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The study evaluated the biochemical effects of methanolic seed extract of Aframomum melegueta
(MEAM) on biochemical parameters of the brain of rats treated with monosodium glutamate (MSG) with
a view to considering the possibility of using the plant as a remedy for the management of neurotoxic
disorders. MEAM was prepared according to standard methods, phytochemically screened and
followed by evaluation of its antioxidant and anti-inflammatory potentials as well as its biological
activities. Phytochemical screening of the methanolic extract (ME) revealed the presence of alkaloids,
cardiac glycosides, flavonoids, saponins, steroids, tannins and terpenoids. Administration of MSG (2
g/kg bwt) caused alterations in the levels of glutathione, nitric oxide, Vitamin C and E, as well as in the
reduction of activities of enzymatic antioxidants. There were increases in the activities of brain marker
enzymes, protein and peroxidation levels. Histopathological observations of brain sections revealed
that MEAM protected the brain from glutamate-induced neurotoxicity. Conclusively, extract of A.
melegueta elicited appreciable and potent neuroprotective potentials against neuro-degeneration
caused by MSG oral administration, in a concentration dependent manner.
Key words: Neurotoxicity, Aframomum melegueta, methanolic extract, monosodium glutamate, antioxidant
enzymes, neurotransmitters, brain biomarkers.

INTRODUCTION
Monosodium glutamate (MSG), the sodium salt of the
non-essential amino acid glutamic acid is commonly
consumed as a flavour enhancer. Though, there is still a
lot of controversy on the neurotoxic effects of MSG,
studies over 30 years revealed that scientists have used
MSG to induce neurodegeneration in vivo and in vitro
(Kubo and Kohira, 1993; Zhou, 2009). Monosodium
glutamate (MSG) is a natural constituent of many protein-

rich food items, though it has been reported to elicit
neurotoxic effects due to its deleterious effects on the
cerebellum of wistar albino rats at higher concentrations.
It affects the functions of the brain leading to tremor,
unstable and uncoordinated movement and ataxia most
probably through oxidative stress (Schubert and Piasecki,
2001; Eweka and Om‟Iniabohs, 2007). The neurotoxic
effect of MSG according to Mattson (2008) reported

*Corresponding author. E-mail: adoolamide@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License

Fasakin et al.

that high concentrations of MSG results in excessive
glutamate
receptor
activation
with
persistent
depolarization thereby producing metabolic and
functional exhaustion of the affected neurons and hence
neural necrosis.
In spite of its ubiquitous role as a neurotransmitter,
glutamate is highly toxic to neurons, a phenomenon
„excitotoxicity’ (Choi, 1998). Glutamate toxicity is a major
contributor to pathological cell death within the nervous
system and appears to be mediated by ROS (Murphy et
al., 1990; Choi, 1998). Oxidative glutamate toxicity has
been observed in primary neuronal cell cultures (Murphy
et al., 1990; Oka et al., 1993) and tissue slices and has
been studied recently in the immortalized mouse
hippocampal cell line, HT22 (Lipton and Rosenberg,
1994; Sagara et al., 1998). Thus, neuroprotection against
glutamate-induced neurotoxicity has been therapeutic
strategy for preventing and/or treating both acute and
chronic forms of neurodegeneration (Meldrum, 1998).
Aframomum melegueta is a species in the ginger
family, Zingiberaceae. It is commonly known as grains of
paradise (English), Ataare (Yoruba), ósè j (Igbo),
Malagueta (Spanish) and Graines de paradis (French)
(Noumi and Fozi, 2003). A. melegueta is a popular
medicinal plant that is rich in phytochemicals that act in
different ways to bring about human health benefits. Its
oral ingestion increases whole body energy expenditure
through the activation of brown adipose tissues (Sugita et
al., 2013). Lee and Surh (1998) noted that A. melegueta
vanilloids, 6-gingerol and 6-paradol, is capable of
inducing apoptosis. It has been shown to exhibit antiinflammatory activity, which is in part due to the inhibition
of COX-2 enzyme activity and expression of proinflammatory genes (Nebojsa et al., 2014), reduces the
frequency of abdominal constrictions induced by acetic
acid in mice (Umukoro and Ashorobi, 2001), moderately
inhibit acetylcholinesterase, α-amylase and α-glucosidase
(Adefegha and Oboh, 2012 a, b), and exhibited a dosedependent decrease in blood glucose (Ilic et al., 2010).
This study seeks to investigate both protective and
ameliorative effects of methanolic extract of A. melegueta
on the selected biochemical parameters of the brain of
rats treated with MSG with a view to providing additional
information on the phytochemicals and contributing to the
on-going search for natural antioxidants as alternatives to
synthetic ones.

MATERIALS AND METHODS
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Experimental animals
Thirty albino rats with average weight (147 ± 4) g were purchased
from the Animal House, Faculty of Pharmacy, Obafemi Awolowo
University, Ile-Ife. They were housed in standard plastic cages
under laboratory conditions with alternating light and dark cycle of
12 h each. They had free access to feeds (Ladokun Feeds, Ibadan,
Nigeria) and water ad libitum. The rats were acclimatized for three
weeks before the commencement of the experiment.

Reagents and chemicals
All reagents used were of analytical grade from Sigma-Aldrich
Company and British Drug House (BDH) Chemical Limited
England, Fine Chemical Limited Upsalla, Sweden, Fluka Chemical
Company and Sigma Chemical Company, St Loius, M. U.S.A.
Diagnostic Kits for the assay of total protein concentration was
obtained from Randox Laboratory Ltd. Antrium, U.K. All buffers,
reagents and solutions were prepared with glass distilled water and
stored in the refrigerator.

Preparation of methanolic seed extracts of Aframomum
melegueta
The defatted seed residue (250 g) was extracted by adopting earlier
procedure of Oyedapo and Amos (1997). The powdered seed was
soaked in 900 ml of 70% (v/v) methanol for 24 h. The suspension
was squeezed and followed by filtration to obtain methanolic extract
using Whatmann‟s No 1 filter paper. The residue was re-soaked
and re-extracted 5 more times with 70% (v/v) methanol until the
filtrate becomes colourless. The filtrates were combined, filtered
and subjected to evaporation on a rotatory evaporator (Buchi
Vacuum Pump, v-700 and Rotavapor RII, Switzerland) at 45°C to
obtain syrup termed methanolic seed extract of A. melegueta
(MEAM).

