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The present study has been carried out to investigate the neuroprotective activity of cinnamon
(Cinnamon zeylanicumin) on lead induced neurotoxicity and behavioral impairments in rats. Different
behavioral parameters and biochemical assays in brain of rats were observed. Rats exposed to lead
(lead acetate 5.0mg/kg body weight p.o. for 28 days) caused a significant decrease in body weight,
brain weight and behavioral changes as compared to controls. The increased levels of lead in blood
and brain also increases the levels of ROS, LPO and decreases the levels of GSH with concomitant
reduction in SOD, CAT and GPx activities in brain of rats treated with lead as compared to controls.
Co-treatment of lead with cinnamon oil (75mg/kg body weight p.o. for 28 days) decreases the levels
of ROS, LPO and increases the level of GSH, SOD, CAT and GPx activity and showed
improvements in behavioral changes as compared to lead treated groups. The results obtained were
compared with vitamin E (100 mg/kg body weight p.o. for 28 days)as the standard antioxidant drug.
Our results suggested that, cinnamon oil causes improvement in behavioral deficits and oxidative
stress similar to that of standard drug, vitamin-E. This work reveals the potential of cinnamon oil as a
protective drug for lead induced neurotoxicity and associated human health risk.
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INTRODUCTION

Lead is ubiquitous non-essential toxic heavy metal found in the
environment with potential danger to humans, animals and
plants. Lead exposure are mostly occurs through petroleum
products, leaded paints and drinking water, which is connected
with the hepatic, renal, cardiovascular, bone, immune and
brain disorders (Whit ef al., 2007; Spivey, 2007; Murata et al.,
2009). Particularly, the developing nervous system is more
vulnerable to the toxicity of lead; therefore children are at a
higher risk to its toxicity (Lidsky and Schneider, 20006).
Occupational and industrial exposure to lead among workers
results in accumulation of lead in their body organs and tissues
(Menke et al., 2006). Epidemiological studies have reported
that chronic lead exposure may cause CNS injury in children
and also affects their growth, hearing ,short-term memory,
intelligence and even brain damage and death (Cleveland et
al., 2008).

*Corresponding author: Dr. Pramod Kumar Singh,
Department of Biochemistry, All India Institute of Medical Sciences, Bhopal-
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Studies have also shown that exposure to lead induced a broad
range of physiological, biochemical, apoptotic and behavioral
dysfunctions in animals and humans (Flora et al,
2008).Peripheral neuropathy have also been detected in lead
neurotoxicity that further causes decreased motor activity due
to loss of myelin sheath and thus impaired the signal
transmission between nerves, muscular weakness, especially
of the exterior muscles, lack of muscular coordination and
fatigue (Sanders er al., 2009). Medicinal plants, natural
antioxidants and metal chelating agents have been used to
investigate their protection against heavy metal toxicity (El-
Nekeety et al., 2009; Hossain et al., 2016; Singh et al., 2016).
The aggregate evidences supported the beneficial effect of
cinnamon oil in a variety of neurological and
neurodegenerative conditions, but with variable results
(Peterson et al., 2009). Cinnamon (Cinnamomum zeylanicum),
is a medicinal plant belongs to Luaraceae family. The
constituents of cinnamon are cinnamaldehyde, cinnamic acid
and cinnamate, which are present in the essential oil thus
contributing to the various biological activities (Yeh et al.,
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2013). It is rich in natural polyphenolic compound.
Polyphenols act as reactive oxygen and nitrogen species
scavengers, redox-active transition metal chelators and enzyme
modulators (Rice-Evans et al., 1997). Many studieshave been
reported that cinnamon oil has antioxidant, anti-inflammatory,
cardiovascular, antitumor, antimicrobial, antibacterial, immuno
modulatory and cholesterol-lowering effects (Charles Denys,
2012; Rao and Gan, 2014). In view of continuation to the
previous studies, the present study has been carried out to
investigate the metal chelating properties and neuroprotective
efficacy of cinnamon oil in lead induced changes in behavioral
and biochemical parameters in brain of rats.

MATERIALS AND METHODS

Drugs and Chemicals

Cinnamon oil was purchased from Kama Ayurveda pharmacy,
Mumbai (INDIA) and Vitamin-E was purchased from Merck
Pharmaceuticals Ltd, Goa (INDIA).Lead acetate (C,H;0,),
Pb-3H,0), Sodium chloride (NaCl), Potassium chloride
(KCl),Disodium hydrogen phosphate (Na,HPO,), Potassium
ortho phosphate (H,KO,P), Hydrochloric acid (HCI), Nitric
acid (HNOj), 2,7 dichlorodihydrofluorescein-diacetate
(DCFH-DA), Ethylenediaminetetraacetate (EDTA), Hydrogen
peroxide (H,0,), Perchloric acid (HCIO,), Nicotinamide
adenine dinucleotide (NADH), 5,5-dithiobis 2-nitrobenzoic
acid (DTNB), Trichloro acetic acid (TCA), Reduced
glutathione (GSH) were purchased from Sigma-Aldrich, USA).

