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Oxidative stress is defined as the imbalance between the production of free radicals and the ability of
the body to detoxify their harmful effects through neutralization by antioxidants. The aim of the study
was to investigate the effect of cadmium on oxidative stress enzymes and the reversal effect of
vitamin-C. For this purpose rats were exposed to cadmium through subcutaneous injections and post
administration of vitamin-C for a period of thirty days. Superoxide dismutase (SOD), Catalase
(CAT), Glutathione peroxidase (GPx), Xanthine oxidase (XOD) enzyme activities and Thiobarbituric
acid reactive substances (TBARS) were estimated in cortex, cerebellum and hippocampus of rat
brain. cadmium administration led to decrease in the levels of oxidative stress enzymes and increase

in the levels of TBARS. Vitamin-C an antioxidant prevented cadmium induced alterations in the
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Vitamin-c,

Superoxide dismutase,
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antioxidant enzyme and oxidative neutralising enzymes partially to the control level.
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INTRODUCTION

Cadmium (Cd) is an environmental carcinogen, not degraded
in the environment and a potent toxicant in a number of tissues
of rodents. Risk of human exposure to Cd is constantly
increasing through its contamination of the food chain which
includes basic foods like cereals and vegetables, which means
that the exposure is lifelong so it is classified as a human
carcinogen (Waalkes2003; ATSDR2005). (Agency for Toxic
Subtances and Disease Registry). Cd is more toxic to young
and new born rats when compared to adult rats may be due to
differences in the BBB (Blood Brain Barrier) integrity. It can
increase BBB permeability by penetrating and accumulating in
the brain of young and adult rats (Antonio et al., 2003;
Méndez-Armenta and Rios, 2007; Pari and Murugavel, 2007;
Gongalves et al., 2010), which leads to brain intracellular
accumulation, cellular dysfunction, cerebral edema and it can
disturb the degree and balance of excitation, inhibition in
antioxidant levels and synaptic neurotransmission in animal
brain (Minami ef al., 2001; Méndez-Armenta and Rios, 2007).
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Chemicals

Cd chloride and Vitamin-C were selected as test chemicals.
The chemicals used in this study were obtained from Sigma,
USA.

Animal exposure to Cd and Vitamin-C

The young albino rats (2months) were exposed to Cd and
vitamin-C  through subcutaneous injections. Rats were
randomly divided in to five groups, first group served as a
control, Second and third group rats were treated with low
dose of Cd(2mg/kg), and high dose of Cd for a period of 4
weeks, where as fourth and fifth groups of rats were treated
with both Cd and vitamin-C(50mg/kg). After the period of
dosage the animals were sacrificed through cervical dislocation
and the tissues were stored at -80°C for the further biochemical
analysis.

Biochemical Studies
Preparation of Brain Mitochondrial Fraction

Brain mitochondrial fractions were prepared following Lai and
Clark, 1979. Briefly, the tissue was homogenized in 5 volumes
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(w/v) of SET buffer (0.25M sucrose, 10mM Tris-HCI, and
ImM EDTA, pH 7.4). The homogenate was first centrifuge at
800 g for 10 min at 4°C, and then the supernatant was
centrifuged at 10,000 g for 20 min at 4°C. Then the pellet of
mitochondrial fraction was suspended in SET buffer.

Estimation of Superoxide Dismutase (SOD) activity

SOD activity was determined by using the epinephrine assay
of Misra and Fridovich (1972). The reaction mixture in a final
volume of 2.0ml contained 1.76ml of 0.05M carbonate buffer
(pH 10.2), 0.04ml of 30mM epinephrine (freshly prepared) and
0.2ml of s the enzyme extract. 1-3mM potassium cyanide will
inhibit both Cu/Zn SOD and extracellular SOD resulting only
Mn SOD activity only. Changes in absorbance were recorded
at 480nm, measured at 10sec intervals for 1lmin in a
spectrophotometer. The enzyme activity was expressed as
Units/mg protein.