Phytochemical screening of the extract
Chemical tests for the identification of the secondary metabolites in
the MEAM were carried out according to a procedure that was
based on the methods of Oyedapo et al. (1999) and Sofowora
(2002). (a) alkaloid with Drangendorf‟s reagent and Mayer‟s
reagent, Wagner‟s reagent; (b) flavonoids with 10 ml of ethylacetate
and 1 ml of dilute ammonia solution; (c) tannins with 10 ml of
distilled water and a few drops of 0.5 M Ferric chloride in glacial
acetic acid; (d) cardiac glycosides with 2 ml of chloroform and few
drops of sulphuric acid (H2SO4) carefully layered at the bottom of
the filtrate to form a lower layer interphase; (e) terpenoids with 10
ml of chloroform and 2 ml of concentrated sulphuric acid; (f)
steroids/phytosterols with 2 ml of acetic anhydride and 2 ml of
H2SO4; (g) saponins with 4 ml of distilled water and subjected to
vigorous shaking for froth formation; (h) xanthoproteins and
phlobatanins with 5 ml of distilled water, few drops of nitric acid,
ammonia solution and 2 ml 10% (v/v) HCl.

Collection and identification of plant material

Evaluation of antioxidant potentials of MEAM

Dried fruits of A. melegueta were purchased from Ilode Market in
Ile-Ife, Nigeria. The plant was identified and authenticated at IFE
Herbarium, Department of Botany, Obafemi Awolowo University,
Ile-Ife, Nigeria, where specimen copy was deposited and the
voucher number 17524 was collected. The seeds were removed
from the stalks, sun-dried and ground into fine powder using
Manual Blender.

The evaluation of the antioxidant potentials of methanolic extract of
Aframomum melegueta involved:
(a) Assay of reducing power: The reducing power of MEAM was
carried out according to a procedure based on the method of
Oyaizu (1986). A higher absorbance indicated a higher reducing
power.
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(b) Estimation of total flavonoid contents (TFC): The total
flavonoid content of the extract was estimated according to a
modified method of Singh et al. (2010). The total flavonoid content
was expressed in milligram rutin equivalent (RE)/g extract.
(c) Estimation of total phenolic contents (TPC): The total
phenolic content of the extract was estimated according to the
method of Singleton et al. (1999). The concentration of phenolic
was extrapolated from the standard curve and expressed in
milligram tannic acid equivalent (TAE)/g extract.
(d) Estimation of Vitamin C content: The concentration of Vitamin
C in the MEAM was estimated spectrophotometrically according to
a procedure based on those of Omaye et al. (1979) and Japota and
Dani (1982). The vitamin C content of the extract was extrapolated
from ascorbic acid standard calibration curve and was expressed in
milligram per gram (mg/g) extract.
(e). Estimation of the Vitamin E content: The vitamin E content in
the methanolic extract was estimated according to the method of
Baker and Frank (1968) as slightly modified by Santhosh et al.
(2013). The total vitamin E was expressed in milligram trolox (6hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) equivalent
per gram of extract (mg TE/g).
(f) Assay of DPPH radical scavenging activity: Assay of 1, 1Diphenyl-2-picrylhydrazyl radical scavenging activity of MEAM was
carried out according to a procedure based on the methods of Blois
(1985) as reported by Cakir et al. (2011) and Bode and Oyedapo
(2011). The percentage free radical scavenging activities of the
standard and MEAM were calculated using the percentage
inhibition of DPPH.
IDPPH % was then plotted against the concentrations of MEAM and
a logarithmic regression curve was established in order to calculate
the IC50 value.
Evaluation of biological activity of extract of Aframomum
melegueta
Evaluation of in vitro anti-inflammatory potential of extract of
Aframomum melegueta
The red blood cell membrane stabilizing model exposed to both
heat and hypotonic induced lyses was employed to evaluate the
anti-inflammatory potential of the MEAM. The assay was carried out
according to the procedures earlier reported (Oyedapo et al., 2015;
Bode and Oyedepo, 2011).
The percentage membrane stability was calculated as:

where Abs = Absorbance.

Grouping and treatment of experimental animals
Monosodium glutamate (2 g/kg bwt) was dissolved in 1% (v/v)
DMSO and administered orally for 21 consecutive days according
to the procedure earlier reported by Ramanathan et al. (2007). The
animals were kept fasted 2 h before drug administration. The
experimental rats were divided into six (6) groups of five (5) animals
each and treated as follows:
Group I: Served as control and received 1% (v/v) DMSO.

Group II: Rats + Monosodium glutamate (2 g/kg bwt).
Group III: Rats + Monosodium glutamate (2 g/kg bwt) + Extract (125
g/kg bwt).
Group IV: Rats + Monosodium glutamate (2 g/kg bwt) + Extract
(250 g/kg bwt).
Group V: Rats + Monosodium glutamate (2 g/kg bwt) + Gabapentin
(20 g/kg bwt).
Group VI: Rats + Extract (175 g/kg bwt).
The rats were treated daily with extract/drug for 21 days, 1 h after
monosodium glutamate treatment. The animals were weighed
weekly and changes in body weight were calculated by subtracting
the weight of the animals on the last day treatment from the weights
before the commencement of oral MSG administration. This was
expressed as percentage change.
The rats were euthanized by cervical dislocation on the 22nd day.
The brain tissues were dissected, excised, perfused in n-saline
(0.85% NaCl) to remove blood, blotted with filter paper, weighed
and kept frozen in the deep freezer.

Preparation of brain homogenates
The brain tissues were weighed, mince into bits with clean and
sterile scissors and divided into 3 portions. A portion was used for
the preparation of 10% (w/v) brain homogenate with 0.25 M
sucrose and 0.2 M EDTA.Na in 0.2 M Tris-HCl buffer, pH 7.4. The
brain homogenate was first centrifuged using a Bench Centrifuge
Model 90-2, Microfield Instrument, Essex, England at 3500 g for 10
min. Then, the supernatants were carefully collected and the
precipitate discarded. The supernatants were further centrifuged at
12,000 rpm for 15 min. at 4°C using a Cold Centrifuge Model 8880,
Centurium Scientific LTD, West Sussex, U.K. The supernatants
were then collected into clean vials and used for the assays of nonenzymatic and enzymatic anti-oxidants, evaluation of nitric oxide,
metabolic enzymes and protein concentrations. The precipitate was
re-washed twice to give a Mitochondrial Fraction (MF) and used for
the estimation of monoamine oxidase (MAO) activity (Pan et al.,
2005). A portion was used for the estimation of brain lipid profiles
while the other portion was used in the assay of brain biogenic
amine activity.