Animals and treatment

In our study, we used adult male rats (weight 180£20 g) of
wistar strain (n=24) that were purchased from animal house of
the Indian Institute of Toxicology Research (IITR), Lucknow,
(UP) India. The animals were separately housed in
polypropylene cages at room temperature (2242°C) and
relative humidity of 50+10 % and 12h light dark cycles. They
have given free access to pellet diet and water ad libitum. All
experiments were approved by the Institutional Animal Ethics
Committee (wide letter no-80/IAH/Pharma-13) for the use of
laboratory animals in accordance with the guidelines by the
committee for the purpose of control and supervision of
experiments on animals (CPCSEA), Ministry of Environment
and Forests (Government of India), New Delhi, India.

The animals weredivided in to four groupswith six animals
per group as follows

e Groupl: treated with vehicle (distilled water) and
served as control for 28 days.

e Groupll: treated with lead acetate (5.0 mg/kg b.wt./
oral; dissolved in distilled water) for 28 days.

e Group III: treated with lead acetate (5.0 mg/kg
b.wt./oral) and Cinnamon zeylanicumin (75 mg/kg
b.wt./oral; dissolved in 2% tween-20) for 28 days.

e Group IV: treated with lead acetate (5.0 mg/kg b.wt./
oral) and Vitamin-E (100 mg/kg b.wt./oral; dissolved in
2% tween-20, served as standard drug) for 28 days.

Neurobehavioral activities were carried out as per plan after
the last dose of treatment. A set of five rats randomly selected
from each treatment group were used to assess spontaneous

locomotor activity, rota- rod performance. The same set of rats
wasused to measure elevated plus maze test after 2h interval.

Neurobehavioral parameters
Spontaneous locomotor activity

Spontaneous locomotor activity in rats was investigated with
the help ofActo-photometer. The movement of animals across
the grills of the equipment was recorded as mentioned by (Ali
et al., 1990). Effect of lead and the protective effect of
cinnamon oil on total distance travelled were studied in rats of
control and treated groups.

Rota - rod performance

The performance index of rats on equipment was monitored by
standard procedure by (Rogers et al., 1997). Protective effect
of cinnamon oil and toxic effect of lead on motor coordination
was studied in rats using Rotomex-rota-rod equipment
(Columbus Instruments, USA) and the time of fall was
monitored from the rotating rod.

Elevated plus-maze test

Effect of lead exposure and the protective effect of cinnamon
oilon time spent in open arms were recorded in control and
treated rats by using elevated plus maze according to the
method of Broad Hurst, 1960.

Blood collection and tissue homogenate preparation

After the neurobehavioral studies, rats were fasted for 12hrs
before being anesthetized by injection (i.p.) of sodium
pentothal (50 mg/kg b.wt.) solution. Blood sample was
withdrawn through retro-orbital plexus and collected in
EDTA-coated glass tubes for estimation of blood lead levels.
There after five rats from each treatment group were sacrificed
by cervical decapitation and immediately brains were excised,
cleaned, weighed according to the method of Glowinski and
Iversen, 1996. The whole brain was processed for the analysis
of biochemical assays. The brain tissue (10% w/v) was
homogenized in a phosphate buffered solution and centrifuged
at 12000rpm for 15 min at 4° C. The supernatants were mixed
with reaction mixture for analysis of superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx) activity,
reduced glutathione (GSH) and lipid peroxide (LPO) level.
Rest of the brain tissue was homogenized in 10 uM DCFH-DA
(2, 7-Dichloro Dihydrofluorescein Diacetate) for measurement
of reactive oxygen species (ROS).

Biochemical parameters
Measurement of reactive oxygen species

ROS level in brain tissue was performed by the method of
(Socci et al., 1999) by using 2, 7-dichlorodihydrofluorescin-
diacetate dye that is converted into highly fluorescent 2, 7-
dichlorofluorescin by cellular peroxides (including hydrogen
peroxidation). Fluorescence technique was used to showed
absorbance at 488-nm excitation and 525-nm emission
wavelengths using a fluorescence plate reader. The amount of
ROS level was expressed as nmol/min/mg protein in brain.
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Assay of lipid peroxide

The level of LPO in brain tissue was estimated by the standard
method of Ohkawaet al., 1997with few modifications and the
intensity of pink color formed during the reaction was read at
532 nm. The amount of lipid peroxidation formed was
expressed as n moles/mg of protein.

