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Abstract The free radicals are considered as primary culprit for many multifactorial diseases. These free radicals
scavenging remains a foremost challenge in most neurological disorders, which can be subjected with least collateral
damage by herbal extracts. In this study, Celastrus paniculatus (CP) seeds aqueous extract (AE) (0.25, 0.5 and 1.0
µg/ml) was used to evaluate the neuroprotective efficacy against adverse effects of monosodium glutamate (MSG)
(7 mM) in neuroblastoma cell line IMR-32. Preliminary pharmacological investigations and free radical scavenging
capacity were evaluated for AE. Cytotoxicity and oxidative stress were studied using MTT assay and some
biochemical parameters (total protein and glutathione level as well as activity of superoxide dismutase and catalase).
Moreover, genotoxicity due to free radicals was also assessed using comet assay in IMR-32 cells. Results showed
presence of various phytochemicals in AE and its significant inhibition of DPPH and NO radicals. AE was not only
enhancing the activity of antioxidant enzymes but also reduced the free radical mediated cytotoxicity of MSG in
IMR-32 cells. The DNA damage found in neuronal cells due to free radical toxicity of MSG was reduced in
presence of free radical inhibitory phytochemical present in AE. From these results it can be concluded that AE of
CP seeds is an effective antioxidant agent and potent neuroprotective herb to mitigate MSG induced neuronal
impairments in IMR-32 cells.
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1. Introduction
Neurodegenerative diseases affect the central nervous
system causing progressive loss of neuron function. These
debilitating and incurable conditions are characterized by
loss of neuronal cell function and are often associated with
atrophy of the affected parts of nervous system [1]. Neurons
normally don‟t regrow or replace themselves, so when
they become damaged or die they cannot be replaced by
the body [2]. Neurodegenerative diseases associated with
glutamatergic dysfunction, share a common pathogenesis
mechanism involving, impairment of cellular calcium
homeostasis, activation of nitric oxide synthesis, generation
of free radicals and programmed cell death which leads to
progressive neurodegeneration [3]. It also documented
that, generation of high levels of reactive oxygen species
(ROS) and down regulation of antioxidant mechanisms
result in neuronal cell death of neurodegenerative diseases
[4]. There is compelling evidence from a multitude of
studies indicating that food borne excitotoxin additives

can cause adverse health effects like neurodegeneration
[5]. It is well established that an excitotoxic mechanism
plays a role in many neurologic disorders [6]. Excitotoxins
destroy neurons by excessive stimulation of postsynaptic
excitatory membrane receptors [7], whereas the under
stimulation of such receptors during the developmental
period triggers apoptosis [8]. The well-known flavor
enhancers like L-glutamic acid (monosodium glutamate)
and aspartame (1-methyl N-L-alpha aspartyl-phenylalanine)
etc., has been examined extensively and concerns have
been expressed over their excitotoxic effects was that,
they are potential for destroying neuronal cells [7].
Monosodium glutamate (food additive number E621) is
one of the world‟s most used flavor enhancer [9]. It
increases the sapidity of food. It elicits a taste described in
Japanese as umami, which is translated to „„savory‟‟ [10].
MSG was demonstrated for Chinese restaurant syndrome
that causes symptoms such as numbness, weakness,
flushing, sweating, dizziness and headache [9]. It is
evident that glutamate is related to the generation of free
radicals produced as a consequence of activation of
enzymes such as nitric oxide synthase, Xanthine oxidase
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and by oxidative dysfunction in mitochondria [9,11].
Reduction in brain antioxidant enzymes such as
superoxide dismutase, catalase and glutathione peroxidase
contribute to the development of a wide range of
neurodegenerative diseases through the generation of free
radical species under pathological conditions [12]. To
mitigate this effect, Celastrus paniculatus (CP) seeds
aqueous extract (AE) was selected for this study. CP is an
unarmed woody climbing shrub and decoction of its seeds
prescribed as brain tonic, used in headache, depression,
swooning and as a laxative [13]. Seeds powder of CP
mixed with water is taken orally to treat nervous disorders
[14]. It stimulates intellect and sharpens the memory.
Godkar and his coworkers 15] evaluated studies of various
extracts of CP seeds in which the AE of CP seeds was
found to be neuroprotective against hydrogen peroxide
induces toxicity in rat forebrain neuronal cells. There is a
paucity of scientific data regarding the effect of aqueous
extract of CP seeds on protection against cytotoxicity and
genotoxicity due to ROS generated by food additives like
MSG on human neuronal cells. The study was therefore
carried out to explore mitigative efficacy of aqueous
extract of CP seeds against MSG induced toxicity.

2. Material and Method
All chemicals used in this study were procured from
Merck, USA; Sigma Aldrich, Mumbai, India (AR Grade)
and HiMedia, Mumbai (Culture Grade). The Celastrus
paniculatus (CP) seeds were purchased from Ahmedabad
and authenticated by Department of Botany, Gujarat
University, Ahmedabad, Gujarat, India.