Biochemical analyses
Assay of brain marker enzyme activities
(i) Na+-K+-ATPase activity: The activity of Na+-K+-ATPase in the
brain homogenates were assayed according to a procedure based
on the methods of Sovoboda and Mossinger (1981) and Chen et al.
(1956) as described by Ames and Dubin (1960). The assay mixture
contained substrate (250 µl) and 50 µl of brain homogenate was
incubated at 37°C for 1 h. The reaction was terminated by the
addition of 250 µl 10% (w/v) trichloroacetic acid (TCA). The cooled
suspension was centrifuged at 3500 rpm for 10 min. The inorganic
phosphate concentration was estimated using the supernatant as
reported (Ames and Dublin, 1960). The brain homogenate Na+/K+ATPase activity was calculated in nmole of Pi liberated/min/mg
protein.
(ii) Assay of Acetylcholinesterase (AChE) activity: The
acetylcholinesterase (AChE) activity wa assayed according to a
procedure based on the method of Ellman et al. (1961). Typically,
2.6 ml phosphate buffer (0.1 M, pH 8.0) was mixed with 0.1 ml (0.01
M DTNB) followed by the addition of 40 µl brain homogenate and
incubated for 5 min. at room temperature. The reaction was initiated
by the addition of 40 µl (0.075 M acetylthiocholine iodide). The rate
of hydrolysis of ATChI was monitored spectrophotometrically by
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measuring the change in the absorbance per minute (∆A/min) at
420 nm over a period of 3 min. at 30 s interval. The enzyme activity
was expressed in µmol/min/mg protein and calculated as follows:

where: ∆A = change in absorbance/minute; Tv = total volume of
reaction mixture; Sv = volume of test sample in reaction mixture;
ƸDTNB = extinction coefficient of DTNB 1.36 x 104 M-1cm-1; and L =
light path length (1 cm).
(iii) Assay of glutamine synthetase activity: The activity of
glutamine synthetase was assayed according to a procedure based
on the methods of Sadasivam and Manickam (2003). Typically, 500
µl substrate and 100 µl brain homogenate were incubated at 37°C
for 5 min. The reaction was terminated by the addition of 500 µl
(10% (w/v) of TCA. The cooled suspension was centrifuged at 3500
rpm for 10 min. The inorganic phosphate concentration in the
supernatant was estimated as reported above.
The glutamine synthetase activity was calculated in nmole of Pi
liberated/min/mg protein.
(iv) Assay of monoamine oxidase (MAO) activity: The
monoamine oxidase activity was assayed according to the
procedure based on the methods of Pan et al. (2005) with slight
modification. To 100 µl of substrate (4 mM 5-hydroxytryptamine)
was added 250 µl (mitochondrial fraction). The reaction mixture was
incubated at 37°C for 20 min. and terminated by the addition of 200
µl (1 M HCl). The reaction product was extracted with 5 ml butyl
acetate, mixed thoroughly and allowed to separate into two layers.
The absorbance of the upper layer (organic phase) was read at 280
nm against the reagent blank.
The MAO activity was expressed in µmole/mg protein and
calculated as follows:
MAO activity (µmol/mg protein) =

19

of reduced glutathione (GSH) content was quantified according to
the procedure based on the method of Moron et al. (1979). The
level of brain GSH content was expressed in µg GSH/ml sample.
(b) Estimation of nitric oxide (NO) level: The nitric oxide (NO)
levels in the brain homogenate were measured as total nitrite and
nitrate levels with the use of Greiss reagent by the method of
Moshage et al. (1995). The level of brain nitric oxide content was
expressed in µmol/mg of nitrite.
(c) Estimation of the Vitamins C content: the concentration of
Vitamins C in the brain homogenate was estimated
spectrophotometrically according to procedure based on methods
of Omaye et al. (1979) and Japota and Dani (1982). The vitamin C
content of the extract was expressed in milligram per gram (mg/g)
of extract.
(d) Estimation of the Vitamins E content: The Vitamins E content
of the brain homogenate was estimated according to the methods
of Baker and Frank (1968) and Santhosh et al. (2013). The Vitamin
E content was expressed in milligram trolox equivalent per gram of
extract (mg TE/g).
(e) Assay of lipid peroxidation activity: The thiobarbituric acid
reactive species (TBARS) production in the brain was carried out
according to a procedure based on the method of Su et al. (2009)
with slight modification. MDA levels was calculated and expressed
as µmol/g tissue.

Histological studies of brain samples
The rats were sacrificed and the whole brain removed. One rat per
each group was picked at random for histological analyses. The
histopathological analyses of the brain tissues were carried out at
Gbela Laboratories, Oluwalose Quarters, Road 7, Ile-Ife. The slides
were examined and interpreted by Dr. O. A. Ayannuga at the
Department of Anatomy and Physiology, Obafemi Awolowo
University, Ile-Ife, Osun State.

where: Abs = Absorbance; Tv = total volume of reaction mixture; Sv
= volume of test sample in reaction mixture; Ƹ = 12.8l mmol-1cm-1;
and L = light path length (1 cm).

Statistical analysis

Evaluation of brain enzymatic anti-oxidant activities

Data were expressed as mean ± SEM for the five rats in each
group. Differences between the control and treated groups were
determined by the One-way Analysis of Variance (ANOVA), using
GraphPad 3 (prism). Significant difference level was considered if p
< 0.05.

(i) Assay of glutathione peroxidase (GPx) activity: The assay of
glutathione peroxidase (GPx) activity was assayed according to a
procedure based on the methods of Rotruck et al. (1973). The Gpx
activity was estimated and expressed as μmol of GSH
consumed/min/g Hb.
(ii) Assay of catalase activity: Activity of catalase (EC.1.11.1.6)
was assayed according to a procedure based on the methods of
Sinha (1972). The method was based on catalase decomposing
hydrogen peroxide to form water. The catalase activity was
estimated and expressed in µmol/min /mg protein.
(iii) Assay of superoxide dismutase (SOD) activity: Assay of
superoxide dismutase activity was assayed according to the
procedure based on the method of Misra and Fridovich (1972). The
SOD activity was expressed as percentage inhibition of adrenaline
oxidation in Unit/min/mg Protein.
Evaluation of non-enzymatic antioxidant in the brain
(a) Estimation of level of reduced glutathione (GSH): The level

RESULTS AND DISCUSSION
Phytochemicals are biologically active compounds that
contribute immensely to protection against predators but
they are also of great importance against diseases in
man. Phytochemical screening of extract of A. melegueta
revealed the presence of alkaloids, cardiac glycosides,
flavonoids, saponins, steroids, tannins and terpenoids as
demonstrated by the positive reactions exhibited by these
molecules. The observation which was in agreement with
the earlier reports of Echo et al. (2012). Flavonoids are
mostly abundant polyphenols in the vegetables, fruits and
seeds (Narayana et al., 2001). Saponins on the other
hand have been shown to boost the immune system and
lower the cholesterol concentration by competing against
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Figure 1. Reducing antioxidant power profile of Aframomum melegueta and ascorbic acid. Each value
represented the mean ± SEM of n = 3 reading. Value p < 0.05 was considered significant.
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Figure 2. DPPH-radical scavenging activity of Aframomum melegueta and ascorbic acid. Each
value represented the mean ± SEM of n = 3 reading; p < 0.05 value was considered significant.

it for absorption in the body (Akinpelu et al., 2013).
Tannins decrease protein quality by decreasing its
digestibility and palatability, which causes damage to the
intestinal tract and also interfere with iron absorption,
which may result in carcinogenesis. Terpenes has also
been implicated in the decrease of risk of cancer (Paduch
et al., 2007). The reducing capacity of the plant extract
serves as an indicator of its potential antioxidant activity
(Gülçin et al., 2003).
In Figure 1, it was revealed that methanolic extract of

A. melegueta seed exhibited potent and appreciable
reducing power, though lesser when compared with the
reference standard compound (ascorbic acid), in a
concentration dependent manner. Results revealed that
methanolic seed extract of A. melegueta seed has
appreciable DPPH radical scavenging activity with IC 50
value of 306.84 µg/ml while ascorbic acid (reference
standard compound) gave IC50 value of 15.25 µg/ml
(Figure 2). The membrane stabilizing activity of MEAM on
erythrocytes exposed to both heat and hypotonic induced
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Figure 3. Membrane stabilizing activity of methanolic extract of A. melegueta and
ibuprofen. Each value represented the mean ± SEM of n = 3 reading; p < 0.05 value was
considered significant.