Assay of reduced glutathione

Reduced glutathione was assayed following the method of
Ellman et al., 1950 with few modifications.GSH levels in brain
were deprotonized by adding 1.5 ml TCA, an appropriate
standard of GSH (1-10 p moles) was also run simultaneously.
The data was expressed as L moles GSH /g tissue in brain.

Assay of superoxide dismutase activity

The activity of SOD in brain tissue was measured by the
method of McCord and Fridovich, 1969, using NADH as a
substrate in the post mitochondrial fraction of brain. The data
was expressed as units/min/mg protein.

Assay of catalase activity

Catalase activitywas assayed according to method of Aebi,
1984, spectrophotometrically in post mitochondrial fraction
using hydrogen peroxide (H,O,) as substrate with few
modifications. The data was expressed as unit/min/mg protein.

Assay of glutathione peroxidase activity

Glutathione peroxidase activity was measured by the
procedure of Pagila and Valentine, 1967, using few changes.
The data was expressed as j1g /min/mg protein.

[
Protein estimation

Protein content was assayed by method of Lowry et al.,1951,
using bovine serum albumin as a reference standard.

Lead Level
Estimation of lead levels in blood and brain

Lead levels in whole blood and brain were assessed as
described by the method of Gupta and Gill, 2000. The
absorbance was read by using graphite furnace atomic
absorption spectrophotometer (GFASS) at 283 nm wavelength.
A calibration curve was raised by adding known amounts of
lead standard to calculate lead levels in the blood and brain
tissue and data was expressed as pg/dl blood or pg/g wet
tissue.

Statistical analysis

The data was expressed as the Mean + S.E. The statistical
analysis was carried out by Graph Pad Prism 5.0 using one
way analysis of variance (ANOVA) followed by Newman-
Keuls test for multiple pair wise comparisons among the
groups. Values up to P < 0.05 have been considered
significant.

RESULTS

Changes in body and brain weight

Effect of oral administration of lead (5.0 mg/kg b.wt.) in rats
caused significant decrease in body weight (19%) in

comparison to that of control. Co-treatment with lead and
cinnamon oil (75mg/kg b.wt.) has shown improvement in body
weight (11.4%) of rats as compared to that of lead intoxicated
groups. Similarly, lead and vitamin-E exposed groups caused a
significant increase in body weight (13.2%) as compared to
those treated with lead alone groups. There was no significant
change in brain weight between the groups(Table 1)

Table 1. Effect of lead, lead + cinnamon oil and lead + vitamin-E
on body and brain weight of rats for 28 days

Group Body Weight (g) Brain Weight (g)
Control 337+8.15 1.79 £ 0.07
Lead (5.0 mg/kg) 273+ 6.81%" 1.66 + 0.08™
Lead + cinnamon oil (5.0 +75mg/kg) 304 + 11.00>" 1.72+ 0.06™
Lead + vitamin-E (5.0 + 100mg/kg) 309 £ 11.77> 1.75+0.07™

All values are mean + S.E. (n=5). a**(P <0.01)-compared to control group,b*
(P <0.05)-compared to lead treated groups, ns-non significant

Effect on spontaneous locomotor activity

Toxic effect of lead in rats caused significant decrease in total
distance travelled (30.5%), producing memory and cognition
deficit as compared to rats in the control group. Whereas total
distance travelled (28.6%) was increased in the co-treatment
group as compared with lead treated alone group, also lead and
vitamin-E intoxicated rats showed increased distance travelled
(21.0 %), these parameters are briefed in Figure 1.

2004
Control

gz Lead (5.0mgkg)
*b ExS Lead + Cinnamon oil (73mgrkg)
E= Lead + Vitamin-E (100 mg/kg)

-

o

o
1

100+

Movement/min

b=
=]
I

l] =
Values are mean + S.E. (n=5).a**(P < 0.01)-compared to control group,b* (P
< 0.05)-compared to lead treated groups.

Figure 1. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E onSpontaneous locomotor activity of rats for 28 days

Effect on rota-rod performance

A significant impairment in motor coordination (21.1%) was
observed in rats treated with lead as these rats fell rapidly from
the rotating rod compared to that of control. It was noted that
the rats simultaneously co-treated with lead and cinnamon oil
stayed on the rotating rod for a longer period of time (13.9%)
as compared to those treated with lead. Likewise, co-treatment
with lead and vitamin-E caused longer period of time (18.6%)
stayed on rotating rod (Figure 2).

