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This study evaluated antioxidant activities and haematological effects of methanol extract of
Asystasia gangetica leaves (MEAG) on monosodium glutamate (MSG) treated rats. Forty-two male
Wistar rats randomly distributed into 7 groups (n=6) were used for the study. Groups 1-3 were the
normal control, MSG control, and positive control respectively whereas groups 4-5 were the extract
controls, and groups 6-7 were the curative groups. All the treatments were administered orally
and standard analytical methods were used for analyses. The results showed that MEAG is a rich
antioxidants source and contains phenolics, flavonoids and beta-carotene in high concentrations.
The extract showed concentration-dependent increases in ferric reducing antioxidant power, DPPH
(2,2-diphenyl-1-picrylhydrazyl) and nitric oxide radicals scavenging activities but relatively lower
than their respective controls. The MSG administration caused significant (P<0.05) reductions in
the glutathione peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT) activities but
significantly (P<0.05) increased the malondialdehyde (MDA) concentrations in the MSG control
rats. The MSG administration also caused significant (P<0.05) reductions in the haemoglobin (Hb)
concentration, packed cell volume (PCV), red blood cell (RBC) and white blood cell (WBC) counts of
the MSG control relative to the normal control. Treatment with MEAG significantly elevated GPx,
SOD, and CAT activities; haematological indices and significantly reduced MDA levels in the extract
controls, and curative groups treated with a high dose of MSG. These findings show that methanol
extract of A. gangetica leaves is rich in antioxidants that could prevent oxidative stress and improves
the haematological profile of MSG treated rats.
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1. INTRODUCTION

Monosodium glutamate (MSG) is one of the oldest available
food condiments of amino acid origin that improves the taste,
flavor, and palatability of food. However, there are increas-
ing concerns that it could elicit severe adverse human health
effects due to the emerging scientific evidence on its toxicity
potentials. It is extensively used as a food additive in coun-
tries like China and Japan in which many researchers have
attributed the increasing cardiovascular diseases in these to it
without any scientific evidence in their support (Singh et al.,
2011). Findings from various scientific studies involving ani-
mal models have demonstrated that monosodium glutamate
induces liver and kidney injuries, lipid peroxidation, cyto-
toxicity, metabolic and haematological disorders mainly by

initiating oxidative stress and depleting the levels of circu-
lating endogenous antioxidant enzymes (Khalaf and Arafat,
2015; Ugur Calis et al., 2016). The antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) function to quench free radicals and protect
tissues, organs, nucleic acids and other biomolecules in the
body from oxidative damage but these enzymes and other pro-
teins including enzymes are usually deactivated irreversibly
under oxidative stress (Al-Harbi et al., 2014). Antioxidant
vitamins including vitamins C and E have been used in the
management of MSG induced oxidative stress and its associ-
ated adverse health effects with almost total recovery from
MSG toxicity. Plant extracts rich in antioxidant vitamins and
other phytoconstituents with antioxidative activities could be
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more effective in the management of oxidative stress and MSG
toxicity (Al-Harbi et al., 2014).

scavenge and attenuate free radicals and protect tissues,
organs, nucleic acids, and other biomolecules in the body from
oxidative damage but these enzymes and other proteins or
enzymes containing iron are usually deactivated irreversibly
under oxidative stress (Al-Harbi et al., 2014). Antioxidant
vitamins including vitamins C and E have been used in
the management of MSG induced oxidative stress and its
associated adverse health effects with almost total recovery
from MSG toxicity but plant extracts rich in antioxidant
vitamins and other phytoconstituents with antioxidative
activities could be more effective in the management of
oxidative stress and MSG toxicity.

Asystasia gangetica [(Linn.) T. Anderson] commonly called
“Chinese violet” is a member of the Acanthaceae family known
for its violet flower colouration. It has been reported that it
contains some phytochemicals like alkaloids, flavonoids, tan-
nins, phenols, steroids and terpenoids which could contribute
to its bioactivities (Sama et al., 2013). The A. gangetica leaf
extracts have been reported to be effective in the management
of asthma (Akah et al., 2003), stomachache, diabetes melli-
tus, rheumatism, and hypertension (Mugabo and Raji, 2013).
This study was aimed at evaluating the antioxidant activities
and haematological effects of methanol extract of A. gangetica
leaves (MEAG) on monosodium glutamate treated rats.