Table 1. Effect of MSG, Aframomum melegueta extract and gabapentin on brain
homogenate protein concentrations.

Group
I: Normal control
II: MSG (2 g/kg bwt) only
III: MSG + 125 mg/kg bwt extract
IV: MSG + 250 mg/kg bwt extract
V: MSG + 20 mg/kg bwt gabapentin

Brain homogenate (g/dl)
2.88 ± 0.09
a
3.40 ± 0.05
b
3.11 ± 0.05
b
3.04 ± 0.03
b
3.17 ± 0.05

Each value represented Mean ± SEM, n = 5 reading; p < 0.05 value was considered
significant. The values with superscript (a) was significantly different from normal
control, (b) was significantly different from MSG treated group, while (c) was
significantly different from gabapentin treated group.

lyses showed a dose dependent activity over the
concentration ranges tested. The result (Figure 3)
revealed that MEAM exerted a response which was
monophasic with maximum percentage stability of 36.02
± 1.56% at 500 µg/ml. The reference standard drug
(Ibuprofen), a non-steroidal anti-inflammatory drug,
exhibited a biphasic response with maximum percentage
stability of 80.04 ± 0.34 % at 300 µg/ml. The results
obtained above are indicators of the extract potential
ability in ameliorating altered level of certain biochemical
parameters.
In Table 1, administration of MSG caused an increase
(18.06%) in the brain protein concentration when
compared to the control group. The result might be
attributed to increase in brain concentration of glutamate
as a result of MSG intake, resulting in increased level of

protein synthesis from the amino acid. Treatment with
gabapentin, 125 and 250 mg/kg bwt extract significantly
reduced protein concentrations by 7.26, 9.32 and 11.84%
respectively when compared with MSG alone treated
group.
In Table 2 is the summary of the effect of MSG, MEAM
and Gabapentin on the activities of brain biomarker
enzymes. In this present study, it was observed that MSG
+
+
decreased the membrane bound enzyme Na -K -ATPase
activity by 61.31%, which was significant (p < 0.05) when
compared to the normal control group. This result was in
agreement with previous studies that stated that based
on anatomical co-localization, glutamate transporters are
+
+
directly coupled to Na -K -ATPase with increase in one
depleting the level of the other (Erin et al., 2009). The
+
+
depleted activity of Na -K -ATPase thereby reduced the
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Table 2. Effect of MSG, Aframomum melegueta extract and gabapentin on the activity of brain marker enzymes.
+

Group
I: Normal control
II: MSG (2 g/kg bwt) only
III: MSG + 125 mg/kg bwt extract
IV: MSG + 250 mg/kg bwt extract
V: MSG + 20 mg/kg bwt gabapentin

+

Na -K -ATPase
(µmol/min/mg protein)
44.70 ± 1.54
a
27.71 ± 0.54
bc
35.85 ± 0.94
b
40.74 ± 0.55
b
42.00 ± 1.02

Acetylcholinesterase (µmol/min/mg
-2
protein) (x 10 )
8.49 ± 0.37
a
28.90 ± 4.13
b
13.54 ± 0.54
b
12.58 ± 0.49
b
11.93 ± 0.29

Glutamine Synthetase
(µmol/min/ mg protein)
2.37 ± 0.35
a
7.56 ± 0.17
bc
5.05 ± 0.15
b
3.65 ± 0.07
b
3.42 ± 0.15

Monoamine Oxidase
(µmol/mg protein)
55.58 ± 1.93
a
73.84 ± 1.19
bc
67.24 ± 0.56
b
60.55 ± 0.96
b
57.42 ± 0.81

Each value represented Mean ± SEM, n = 5 reading; p < 0.05 value was considered significant. The values with superscript (a) was significantly different from normal control, (b) was significantly
different from MSG treated group, while (c) was significantly different from gabapentin treated group.

energy that could be derived from hydrolysis of
+
+
ATP to pump Na out of and K into the cell
resulting in accumulation of glutamate in the
extracellular compartment of the astrocytes, and
+
alterations in Na -coupled transport systems,
osmoregulation and ion concentrations in
excitable tissues. The treatment with 20 mg/kg
bwt gabapentin, 125 and 250 mg/kg bwt extract
+
+
resulted in increase of Na -K -ATPase activity by
51.57, 29.38 and 47.02% respectively. The
methanolic seed extract of A. melegueta and
gabapentin were able to activate and restore the
+
+
Na -K -ATPase activities of the brain. The ability
of the extract and reference standard drug to
activate the enzyme activity might be due to
decreased glutamate levels or blockade of
glutamate action on the post-synaptic neurons
+
+
and/or
upregulation
of
Na -K -ATPase
expression.
Acetylcholinesterase (AChE), an important
cholinergic marker which terminates synaptic
transmission at cholinergic synapses by rapidly
hydrolyzing acetylcholine, was significantly (p <
0.05) increased by 240.40% in MSG - treated
group when compared with the normal control
group. The increase could be attributed to MSG
administration causing a decrease in the

sensitivity of AChE to acetylcholine (lower pD2)
(Lobato et al., 2010). It was noted that treatment
with 20 mg/kg bwt gabapentin slightly reduced the
activity of acetylcholinesterase (58.72%) when
compared with the MSG - treated group.
Moreover, administration of 125 and 250 mg/kg
bwt
extract
also
slightly
reduced
acetylcholinesterase activity (53.15 and 56.47%)
respectively. This was in agreement with the
findings of Adefegha and Oboh (2012a) that the
inhibitory effect of A. melegueta seed extract on
acetylcholinesterase activity could be attributed to
the combined effect of the extract‟s phenolic and
non-phenolic constituents. The result was also in
agreement with the findings of Lucinei et al
(2000), and Sowmya and Sarada (2015) that the
increased in AChE activity in the hippocampus of
MSG treated group only was as a result of
dysfunction in the cholinergic system, which
resulted in alteration of the enzyme.
There was 218.99% increase in glutamine
synthetase activity in MSG treated group, which
could be attributed to increase in glutamate level
resulting from administration of MSG and the
resulting glutamate was metabolized to glutamine
by glutamine synthetase in the astrocytes.
Moreover, treatment with 20 mg/kg bwt