300
Control

*b gz Lead (5.0 mg/kg)
E=E Lead + Cinnamon oil (75 mg'kg)
E= Lead + Vitamin-E (100 mg'kg)

200

100

Performance in seconds

0
Values are mean + S.E. (n=5). a**(P < 0.01)-compared to control group,b*(P
< 0.05)-compared to lead treated groups

Figure 2. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E onRota-rod performance of rats for 28 days
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Effect on exploratory behaviour and anxietyusing elevated
plus maze

Exposure to lead in rats have caused significantly less time
spent in open arms (43.6%) and produced exploratory behavior
and anxiety as compared to control group. Simultaneous
treatment with lead and cinnamon oil in rats has shown that
more time was spent in the open arms (50.0%) as compared to
different doses of lead treated rats. Similarly, lead and vitamin-
E treated rats have also caused more time spent in the open
arms (37.9%) when compared to lead intoxicated rats (Figure
3).

1804
Control

E=8 Lead (5.0mg/kg)
*b B Lead + Cinnamon oil (75mgkg)
E= Lead + Vitamin-E (100 mg'kg)

100+

waig

50

Time spent in the open arms (sec.)

Values are mean + S.E. (n=5). a***(P < 0.001)-compared to control group,b*
(P <0.05), b** (P <0.01)-compared to lead treated groups

Figure 3. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E on Elevated plus-maze test of rats for 28 days

Effect on reactive oxygen species

A significant increased level of ROS in brain (1.9 fold) was
observed in rats by exposure to lead as compared to control.
Rats treated simultaneously with lead and cinnamon oil caused
decrease ROS level in brain (1.5 fold) as compared to rats
treated with lead alone. Similarly, treatment with lead and
vitamin-E in rats also exhibited decrease ROS level in brain
(1.3 fold) as compared to rats treated with lead alone group
(Figure 4).

1.0+
wirg =3 Control

EEA Lead (5.0 mg'kg)
E=H Lead + Cinnamon oil (75 mgkg)
E= Lead + Vitamin-E (100 mg/kg)

0.4

0.2+

ROS level (nmol/min/mg protein)

Values are mean + S.E. (n=5). ***a (P < 0.001)-compared to control group, *b
(P <0.05), **b (P <0.01)-compared to lead treated groups

Figure 4. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-Eon the levels of reactive oxygen species in brain of rats
for 28 days

Effect on lipid peroxide

Lipid peroxidation level in brain (68.5%) was significantly
increased in rats of lead treated group as compared to control.
Co- treatment with lead and cinnamon oil exhibited significant
decrease in LPO level (21.5%) as compared to rats treated with
lead treated alone. Also, in lead and vitamin-E exposed groups
significantly decreased LPO level (25.6%) was produced as
compared to rats treated with lead alone group (Figure 5).

Control

E= Lead (5.0 mg/kg)

EEA Lead + Cinnamon oil (75 mg/kg)
E= Lead + Vitamin-E (100 mg/kg)

Lipid peroxide (nmol/g tissue)

Values are mean + S.E. (n=5).**a (P < 0.01)-compared to control group, *b (P
< 0.05)-compared to lead treated groups

Figure 5. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-Eon the levels of lipid peroxide in brain of rats for 28
days

Effect on reduced glutathione

A significant decrease in the level of GSH in brain (35.0%)
was observed in lead treated rats compared to that of control
group. Rats exposed simultaneously with lead and cinnamon
oil caused an increase in the GSH levels in brain (25.7%) as
compared to rats treated with lead alone. Similarly, treatment
with lead and vitamin-E in rats caused an increase in the level
of GSH in brain (36.4%) as compared to lead alone group
(Figure 6).

50
Control

E=E Lead (5.0 mgkg)
EER Lead + Cinnamon ofl (75 mg'kg)
E= Lead + Vitamin-E (100 mg'kg)

40-]

30

20

10

GSH (umol/g tissue)

0
Values are mean + S.E. (n=5).**a (P < 0.01)-compared to control group, *b (P
<0.05), **b (P <0.01)-compared to lead treated groups

Figure 6. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E on the levels of reduced glutathione in brain of rats for
28 days

Effect on superoxide dismutase activity

The activity of superoxide dismutase in brain (54.0%) of rats
was significantly decreased in lead treated groups as compared
to control. Simultaneous treatment with lead and cinnamon oil
caused an increase in the activity of SOD (65.2%) when
compared to lead treated rats. Similarly treatment with lead
and vitamin-E in ratsalso exhibited an increase in the activity
of SOD (60.9%) as compared to rats treated with lead alone
group (Figure 7).