2. MATERIALS AND METHODS

2.1. Collection of plant materials

Asystasia gangetica leaves were collected from the Forestry Re-
search Institute of Nigeria, Eastern Station, located at Ahia
Eke Ndume in Umuahia, Abia State Nigeria. The plant sam-
ple was identified and authenticated as A. gangetica with the
voucher number: 2694-5 (press 1899) by the Herbarium unit
of the Department of Forestry College of Natural Resources
and Environmental Management, Michael Okpara University
of Agriculture, Umudike.

2.2. Chemical and reagents

The chemicals and reagents used in this study were of ana-
lytical standard. The methanol, gallic acid, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), nitric oxide and rutin were sourced
from Sigma-Aldrich (USA), while sodium carbonate and iron
(III) chloride were from Guangdong Guanghua Sci-Tech Com-
pany Ltd, India. The Folin and Ciocatteu’s phenol reagent,
ascorbic acid, meta-phosphoric acid and beta-carotene were
obtained from LOBA Chemie Laboratory Reagent and Fine
Chemicals, India. Silymarin was from Micro Labs Limited
(India), while monosodium glutamate (MSG) was obtained
from Ajinomoto, Japan.

2.3. Preparation and extraction of A. gangetica leaves

The A. gangetica leaves were handpicked to remove dirt such
as plant debris and rinsed in running clean tap water. The
leaves were air-dried at room temperature for three weeks
and pulverized into a coarse powder with aid of a mechanical
grinder and weighed. A quantity, of 414 g of the coarsely
ground A. gangetica leaves was macerated in cold 1.5 L of
absolute methanol for 3 days with mild shaking at regular
intervals. It was then filtered with a Whatman No 1 filter
paper and the filtrate was concentrated in a water bath at 45 °C
till the methanol has evaporated completely. The concentrated
filtrate was weighed and the percentage yield of the extract
was calculated.

2.4. Experimental animals
Forty-two male Wistar albino rats weighing 140 – 150 g were
sourced from the Animal House of Faculty of Biological Sci-
ence, University of Nigeria, Nsukka (UNN), and allowed to
adapt to the new environmental condition with unlimited ac-
cess to standard grower feed and drinking water ad libitum for
21 days before the commencement of the full study.

2.5. Experimental design
This study adopted a completely randomized design, which
comprises group 1-7 with each group having 6 rats as follows:

Group 1 Normal control rats that received 2 ml/kg
distilled water/day for 14 days.

Group 2 Monosodium glutamate (MSG) control ad-
ministered 8 g/kg MSG on the day 1 and after
24h treated with 2 ml/kg distilled water/day
for 12 days before further administration of 8
g/kg MSG on 14th day.

Group 3 Positive control rats administered 8 g/kg
MSG on day 1 and after 24 h, treated with
100 mg/kg silymarin/day for 12 days before
further administration of 8 g/kg MSG on the
14th day.

Group 4 Rats received 2 ml/kg distilled water on
day 1 and after 24h treated with 200 mg/kg
MEAG/day for 12 days beffore the adminis-
tration of 2 ml/kg distilled water on th 14th

day.

Group 5 Rats received 2 ml/kg distilled water on
day 1 and after 24h treated with 500 mg/kg
MEAG/day for 12 days beffore the adminis-
tration of 2 ml/kg distilled water on th 14th

day.

Group 6 Rats received 8 g/kg MSG on day 1 and after
24 h, treated with 200 mg/kg MEAG /day for
12 days before the administration of 8 g/kg
MSG on the 14th day.

Group 7 Rats received 8 g/kg MSG on day 1 and after
24 h, treated with 500 mg/kg MEAG/day for
12 days before the administration of 8 g/kg
MSG on the 14th day.

Groups 4-5 were the extract groups and groups 6-7 served as
the curative groups. All the treatments were administered
to the rats orally. After 14 days of treatment, the rats fasted
overnight and blood samples were collected from the rats on
the 15th day for the antioxidant and haematological analyses.

2.6. Determination of antioxidants compositions and in vitro
antioxidant activities

The flavonoids content in the methanol extract of A. gangetica
leaves was determined according to the method described
by Harborne (1998) while the amount of total phenolic con-
tents in the extract was quantified using the method of Trease
and Evans (2002). Also, the level of β-carotene and lycopene
present in the extract was determined following the methods
of (Nagata and Yamashita, 1992). The amount of vitamin C
in the methanol extract of A. gangetica leaves was determined
in line with the method of (Omaye et al., 1979). The ferric
reducing antioxidant power (FRAP) of the methanol extract
of A. gangetica leaves was determined with the method of
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Benzie and Strain (1996) while its ability to scavenge DPPH
(2, 2-diphenyl-1-picrylhydrazyl) and nitric oxide free radicals
were determined with methods of (Hatano et al., 1988) and
(Marcocci et al., 1994) respectively.