gabapentin
moderately reduced
glutamine
synthetase activity by 54.57%, which was in
agreement with the observations of Leach et al.
(1997) that chronic gabapentin administration
caused a decrease in glutamate level and
thereby, decrease in glutamate synthetase
activity. The treatment with 125 and 250 mg/kg
bwt extract significantly inhibited the enzyme
activity by 33.20 and 51.72% respectively. This
might be seen as the extract mimicking the
mechanism of action of gabapentin.
Monoamine oxidase is a mitochondrial
membrane-bound enzyme which catalyzes the
oxidative deamination of monoamines (Linardaki
et al., 2013), thus regulating monoaminergic
neurotransmission. The administration of MSG (2
g/kg bwt) caused a significant (p < 0.05) increase
of 32.85% in MAO activity, when compared with
the normal control group. The increase in MAO
activity could be attributed to reduction in
monoamine level after treatment with MSG (Heal
et al., 1992). The treatment.with gabapentin (20
mg/kg bwt), 125 and 250 mg/kg bwt extract
reduced the activated MAO significantly (p < 0.05)
by 28.60, 9.82 and 21.95% respectively, when
compared to the MSG - treated group. This
amelioration exhibited by the gabapentin and
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Table 3. Effect of MSG, Aframomum melegueta extract and gabapentin on the antioxidant status of the rat brain tissues.

Group
I
II
III
IV
V

GPx
(unit/mg protein)
2.46 ± 0.09
a
1.71 ± 0.03
b
1.98 ± 0.04
b
2.20 ± 0.012
b
2.16 ± 0.03

Catalase
(µmol/min/mg protein)
4.42 ± 0.09
a
1.28 ± 0.08
bc
2.43 ± 0.12
bc
3.43 ± 0.09
1.67 ± 0.12

SOD
(unit/min/mg protein)
0.68 ± 0.03
a
0.26 ± 0.03
bc
0.43 ± 0.02
b
0.57 ± 0.04
b
0.58 ± 0.02

GSH
(mg/g)
48.34 ± 2.92
a
14.60 ± 0.45
18.22 ± 1.00
bc
23.32 ± 0.21
13.41 ± 2.25

Nitric Oxide
(µmol)
15.88 ± 0.07
a
18.15 ± 0.03
b
16.37 ± 0.03
b
16.12 ± 0.03
b
16.29 ± 0.01

Vitamin C
(mg/g)
1.00 ± 0.01
0.91 ± 0.03
bc
1.17 ± 0.02
bc
1.46 ± 0.06
b
1.70 ± 0.04

Vitamin E
(µg/mg)
82.20 ± 0.06
78.40 ± 0.05
b
88.00 ± 0.06
b
94.80 ± 0.28
b
92.00 ± 0.08

Malondialdehyde
(µmol)
2.80 ± 0.08
a
4.77 ± 0.11
bc
3.58 ± 0.05
b
2.91 ± 0.07
b
2.96 ± 0.08

Each value represented Mean ± SEM, n = 5 reading; p < 0.05 value was considered significant. The values with superscript (a) was significantly different from normal control, (b) was significantly
different from MSG treated group, while (c) was significantly different from gabapentin treated group.

extract might indicate restoration of monoamine
levels depleted by MSG treatment.
On the effects of the treatment on the activities
of enzymatic antioxidants (Table 3), it was
observed that there was significant (p < 0.05)
reduction (43.86%) in glutathione peroxidase
activity when compared with the control Group I
rats. The inhibition was in agreement with result of
Rajagopal et al. (2013) who stated that treatment
of cells with glutamate caused depletion of cellular
glutathione peroxidase that preceded cell death.
The treatment with gabapentin and the extract
caused increases of 26.32, 15.79 and 28.65% in
glutathione peroxidase activity, when compared
with MSG - treated group, indicating the
restoration of the enzyme activity.
Also catalase (CAT), an endogenous radical
detoxifying antioxidant enzyme, was significantly
(p < 0.05) reduced in MSG - treated group
(245.31%) when compared with the control group.
The decrease in the activity of catalase might be
due to its utilization to scavenge reactive oxygen
species (ROS) or glycation (Singh and Ahluwalia,
2003). The treatment with the extract significantly
(p < 0.05) increased the enzyme activity (89.84
and 167.97%) while treatment with the gabapentin
resulted in slight increase activity (30.47%).

Moreover, the activity of superoxide dismutase
(SOD), an endogenous radical scavenging
antioxidant enzyme, was significantly (p < 0.05)
reduced in MSG - treated group (161.54%), when
compared with the control group. The significant
(p < 0.05) inhibition of SOD activity in the brain of
rats treated with MSG might be as a result of
increased flux of O2 radicals causing tissue
damage or injury (Singh and Ahluwalia, 2003).
The treatment with gabapentin and the extract
significantly (p < 0.05) increased SOD activity by
123.08, 65.38 and 119.23% respectively,
compared to MSG – treated group. This is an
indication that the extract might have potentials in
ameliorating alterations in enzymatic antioxidants.
The effect of the treatment on the levels of nonenzymatic antioxidants revealed that in MSG treated group there was a significant (p < 0.05)
reduction (231.10%) in GSH content when
compared with the control group (Table 3). The
depletion is in agreement with previous studies
that stated that synthesis of glutathione in
astrocyte involves glutamate, cysteine and glycine
though excess of glutamate inhibits the transport
of cysteine thereby blocking glutathione formation
(Aissouni et al., 2002). Also it might be as a result
of utilization of reduced glutathione by glutathione

peroxidase in detoxification of H2O2 generated by
MSG administration (Srinivasan et al., 2015). The
treatment with the extract caused increase (24.79
and 59.73%) in GSH content with only 250 mg/kg
bwt extract showing significant (p < 0.05)
difference when compared with the MSG - treated
group. The extract might be acting as an
antioxidant, thereby restoring the intracellular
GSH level depleted due to oxidative stress posed
by MSG administration. The increase in
glutathione level with the extract treatment might
be as a result of its involvement in the glutamergic
system. On the other hand, treatment with
gabapentin elicited a further decrease (8.87%)
compared with MSG alone treated groups.
Nitric oxide (NO) is a highly reactive signal
molecule in the CNS. In MSG - treated group
there was an increase (14.29%) in brain NO
content when compared with the normal control
group. This is agreement with Lidija et al. (2007)
who reported that, the increase of NO production
in distinct brain regions functionally connected via
afferents and efferent suggests that these regions
are affected by neurotoxification. The treatment
with gabapentin and extract caused decrease in
the NO content (11.42, 10.87 and 12.59%) when
compared with the MSG - treated group.
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Plate 1. Photomicrographs of the cerebral cortical layers I to V of the different groups (A-F) showing the arrangement of cells (neuronsblack arrows; glial cells-yellow arrows) in the different layers with clearly demarcated boundaries in A, B and C. Boundaries of layers
are blurred in D, E and F. Mid-cortical regions of E and F showed patchy deep eosinophilic staining suggestive of cortical congestion.
Max. X100, Stain; H&E. A: Section of the normal control group (I). B: Section of the brain of the MSG only group (II); C: Section of the
brain of MSG + 125 mg/kg bwt extract; D: Section of the brain of MSG + 250 mg/kg bwt extract; E: Section of the brain of MSG + 20
mg/kg bwt gabapentin; F: 175 mg/kg bwt extract.