2.4. Antioxidant and Free Radical Scavenging
Capacity
Free radical scavenging capacity of AE was determined
using DPPH (2, 2-diphenyl-1-picrylhydrazyl) scavenging
assay [17] and nitric oxide (NO) scavenging assay [18].

2.5. Neuronal Cell Culture
IMR-32 cell line was obtained from National center
for cell science (NCCS), Pune, India. The cells were
maintained at 37°C with 5% CO2 in minimum essential
medium (MEM) supplemented with 10% FBS; 100 mg/ml
streptomycin and 100 U/ml penicillin. Cells were subcultured or passaged on attaining 80% confluency in 96
well/ 12 well / T flask and used for experimental studies.

2.6. Cytotoxicity Analysis
Cell viability were analyzed by MTT [3-(4, 5dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide]
assay [19]. IMR-32 cells (105 cells/well) were seeded in
96 well plate to analyzed mitigative effects of AE against
MSG in this assay. Based on our previous study [20],
various concentration of AE was tested to check
cytoprotective effects against LC50 of MSG (7 mM) on
IMR-32 cells.

2.7. Experimental Groups
To evaluate the effect of various treatment on oxidative
stress and genotoxicity, this study was divided in seven
different groups (Table 1).
Table 1. Experimental groups and doses.

2.1. Extract Preparation
The CP seeds were washed with distilled water and
dried under shade to prepare aqueous extract (AE). Seeds
were powdered using mechanical grinder after drying.
Soxhlet apparatus was used to prepare AE of CP seeds
(400 ml of distilled water and 50 g of CP seeds powder).
After 18 hrs the solution obtained was filtered through
Whatman filter paper No. 1 and kept for drying in an
incubator at 37°C. The percentage yield of AE was
measured using given formula.
Percentage Yield (%)
Weight of product after evaporation

 100.
Weight of powder used

2.2. Phytochemical Analysis of Extracts
Phytocomponents present in aqueous extract of CP
seeds were analyzed by standard method of Harborne [16].

2.3. FTIR Analysis
To identify the presence of functional groups, AE of CP
seeds was applied to alpha fourier transform infrared
attenuated total reflection (FTIR-ATR) (Bruker, Germany)
spectroscopy and the result was analyzed using OPUS
spectroscopy software.

GROUPS
I
II
III
IV
V
VI
VII

TREATMENTS
Control
Vehicle Control (1% DMSO + 0.4% Tween 20)
1 µg Aqueous Extract (AE)
7 mM MSG
7 mM MSG + 0.25 µg AE
7 mM MSG + 0.5 µg AE
7 mM MSG + 1 µg AE

Group I was untreated control. Group II was vehicle
control. Group III was alone 1 µg/ml AE treatment. Group
IV was alone 7 mM MSG treatment. Whereas, Groups V,
VI and VII were treated with three different doses (0.25,
0.5 and 1 µg/ml respectively) of AE along with 7 mM of
MSG. Cells were cultured in 12 well culture plate for
exposing different compounds as per experimental groups.

2.8. Cell Lysate Preparation
After 24 hrs of treatment cells were used to make cell
lysate. After trypsinization, cells were treated with 1 ml of
lysis buffer [21] containing 1% Triton X-100, 130 mM
NaCl, 10 mM Tris-HCl and 10 mM NaH2PO4 to prepare
cell lysate. The pH was maintained at 7.5 and mixture was
incubated for 30 min at 4°C. The supernatant was used for
biochemical assays after centrifugation at 4°C, 2000 rpm
for 2 min.

World Journal of Agricultural Research

2.9. Oxidative Stress Related Parameter
The supernatant obtained after centrifugation of cell
lysate was used to perform assays like total protein [22]
and glutathione [23] level as well as superoxide dismutase
[24] and catalase [25] activity to evaluate the mitigative
effect of AE against oxidative stress generated by MSG.
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and cognition with excellent antioxidant as reported in
literature [29]. The aqueous extract (AE) of CP seeds was
prepared using Soxhlet apparatus. The percentage yield
of this extract was 54%. The phytochemical analysis
revealed presence of phytocomponents like flavonoids,
alkaloids, saponin, tannins, phenols, fats and oil whereas
carbohydrates, steroids, triterpenoids and glycosides were
absent in the AE of CP seeds.

2.10. Comet Assay
Slides prepared for comet assay [26] were observed
under fluorescent microscope (BX 53F, Olympus) and
total 100 comets were scored from each group by comet
score software (comet Assay IVTM) to obtained percentage
DNA in tail as well as percentage DNA in head.