Catalase assay

Catalase activity in the mitochondrial fraction was assayed
following the method of Chance and Maehly, 1955. The
reaction mixture in a final volume of 2.5ml contained 0.05M
phosphate buffer (pH 7.0) and appropriate amount of enzyme
protein. The reaction was initiated by the addition of 19mM
hydrogen peroxide (H,O,). The decomposition of H,O, was
followed directly by measuring the decrease in absorbance at
240nm, at 10 sec intervals for 1min in a spectrophotometer.
The catalase activity was expressed as n moles of H,O,
metabolized/mg protein/min.

Estimation of Thiobarbituric Acid Reactive Substances
(TBARS)

The level of lipid peroxidation in the tissues was measured in
terms of malondialdehyde (MDA; a product of lipid
peroxidation) content and determined by using the
thiobarbituric acid (TBA) reagent. The reactivity of TBA is
determined with minor modifications of the method adopted by
Hiroshi et al. (1979). To 2.5ml of homogenate, 0.5ml of saline
(0.9%sodium chloride), 1.0 ml of (20%w/v) trichloroacetic
acid (TCA) were added. The contents were centrifuged for 20
minutes on a refrigerated centrifuge at 4000 x g. To 1.0 ml of
supernatant, 0.25ml of TBA reagent was added and the
contents were incubated at 95°C for 1hr.Iml of n-butanol was
added to it. After thorough mixing, the contents were
centrifuged for 15 minutes at 4000g in a refrigerated
centrifuge. The organic layer was transferred into a clear tube
and its absorbance was measured at 532nm. The rate of lipid
peroxidation was expressed as p moles of malondialdehyde
formed/gm wet wt. of tissue.

Glutathione peroxidase (GPx) (EC 1.11.1.9) activity

GPX activity in the mitochondrial fraction of rat brain was
assayed as described by Rotruck ef al. (1973). The reaction
mixture contained 0.2 ml of EDTA, 0.2ml of 4mM sodium
azide, 0.2ml of glutathione reduced, 0.2ml of H,0,, 0.4ml of
0.32M Sodium pyrophosphate buffer (pH-7.0), 0.1lml of
enzyme source. Then the reaction mixture was incubated at 37°

C for 10 min. Then the reaction was arrested by adding of
0.5ml 10% TCA. Then centrifuged at 2000rpm for 10min. To
0.5ml of supernatant, 3.0ml of 0.3M disodium hydrogen
phosphate and 1.0 ml of DTNB were added and the reaction
was read at 412nm in spectrophotometer. The enzyme activity
was expressed as pmole/min/mg protein.

Glutathione-S-Transferase (GST) (E.C. 2.5.11.8) activity

GST activity in the cytosol fraction of the tissues of rats was
assayed by using l-chloro-2, 4-dinitro benzene (CDNB) (at
340nm) substrate as described by Habig ef al. (1974).The
reaction mixture in a final volume of 3.0ml contained: 150mM
phosphate  buffer (pH 7.5, 1mM CDNB, 5mM
glutathione(GSH) and an appropriate amount of enzyme
protein. The reaction was initiated by the addition of GSH and
incubated at 37°C. The formation of a thioether by the
conjugation of CDNB to GSH was monitored at 340nm in a
spectrophotometer. Thioether concentration was determined
from the slopes of initial reaction rates. A molar extinction
coefficient 9.6 x 10” cm™ was used in the calculations. The
activity was expressed as u moles of thioether formed/mg
protein/min, where one unit of enzyme activity is defined as
onep mole of thioether formed/mg protein/min.

Glutathione Reductase (GR)

GR activity in the mitochondrial fraction of the tissues of
albino rats was assayed by using EDTA (at 340nm) as
described by Staal et al. (1969). The reaction mixture in a final
volume of 3.0ml contained: 150mM phosphate buffer (pH 7.5),
EDTA, NADPH and an appropriate amount of enzyme protein.
The reaction was initiated by the addition of GSSH and
incubated at 37°C and the reaction was read at 340 nm.

Xanthine Oxidase (XO) activity

Xanthine oxidase activity is estimated by the method given in
Worthington Manual (2004). The assay mixture contains 1.9ml
of phosphate buffer (pH 7.5), 1.0ml of hypoxanthine and 0.1ml
of enzyme source. The reaction is initiated by the addition of
enzyme source. Blank will have all the assay mixture except
1.0ml reagent grade water as a substitute to the substrate.
Increase in absorbance is recorded and AA,y, is determined
from the linear curve. The rate is proportional to enzyme
concentration within limits of 0.01 to 0.02 units per test. The
activity is expressed as pmoles of urate formed/mg
protein/min.