Moreover, the decrease in the nitric oxide level by the
extract‟s downregulation of its activity might be attributed
to the extract possession of strong antioxidant activities.
In the brain of MSG - treated there was a slight
reduction (9.89%) in vitamin C content when compared to
control group. The result might be due to neurons being
able to maintain relatively high intracellular concentrations
of vitamin C as internal antioxidant (May et al., 2006).
The treatment with gabapentin and extract significantly (p
< 0.05) increased vitamin C contents by 86.81, 28.57 and
60.44% respectively when compared with MSG - treated
group. Vitamin E content in MSG - treated group slightly
decreased by 4.85%. This was in agreement with
previous study of Traber and Stevens (2011) that Vitamin
E was used up during its detoxifying action on MSG
induced toxicity. However, treatment with gabapentin,
125 and 250 mg/kg bwt extract caused a significant
increase (17.35, 12.24 and 20.92%) respectively in the
Vitamin E content when compared with the MSG - treated
group.
The MDA content of MSG - treated group when
compared to normal control group elicited an increase
(70.36%). The increase in lipid peroxidation observed
might be attributed to a direct effect of increased
generation of ROS resulting from MSG treatment. It was
noted that treatment with gabapentin and extract caused

significant decrease of 61.15, 33.24 and 63.92%
respectively in MDA content when compared with MSG treated group.
Histological observations of brain sections showed an
increase in ratio of astrocytes to neurons in MSG treated group when compared with the control group
(Plate 1). The increased ratio observed might be as a
result of elevated astrocytes concentrations due to its
requirement in ameliorating the toxic potency of
glutamate. The increase was in agreement with Sriram et
al. (2004) who reported that mechanical, chemical or
degenerative insults to the brain stimulate astrocyte‟s
proliferation and hypertrophy with increased synthesis of
glial fibrillary acidic protein leading to vigorous
astrogliosis. Also, Plate 1 showed that mid-cortical
regions of the brains of experimental animals treated with
MSG along with gabapentin elicited patchy deep
eosinophilic staining indicating cortical congestion,
though the neurons were unaffected. This was an
indication that prolongs treatment with gabapentin exhibit
toxic effects on brain tissues. The result agreed with
previous study that chronic administration of gabapentin
and
carbamazepine
caused
increase
in
neurodegenerative changes in the adult brains (Olaibi et
al., 2014).
Plate 2 showed that cells in MSG - treated group are
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Plate 2. Photomicrographs of the cerebral cortical layers II and IV of the different groups (A-F) showing the arrangement of cells
(neurons-black arrows; glial cells-yellow arrows) in the different layers. Patchy deep eosinophilic portions are noted around layer IV of
group E and F suggesting cortical congestion. Cells in group B and C appear bigger than those of the other groups. Degenerating
neuron (Red arrows) are noted in group B and to a lesser extent in C with vacuolated cytoplasm. Max. X 400, Stain: H&E. A: Section of
the normal control group (I). B: Section of the brain of the MSG only group (II); C: Section of the brain of MSG + 125 mg/kg bwt extract;
D: Section of the brain of MSG + 250 mg/kg bwt extract; E: Section of the brain of MSG + 20 mg/kg bwt gabapentin; F: 175 mg/kg bwt
extract.

bigger than those of the other groups. This was an
indication that glutamate administration resulted in
degeneration of brain cells. The treatment with extract
was able to ameliorate this effect, which might be due to
the extract containing gingerols and related compounds
that may be useful against degeneration (Obike et al.,
2014). Loss of cerebral structure and degenerating
neurons (Red arrows) with vacuolated cytoplasm were
observed in MSG - treated group (Plates 1 and 2),
indicating neuro-damaging effect of MSG. The
observation was in agreement with previous study that
stated that administration of MSG showed some
decreased cellular population, degenerative changes,
cellular hypertrophy and vacuolations which appeared in
the brains of MSG-treated groups compared with the
control group (Eweka and Om‟Iniabohs, 2006). The
treatment with extract and gabapentin protected the
cerebral structure (Plates 1 and 2).

Conclusion
The study revealed that oral administration of MSG at
dose level of 2 g/kg bwt elicited deleterious neurotoxicity.
The altered levels of biochemical parameters and brain

biomarkers were adequately improved by treatment with
extract. The reference standard drug was able to improve
brain biomarkers but inefficient in the maintenance of the
antioxidant biochemical parameters. The neuroprotective
effect of the extract was also observed to be
concentration
dependent.
Finally,
the
above
neuroprotective, antioxidant and anti-lipid peroxidation
effects of the extract of A. melegueta seeds might be the
rationale behind some of its folkloric uses and also could
be responsible for some of its pharmacological effects.

CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.
REFERENCES
Adefegha SA, Oboh G (2012a). Acetylcholinesterase (AChE) inhibitory
activity, antioxidant properties and phenolic composition of two
Aframomum species. J. Basic Clin. Physiol. Pharmacol. 23(4):153161.
Adefegha SA, Oboh G (2012b). Inhibition of key enzymes linked to type
2 diabetes and sodium nitroprusside-induced lipid peroxidation in rat
pancreas by water extractable phytochemicals from some tropical
spices. Pharm. Biol. 50:857-865.

