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ABSTRACT 
 
Aims: The aim of this study is to evaluate the neuroprotective effects of Celastrus paniculatus seed 
oil (CPO) against monosodium glutamate in human IMR-32 cells.  
Study Design: Celastrus paniculatus seed oil used historically in Indian subcontinent for its neuro-
enhancement property and also considered to have free radical scavenging activity.  
Methodology: In present study we have employed IMR-32, a neuroblastoma cells as our model 
system and utilized monosodium glutamate (MSG) a widely used food additive and proven inducer 
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of free radicals to study the ameliorative effect of CPO against induced oxidative stress in neuronal 
cells.  
Results: Results showed that CPO ameliorates total protein level, decreases protein carbonyl and 
lipid peroxidation levels (p<0.001) as well as enhances the activity of superoxide dismutase and 
catalase (p<0.001) under oxidative stress conditions. Further we found that CPO increases the free 
radical scavenging capacity of cell by enhancing (p<0.001) glutathione level and help its 
regeneration by revitalizing the activity of glutathione peroxidase, glutathione S-transferase and 
glutathione reductase enzymes.  
Conclusion: It can be concluded that CPO has antioxidant property and proved to have 
ameliorative role against free radicals induced neuronal impairment. 
 

 

Keywords: Celastrus paniculatus; monosodium glutamate; neuroprotection; free radicals. 
 

1. INTRODUCTION 
 

Neurodegenerative diseases are one of the 
major health challenges especially in elderly 
population and problems related to it has been 
enlarged many fold with extended average life 
expectancy. Neurodegenerative diseases are 
group of more than 100 diseases characterized 
by progressive loss of neurons [1]. These 
diseases lead to several complications such as 
behavioral abnormalities, speech alteration etc. 
and finally lead to the state of total debilitation. 
This causes a tremendous amount of emotional, 
financial, physical and social burden to the 
patients and their family. Both genetic and 
environmental factors have been attributed as 
risk [2]. One of the major hypotheses proposed 
for the causation and progression of these 
diseases is oxidative stress mediated injury to 
the nerve cells. Studies have showed that 
alteration in reactive oxygen species (ROS) 
scavenging machinery may lead to neuro-
degeneration [3]. Many food additives 
responsible for ROS production and 
monosodium glutamate (MSG) is among one of 
them [4]. ROS causes formation of lipid 
peroxides which further react with proteins 
leading to oxidative modifications of amino acid 
residue causes protein fragmentation [5,6]. This 
altered protein and lipid molecules may leads to 
apoptosis. Similarly, hydrogen peroxide, which is 
normally produced in the brain in small amounts 
leading to generate free radicals. Its toxicity is 
due to its reaction with amino acids, nucleic 
acids, phospholipids and sugars, eventually 
causing cell death [7]. It is postulated that a 
proper management of the ROS produced in the 
patients could help to avoid the complications 
related to neurodegeneration and elevate 
behavioral abnormalities [3]. Many therapeutic 
drugs used for treatment of neurodegenerative 
disorders for longer duration are costly and also 
are associated with many side effects. Hence 
there is need of alternative medicinal approaches 

that have less or no side effects and are                    
cost effective. In this regard, use of medicinal 
plant product could be one of the                       
strategic options. Medicinal plants are rich 
sources of phytochemicals along with antioxidant 
properties that could be helpful to manage 
diseases by slowing their progressions and 
complications and have reduced or no side 
effects [8]. 
  
Celastrus paniculatus (CP), commonly known as 
Malkangni or Jyotishmati in India is a rich source 
of phytochemicals with medicinal properties [8]. 
Parts of these plants have been used as 
treatment to several disorders such as pain, 
depression, arthritis etc. [9,10]. The ROS 
scavenging activity of CP seed oil (CPO) and its 
different organic extracts has been studied in 
human immortalized fibroblast cell by Russo and 
coworkers in 2001 [11]. Further, Godkar and 
coworkers in 2006 has shown that CPO has 
antioxidant activities in rat embryonic forebrain 
neuronal cells [12]. There is paucity of data 
regarding the role of CPO in human neuronal 
cellular systems. Deciphering the role of CPO in 
human neuronal cell lines and estimating the 
potential dose will be worth to elucidate the 
therapeutic approach related to 
neurodegenerative diseases. So, the hypothesis 
of the present study is to check the neurotoxic 
effects of MSG on human neuronal cells IMR-32 
and its amelioration by CP seed oil. Hence, in 
this study, using neuroblastoma cell line IMR-32 
as model test system and stimulating the free 
radical production in it by MSG, we have 
investigated the role of CPO as a free radical 
scavenger and neuroprotector. 
 