Ez= Control

E=E Lead (5.0 mg'kg)

E=S Lead + Cinnameon oil (75 mg'kg)
E= Lead + Vitamin-E (100 mg/kg)

SOD (Units/min/mg protein)

Values are mean + S.E. (n=5). **a (P < 0.01)-compared to control group, *b (P
< 0.05)-compared to lead treated groups

Figure 7. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-Eon the activity of superoxide dismutase in brain of rats
for 28 days
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Effect on catalase activity

Effect of lead on the activity of catalase in brain (48.4%)was
significantly decreased in lead treated rats as compared to
those of control. Rats exposed simultaneously with lead and
cinnamon oil caused an increase in the activity of catalase
(50.2%) as compared to rats treated with lead alone. Similarly,
co-treatment with lead and vitamin-E in rats caused an increase
in the activity of catalase (58.4%), when compared to rats
treated with lead alone groups (Figure 8).

50
=1 Control

B8 Lead (5.0 mgkg)
8 Lead + Cinnamon oil (75 mg'ks)
E= Lead + Vitamin-E (100 mg/kg)

40

304

20+

10+

0

Catalase (Units/min/mg protein)

Values are mean + S.E. (n=5).**a (P < 0.01)-compared to control group, *b (P
< 0.05)-compared to lead treated groups

Figure 8. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E on the activity of catalase in brain of rats for 28 days

Effect on glutathione peroxidase activity

Rats exposed to lead caused significant decrease in glutathione
peroxidase activity (31.9%) as compared to those treated in the
control. Simultaneous co-treatment with lead and cinnamon oil
produced an increase in the activity of GPx (26.3%) as
compared to rats treated with lead alone. Moreover, treatment
with lead and vitamin-E inrats caused an increase in the
activity of GPx (34.1%) in brain as compared to rats treated
with lead alone (Figure 9).

1.5
Control

Lead (5.0 mg’kg)
Lead + Cinnamon oil (75 mg/kg)
Lead + Vitamin-E (100 mg/kg)

#y

1.04

NEEA

0.5+

GPx (umol/min/mg protein)

0.0

Values are mean + S.E. (n=5).**a (P < 0.01)-compared to control group, *b (P
<0.05), **b (P < 0.01)-compared to lead treated groups

Figure 9. Effect of Lead, Lead + Cinnamon oil and Lead +
Vitamin-E on the activity of glutathione peroxidase in brain of
rats for 28 days

Effect on lead level in blood and brain

As shown in Table 2. The levels of lead in blood (4.6 fold) and
brain (3.8 fold) were significantly increased in rats treated with
lead as compared to controls. However, levels of lead were
found to be significantly reduced in blood (3.0 fold) and
brain(2.3 fold) of rats exposed simultaneously with lead and
cinnamon oil as compared to rats treated with lead alone
groups. Similarly treatment with lead and vitamin-E in rats
also caused a significant decrease in blood (2.1 fold) and brain
(1.6 fold) as compared to those treated with lead alone groups.

Table 2. Effect of lead, lead + cinnamon oil and lead + vitamin-E
on blood and brain lead level of rats for 28 days

Group Blood Pb level Brain Pb level
(pg/dl) (ug/g wet tissue)
Control 6.60 + 1.07 4.10 +0.43
Lead (5.0 mg/kg) 3020+1.56"  1540+1.07%"
Lead + cinnamon oil (5.0 + 75mg/kg)  10.00+1.71%"  6.60+0.85>"
1410138  9.84+0.98"

Lead + vitamin-E (5.0 + 100mg/kg)

DISCUSSION

Lead is one of the most common heavy metal, which is toxic to
animals and humans. Lead crosses blood-brain barrier and
disrupts its main structural and functional components by
damaging the brain glial cells (Gandhi and Abramov,2012).1t
selectively deposits in brain and found to be associated with
learning impairment, behavioral abnormalities, decreased
hearing, impaired cognitive functions and neuromuscular
weakness in humans and in experimental animals (Verina et
al.,2007).It may also cause many biochemical changes and a
variety of neurological disorders such as behavioral problems,
mental retardation, nerve damage, Alzheimer's disease,
schizophrenia and  Parkinson's discase (Verina et
al.,2007;Bazrgar et al., 2015).In our present study, lead
exposure in rats caused behavioral impairments as compared to
control. However cinnamon oil in combination with lead
minimizes the effects of behavioral abnormalities, which was
in agreement with the previous studies (Van den Berg et
al.,1996).In particular, lead can cause major changes in the
blood and brain and oxidative stress has been reported as a
potential mechanism in the pathogenesis of its toxicity
(Verstraeten et al.,2008).