26

J. Neurosci. Behav. Health

Aissouni LH, Re DB, Nieoullon A, Le Goff LK (2002). Importance of
astrocytes inactivation of synaptically released glutamate for cell
survival in the central nervous system – are astrocytes vulnerable to
low intracellular glutamate concentration? J. Physiol. 96:317.
Akinpelu BA, Igbeneghu OA, Awotunde AI, Iwalewa EO, Oyedapo OO
(2014). Antioxidant and anti-bacterial activities of saponin fractions of
Erythropheleum suaveolens (Guill. And Pwerri) stem bark extract.
Sci. Res. Essays 9(18):826-833.
Ames BN, Dubin DT (1960). The Role of Polyamines in the
Neutralization of Bacteriophage Deoxyribonucleic Acid. J. Biol.
Chem. 235(3):769-775.
Baker H, Frank O (1968). Tocopherol, Methods and Interpretation,
NewYork Interscience Publisher, John Wiley and Sons, Inc. Clinical
Vitaminology. pp. 172-173.
Blois S (1985). Antioxidant determination by use of stable free radicals.
Nature 29:1199-1201.
Bode SO, Oyedapo OO (2011). Biological activities and
phytoconstitutents of the lower plant Plantycerium anglolense,
Welwex Hook. J. Med. Plants Res. 5(8):1321-1329.
Cakir FY, Korkmaz Y, Firat E, Oztas SS, Gurgan S (2011). Chemical
Analysis of Enamel and Dentin following the Application of three
different At-home Bleaching Systems. Oper. Dent. 36:529-536.
Chen PS, Toribara TY, Huber W (1956). Microdetermination of
Phosphorus. Anal. Chem. 28(11):1756-1758.
Choi DW (1998). Glutamate neurotoxicity and diseases of the nervous
system. Neuron 1:623-634.
Echo IA, Osuagwu AN, Agbor RB, Okpako EC, Ekanem BE (2012).
Phytochemical Composition of Aframomum melegueta and Piper
guineense Seeds. World J. Appl. Environ. Chem. 2(1):17-21.
Ellman GL, Courtney KD, Andres V, Feather-Stone RM (1961). A new
and Rapid Colorimetric Determination of Acetylcholine Esterase
Activity. Biochem. Pharmacol. 7:88-95.
Erin MR, Joseph CPK, Jordan EA, Syed MA, Stephane A, David RH
(2009). Glutamate Transporter Coupling to Na+K+-ATPase. J.
Neurosci. 29(25):8143-8155.
Eweka AO, Om‟Iniabohs FAE (2007). Histological studies of the effects
of monosodium glutamate on the cerebellum of adult wistar rats.
Internet J. Neurol. 8(2):1-5.
Gülçin D, Oktay M, Kirecci E, Küfrevioğlu OD (2003). Screening of
antioxidant and antimicrobial activities of anise (Pimpinel laanisum L.)
seed extracts. Food Chem. 83:371-382.
Heal DJ, Frankland AT, Gosden J, Hutchins L, Prow MR (1992). A
comparison on the effects of sibutramine hydrochloride, bupropion
and methamphetamine on dopaminergic function evidence that
dopamine is not pharmacological target for sibutramine.
Psychopharmacology 107:303-309.
Ilic N, Schmidt BM, Poulev A, Raskin I (2010). Toxicological evaluation
of grains of paradise (Aframomum melegueta) (Roscoe) K. Schum. J.
Ethnopharmacol. 127:352 356.
Japota SK, Dani HM (1982). A New Colorimetric Technique for the
Estimation of Vitamin C Using Folin-Phenol Reagent. Anal. Biochem.
127:178-182.
Kubo T, Kohira R (1993). Neonatal glutamate can destroy the
hippocampal CA1 structure and impair discrimination learning in rats.
Brain Res. 616:311-4.
Leach JP, Sills GJ, Butler E, Forrest G, Thompson GG, Brodie MJ
(1997). Neurochemical actions of gabapentin in mouse brain.
Epilepsy Res. 27:175-180.
Lee E, Surh YJ (1998). Induction of apoptosis in HL-60 cells by pungent
vanilloids, [6]-gingerol and [6]-paradol. Cancer Lett. 134:163-168.
Lidija R, Vesna S, Branka J, Dajana T (2007). Effect of glutamate
antagonists on nitric oxide production in rat brain following intra
hippocampal injection. Arch. Biol. Sci. 59(1):29-36.
Linardaki ZI, Orkoula MG, Kokkosis AG, Lamari FN, Margarity M
(2013). Investigation of the neuroprotective action of saffron (Crocus
sativus L.) in aluminum-exposed adult mice through behavioral and
neurobiochemical assessment. Food Chem. Toxicol. 52:163-170.
Lipton SA, Rosenberg PA (1994). Excitatory amino acids as a final
common pathway for neurologic disorders. New Eng. J. Med.
330:613-22.
Lobato NS, Filgueira FP, Akamine EH, Davel APC, Rossoni LV, Tostes
RC, Carvalho MHC, Fortes ZB (2010). Obesity induced by neonatal

treatment with monosodium glutamate impairs microvascular
reactivity in adult rats: Role of Nitric Oxide and prostanoids. Nutr.
Metab. Cardiovasc. Dis. 21(10):808-816.
Lucinei BS, Gravena C, Bonfleur ML, de Freitas Mathias PC (2000).
Insulin Secretion and Acetylcholinesterase Activity in Monosodium LGlutamate-Induced Obese Mice. Hormone Res. Pediatr. 54(4):11861191.
Mattson MP (2008). Glutamate and neurotrophic factors in neuronal
plasticity and disease. Ann. New York Acad. Sci. 1144:97-112.
May MJ, Li L, Hayslett K, Qu Z (2006). Ascorbate transport and
recycling by SH-SY5Y neuroblastoma cells: response to glutamate
toxicity. Neurochem. Res. 31:785-794.
Meldrum BS (1998). The glutamate synapse as a therapeutic target:
perspectives for the future. Progress Brain Res. 116:413-430.
Misra HP, Fridovich I (1972). The Role of Superoxide Anion in the
Autoxidation of Epinephrine and a Simple Assay for Superoxide
Dismutase. J. Biol. Chem. 247(10):3170-3175.
Moron MS, Depierre JN, Mannervik VC (1979). Levels of glutathione,
glutathione reductase and gltathiione S-transferase activities in rat
lung and liver. Biochem. Biophys. Acta 582:67-68.
Moshage H, Kok B, Huizenga JR, Jansen PL (1995). Nitrite and nitrate
determination in plasma: a critical evaluation. Clin. Chem. 41:892896.
Murphy TH, Schnaar RL, Coyle JT (1990). Immature cortical neurons
are uniquely sensitive to glutamate toxicity by inhibition of cystine
uptake. Fed. Am. Soc. Exp. Biol. J. 4:1624-1633.
Narayana KR, Reddy MS, Chaluvadi MR, Krishina DR (2001).
Bioflavonoid classification, Pharmacological, biochemical and
therapeutic potential. Indian J. Pharmacol. 33:2-6.
Nebojsa MI, Moul D, Alexander AP, Sithes L, Peter EK, Ilya R (2014).
Anti-inflammatory Activity of Grains of Paradise (Aframomum
melegueta Schum) Extract. J. Agric. Food Chem. 62(43):1045210457.
Noumi E, Fozi FL (2003). Ethnomedical botany of epilepsy treatment in
Fongo-Tongo village, Western Province, Cameroon. Pharm. Biol.
41(5):330-339.
Obike HI, Ezejindu DN, Akingboye AJ (2014). The effects of
aframomum melegueta aqueous extract on the adrenal gland of adult
wistar rats. Int. J. Res. Med. Health Sci. 3(6):1-6.
Oka A, Belliveau NJ, Rosenberg PA, Volpe JJ (1993). Vulnerability of
oligodendroglia to glutamate: pharmacology, mechanisms and
prevention. J. Neurosis 13:1441-1453.
Olaibi OK, Osuntokun OS, Ijomone OM (2014). Effects of chronic
administration of gabapentin and carbamazepine on the
histomorphology of the hippocampus and striatum. Ann. Neurosci.
21(2):57-61.
Omaye ST, Turnbull JD, Sauberlich HE (1979). Selected methods for
the determination of ascorbic acid in animal cells, tissues and fluids.
In: McCormick DB, Wright LD, editors. Methods Enzymol. 62:3-11.
Oyaizu M (1986). Studies on product of browning reaction prepared
from glucosem mine. Jpn. J. Nutr. 44:307-315.
Oyedapo OO, Makinde AM, Ilesanmi GM, Abimbola EO, Akinwunmi KF,
Akinpelu BA (2015). Biological Activities (Anti-Inflammatory and
Antioxidant) of Fractions and Methanolic Extract of Philonotis hastata
(Duby Wijk and Margadant). Afr. J. Tradit. Complement. Altern. Med.
12(4):50-55.
Oyedapo OO, Sab FC, Olagunju JA (1999). Bioactivity of fresh leaves
of Lantana camara. Biomed. Lett. 59:175-183.
Oyedapo OO, Amos S (1997). Further investigations into the bioactivity
of root extract of Plumbago zeylanica. Phytother. Res. 11:62-63.
Paduch R, Kandefer-Szerszen M, Trytek M, Fledurek J (2007).
Terpenes: substances useful in human healthcare. Arch. Immunol.
Ther. Exp. 55:315-327.
Pan Y, Kong L, Xia X, Zhang W, Xia W, Jiang F (2005). Antidepressantlike effect of icariin and its possible mechanism in mice. Pharmacol.
Biochem. Behav. 82(4):686-694.
Rajagopal SS, Lakshminarayanan G, Rajesh R, Dharmalingam SR,
Ramamurthy S, Chidambaram K, Shanmugham S (2013).
Neuroprotective potential of Ocimum sanctum (Linn) leaf extract in
monosodium glutamate induced excitotoxicity. Afr. J. Pharm.
Pharmacol. 7(27):1894-1906.
Ramanathan M, Sivakumar S, Anandvijaykumar PR, Saravanababu C,