RESULTS

Catalase activity

In the present study from fig 1 it was observed that Cd
exposure decreases the mitochondrial catalase activity in all
the three brain regions, i.e., cerebral cortex followed by
cerebellum and hippocampus in both low and high dose
groups. However chelation with antioxidant i.e, Vitamin-C to
Cd, reversed the inhibitory effect of Cd in all the three brain
regions, i.e., cerebral cortex followed by cerebellum and
hippocampus.
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Mn-SOD and Cu/Zn-SOD activity

The activities of mitochondrial Mn-SOD and Cu/Zn-SOD were
recorded highest in cerebral cortex followed by cerebellum and
hippocampus in the control rats. A decrease in the
mitochondrial Mn-SOD and Cu/Zn SOD activity was recorded
highest in cereberal cortex in both low and high dose groups.
However treatment with Vitamin-C to Cd, reversed the
inhibitory of Cd in all the three brain regions.

Glutathione peroxidase activity

The effect of Cd on Glutathione peroxidase (GPx) activity in
brain regions in both high and low dose groups is shown in Fig
3. A siginificant decrease of GPx activity was seen in both the
groups but the maximum decrease was seen in high dose.
However chelation with vitamin-C to Cd reversed the
inhibitory effect of Cd in all the three brain regions.

Lipid peroxidation

Mitochondrial lipid peroxidation was calculated in terms of
MDA levels. From the study fig 4 it was observed that Lipid
peroxidation activity was increased in both low and high dose
groups when compared to control. Increase in MDA levels was
seen more in high dose groups. However the LPx activity was
decreased in the animals supplemented with Vitamin-C along
with Cd-exposure. Among all the three brain regions studied,
cereberal cortex shows the maximum activity followed by
cerebellum and hippocampus.

Glutathione

Glutathione-S-transferase and

reductase activity

activity

The enzymatic activities of antioxidants such as Glutathione-S-
transferase (GST) and glutathione(GR) reductase were
represented in fig 5 and 5.1, A siginificant decrease was seen
in GRT and a significant increase in GST in all the three brain
regions when compared to the control rats. Treatment with
vitamin-c in Cd intoxicated rats showed significant alterations
in the activities of antioxidant enzymes when compared to the
Cd treated rats.
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Fig 1-Effect of cadmium on catalase activity in three different
brain regions Cerebral Cortex(CC), Cerebellum(CBM) and

Hippocampus(Hippo) and it reversal by Vitaman-C(Vit-C). Fig
1 represents catalase activity. Control rats were treated with
normal saline, remaining rats were treated with Cd at Low
dose (LD,2mg/kg/bw) and Highdose (HD,5mg/kg/BW)
through subcutaneous injections for a period of 3 weeks and
chelated with the Vitamin-C(50mg/kg subcutaneously) for last
one week. Each bar represents mean £ SD (n = 6). All values
are mean values of six albino rats and values marked with (*)
are significant at P<0.05-0.001
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Fig 2 and 2.1-Effect of cadmium on SOD isoforms (Mn-SOD
and Cu/ZnSOD) activities in three different brain regions
Cerebral Cortex(CC), Cerebellum (CBM) and Hippocampus
(Hippo) and it -reversal by Vitaman-C(Vit-C). Fig 2 and 2.1
represents Mn-SOD and Cu/Zn activity. Control rats were
treated with normal saline, remaining rats were treated with Cd
at Low dose(LD,2mg/kg/bw) and Highdose(HD,5mg kg/BW)
through subcutaneous injections for a period of 3 weeks and
chelated with the Vitamin-C(50mg/kg subcutaneously) for last
one week. Each bar represents mean + SD (n = 6). All values
are mean values of six albino rats and values marked with (*)
are significant at P<0.05-0.001

Xanthine oxidase activity (XOD)

The activity of XOD in brain regions of both control and
experimental rats are shown in Fig 6. XOD activity was
significantly increased in Cd treated rats when compared with
controls. However administration of vitamin-C in Cd exposed
rats significantly decreased the activities of XOD partially to
the control levels when compared with Cd treated rats.
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Fig 3- Effect of cadmium on Glutathione peroxidase (GPx)
activity in three different brain regions Cerebral Cortex (CC),
Cerebellum (CBM) and Hippocampus(Hippo) and it reversal
by Vitaman-C(Vit-C).