The current study investigates the lead-induced oxidative stress
and antioxidant ability of cinnamon oil in the blood and brain
of rats, which were given lead exposure for 28 days. In the
present study, lead exposure was associated with a decrease in
the body weight and no significant change in brain weight as
compared to control rats, which is in accordance with the
previous studies (HyeJun et al., 2011). We have also observed
the increased levels of lead in the brain which fur thergives
indication that lead can cross blood-brain barrier and produces
its toxic effects. The lead levels in the blood and brain of the
lead treated group were significantly increased in comparison
to control group. However, a decrease of lead level in blood
and brain was shown in the lead plus cinnamon oil and lead
plus vitamin-E treated rats. The toxic effects of lead may be
due to its interference with calcium in activation of protein
kinase C (PKCs) or through production of ROS. Lead
competes with calcium for common binding sites and is
mentionedin calcium transport systems of the nervous system
(Devi et al., 2005). Oxidative damage is considered a major
cause of lead-induced brain damage, because the brain is
believed to be particularly vulnerable to oxidative stress due to
the high rate of free radical generation without adequate levels
of antioxidant defences (Adhami et al., 2000; Villeda-
Hernandez et al., 2001). In vitro and in vivo studies state that
lead exposure may cause the generation of ROS and changes in
the antioxidant defense systems in animals (Nuran Ercal et al.,
2001; Ahmed et al., 2012). Antioxidant enzymes such as SOD,
CAT, GPx, and GR are supposed to be the primary defenses
that prevent biological macromolecules from oxidative
damage. Moreira et al. confirmed that brain antioxidants (SOD
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and GPx) from individuals treated to lead decreased
significantly (Moreira et al., 2001; Ahmed et al., 2012).

In the present study, SOD and CAT activity tends to decrease
in the brain after lead exposure as compared to control group,
whereas in simultaneously treated lead plus cinnamon oil and
lead plus vitamin-E groups have shown increase in this
parameter as compared to lead exposed groups. Wang et al.
described that the GPx activity of mouse brain was decreased
in the Pb-exposed group as compared with the control group
(Wang et al., 2006). In present study similar results were found
in GPx activities of lead-exposed group which decreases as
compared to control groups and simultaneously increases in
both, lead plus cinnamon oil and lead plus vitamin-E exposed
group respectively, as compared to lead exposed groups. We
also observed a significant decrease in the level of GSH in
brain of lead exposed group as compared to the control, and an
increase in the GSH level occurred in the both, lead plus
cinnamon oil and lead plus vitamin-E exposed group. This
study was in agreement with previous studies (Aykin-Burns et
al., 2003). A number of in vitro and in vivo studies have
shown that a significant increase of the LPO level is correlated
with an increase in the lead exposure (Yiin and Lin, 1995). In
our study, we also observed increase lipid peroxidation level in
the brain after exposure to lead as compared to control.
However, the LPO level of rats that were simultaneously
treated with lead plus cinnamon oil and lead plus vitamin-E
respectively, was significantly decreased compared to the Pb-
exposed group. Flora et al., 2007 reported that delta amino
levulinic acid caused ROS generation which may be one of the
factors contributing to oxidative stress due to lead exposure. A
significantly increased ROS level in lead exposed animals in
our study as compared to control, which is in accordance with
previous studies. Rats exposed simultaneously with lead plus
cinnamon oil and lead plus vitamin-E also exhibited decrease
in ROS level in brain as compared to rats treated with lead
alone. In fact, few studies have investigated the molecular and
biochemical mechanisms by which cinnamon exerts neuro
protective action and the therapeutic potential of cinnamon oil
in ameliorating the risk factors liable for the development of
neurodegenerative diseases and associated pathologies
(Stavinoha and Vattem, 2015).

Conclusion

We can conclude from the results obtained from this study that
lead which induces oxidative stress and behavioral impairment
in rats is one of the dangerous heavy metals. Cinnamon oil has
been found to attenuate the lead induced oxidative stress which
may be due to its chelating properties. An increase of
antioxidant activities and decrease of oxidative stress,
improvement in behavioral abnormalities in animals given
cinnamon oil simultaneously with lead exposure was also
shown. Therefore cinnamon oil seems to protective against
lead induced neurotoxicity. Finally our result suggested that
cinnamon oil may play a protective role in lead induced
neurotoxicity and associated human health risk. Furthermore,
long studies in animals and clinical studies in lead exposed
human beings are required to strengthen our present study.

Acknowledgements
The authors highly thankful to Dr. Talha Jawaid (Head,

Department of Pharmacology, Hygia Institute of
Pharmaceutical Education and Research, Lucknow)for their

valuable suggestions. We also extend our sincere thanks to
Late Dr. Ramesh Chanderretired Scientist F, CDRI, Lucknow
and Mr. Sushil Verma, who were always a source of
knowledge and inspiration and technical staff for their
dedicated support, kind nature, valuable suggestions and
encouragement in times of difficulties during research.