2. MATERIALS AND METHODS 
 
Monosodium glutamate (MSG) was procured 
from HiMedia, Mumbai and Celastrus paniculatus 
Oil (CPO) was obtained from Shree Narayan 
Ayurvedic Pharmacy, Ahmedabad, India.  
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2.1 Phytochemical Analysis of CPO 
 
The absence or presence of various 
phytocomponents like saponins, alkaloids, 
tannins, phenolic compound, flavonoids, 
Glycosides, fats, steroids and triterpenoids in the 
CPO was determined by the method as 
described by Harborne [13]. 
 

2.2 Free Radical Scavenging Capacity of 
CPO 

 
Free radical scavenging activity of CPO was 
evaluated by DPPH assay [14] and NO inhibition 
assay at different concentrations ranging from 
0.1 to 10 mg/ml [15]. 
  
2.3 IMR-32 Cell Culture and Treatment 
 
IMR-32 cells were obtained from National Centre 
for Cell Sciences, Pune, India. Cell line was 
maintained in MEM medium supplemented with 2 
mM L-glutamine, 0.1 mM nonessential amino 
acids and 10% fetal bovine serum (HiMedia, 
Mumbai, India) in CO2 incubator at 37°C with 5% 
CO2. After reaching 80% confluency in culture 
medium, IMR-32 cells were trypsinized and 
seeded in 96 as well as 12 well plates according 
to the requirement of the experimental protocol. 

 
2.4 Dose Selection of CPO and MSG by 

MTT Assay 
 
The CPO was solubilized in mixture of 1% 
Dimethyl sulfoxide (DMSO) and 0.4% Tween 20 
to obtain sufficient solubility for experimental 
procedure. Various concentrations of MSG (1 – 
10 mM) and CPO (0.25 – 2 µg/ml) were studied 
separately for its cytotoxicity analysis for 24 hrs 
exposure using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay [16]. 
IMR-32 cells were harvested and seeded in 96 
well plate with 200 µl MEM media for the MTT 
assay. This method is based on the reduction of 
the tetrazolium salt MTT into formazan. The 
amount of formazan produced was calculated 
and it represented the number of viable cells. 
After 24 hrs of treatment, the culture medium 
was removed and 20 µl MTT (5 mg/ml) was 
added in each well with serum free media. After 
4 hrs of incubation media was removed and the 
resulting formazan was solubilized in 200 µl of 
DMSO and the optical density was obtained at 
595 nm using microplate reader (Epoch, BioTek, 
USA). Based on this study, the IC50 value of 
MSG was determined to be 7 mM/10

5
 cells. The 

ameliorative effect of CPO on MSG (7mM) 
induced cytotoxicity were analyzed on IMR-32 
cells using various doses (0.25 – 2 µg/ml) of 
CPO. However, based on the results obtained 
from this study total three concentrations of CPO 
(0.25, 0.5 and 1 µg/ml) were selected for the free 
radical toxicity study against 7 mM MSG. 
 

2.5 Experimental Groups 
 

To check protective effect of CPO against MSG 
induced free radical toxicity, the study was 
divided into seven groups as listed in Table 1. 
 

Table 1. Experimental groups 
 

NO Groups  
I Control 
II Vehicle Control (0.4% Tween 20 + 1% 

DMSO) 
III Celastrus paniculatus seed oil (CPO) (1µg/ml) 
IV Monosodium glutamate (MSG) (7mM) 
V MSG (7mM) + CPO (0.25µg/ml)  
VI MSG (7mM) + CPO (0.5µg/ml) 
VII MSG (7mM) + CPO (1µg/ml) 

 
2.6 Cell Lysate Preparation 
  
After 24 hrs of treatment, cells were used to 
prepare cell lysate according to the experimental 
groups listed in Table 1. After trypsinization, cells 
were treated using 1 ml of lysis buffer containing 
1% Triton X-100, 130 mM NaCl, 10 mM Tris-HCl 
and 10mM NaH2PO4 to prepare cell lysate [17] 
The pH was maintained at 7.5 and the mixture 
was incubated for 30 min at 4°C. The 
supernatant was used for biochemical assays 
that were obtained from centrifugation at 2000 
rpm for 2 min.  
 