Control rats were treated with normal saline, remaining rats
were treated with Cd at Low dose (LD,2mg/kg/bw) and
Highdose (HD,5mg kg/BW) through subcutaneous injections
for a period of 3 weeks and chelated with the Vitamin-
C(50mg/kg subcutaneously) for last one week. Each bar
represents mean = SD (n = 6). All values are mean values of
six albino rats and values marked with (*) are significant at
P<0.05-0.001.
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Fig 4- Effect of cadmium on lipid peroxidation (LPx) activity
in three different brain regions Cerebral Cortex(CC),
Cerebellum (CBM) and Hippocampus (Hippo) and it reversal
by Vitaman-C (Vit-C).

Control rats were treated with normal saline, remaining rats
were treated with Cd at Low dose (LD,2mg/kg/bw) and
Highdose (HD,5mg kg/BW) through subcutaneous injections
for a period of 3 weeks and chelated with the Vitamin-C
(50mg/kg subcutaneously) for last one week. Each bar
represents mean + SD (n = 6). All values are mean values of
six albino rats and values marked with (*) are significant at
P<0.05-0.001.
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Fig 5 and 5.1- Effect of cadmium on Glutathione-S-transferase
(GST) and Glutathione reductase (GR) activities in three
different brain regions Cerebral cortex (CC), Cerebellum
(CBM) and Hippocampus (Hippo) and it reversal by Vitaman-
C(Vit-C). Fig. 5. and 5.1. represents GST and GRT activity.
Control rats were treated with normal saline, remaining rats
were treated with Cd at Low dose (LD,2mg/kg/bw) and
Highdose (HD,5mg kg/BW) through subcutaneous injections
for a period of 3 weeks and chelated with the Vitamin-
C(50mg/kg subcutaneously) for last one week. Each bar
represents mean £ SD (n = 6). All values are mean values of
six albino rats and values marked with (*) are significant at
P<0.05-0.001.
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Fig.6- Effect of cadmium on Xanthine Oxidase (XOD) activity
in three different brain regions Cerebral cortex(CC),
Cerebellum (CBM) and Hippocampus (Hippo) and it reversal
by Vitaman-C(Vit-C).Control rats were treated with normal
saline, remaining rats were treated with Cd at Low dose
(LD,2mg/kg/bw) and Highdose (HD,Smg kg/BW) through
subcutaneous injections for a period of 3 weeks and chelated
with the Vitamin-C(50mg/kg subcutaneously) for last one
week. Each bar represents mean + SD (n = 6). All values are
mean values of six albino rats and values marked with (*) are
significant at P<0.05-0.001.

DISCUSSION

The main objective of our present study was to examine
whether treatment with Vitamin-C can reverse Cd induced
oxidative stress in rat brain regions. We observed a significant
positive effect of Vitamin-C on altered oxidative stress
markers and antioxidant enzymes. Among all tissues brain
tissue is highly vulnerable to LPO (Lipid Peroxidation) due to
its high rate of oxygen utilization, a poor antioxidant
protection, high content of transition metals like copper and
iron in several regions and abundant supply of polyunsaturated
fatty acids(Calabrese et al., 2000). The present study was carry
out to examine Cd induced oxidative stress in rat brain, in our
study we observed a significant increase in lipid peroxidation
(i.e is increase in MDA (malinoldehyde) levels) in all the three
brain regions(cortex, cerebellum, hippocampus). Out of all the
three regions cortex shows highest amount of increase in LPO.

Possible reason for increasing LPO in three brain regions
might be due to that cd induces lipid peroxidation (LPO) by
stimulating the production of superoxide anions(El-Demerdash
et al., 2004), and an increase in LPO results decrease in the
antioxidant activity of SOD(super oxide dismutase). From Fig
4 we can clearly see increase in MDA levels and decrease in
SOD levels in all the three brain regions.