2.7. Analyses of in vivo antioxidant activities and haemato-
logical parameters

The glutathione peroxidase (GPx), superoxide dismutase
(SOD), and catalase (CAT) activities were assayed using the
methods of (Ursini et al., 1985), (Xin et al., 1991), and (Aebi,
1983), respectively. The malondialdehyde (MDA) concen-
tration was determined according to the method described
by (Wallin et al., 1993) while the haematological indices
(haemoglobin, packed cell volume, red blood cell, and white
blood cell counts) were determined using the methods of (Da-
cie and Lewis, 1991).

2.8. Ethical approval

This study adhered to the regulations of the Iranian Eth-
ical Committee Guidelines for the use of animals in re-
search and the study was approved by the Ethical Com-
mittee of the Department of Physiology and Pharmacology,
College of Veterinary Medicine, Michael Okpara Univer-
sity of Agriculture, Umudike with the Reference Number:
MOUAU/VPP/EC/18/003"

2.9. Statistical Analysis

The data were analyzed using one-way of variance (ANOVA)
with the aid of Statistical Products and Service Solutions (SPSS)
version 22. The means were compared using Duncan’s multi-
ple range comparison tests and the results were expressed as
mean ± standard deviation. The level of statistical significance
was established at a 95 % confidence level (P<0.05).

3. RESULTS

3.1. Percentage yield

The extraction of 414 g of coarsely ground A. gangetica leaves
with methanol gave a 5.51 % yield corresponding to 22.82 g of
the methanol extract.

3.2. Antioxidant contents of methanol extract of A. gangetica
leaves

The concentrations of the antioxidants in the methanol extract
of A. gangetica leaves showed that the antioxidant content
decreased in the following order: phenolics > flavonoids >
β-carotene > vitamin C > lycopene respectively (Table 1).

Table 1. Antioxidant components in methanol extract of Asystasia
gangetica leaves

Antioxidant components Quantities
[mg/100g]

Total phenolics 6800.9 ± 4.73
Flavonoids 442.6 ± 0.13
β-carotene 84.2 ± 0.15
Lycopene 46.4 ± 0.03
Vitamin C 51.9 ± 0.06

3.3. Ferric reducing antioxidant power (FRAP) of methanol
extract of Asystasia gangetica leaves

The mathanol extract of A. gangetica and used standards
showed the concentration-dependent activity in FRAP assay
for examined concentration range (Figure 1).

Fig. 1. Ferric reducing antioxidant power (FRAP) of methanol ex-
tract of A. gangetica leaves

3.4. DPPH free radical scavenging activities of methanol
extract of A. gangetica leaves

The DPPH assay showed that methanol extract of A. gangetica
leaves possesses radical scavenging activity that increases
with the increasing concentration of the extract (Figure 2). The
DPPH free radical scavenging effects of the methanol extract
of A. gangetica leaves were much reduced relative to the DPPH
radical scavenging activities observed for vitamin C at all the
corresponding concentrations. The IC50 value which is the
minimum concentration of antioxidant substance required to
attain 50 % inhibition of DPPH radicals indicated that the
methanol extract of A. gangetica leaves has a lower activity
(IC50 value of 0.110 µg/ml) when compared with vitamin C
(IC50 value of 0.038 µg/ml).

3.5. Nitric oxide free radical scavenging activities of
methanol extract of A. gangetica leaves

The data in Figure 3 showed nitric oxide free radical scaveng-
ing activity of methanol extract of A. gangetica leaves which
indicated a concentration-dependent increase in its percentage
of nitric oxide inhibition similar to the nitric oxide inhibition
effects exhibited by curcumin, a standard antioxidant. The
IC50 of curcumin and methanol extract of A. gangetica leaves
were 58 and 75 µg/mL, respectively.

3.6. Effects of methanol extract of A. gangetica leaves on glu-
tathione peroxidase activities of monosodium glutamate
treated rats

The glutathione peroxidase activities indicated a significant
(P<0.05) reduction in the GPx activity of the MSG control rel-
ative to the normal control (Figure 4A). However, the GPx
activities of the positive control, extract groups, and curative
groups (MSG + 200, and MSG + 500 mg/kg/day of MEAG)
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Fig. 2. DPPH free radical scavenging activities of methanol extract
of A. gangetica leaves

significantly (P<0.05) increased when compared with the nor-
mal and MSG controls respectively. In like manner, the GPx
activities of the extract groups, and curative groups showed
significant (P<0.05) reductions relative to the positive control.