2.7 Free Radical Toxicity Study 
 
To evaluate the free radical toxicity of MSG and 
its amelioration by CPO, the supernatant 
obtained after centrifugation of cell lysate was 
used to perform various assays like Total protein 
[18], Lipid peroxidation [19], Protein carbonyl 
[20], Catalase [21], Superoxide dismutase [22], 
Total glutathione [23], Glutathione peroxidase 
[24], Glutathione S-transferase [25] and 
Glutathione reductase [26]. 
 

2.8 Statistical Analysis 
 
The results were expressed as Mean±S.E. The 
statistical significance was evaluated by Analysis 
of Variance (ANOVA) and Graph Pad Prism 5. 
The individual comparison was obtained by 



Tukey’s multiple comparison test and by 
student’s t-test. Value of p<0.05 was considered 
to indicate significance difference. 
 

3. RESULTS  
 

3.1 Phytochemical Analysis 
Radical Scavenging Capacity 

 

The study of phytochemical analysis showed the 
presence of various phytochemical components 
except steroid in the CPO as mentioned in Table 
2. The reactive oxygen species scavenging 
assays or the DPPH assay was based on the 
fact that when the antioxidant molecules present 
in the test samples would react with DPPH 
radical, it converts deep purple colour of DPPH in 
to yellow colour solution according to the 
capacity of extract to react with DPPH radical 
and decrease in absorbance resulting in 
scavenging potential. The 100% inhibition of 
DPPH radical was obtained by the CPO at 
0.9mg/ml concentration (Fig. 1). Results of NO 
scavenging assay, the nitric oxide ions were 
produced by using sodium nitroprusside, which 
interacts with oxygen to generate nitrite, which 
can be estimated by the use of Griess illosvoy 
reagent. In the present experiment, NO inhibition 
was increasing with the increase in CPO 
concentration. At 10 mg/ml concentration of CPO 
the NO inhibition was found to be 95.12 ± 0.92% 
(Fig. 2). 
 

Table 2. Phytochemical analysis of CPO
 

Constituents 
Saponin 
Alkaloids 
Tannin and phenolic compounds 
Flavonoid 
Glycosides 
Fats 
Steroid 
Triterpanoids 

 

 

Fig. 1. Percent DPPH inhibition by various 
concentrations of CPO
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1. Percent DPPH inhibition by various 
concentrations of CPO 

 

Fig. 2. Percent Nitric oxide ions inhibition by 
various concentrations of 

 

3.2 CPO Mitigated MSG 
Cytotoxicity 

 

Cultures were treated with various doses of MSG 
(1 – 10 mM) and CPO (0.25 
separately. Cultures were treated for 24
determine the cytotoxicity of MSG and CPO if 
any on IMR-32 cells. MTT assay on CPO treated 
cells showed no adverse effect on viability (Fig
3) whereas MSG treated cells revealed dose 
dependent substantial increase in cytotoxicity 
(Fig. 4). The 7mM MSG exposure induced 50% 
IMR-32 neuronal cell death. Treatment of 1
dose of CPO for 24 hrs with 7 mM MSG inhibited 
this effect and protect IMR-32 cells (Fig
Based upon MTT assay three doses of CPO 
(0.25, 0.5 and 1 µg/ml) against 7 mM
selected for determinative free radical toxicity 
study.  
 

 

Fig. 3. Percent cell viability by MTT assay 
against various doses of CPO on IMR
 

 

Fig. 4. Percent cell viability by MTT assay 
against various dose of MSG on IMR
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Percent Nitric oxide ions inhibition by 
various concentrations of CPO 

MSG Induced 

Cultures were treated with various doses of MSG 
mM) and CPO (0.25 – 2 µg/ml) 

separately. Cultures were treated for 24 hrs to 
determine the cytotoxicity of MSG and CPO if 

32 cells. MTT assay on CPO treated 
cells showed no adverse effect on viability (Fig. 
3) whereas MSG treated cells revealed dose 
dependent substantial increase in cytotoxicity 

osure induced 50% 
32 neuronal cell death. Treatment of 1 µg/ml 

mM MSG inhibited 
32 cells (Fig. 5). 