SOD has been considered to be an important antioxidant
enzyme that protects from the damage caused by superoxide
radicals. Cu, Zn-SOD is a dimeric enzyme that dismutates
superoxide to molecular oxygen and hydrogen peroxide. From
our results we have demonstrated that Cd strongly inhibited the
activities of SOD isoforms such as Cu, ZnSOD and Mn-SOD.
Some studies have showed that Cd can replace Zn*" to reduce
SOD activity (Bauer et al., 1980; Kofold et al., 1991). One of
the main mechanism involved in cd inducing oxidative stress
in brain is by generation of the reactive oxygen species(ROS)
by treating the rat brain with Cd. Cd has high affinity for the
sulphydril groups in enzymes and proteins and its binding can
alter their correct function. Binding of Cd to the sulphydril
groups of glutathione could allude in the induction of oxidative
stress (Antonio et al., 2002).

After treating with Cd it get interact with mitochondrial sites
which leads to the breakdown of the mitochondrial potentials
which results in subsequent reduction of intracellular
glutathione levels (Lopez et al., 2006). Increase in LPO not
only induces ROS but also lead to the loss of membrane bound
ATPases activities and modulates the cell functions. In our
present study Cd alters the antioxidant enzymes such as SOD,

CAT (catalase), GPx(glutathione peroxidase). Alteration in
these enzymes leads to production of free radicals which
results disturbances in brain metabolism, structural integrity of
lipids, membrane bound enzymes and also contributes to the
neurotoxic effects, in our previous study we observed that Cd
induces neuro chemical alterations and decrease in ATPase
activities. Our results are also consistent with these results
(Shukla et al., 1995). Oxidative stress not only alters the
antioxidant enzymes but it also alters dopaminergic neurons
(Block et al., 2007; Liu and Hong, 2003).

According to the studies by Bondy et al. brain has a high rate
of oxidative metabolism consuming 20% of the cardiac output
and when compared with other organs such as lung, liver and
other, brain contains relatively low levels of enzymatic and
non-enzymatic antioxidants and high amounts of peroxidizable
unsaturated lipids, rendering it more exposed to oxidative
stress when compared to other tissues. Our results have shown
a significant reduction of both glutathione peroxidase (GPx)
and glutathione reductase (GR) activity in the three brain
regions. A profound decrease was observed in GPx and GR
activities as well as the marked increase in MDA and GST
levels is observed in cortex of Cd exposed rats. Cd exposure is
indicative of the lowered antioxidant capacity of this brain
region being possibly related to their vulnerability towards Cd.

On the contrary, SOD, CAT is significantly reduced, which
possibly accounts for the marked increase in lipid
hydroperoxides observed in brain region. Current studies
revealed that Cd produces ROS, which results increase in
MDA levels and decrese in sulphydryls, deficiency in
antioxidant defences, differences in calcium homeostasis and
finally leads to DNA damage. (Kumar ef al., 1996; lopez et al.,
2006). Our results are also consistent with these results which
results increase in MDA levels, depletion in GSH, GPx SOD
and CAT activities. Recent studies by Chen et al., (2008, 2011)
elucidated that Cd induced neural toxicity is due to induction
of ROS species which leads to oxidative stress. Cd induced
oxidative stress is time and dose dependent manner in PC12
and SH-SYSY cells (Chen et al., 2008).

These studies are parallel with our studies that decrease in
antioxidant enzymes SOD isoforms, CAT, GPx and GR is
more in high dose when compared to low dose and controls,
which clearly indicates Cd induces oxidative stress is time and
dose dependent manner. Our present findings suggest that the
disturbance in oxidant-antioxidant balance after the Cd insult
might play a part in rendering brain tissue more vulnerable to
free radical induced injuries. Studies by Banerjee ef al. (1999)
revealed that enzymatic scavengers of oxygen free radicals
(OFRs) such as SOD, CAT, GPx, GST, GR and G6PDH may
protect the system from deleterious effect of OFRs.
Siginificant reduction levels of SOD and CAT results in
accumulation of superoxides and peroxides.