3.7. Effects of methanol extract of A. gangetica leaves on
superoxide dismutase (SOD) activities of monosodium
glutamate treated rats

The SOD activities indicated significant (P<0.05) reductions in
the SOD activities of the MSG control, positive control (group
3), and curative groups (groups 6 and 7) respectively when
compared with the normal control (Figure 4B). On the other
hand, the positive control, extract groups (groups 4 and 5),
and curative groups showed significant (P<0.05) increases in
the SOD activities when compared with the MSG control. It
was further observed that the extract groups that received 200
and 500 mg/kg/day of MEAG only respectively indicated a
significant (P<0.05) increase in the SOD activities relative to
the positive control that MSG induced and treated with 100
mg/kg/day of silymarin.

3.8. Effects of methanol extract of Asystasia gangetica
leaves on catalase (CAT) activities of monosodium glu-
tamate treated rats

The catalase activities in Figure 4C indicated a significant (P
< 0.05) decrease in the catalase activities of the MSG control
(group 2), positive control (group 3), and curative groups
(groups 6 and 7) respectively relative to the normal control.
However, the extract groups (groups 4 and 5) showed no sig-
nificant (P<0.05) increase in catalase activities when compared
with the normal control. However, the extract groups, positive
control, and curative groups showed a significant (P<0.05) in-
crease in the catalase activities when compared with the MSG
control. The extract groups showed a significant (P<0.05) in-
crease in the catalase activities when compared with positive
control treated with silymarin. Contrary, the curative group
(group 6) treated with 200 mg/kg/day of MEAG showed a no
significant (P>0.05) decrease in the catalase activities relative
to the positive control.

Fig. 3. Nitric oxide scavenging activity of methanol extract of A.
gangetica leaves

3.9. Effects of methanol extract of A. gangetica leaves on
malondialdehyde (MDA) concentration of monosodium
glutamate treated rats

The MDA concentrations of the MSG treated rats that re-
ceived graded doses of methanol extract of A. gangetica leaves
(MEAG) in Figure 4D indicated a significant (P<0.05) increase
in the MDA concentrations of the MSG control, positive con-
trol (group 3), and curative groups (groups 6 and 7) relative
to the normal control. However, the positive control, extract
groups (group 4 and 5), and the MEAG treated curative groups
showed significant reductions in the MDA concentrations
when compared with the MSG control. Furthermore, the ex-
tract groups and the curative groups had significantly (P<0.05)
lower MDA concentrations relative to the positive control rats
that received 100 mg/kg/day of silymarin.

3.10. Effects of methanol extract of A. gangetica leaves on
the haematological indices of monosodium glutamate
treated rats

As shown in Table 2 the MSG control group had significantly
lower Hb concentration compared to other groups. The Hb
concentrations of MSG treated rats that received graded doses
of MEAG were significantly (P<0.05) elevated relative to posi-
tive control rats treated with silymarin but there were no sig-
nificant (P<0.05) differences in the Hb concentration of MEAG
groups and normal control.
The values of percentage packed cell volume (Table 2) indi-
cated significant (P<0.05) reductions in the PCV counts of the
MSG control, and positive control treated with 100 mg/kg
silymarin/day when compared with the PCV count of the
normal control rats. The positive control, extract groups, and
curative (MSG + 200 and 500 mg/kg MEAG/day) groups re-
spectively had significantly (P<0.05) increased PCV counts
relative to the MSG control. Similarly, the extract groups, and
curative (MSG + 200, and MSG + 500 mg/kg MEAG/day)
groups respectively had significantly (P<0.05) increased PCV
counts when compared with the positive control.
The red blood cells (RBC) counts of the MSG control, posi-
tive control, rats that received 200 mg/kg MEAG/day, and
MSG + 200 mg/kg MEAG/day respectively showed signifi-
cantly (P<0.05) reductions in the RBC counts relative to the
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normal control (Table 2). However, the extract groups (200
and 500 mg/kg MEAG/day), and curative groups had signif-
icantly (P<0.05) increased RBC counts when compared with
the MSG control. Whereas, the rats that received 500 mg/kg
MEAG/day only, and MSG + 500 mg/kg MEAG/day respec-
tively showed significantly (P<0.05) elevated RBC counts rela-
tive to the positive control.
The white blood cell (WBC) counts in Table 2 indicated sig-
nificant (P<0.05) reductions in the WBC counts of the MSG
control, positive control, extract groups, and curative groups
when compared with the normal control respectively. There
was also, a significant (P<0.05) elevation in the WBC counts
of the group 7 rats relative to the MSG and positive controls
respectively.