Based upon MTT assay three doses of CPO 
mM MSG were 

selected for determinative free radical toxicity 

 

3. Percent cell viability by MTT assay 
n IMR-32 cells 

 

4. Percent cell viability by MTT assay 
against various dose of MSG on IMR-32 cells 



 
Fig. 5. Effect of different concentrations of 

CPO on 7mM MSG induced toxicity in IMR
cells 

 

3.3 Protein Carbonyl and Lipid 
Peroxidation 

 
The treatment of 7 mM MSG showed significant 
increase (P<0.001) in protein carbonyl as 
compared to control and significantly ameliorated 
(p<0.001) at only 1µg CPO treatment (Table 3). 
Malondiadehyde (MDA) level was measured to 
record the lipid peroxidation (LPO) after MSG 
and CPO treatment. MSG treatment showed 
highly significant increase (p<0.001) in LPO, 
which may be responsible for 
neurodegeneration. While, CPO was able to 
reduce the LPO level significantly (p<0.001) at 
doses of 0.5 and 1 µg/ml. The amelioration was 
more pronounced at 1 µg/ml dose of CPO for 
both protein carbonyl and lipid peroxidation 
(Table 3). 
 

3.4 Catalase and Superoxide Dismutase
  
The treatment of 7 mM MSG on IMR
decreased catalase and SOD activity significantly 
(p<0.001) as compared to control. There was no 
significant recovery found in catalase and SOD 
activity at low concentration (0.25 µg/ml) of CPO 
but recovery was significant (p<0.001) at 1
dose of CPO, whereas, 0.5 µg/ml of CPO dose 
showed less significant recovery (p<0.05 for 
catalase and p<0.01 for SOD) as compared to 
alone MSG treated group (Table 3).

 
3.5 Glutathione (GSH) Level and Activity 

of Glutathione Peroxidase (GPx), 
Glutathione S-transferase (GST) and 
Glutathione Reductase (GR)

 
There was no adverse effect found on activity of 
GPx, GST, GR and level of GSH by treatment of 
1 µg/ml CPO alone but significant decline 
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5. Effect of different concentrations of 
CPO on 7mM MSG induced toxicity in IMR-32 

and Lipid 

mM MSG showed significant 
0.001) in protein carbonyl as 

compared to control and significantly ameliorated 
(p<0.001) at only 1µg CPO treatment (Table 3). 
Malondiadehyde (MDA) level was measured to 
record the lipid peroxidation (LPO) after MSG 
and CPO treatment. MSG treatment showed 
highly significant increase (p<0.001) in LPO, 
which may be responsible for 
neurodegeneration. While, CPO was able to 
reduce the LPO level significantly (p<0.001) at 

µg/ml. The amelioration was 
µg/ml dose of CPO for 

oth protein carbonyl and lipid peroxidation 

Catalase and Superoxide Dismutase 

mM MSG on IMR-32 cells 
decreased catalase and SOD activity significantly 

0.001) as compared to control. There was no 
significant recovery found in catalase and SOD 

µg/ml) of CPO 
but recovery was significant (p<0.001) at 1 µg/ml 

µg/ml of CPO dose 
nt recovery (p<0.05 for 

catalase and p<0.01 for SOD) as compared to 
alone MSG treated group (Table 3). 

Glutathione (GSH) Level and Activity 
of Glutathione Peroxidase (GPx), 

transferase (GST) and 
(GR) 

dverse effect found on activity of 
GPx, GST, GR and level of GSH by treatment of 

µg/ml CPO alone but significant decline 

(p<0.001) was observed by 7
treatment as compare to control. The recovery 
against 7 mM MSG treatment was nonsignificant
at 0.25 µg/ml of CPO (Group V) for level of GSH 
and activity of GPx as well as GR. The GST 
activity showed significant recovery (p<0.05) at 
0.25 µg/ml of CPO dose. Significant level of 
amelioration at 0.5 µg/ml CPO (Group VI) was 
more discrete among various parameter (p<0.05 
for GSH level; p<0.01 for GPx and GR; p<0.001 
for GST). However highly significant amelioration 
(p<0.001) was observed at 1 µg/ml CPO dose 
(Group VII) as compared to 7
treatment (Group IV) in all studied parameters 
(Table 3). 
 

4. DISCUSSION 
 
Present study deals with investigation of 
protective effects of CPO against MSG induced 
alterations in IMR-32 human neuronal cells. In 
this study, the presence of phytocomponents in 
CPO were analyzed. Results showed presence 
of different phytochemicals like alkaloids, 
flavonoids and phenolic compounds, which are 
good source of antioxidants. Arora and Pandey
Rai [27] also reported similar results in the study 
carried out on phytocomponents of CPO. Natural 
antioxidants have demonstrated 
effects in maintenance of health, management of 
age related diseases and ameliorating the 
harmful effects of toxic agents [28].
 