From our present study we observed a significant reduction in
the activities of enzymatic antioxidants in Cd exposed cortex,
cerebellum, hippocampus could be interpreted to tilt the
balance between antioxidants and prooxidants which results in
higher levels of ROS and an increase in MDA levels. One of
the main route for transportation of Cd in to brain by
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occupational is the olfactory route. It is transported beside the
primary olfactory neurons to their terminations in the olfactory
bulbs there by passing intact BBB (Bonider et al., 2008;
Czarnecki et al., 2011). Embryos treated with Cd also showed
alterations in the brain development particularly in the hind
brain region (Chow et al., 2008). Invivo exposure of Cd cause
damage in cerebral micro vessels and it may allied with
oxidative stress. Cd exposure showed a lateral decrease in
micro vessel enzymes involved in cellular redox reactions,
such as SOD, CAT, GPx and a subsquent increase in LPO
(Shukla et al, 1996). Cd showed a siginificant increase in
levels of LPO in parietal cortex, cerebellum and straitum
(Mendzarmentia et al., 2003). Patients with Parkinson’s
disease and neuropsychiatric disorder also showed alterations
in the enzyme activities of SOD, CAT and enzymes which
involved in free radical damage (Ravikumar et al., 2000).

Ingestion of Cd results in exploitation of glutathione (GSH)
and protein binding hydroxide, and superoxide anions (Valko
et al., 2005). Increase in oxidative stress in a biological system
may be due to increase in LPO levels in Cd induced rats which
may lead to alterations in the antioxidant defence system
(Jemai et al., 2007; Newairy et al., 2007). Antioxidants can
neutralize increased oxidative stress induced by Cd(El-Missiry
et al., 2000). Vitamin-C is a water-soluble vitamin required by
the body to maintain normal metabolic activities, and is
synthesized in the body to meet al 1 physiological and
biological requirements (Bardakioulu ef al., 2005).

Recent studies revealed that administration of antioxidants
such as Vitamin—C can partially prevented the inhibition of
oxidative stress marker enzymes. Studies of Ajuwon and
Idowu, 2010 treating broilers with Vitamin—C decreased the
MDA levels either partially or to the control levels. Studies by
Stefanello ef al., (2011) also showed that the administration of
Vitamin-C decreases the Cd induced toxicity. In conclusion
findings of our present study submit that the brain regions such
as cortex, cerebellum, hippocampus revealed a wvariable
depletion in antioxidant enzyme activities and oxidative stress
marker enzymes on exposure to Cd indicating that early
exposure of Cd may lead to peroxidative reactions in
membrane lipids of the brain which leads to increase in MDA
levels and decrease in oxidative neutralising enzymes.
Vitamin-C may develop as a useful antioxidant against Cd
induced toxicity.

REFERENCES

Ajuwon, O.R. and Idowu, O.M.O. 2010. Vitamin C attenuates
copper-induced oxidative damage in broiler chickens.
African J. Biotech.,9: 7525-7530.

Antonio, M.T., Corredor, L. and Leret, M.L. 2003. Study of
the activity of several brain enzymes like markers of the
neurotoxicity induced by perinatal exposure to lead and/or
cadmium. ToxicolLett., 143: 331-340.

Antonio, M.T., Lopez, N. and Leret, M.L. 2002. Pb and Cd
poisoning during development alters cerebellar and striatal
function in rats. Toxicology, 176: 59-66

ATSDR. 2005. Agency for Toxic Subtances and Disease
Registry. U.S. Toxicological Profile for Cadmium,

Department of Health and Humans Services, Public Health
Service, Centers for Disease Control, Atlanta, GA, USA.
Banerjee, B.D., Seth, V., Bhattacharya, A., Pasha, S.T. and
Chakraborty, A.K. 1999. Biochemical effects of some
pesticides on lipid peroxidation and free-radical

scavengers. ToxicolLett., 107:33-47

Bardakioulu, H. E., Turkyilmaz, M. K., Nazligul, A. and Onol,
A. G. 2005. Effects of vitamin C supplementation on egg
production traits and egg shell quality in Japanese quails
(Coturnixcoturnix japonica) reared under high ambient
temperature. Turk J Vet Anim Sci., 29: 1185-1189.