REFERENCES

Adhami VM, Husain, R. Agarwal, AK. et al, 2000.
Intrahippocampal cholinergic-rich transplants restore lead
induced deficits: a preliminary study in
rats.NeurotoxicolTeratol., 22: 41-53.

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

Ahmed, YF., Mahmoud, KGHM., Farghaly, AA., et al., 2012.
Some studies on the toxic effects of prolonged lead
exposure in male rabbits: chromosomal and testicular
alterations. Global Veterinaria, 8(4): 360-66.

Ali, MM., Mathur, N. and Chandra, SV. 1990. Effect of
chronic cadmium exposure on locomotor activity of rats.
Indian J Exp Biol, 28: 653-65.

Aykin-Burns, N., Laegeler, A., Kellogg, G. and Ercal, N.
2003. Oxidative effects of lead in young and adults fisher
344 Rats. Arch Environ ContamToxicol, 44: 417-20.

Bazrgar, M., Goudarzi, 1., Lashkarbolouki, T., et al., 2015.
Melatonin ameliorates oxidative damage induced by
maternal lead exposure in rat pups. Physiology &Behavior.,
151:178-188.

Broad Hurst PL. 1960. The place of animal psychology in the
development of psychosomatic research. Fortschr
Psychosom Med., 1: 63-69.

Charles Denys J.2012.Antioxidants, Antioxidant Properties of
Spices, Herbs and Other Sources. Springer Science and
Business Media.

Cleveland, LM., Minter, ML., Cobb, KA., et al., 2008. Lead
hazards for pregnant women and children: Part 1:
immigrants and the poor shoulder most of the burden of
lead exposure in this country. Part 1 of a two-part article
details how exposure happens, whom it affects, and the
harm it can do. Am J Nurs, 108:40- 49.

Devi, CB., Reddy, GH., Prasanthi, RP., er al, 2005.
Developmental lead exposure alters mitochondrial
monoamine oxidase and synaptosomal catecholamine
levels in rat brain. Int J Dev Neurosci, 23:375-81.

Ellman, GL. 1959. Tissue sulthydryl groups. Arch Biochem,
82:70-77.

El-Nekeety AA, El-Kady AA, Soliman MS et al., 2009.
Protective effect of Aquilegia vulgaris (L.) againstlead
acetate-induced oxidative stress in rats. Food ChemToxicol
., 47:2209-2215.

Flora, SJ., Mittal, M. and Mehta, A. 2008. Heavy metal
induced oxidative stress & its possible reversal by chelation
therapy. Indian J Med Res, 128:501-523.

Flora, SJS., Saxena, G. and Mehta, A. 2007. Reversal of lead-
induced neuronal apoptosis by chelation treatment in rats:
role of ROS and intracellular Ca'?. J Pharmacol Exp Ther,
322:108-16.

Gandhi, S. and Abramov, AY. 2012. Mechanism of oxidative
stress in neurodegeneration. Oxidat Med Cell Longev., 11.

Glowinski, J. and Iversen, LL. 1996. Regional studies of
catecholamines in the rat brain. I. The disposition of [*H]
norepinephrine, [*H] dopamine and [*H] dopa in various
regions of the brain. J Neurochem, 13: 655-659.



67387

International Journal of Current Research, Vol. 10, Issue, 03, pp.67381-67387, March, 2018

Gupta, V. and Gill, KD. 2000. Influence of ethanol on lead
distribution and biochemical changes in rats exposed to
lead. Alcohol, 20: 9-17.

Hossain, S., Bhowmick, S., Jahan, S., et al., 2016. Maternal
lead exposure decreases the levels of brain development
and cognition-related proteins with concomitant upsurges
of oxidative stress, inflammatory response and apoptosis in
the offspring rats. Neurotoxicol, 56:150-158.

Hye Jun, Y., Inhye, K., Sung-Hee, K., et al., 2011. The
protective effect of Chlorella vulgaris against lead-induced
oxidative stress in rat brains. Journal of Health Science.,
257:245-254.

Jaya Prasanthi, RP., Hariprasad, RG., Bhuvaneswari., DC et
al., 2005. Zinc and calcium reduce lead induced
perturbations in the aminergic system of the developing
brain. Biometals, 18: 615-626.

Lidsky, TI. and Schneider, JS. 2006. Adverse effects of
childhood lead poisoning: The clinical neuropsychological
perspective. Environ Res, 100: 284-293.

Lowry, OH., Rosebrough, NJ., Forr, AL., ef al., 1951. Protein
measurement with the Folin phenol reagent. J Biol Chem,
193: 265-275.

McCord, JM. and Fridovich, I. 1969. Superoxide dismutase, an
enzyme function for erythrocuprin (hemocuprin). J Biol
Chem, 22: 6049-6055.

