative stress marks such as lipid peroxidation
content significantly enhance as well as SOD, CAT
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and GPx enzymes levels significantly declined in
arsenic-exposed rats. Arsenic along with succimer
treated rats showed significantly improved
activities of LPO, SOD, CAT and GPx enzymes
suggesting its antioxidant action. The succimer
alone administration maintained enzymatic levels
which are similar to control rats.

Histopathological observation is one of the major
objective of this study. According to Gora et al,
(2014), arsenic intoxicated rats showed
hepatocytic and vacuolar degeneration followed
by hepatic necrosis. Earlier studies have
demonstrated arsenic-induced histological
alterations such as tubular relapse, intratubular
degeneration, congestion observed in Kkidney
tissue (Abu et al, 2015). The brain sections
revealed structural degeneration of neuron in the
arsenic-exposed animal. In the cerebral cortex
region of the brain, neurons indicated cell swelling
and vacuolar disintegration in cytoplasm and
karyolysis as well as karyorrhexis in the nucleus of
arsenic intoxicated animals (Ning et al, 2010).
Fengyuan et al, (2005), reported histological
alterations such as neuritic loss, lysis of neurons
and nuclear vacuolation in the brain of rats treated
with arsenic. This study reports the arsenic
mediated tissue degeneration in the brain by using
Golgi-cox stain. We have observed altered neurons,
and axon structure, density and morphology as
well as neuron degeneration in arsenic-exposed
rats brain tissue and arsenic along with succimer
intoxicated rats showed normal neural cells and
their structure.

CONCLUSION

In conclusion, this study demonstrates that
succimer has potent protective effects against
arsenic-induced neurotoxicity through oxidative
stress with histopathological and behavioural
alterations rat. We propose a potential protective
effect of succimer. Here we proved that succimer

administration attenuated arsenic-induced
neuronal dysfunction. Succimer attenuated
arsenic-induced  oxidative stress  markers

alterations such as LPO, SOD, CAT and GPx in the
brain of the rat. Succimer treatment could
effectively abrogate arsenic-induced declined
motor coordination and increased paw withdrawal
latency period in the rat. Hence, this study
reported that succimer is potent neuroprotectant
against arsenic-induced neurotoxicity.

Acknowledgement

The partial funding for experimentation from UGC-
SAP-DSA (F.5-26/2015/DSA-I (SAP-1I), a program
of the Department of Zoology, Osmania University
is acknowledging.

© International Journal of Research in Pharmaceutical Sciences



REFERENCES

Abu, SM.N. Sayada, D. Nayan, C.M. Lutfur, R.
Zohora, K. Wahiduzzaman, R. Abdullah, A.M.
Shahnur, A. Sharmin, A. Srikanta, C. Zahangir, A.S.
Zillur, R. Khaled, H. Arsenic-induced Histological
Alterations in Various Organs of Mice. Journal of
Cytology & Histology. 2015, 6(3), 1-13.

Aebi, H. Catalase in vitro. Methods Enzymol. 1984,
105, 121-126.

Antigona, H. Marija, S. Muharrem, ]. Serpil, U.O.
Preemptive analgesic effects of midazolam and
diclofenac in a rat model. Bosnian Journal of
basic medical sciences. 2011, 11(2), 113-118.

Bradberry, S. Sheehan, T. Vale, A. Use of oral
dimercaptosuccinic acid (succimer) in adult
patients with inorganic lead poisoning. Q ] Med.
2009, 102, 721-732.

Delgado, J.M. Dufour, L. Grimaldo, ].I. Carrizales, L.
Rodriguez, V.M. Jimenez-Capdeville, M.E. Effects
of arsenite on central monoamines and
plasmatic levels of adrenocorticotropic hormone
(ACTH) in mice. Toxicology Letters. 2000, 117,
61-67.

Dhar, P. Jaitley, M. Kalaivani, M. Mehra, R.D.
Preliminary morphological and histochemical
changes in rat spinal cord neurons following
arsenic ingestion. NeuroToxicology. 2005, 26,
309-320.

Fengyuan, P. Ning, M. Yusuke, H. Mariko, M. Shinji,
0. Fanyin, C. Laifu, Z. Toru, Y. Shosuke, K.
Kazuhito, Y. Oxidative DNA Damage in relation to
neurotoxicity in the brain of mice exposed to
arsenic at environmentally relevant levels.
Journal of occupational health. 2005, 47, 445-
449,

Flohe, L. Gunzler, W.A. Assays of glutathione
peroxidase. Methods Enzymol. 1984, 105, 114-
121.