Bauer, R., Demeter, 1., Hasemann, V. and Johansen, J.T. 1980.
Structural properties of the zinc site in Cu, Zn-superoxide
dismutase; perturbed angular correlation of gamma ray
spectroscopy on the Cu, 111Cd-superoxide dismutase
derivative. BiochemBiophys Res Commun., 94:1296—1302.

Block, M.L., Zecca, L. and Hong, J.S. 2007. Microglia-
mediated neurotoxicity: Uncovering the molecular
mechanisms. Nat. Rev. Neurosci. 8: 57—69.

Bondy, S.C. 1997 Free radical mediated toxic injury to the
nervous system. In: Wallace KB (ed): Free Radical
Toxicology, Taylor and Francis, Oxford, pp. 221-248.

Bondier, J.R., Michel, G., Propper, A. and Badot, P.M. 2008.
Harmful effects of cadmium on olfactory system in mice.
InhalationToxicology. 20(13):1169-1177.

Cadet, J. L., Ladenheim, B., Baum, 1., Carlson, E. and Epstein,
C. 1994. Cu, Zn-SOD transgenic mice show resistance to
the lethal effects of methylenedioxyamphetamine (MDA)
and of methylenedioxymethamphetamine (MDMA). Brain
Res. 655: 259-262.

Calabrese, V., Bates, T.E. and Stella, AM.G. 2000. NO
synthase and NO-dependent signal pathways in brain aging
and neurodegenerative  disorders: the role of
oxidant/antioxidant balance. Neurochem. Res. 25:1315-
1341.

Chow, E. S. H., Hui, M. N. Y., Lin, C.C. and Cheng, S. H.
2008. Cadmium inhibits neurogenesis in zebrafish
embryonic brain development. Aquatic Toxicology.
87(3):157-169.

Chance, B., Maehly, A.C., 1955. Assay of catalases and
peroxidases. Methods Enzymol., 2, 764-775.

Czarnecki, L. A., Moberly, A. H., Rubinstein, T., Turkel, D. J.,
Pottackal, J. and McGann, J.P. 2011. In vivo visualization
of olfactory pathophysiology induced by intranasal
cadmium instillation in mice. NeuroToxicology. 32(4):
441-449,

Chen, L., Xu, B. and Liu L. et al., 2011. Cadmium induction
of reactive oxygen species activates the mTOR pathway,
leading to neuronal cell death. Free RadicBiolMed., 50(5):
624-632.

Chen, L., Liu, L. and Huang, S. 2008. Cadmium activates the
mitogen activated protein kinase (MAPK) pathway via
induction of reactive oxygen species and inhibition of
protein phosphatases 2A and 5. Free RadicBiol Med.,
45(7):1035-1044.

EL-Demerdash, F.M., Yousef, M.I, Kedwany, F.S. and
Baghdadi, H.H. 2004 Cadmium-induced changes in lipid
peroxidation, blood hematology, biochemical parameters
and semen quality of male rats: Protective role of vitamin E
and beta-carotene. Food ChemToxicol., 42: 1563-1571.



23105

International Journal of Current Research, Vol. 7, Issue, 11, pp.23099-23105, November, 2015

EL-Missiry, M.A. and Shalaby, F. 2000.Role of beta-carotene
in ameliorating the cadmium-induced oxidative stress in rat
brain and testis. J BiochemMolToxicol., 14: 238-243.

Gongalves, J.F., Fiorenza, A.M., Spanevello, R.M., Mazzanti,
C.M., Bochi, G.V., Antes, F.G., Stefanello, N., Rubin,
M.A., Dressler, V.L., Morsch, V.M. and Schetinger,
M.R.C. 2010. N-Acetylcysteine prevents memory deficits,
the decrease in acetylcholinesterase activity and oxidative
stress in rats exposed to cadmium. Chem. Biol. Interact.,
186: 53-60.

Hiroshi, O., Ohishi, N., Yagi, K., 1979. Assay of lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal. Biochem., 95, 351-358.

Habig, W.H., Pabst, M.J., Jakoby, W.D., 1974. Glutathione
transferase, the first enzymatic step in mecapturic acid
formation. J. Biol. Chem., 249, 7130-7139.

Jemai, H., Messaoudi, 1., Chaouch, A. and Kerkeni, A. 2007.
Protective effect of zinc supplementation on blood
antioxidant defense system in rats exposed to cadmium. J.
Trace Elem. Med. Biol., 21: 269-273.