Menke, A., Muntner, P., Batuman, P. ef al., 2006. Blood lead
below 0.48 pumol/L (100 pgL-1) and mortality among US
adults. Circulation, 114: 1388-1394.

Moreira, EG., Rosa, G J., Barros, SB., et al., 2001. Antioxidant
defense in rat brain regions after developmental lead
exposure. Toxicol, 169: 145-51.

Murata, K., Iwata, T., Dakeishi, M. et al., 2009. Lead toxicity:
does the critical level of lead resulting in adverse effects
differ between adults and children. J Occup Health, 1(1):
112.

Nuran Ercal, Hande Gurer-Orhan and NukhetAykin-Burns.
2001. Toxic metals and oxidative stress Part I: Mechanisms
involved in metal induced oxidative damage. Current
topics in medicinal chemistry, 1: 529-39.

Ohkawa, H., Ohishi, N., Yagi, K., et al., 1997. Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Anal Biochem, 95: 51-58.

Pagila, DE. and Valentine, WN. 1967. Studies on the
quantitation and qualitation characterization of erythrocyte
glutathione peroxidase. J Lab Clin Med., 70: 158-169.

Peterson, DW., George, RC., Scaramozzino, F., et al., 2009.
Cinnamon extract inhibits tau aggregation associated with
Alzheimer’s disease in vitro. Journal of Alzheimer’s
diseas., 17(3): 585-597.

Rao, PV. and Gan, SH. 2014. Cinnamon: A Multifaceted
Medicinal Plant. Evidence-Based Complementary and
Alternative Medicine, 2014: 12.

Rice-Evans, CA., Miller, NJ. and Papanga, G. 1997.
Antioxidant properties of phenolic compounds. Trends
Plant Sci, 2: 152—-159.

Rogers, DC., Campbell, CA., Jennifer, L., et al, 1997.
Correlation between motor impairment and infarct volume
after permanent and transient middle artery occlusion in
rat.Stroke., 28:2060-2065.

Sanders, T., Liu, Y., Buchner, V., et al., 2009. Neurotoxic
effects and biomarkers of lead exposure: A Review. Res
Environ Health, 24:15-45.

Singh, PK., Nath, R., Ahmad, MK., ef al., 2016. Attenuation of
lead neurotoxicity by supplementation of polyunsaturated
fatty acid in Wistar rats. Nutr Neurosci, 19(9) : 396- 405.

Socci, DJ., Bjugstad, KB. and Jones, HC. 1999. Evidence that
oxidative stress is associated with the pathophysiology of
inherited hydrocephalus in the H-Tx rat model. Exp Neurol,
155:109-117.

Spivey, A. 2007. The weight of lead: effects add up in adults.
Environ Health Perspect, 15 (1): A30-A36.

Stavinoha, RC. and Vattem DA. 2015. Potential
neuroprotective effects of cinnamon. International Journal
of Applied Research in Natural Products, 8 (3): 24-46.

Van den Berg, KJ., Lammers, JH., Hoogendijk, EM., ef al.,
1996. Changes in regional brain GFAP levels and
behavioral functioning following sub-chronic lead acetate
exposure in adult rats. Neurotoxicol, 17: 725-734.

Verina, T., Rohd, CA. and Guilarte, TR. 2007. Environmental
lead exposure during early life alters granule cell
neurogenesis and morphology in the hippocampus of
young adult rats. Neuroscience, 145(3): 1037-47.

Verstraeten, SV., Aimo, L. and Oteiza, PI. 2008. Aluminium
and lead: molecular mechanisms of brain toxicity. Arch
Toxical, 82: 789-802.

Villeda-Hernandez, J., Barroso-Mouguel, R., Mendez-
Armenta, M., et al., 2001. Enhanced brain regional lipid
peroxidation in developing rats exposed to low level lead
acetate. Brain Res Bull, 55:247-51.

Wang, J. Wu, J. and Zhang, Z. 2006. Oxidative stress in mouse
brain exposed to lead. Ann Occup Hyg, 50: 405-9.

White, LD., et al., 2007. New and evolving concepts in the
neurotoxicology of lead. Toxicol App! Pharmacol, 225(1):
1-27.

Yeh, HF., Luo, CY., Lin, CY., et al., 2013. Methods for
thermal stability enhancement of leaf essential oils and
theirmain  Constituents from Indigenous Cinnamon
(Cinnamomumosmophloeum). Journal of Agricultural and
Food Chemistry, 61(26): 6293—-6298.

Yiin, SJ. and Lin, TH. 1995. Lead-catalyzed per-oxidation of
essential unsaturated fatty acids. Biol Trace Elem Res,
50:167-72.

seskeskeoskoskookok