Flora, S.J. Pachauri, V. Mittal, M. Kumar, D.
Interactive effect of arsenic and fluoride on
cardio-respiratory disorders in male rats:

possible role of reactive oxygen species.
Biometals. 2011, 24, 615-628.

Flora, S.J. Pande, M. Kannan, G.M. Mehta, A. Lead
induced oxidative stress and its recovery
following co-administration of melatonin or N-
acetylcysteine during chelation with succimer in
male rats. Cellular and Molecular Biology. 2004,
50, 543-551.

Flora, S.J.S. Bhadauriaa, T.S. Panta, S.C. Dhaked, R.K.
Arsenic-induced blood and brain oxidative stress
and its response to some thiol chelators in rats.
Life Sciences. 2005, 77, 2324-2337.

© International Journal of Research in Pharmaceutical Sciences

Mesram Nageshwar et al, Int. ]. Res. Pharm. Sci., 10(1), 14-20

Garcia, Y.J. Rodriguez-Malaver, A.J. Penaloza, N.
Lipid peroxidation measurement by
thiobarbituric acid assay in rat cerebellar slices.
Journal of Neuroscience Methods. 2005, 144(1),
127-135.

Ghosh, A. Mandal, AK. Sarkar, S. Das, N.
Hepatoprotective and neuroprotective activity
of liposomal quercetin in combating chronic
arsenic-induced oxidative damage in liver and
brain of rats. Drug Delivery. 2011, 18(6), 451-
459.

Gibb, R. Bryan, K. A method for vibratome
sectioning of Golgi-Cox stained whole rat brain.
Journal of Neuroscience Methods. 1998, 79, 1-4.

Gopalkrishnan, A. Rao, M.V. Amelioration by
vitamin an upon arsenic-induced metabolic and
neurotoxic effects. Journal of Health Science.
2006, 52, 568-577.

Gora, R.H. Baxla, S.L. Kerketta, P. Patnaik, S. Roy,
B.K. Hepatoprotective activity of Tephrosia
purpurea against arsenic-induced toxicity in
rats. Indian Journal of Pharmacology. 2014, 46,
197-200.

Gordon, G. Sid, E.O. The Arsenic Exposure
Hypothesis for Alzheimer Disease. Alzheimer
Disease & Associated Disorders. 2010, 24(4),
311-316.

Gunn, A. Bobeck, E.N. Weber, C. Morgan, M.M. The
influence of nonnociceptive factors on hot-plate
latency in rats. Journal of Pain. 2011, 12(2), 222-
227.

Halina, S.W. Maria, S. Tadeusz, H. Effects of
occupational exposure to arsenic on the nervous
system: clinical and neurophysiological studies.
International journal of occupational medicine
and environmental health. 2010, 23(4), 347-355.

Hutter, S.J.A. Gendelman, H.E. Mosley, R.L. Murine
motor and behavior functional evaluations for
acute 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) intoxication. Journal
of Neuroimmune Pharmacology. 2012, 7(1),
279-288.

Jiang, X. Chen, C. Zhao, W. Zhang, Z. Sodium arsenite
and arsenic trioxide differently affect the
oxidative stress, genotoxicity and apoptosis in
A549 cells: An implication for the paradoxical
mechanism. Environmental toxicology and
pharmacology. 2013, 36(2), 891-902.

Lalit, P.C. Rajendra, K.S. Sarwat, S. Aditya, B.P.
Vinay, K.K. Early life arsenic exposure and brain
dopaminergic alterations in rats. International
Journal of Developmental Neuroscience. 2014,
38,91-104.

19



Marklund, S. Marklund, G. Involvement of the
superoxide anion radical in the autoxidation of
pyrogallol and a convenient assay for superoxide
dismutase. European journal of Biochemistry.
1974, 47(3), 469-474.

Mccormack, K. Non-steroidal anti-inflammatory
drugs and spinal nociceptive processing. Pain.
1994, 59; 9-43.

Moraes, T.B. Jacques, C.E.D. Rosa, A.P. Dalazen, G.R.
Terra, M. Coelho, ]J.G. Dutra-Filho, C.S. Role of
catalase and superoxide dismutase activities on
oxidative stress in the brain of a phenylketonuria
animal model and the effect of lipoic acid.
Cellular and Molecular Neurobiology. 2013,
33(2), 253-260.