Kofod, P., Bauer, R., Danielsen, E., Larsen, E. and Bjerrem,
M.J. 1991. 113Cd-NMR investigation of a cadmium-
substituted copper, zinc-containing superoxide dismutase
from yeast. Eur J Biochem., 198:607-611.

Kumar, R., Agarwal, A.K. and Seth, PK. 1996. Oxidative
stress mediated neurotoxicity of cadmium. ToxicolLett., 89:
65-69.

Lai, J.C., Clark, J.B., 1979. Preparation of synaptic and
nonsynaptic mitochondria from mammalian brain. Methods
Enzymol., 55, 51-60.

Liu, B. and Hong, J.S. 2003. Primary rat mesencephalic
neuron-glia, neuronenriched, microglia-enriched, and
astroglia-enriched cultures. Methods Mol. Med., 79:387—
395.

Lopez, E., Arce, C., Oset-Gasque, M.J., Canadas, S. and
Gonzalez, M.P. 2006. Cadmium induces reactive oxygen
species generation and lipid peroxidation in cortical
neurons in culture. Free RadicBiol Med., 40:940-951

Mendez-Armenta, M. and Rios, C. 2007. Cadmium
neurotoxicity. Environmental Toxicology and
Pharmacology, 23(3): 350-358.

Mendez-Armenta, M., Villeda-Hernandez, J., Barroso-Moguel,
R., Nava-Ruiz, C., Jimenez-Capdeville, ME. and Rios, C.
2003. Brain regional lipid peroxidation and metallothionein
levels of developing rats exposed to cadmium and
dexamethasone. ToxicolLett. 144:151-157.

Misra, H.P., Fridovich, 1., 1972. The role of superoxide anion
in the auto-oxidation of epinephrine and a simple assay for
superoxide dismutase. J. Biol. Chem., 247, 3170-3175.

Minami, A., Takeda, A., Nishibaba, D., Takefuta, S. and Oku,
N. 2001. Cadmium toxicity in synaptic neurotransmission
in the brain. Brain Res., 894: 336-339.

Newairy, A.A., El-Sharaky, A.S., Badreldeen, M.M., Eweda,
SM. and Sheweita, S.A. 2007. The hepatoprotective effects
of selenium against cadmium toxicity in rats. Toxicol., 242:
23-30

Pari, L. and Murugavel, P. 2007. Diallyltetrasulfide improves
cadmium induced alterations of acetylcholinesterase,
ATPases and oxidative stress in brain of rat. Toxicology,
234: 44-50.

Ravikumar, A., Arun, P., Devi, K.V., Augustine, J. and Kurup,
P.A. 2000. Isoprenoid pathway and free radical generation
and damage in neuropsychiatric disorders. Indian J Exp
Biol., 38:438-446.

Rotruck, J.T., Pope, A.L., Ganther, H.E., 1973. Selenium:
biochemical role as a component of glutathione purification
and assay. Science, 179, 588-590.

Staal, G.E., Visser, J., Veeger, C., 1969. Purification and
properties of glutathione reductase of human erythrocytes.
Biochim. Biophys. Acta., 185, 39-48.

Stefanello, F.M., Ferreira, A.G.K., Pereira, T.C.B., Cunha,
M.J., Bonan, C.D., Bogo, M.R. and Wyse, A.T.S. 2011.
Acute and chronic hypermethioninemia alter Na', K'-
ATPase activity in rat hippocampus: prevention by
antioxidants. Int. J. Dev. Neurosci., 29: 483488

Valko, M., Morris, H. and Cronin, M.T. 2005. Metals, toxicity
and oxidative stress. Curr Med Chem., 12: 1161-1208.

Waalkes, M. P. 2003. Cadmium carcinogenesis. Mutat. Res.,
533:107-120.

Worthington Manual., 2004. Xanthine Oxidase Assay.
Worthington Biochemical Corporation, USA, 399-401.

Zhu, Y., Carvey, P.M. and Ling, Z. 2006. Age-related changes
in glutathione and glutathione-related enzymes in rat brain.
Brain Res., 1090: 3544,

kst sk sk skoskook