The result of this study showed that CPO 
significantly stabilized reactive molecules of 
DPPH by bleaching it at a concentration of 0.9
mg/ml. The effect of ROS scavenging capacity of 
CPO, based on converting the reactive molecule 
of DPPH into a stable DPPH was also reported 
by other researchers [8,11]. Like DPPH, the nitric 
oxide or reactive nitrogen species are also 
formed during their metabolic reaction with 
oxygen or with superoxide ions. This may be 
reduced due to the antioxidant properties of the 
CPO, which compete with oxygen to react with 
nitric oxide and thereby inhibiting the generation 
of nitrite. Nitric oxide (NO) ions mediator are 
generated by endothelial cells, macrophages, 
neurons, etc. and is involved in the regulation of 
various physiological processes [29]. On the 
other hand, excess concentration of NO is 
associated with several diseases [30]. The NO 
scavenging assay performed using Griess 
illosvoy reagent, showed high percentage of NO 
inhibition at 10 mg/ml concentration of CPO and 
hence, it’s potential NO scavenging property can 
be noted. 
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Table 3. Effect of MSG and CPO individually and in combination, on the IMR-32 cells 
 

No. Groups Protein carbonyl 
(nM pro carbonyl  
/mg protein) 

LPO (Nm 
MDA 
Formed 
/60min 
/mg protein) 

Catalase (nM 
H2O2  
consumed 
/min/mg 
protein) 

SOD (U 
SOD/mg 
protein) 

GSH (mM 
GSH/mg 
protein) 

GPx (mM 
GSH 
consumed/ 
min/mg 
protein) 

GST(µmols of 
CDNB-GSH 
conjugate 
formed/min /mg 
protein) 

GR (nM of 
NADPH 
oxidized/min/mg 
protein) 

I Control 4.2 ±0.1 1.3 ±0.02 150.4 ±0.9 32.2 ±0.6 1.3 ±0.03 2.1±0.07 3.5 ±0.03 18.7 ±0.2 
II VC 4.2 ±0.1ns 1.3  ±0.1ns 146.6 ±2.8ns 33.0 ±0.6ns 1.3 ±0.03ns 2.1 ±0.08 3.5 ±0.05ns 19.56 ±0.4ns 
III CPO 1 µg/ml 4.2 ±0.1ns 1.2 ±0.01ns 148.2 ±2.6ns 33.7 ±0.3ns 1.3 ±0.07ns 2.1 ±0.03 3.3 ±0.1ns 20.16 ±0.8ns 
IV 7 mM MSG 9.1 ±0.1*** 4.2 ±0.005*** 117.9 ±0.3*** 25.0 ±0.5*** 1.1±0.02*** 1.6 ±0.03*** 1.5 ±0.1*** 8.66 ±0.2*** 
V 7 mM MSG 

+0.25 µg/ml 
CPO 

9.0 ±0.004NS 3.9 ±0.02# 119.9 ±0.2NS 26.0 ±0.5NS 1.0 0.02NS 1.6 ±0.03NS 1.9 ±0.02# 9.27 ±0.8NS 

VI 7 mM MSG 
+0.5 µg/ml 
CPO 

8.9 ±0.02NS 3.6±0.01### 127.8 ±0.2# 29.3 ±0.1## 1.0 ±0.04# 1.8 ±0.05## 2.7 ±0.1### 14.21 ±0.7## 

VII 7 mM MSG 
+1 µg/ml CPO 

7.9 ±0.01### 2.6±0.01### 138.9 ±0.2### 33.1±0.5### 1.2±0.03### 1.9 
±0.02### 

3.3 ±0.05### 19.18 ±1.2### 

* = p <0.05; ** = p <0.01; *** = p<0.001 and ns = non-significant when Group II, III and VI compared with Group I. # = p< 0.05; ## = p< 0.01; ### = p< 0.001 and NS = non-significant when Group 
V, VI and VII compared with Group IV. MSG= Monosodium glutamate; CPO = Celastrus paniculatus oil 
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Since, free radicals are main culprit for several 
neurological disorders, this finding of 
extraordinary free radical scavenging capacity of 
the CPO can be used as alternative medicine for 
neurological disorder. Moreover, the wider use of 
CPO against versatile disorders since ancient 
time without any noticeable adverse effects 
proposes that it as a major source for discovery 
of alternative medicine. The data of MTT assay 
on IMR-32 cell with CPO also showed no 
adverse effect or cytotoxicity and results were 
comparable to control. In support to our findings 
[12] Godkar and coworkers (2006) also showed 
antioxidant effect of CPO on rat embryonic 
forebrain neuronal cells but there is paucity of 
data available regarding its antioxidant property 
in human. Henceforth in the present study, we 
have tried to show neuroprotective effect of CPO 
on human cell lines against widely used food 
additive monosodium glutamate induced 
oxidative damage. 
 