Fasakin et al.

Pandian R (2007). Neuroprotective evaluation of standardized extract of
Centella asciatica in monosodium glutamate treated rats. Indian J.
Exp. Biol. 45:425-431.
Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WG (1973). Selenium: biochemical roles as a component of
glutathione peroxidase. Science 179:588-590.
Sadasivam S, Manickam A (1997). Biochemical Methods 2nd Edition.
New Age International (P) Ltd., Publishers, New Delhi. pp. 185-186.
Sagara Y, Dargusch R, Chambers D, Davis J, Schubert D, Maher P
(1998). Cellular mechanisms of resistance to chronic oxidative stress.
Free Rad. Biol. Med. 24:1375-1389.
Santhosh KS, Samydurai P, Ramakrishman R, Nagarajan N (2013).
Polyphenols, Vitamin-E Estimation and in vitro Antioxidant activity of
Adriantum capillu-veneris. Int. J. Innov. Pharm. Res. 4(1):258-262.
Schubert D, Piasecki D (2001). Oxidative glutamate toxicity can be a
component of the excitotoxicity cascade. J. Neurosci. 21:7455-7462.
Singh K, Ahluwalia P (2003). Studies on the Effect of Monosodium
Glutamate Administration on Some Antioxidant Enzymes in Arterial
Tissue of Adult Male Mice. J. Nutr. Sci. Vitaminol. 49:145-148.
Singh A, Sharma PK, Garg G (2010). Natural products as preservatives.
Int. J. Pharmacol. Bio-Sci. 1:601-612.
Singleton VL, Orthofer R, Lamuela RRM (1999). Analysis of total
phenols and other oxidation substrates and antioxidants by means of
Folin-Ciocalteu reagent. Methods Enzymol. 299:152-178.
Sinha AK (1972). Colorimetric Assay of Catalase. Anal. Biochem.
47:389-394.
Sofowora A (2002). Phytochemical Screening: In “Medicinal Plants and
Traditional Medicine in Africa”, Second Edition, Spectrum Books Ltd.
Ibadan, Nigeria. pp. 150-153.
Sovoboda P, Mossinger B (1981). Catecholamines and brain
microsomal Na+-K+ATPase protection against lipoperoxidative
damage. Biochem. Pharmacol. 30:427-432.
Sowmya M, Sarada S (2015). Combination of Spirulina with glycyrrhizin
prevents cognitive dysfunction in aged obese rats. Indian J.
Pharmacol. 47(1):39-44.

27

Srinivasan S, Wankhar W, Rathinasamy S, Rajan R (2015).
Neuroprotective effects of Indigofera tinctoria on noise stress affected
Wistar albino rat brain. J. Appl. Pharm. Sci. 5(06):058-065.
Sriram K, Benkovic SA, Hebert MA, Miller DB, O‟Callaghan JP (2004).
Induction of gp130-related cytokines and activation of JAK2/STAT3
pathway in astrocytes precedes up-regulation of glial fibrillary acidic
protein in the 1-methyl-4-phenyl-1, 2, 3, 6 tetrahydropyridine model of
neurodegeneration: key signaling pathway for astrogliosis in vivo. J.
Biol. Chem. 279:19936-19947.
Su XY, Wang Z, Liu J (2009). In vitro and in vivo antioxidant activity of
Pinus koraiensis seed extract containing phenolic compounds. Food
Chem. 106:331-339.
Sugita J, Yoneshiro T, Hatano T, Aita S, Ikemoto T, Uchiwa H, Iwanaga
T, Kameya T, Kawai Y, Saito M (2013). Grains of paradise
(Aframomum melegueta) extract activates brown adipose tissue and
increases whole-body energy expenditure in men. Br. J. Nutr.
110:733-738.
Traber MG, Stevens JF (2011). Free Radical Biology and Medicine –
Vitamins C and E: Beneficial effects from a mechanistic perspective.
Free Rad. Biol. Med. 51(5):1000-1013.
Umukoro S, Ashorobi RB (2001). Effect of Aframomum melegueta seed
extract on thermal pain and on carrageenan-induced edema. Niger.
Q. J. Hosp. Med. 11:220-225.
Yan X, Nagata T, Fan X (1998). Antioxidative activities in some
common seaweeds. Plant Foods Hum. Nutr. 52:253-262.
Zhou J (2009). Histone deacetyase Rpd3 antagonizes Sir2-dependent
silent chromatin propagation. Nucleic Acids Res. 37(11):3699-3713.

Journal of
Neuroscience and Behavioral Health

Related Journals Published by Academic Journals
■ Journal of Diabetes and Endocrinology
■ Journal of Medical Genetics and Genomics
■ Journal of Public Health and Epidemiology
■ Medical Case Studies
■ Medical Practice and Reviews
■ Journal of Infectious Diseases and Immunity