Nidhi, D. Flora S.J.S. Concomitant exposure to
arsenic and organophosphates on oxidative
tissue stress in rats. Food and Chemical
Toxicology. 2011, 49, 1152-1159.

Ning, M. Mikio, S. Shosuke, K. Hiromichi, S.
Fengyuan, P. Protection effect of taurine on
nitrosative stress in the mice brain with chronic
exposure to Arsenic. Journal of Biomedical
Science. 2010, 17, 1-6.

Prakash, C. Soni, M. Kumar, V. Biochemical and
molecular alterations following arsenic-induced
oxidative stress and mitochondrial dysfunction
in rat brain. Biological Trace Element Research.
2015,167(1), 121-129.

Rai, A. Maurya, S. Khare, P. Srivastava, A.
Bandyopadhyay, S.  Characterization  of
developmental neurotoxicity of As, Cd, and Pb
mixture: synergistic action of the metal mixture
in glial and neuronal functions. Toxicological
Sciences. 2010, 118, 586-601.

Rajesh, S.Y. Madhu, L.S. Rajendra K.S. Ramesh, C.
Aditya B.P. Fakhrul, I. Vinay, K.K. Attenuation of
arsenic neurotoxicity by curcumin in rats.
Toxicology and Applied Pharmacology. 2009,
240, 367-376.

Ramakrishnan, R. Elangovan, P. Pari, L. Protective
role of Tetrahydrocurcumin: an active
polyphenolic curcuminoid on cadmium-Induced
Oxidative damage in rats. Applied Biochemistry
and Biotechnology. 2017, 183(1), 51-69.

Richa, G. Flor, SJ.S. Effect of Centella asiatica on
arsenic-induced oxidative stress and metal
distribution in rats. Journal of Applied
Toxicology. 2006, 26, 213-222.

Schieber, M. Chandel, N.S. ROS function in redox
signalling and oxidative stress. Current Biology.
2014, 24(10), 453-462.

20

Mesram Nageshwar et al, Int.]. Res. Pharm. Sci., 10(1), 14-20

Shoufang, J.]Jing, S. Sanqiao, Y. Yanshu, Z. Fuyuan, C.
Fei, W. Huihui, W. Jun, L. Shuhua, X. Fluoride and
arsenic exposure impairs learning and memory
and decreases mglur5 expression in the
hippocampus and cortex in rats. Plos One. 2014,
9(4): 1-10.

Xi, S. Guo, L. Qi, R. Sun, W. Jin, Y. Prenatal and early
life arsenic exposure induced oxidative damage
and altered activities and mRNA expressions of
neurotransmitter metabolic enzymes in
offspring rat brain. Journal biochem molecular
toxicology. 2010, 24, 368-378.

Yadav, R.S. Shukla, R.K. Sankhwar, M.L. Patel, D.K.
Ansari, RW. Pant, A.B. Neuroprotective effect of
curcumin in arsenic-induced neurotoxicity in
rats. Neurotoxicology. 2010, 31, 533-539.

Ying, X. Guifeng, Z. Effects of Meso-2,3-
Dimercaptosuccinic Acid, Potassium lodide And
Chlorophyll On Lead Accumulation In Male Mice.
International Journal of Occupational Medicine
and Environmental Health. 2017, 30(1):87-93.

Yuka, Y. Mitsuru, K. Masanobu, Y. Migiwa, O. Eri, T.
Kazumichi, S. Akira K. The effects of 2,3-
dimercapto-1-propane sulfonic acid (DMPS) and
meso-2,3-dimercaptosuccinic acid (DMSA) on
the nephrotoxicity in the mouse during repeated
cisplatin (CDDP) treatments. Journal of
Pharmacological Sciences. 2017, 134, 108-115.

© International Journal of Research in Pharmaceutical Sciences



	Mesram Nageshwar, Kherda Takhelmayum, Karnati Pratap Reddy*
	ISSN: 0975-7538
	INTRODUCTION
	MATERIALS AND METHODS
	Behavioural tests
	Measurement of oxidative stress markers Assay of Lipid peroxidation (LPO)
	Assay of Superoxide dismutase (SOD)
	Assay of Catalase activity (CAT)
	Assay of Glutathione peroxidase (GPx)
	RESULTS
	Oxidative stress markers
	DISCUSSION
	CONCLUSION
	Acknowledgement
	REFERENCES