2.11. Statistical Analysis
Various parameter was performed in triplicate and results
were expressed as Mean±S.E. The statistical significance
was evaluated by Analysis of Variance (ANOVA) and
GraphPad Prism 6. 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.

3.2. FTIR Analysis
Based on results of the FTIR spectrum, it was obvious
that nitro compounds, amides, alcohols, carboxylic acids,
alkenes, aliphatic, carbonyl, ether and phenyls carbonyl
compounds as well as alkyl halides functional groups
present in the aqueous extract of CP seeds (Figure 1).
In support to our findings the report of Kulkarni and
co-workers [30] showed presence of sesquiterpenes,
alkaloids, polyalcohol, triterpenoid, sterols as well as polyol
esters present in CP seeds. Other scientists [31,32] also
described that AE of CP seeds were found to have various
bioactive components, which have ability to scavenge free
radicals. Thus, based on phytochemical and FTIR analysis
of present study and literature review on AE of CP seeds,
it can be used as a good antioxidative agent.

3.3. Free Radical Scavenging Activity

3. Results and Discussion
3.1. Pharmacological Investigation
Antioxidant properties from vegetables, fruits and medicinal
herbs are candidates, which can be used for the prevention
of oxidative damage caused by free radicals [27,28]. Our
attention has been focused on Celastrus paniculatus (CP)
seeds, which have been found to improve memory

The aqueous extract of CP seeds was able to bleach
the 50% of DPPH radicals at 0.2 mg/ml and the 100%
inhibition of DPPH was observed at a dose of 0.6 mg/ml
(Figure 2). Nitric Oxide (NO) is also classified as a
free radical that plays an important role as an effector
molecule in diverse biological systems. Persistent
exposure to nitric oxide radical is associated with
neurodegeneration [33].

Figure 1. FTIR spectroscopic analysis of AE of CP seeds
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Figure 2. Free radical scavenging activity in the form of percentage DPPH inhibitions by various concentrations of CP seeds aqueous extract

Figure 3. Free radical scavenging activity in the form of percentage NO inhibitions by various concentrations of CP seeds aqueous extract

The toxicity of NO increases greatly when it reacts with
the superoxide radical present in excitotoxins, forming the
highly reactive peroxynitrite anion (ONOO−) [34]. The
NO scavenging activity of AE was 50% at 2.91 mg/ml and
100% at 7 mg/ml in this study (Figure 3). The DPPH and
NO scavenging activity of CP was also demonstrated by
other researchers [35,36]. Based on phytochemical analysis
as well as DPPH and NO scavenging activity study it can
be concluded that AE of CP seeds can be used as
protective agent against MSG induced free radical toxicity.

3.4. Cytotoxicity Study on IMR-32 Cells
In the MTT assay, various concentrations (0.25 to
2 µg/ml) of aqueous extract of CP seeds alone and in

combination with 7 mM MSG were added in cultured
IMR-32 cells for 24 hrs to evaluate mitigative effects of
AE against cytotoxicity of MSG. Alone AE did not
show decreased in the percentage cell viability at any
concentration in MTT assay (Figure 4) indicating no cell
death at even highest dose. On the other hand, when AE
was used to check the protective effect against MSG, it
showed dose dependent protection.
At low concentration of AE (0.25 µg/ml) along with
MSG the IMR-32 cell viability was 73% whereas 100%
viability was observed at 1 µg/ml concentration (Figure 5).
Similar result was also found on rat forebrain neuronal
cells by other researchers [37] which depict the protective
effect of AE of CP seeds against cytotoxicity of MSG in
neuronal cells.
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Figure 5. Percent cell viability after treatment of various doses of AE along with 7 mM MSG in MTT assay

3.5. Oxidative Stress Parameters
The cells possess a variety of primary and secondary
defense against oxidative damage which includes the
presence of glutathione (GSH), superoxide dismutase
(SOD) and catalase (CAT). SOD is the only enzyme that
uses the superoxide anions as a substrate and produces
hydrogen peroxide as a metabolite, which is more toxic

than O2 radical and must be removed by CAT as well as
GSH [38,39]. In this study the level of GSH as well as
activity of SOD and CAT were significantly (p<0.001)
decreased in IMR-32 cells after treatment of 7 mM MSG.
The administration of AE of CP seeds along with 7 mM
MSG showed dose dependent significant increase in the
level of GSH and activity of SOD and CAT as compared
with alone 7 mM MSG treated group (Table 2).