Neurodegenerative disorders have been shown 
to have protein accumulation as amyloid body in 
neuronal cells. These amyloid bodies are 
resulted from and furnished with protein 
oxidations and related products [31]. The product 
of oxidation of protein side chain especially at 
amino acid such as Proline, Arginine, Lysine, and 
Threonine results in to aldehyde or ketone 
containing species commonly called as protein 
carbonyls. They are the most commonly 
quantified markers for protein oxidation 
estimation [20]. In the present study we observed 
that the level of total protein deceased and 
protein carbonyls were increased after MSG 
treatment. Level of total protein and protein 
carbonyls showed significant amelioration in 
dose dependent manner after CPO co-treatment 
with MSG, as compared to alone MSG treatment. 
This suggests that CPO can be effective in 
regressing the complications of neurological 
disorder by avoiding the accumulation of 
amyloidal body in the neurons. 
 
Lipid peroxidation is an important parameter 
presenting toxicity inside the cells and represents 
for peroxidation of many important molecules 
such as lipid layer present in cell membranes. 
The end product of lipid peroxidation i.e. 4-
hydroxynonenal may act as secondary 
messenger for apoptosis and cell death [32]. For 
this herbal remedies have been consumed from 
past many centuries as a source of antioxidants 
which reduces the lipid peroxidation. Co-
treatment of CPO along with MSG also 
decreased the level of LPO which was increased 

by alone MSG treatment in present study. Similar 
result was also observed by [12] Godkar and 
coworkers (2006) in rat embryonic cells. This 
observation suggests that CPO can be helpful in 
neuroprotection by reducing the organic peroxide 
induced toxicity such as membrane damage in 
neurons and effective in preventing neuronal 
death due to membrane lipid peroxidation. 
 
Free radical scavenger enzymes such as 
superoxide dismutase and catalase are important 
especially for superoxide ions produced from 
metal reductions as well as under 
normal/abnormal metabolic conditions and have 
been implicated in several complications related 
to ROS generation [33]. They are the primary 
enzymes of cells provide protection against H2O2 
and O2

-
 toxicity. Present study showed alteration 

in level of these free radical scavenging enzymes 
that are involved in protection against elevated 
ROS level after MSG treatment. Co-treatment of 
CPO along with MSG showed dose dependent 
protective effect of CPO against adverse effects 
of MSG. This indicates that CPO may scavenge 
O2

-
/H202 and help in maintaining the activity of 

SOD as well as catalase and defend the 
neuronal cells against free radical toxicity. 
 
Along with impairment of enzymatic activity 
which work against free radical toxicity the most 
robust and significant alteration in the antioxidant 
defense is a decrease in GSH concentration. The 
depletion in glutathione and glutathione disulfide 
is indicator of total oxidative stress in the cellular 
system and has been implicated in cell survival, 
immunity, signal transduction and detoxification 
[34]. This study showed decreased in the level of 
glutathione and activity of glutathione related 
enzymes (GPx, GST and GR) after MSG 
treatment, which was ameliorated in dose 
dependent manner after co-treatment of CPO. 
Increase in GR level suggests that there may be 
induction of regeneration of glutathione triggered 
by GR from its oxidized form glutathione disulfide 
when CPO is used along with MSG. Amelioration 
of glutathione related antioxidant activity 
suggests that CPO may prevent neuronal cell 
damage by inhibiting xenobiotics that are 
common risk factors for neurodegeneration. [12] 
Godkar and coworker (2006) also showed that 
CPO substantially provided protection against 
H2O2 and glutamate induced toxicity. 
 
5. CONCLUSION 
 
In conclusion, this study showed the protective 
effects due to antioxidant properties of CPO on 
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human neuronal cell line IMR-32 and its efficacy 
in preventing toxicity of MSG. It is also concluded 
that CPO could be used as alternative medicine 
against free radical toxicity related neuronal 
disease and useful to decrease symptoms and 
complications in neurodegenerative disorders. 
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