Table 2. Result of oxidative stress related parameters in control and all treated groups
Gr. GSH (mM GSH/mg protein) SOD (U SOD/mg protein) CAT (nM H2O2 consumed/min/mg protein) Total protein (mg protein/ 105 cells)
1.767±0.028
41.65±0.12
150.4±1.87
0.418±0.023
I
1.681±0.014 ns
41.67±0.18ns
146.6±3.11ns
0.416±0.012ns
II
1.632±0.063 ns
41.62±0.41ns
154.6±2.87ns
0.423±0.034 ns
III
*
*
*
1.009±0.031
34.83±0.71
115.4±1.23
0.385±0.045*
IV
NS
#
NS
1.120±0.021
35.88±0.45
125.6±2.34
0.409±0.011#
V
#
##
#
1.279±0.012
38.73±0.39
130.7±1.23
0.416±0.034#
VI
##
##
##
1.539±0.014
40.56±0.28
138.1±1.86
0.420±0.041#
VII
Values are Mean ± S.E.
* = p<0.001 and ns = non-significant when groups II, III and IV compared with group I. # = p<0.01; ## = p<0.001 and NS = non-significant when
groups V, VI and VII compared with group IV.
I=Control; II=Vehicle control; III=1 µg/ml AE; IV=7 mM MSG; V=7 mM MSG + 0.25 µg/ml AE; VI=7 mM MSG + 0.5 µg/ml AE; VII=7 mM MSG +
1 µg/ml AE.
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The result of this study is in accordance with the
findings of Kumar and Gupta [29], who showed that
antioxidant properties of AE of CP seeds significantly
increased glutathione level as well as increase activity of
SOD and catalase in male Wistar rats.
Along with antioxidant defense system the total protein
content of the cell also equally important to maintain
normal homeostasis of the cells. The total protein level
found decreased significantly (p<0.01) at 7 mM MSG
treatment as compared to control. When AE treatment was
given along with 7 mM MSG to IMR-32 cells, the
dose dependent significant amelioration (for 0.25 µg/ml
AE-P<0.05; for 0.5 and 1 µg/ml AE-p<0.01) observed
in total protein content (Table 2). Hence, based on
pharmacological investigation, free radical scavenging
activity study and evaluation of oxidative stress related
parameters it can be concluded that due to presence of
various phytocomponents and its free radical scavenging
activity AE of CP seeds showed protective effects against
MSG induced oxidative stress in neuronal cells.

3.5. Genotoxicity Study
Excessive amount of MSG can enhance the production
of free radicals, which may cause several perturbations to
cellular integrity, including DNA modification [40,41].
Damage to DNA is one of the important markers of
genotoxicity which plays a pivotal role in apoptosis and
ultimately leading to the cell death [42,43].

Table 3. Study of DNA damage by comet assay
Groups

% DNA in tail

I

1.073±0.12

99.62±0.08

II

1.101±0.21 ns

99.71±0.12 ns

III

1.078±0.13 ns

99.29±0.11 ns

IV

2.314±0.28*

89.44±0.14*

V
VI
VII

1.59±0.18

% DNA in head

NS

91.69±0.23NS

#

95.17±0.12##

##

98.93±0.16##

1.294±0.11
1.104±0.09

Values are Mean ± S.E.
* = p<0.001 and ns = non-significant when groups II, III and IV
compared with group I. # = p<0.01; ## = p<0.001 and NS =
non-significant when groups V, VI and VII compared with group IV
I=Control; II=Vehicle control; III=1 µg/ml AE; IV=7 mM MSG;
V=7 mM MSG + 0.25 µg/ml AE; VI=7 mM MSG + 0.5 µg/ml AE;
VII=7 mM MSG + 1 µg/ml AE.

In corroboration with present study Russo and coworkers (2001) [46] also demonstrated reduction in DNA
damage in human fibroblast cells by AE of CP seeds. So,
the genotoxicity induced by 7 mM MSG in IMR-32
neuroblastoma cells was mitigated by aqueous extract of
CP seeds in dose dependent manner.

4. Conclusion
On basis of present study, it can be postulated that the
free radical mediated cellular impairment and DNA
damage cause by monosodium glutamate in neuronal cells
can be ameliorate by the presence of phytoconstituents
present in aqueous extract of Celastrus paniculatus seeds.
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Figure 6. Comet assay (Cell DNA migration pattern) in control and all
treated groups (I=Control; II=Vehicle control; III=1 µg/ml AE; IV=7
mM MSG; V=7 mM MSG + 0.25 µg/ml AE; VI=7 mM MSG + 0.5
µg/ml AE; VII=7 mM MSG + 1 µg/ml AE).

Comet assay is a sensitive method to detect DNA strand
breaks in cells [44]. Dead or dying cells may undergo
rapid DNA fragmentation, which is expected to increase
DNA migration in the comet assay [45]. Hence, MSG
induced DNA damage and its mitigation by AE of CP
seeds was further confirmed using the comet assay.
Aqueous extract showed highly significant (p<0.001)
protective capability at 1 µg/ml against MSG induced
DNA damage, which is evidenced by dose dependent
significant reduction in the % DNA in tail with increase in
the % DNA in head when both MSG and AE together
added to the culture of IMR-32 cells (Figure 6, Table 3).
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