4. DISCUSSION

Monosodium glutamate (MSG) is one of the commonly used
food condiments in most countries of the world that many sci-
entists have questioned the rationale behind its continued use
due to overwhelming scientific evidence that it has adverse
health implications such as oxidative damage that results in
hepatic and kidney injuries among other adverse health conse-
quences (Ugur Calis et al., 2016). The endogenous antioxidant
enzymes like glutathione peroxidase (GPx), superoxide dismu-
tase (SOD), and catalase (CAT) are critical components of the
body’s defence mechanisms that help to attenuate oxidative
damage. The study was undertaken to evaluate the antiox-
idants and haematological effects of methanol extract of A.
gangetica leaves on monosodium glutamate challenged rats.
The high levels of antioxidant components in the methanol ex-
tract of A. gangetica leaves are indicative that the plants could
possess potent antioxidant activities that could scavenge free
radicals, reduce and or prevent oxidative stress-induced dam-
age to organs, and macromolecules. The high antioxidant in
the methanol extract of A. gangatica leaves correlated with the
significant in vitro antioxidant activities exhibited by the plant
extract and the elevated in vivo antioxidant enzymes activities
of the MSG induced rats treated with graded doses of the ex-
tract. Plant extracts rich in sufficient amounts of antioxidants
such as flavonoids, total phenols, vitamin C, and lycopene ex-
hibit high antioxidant activities that could efficiently scavenge
free radicals and limit the extent of oxidative stress in line with
the findings of (Jaeger and Cuny, 2016). These antioxidant
components can donate or abstract electrons to neutralize and
quench free radical-mediated attacks on biomolecules. Vita-
min C is a well-known antioxidant that helps recycles vitamin
E to ensure that it always has enough antioxidants to counter
reactive free radicals and stabilizes the circulating antioxidant
enzymes concentrations in the body. Flavonoids are polar com-
pounds and possess high antioxidant properties that could
effectively scavenge free radicals and prevents oxidative stress
and plant extracts rich in flavonoids could play a key role in
the prevention and management of oxidative stress-related
diseases in line with the findings of (Kessler et al., 2010).
Ferric reducing antioxidant power (FRAP) is one of the most
reliable models used to ascertain the levels of antioxidant ac-
tivity exhibited by antioxidant compounds via the donation of
electrons to the reactive free radical species. The concentration-
dependent ferric reducing antioxidant power of the methanol
extract of A. gangetica leaves correlate with the abundant an-
tioxidant in the extract and suggest that A. gangetica leaves
have high antioxidant potentials.

This is similar to the findings of (Omonije et al., 2020).
The lower ferric reducing antioxidant power exhibited by
the methanol extract of A. gangetica leaves relative to vi-
tamin C and rutin respectively indicated that some non-

Fig. 4. Activities of monosodium glutamate (MSG) induced rats
treated with methanol extract of A. gangetica leaves (MEAG), A -
glutathione peroxidase (GPx); B - superoxide dismutase (SOD); C -
catalase (CAT), D - malondialdehyde (MDA).

antioxidant phytoconstituents of the extract could have inter-
fered with its antioxidant activities. The DPPH (2,2-diphenyl-
1-picrylhydrazyl) radical scavenging activity of antioxidant
species quantitatively measures the capacity of the antioxi-
dant to scavenge or quench free radicals which play a vital
role in preventing oxidative stress and its associated injuries.
The increasing percentage of DPPH free radical inhibition of
the methanol extract of A. gangetica leaves could be attributed
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Table 2. Haematological indices of monosodium glutamate (MSG) induced rats treated with methanol extract of Asystasia gangetica leaves
(MEAG)

Hba,b PCV RBC WBC
Treatment groups [g/dL] [%] [1012/L] [1012/L]

Normal control 15.06±0.68 c 45.00±2.65 cd 211.67±7.64 de 6766.67±251.66 e
MSG control 7.97±0.12 a 29.10±1.37 a 183.33±2.89 a 4866.67±275.51 a
Positive control 11.33±0.31 b 39.93±1.72 b 191.67±2.87 ab 4833.33±152.75 a
200 mg/kg/day MEAG 14.67±0.36 c 45.63±1.38 cd 200.00±5.00 bcd 5200.00±246.41 ab
500 mg/kg/day MEAG 16.87±0.04 c 49.90±0.61 f 217.00±7.55 e 5400.00±200.00 ab
MSG + 200 mg/kg/day MEAG 15.73±0.61 c 47.97±2.17 de 200.00±8.66 bcd 5500.00±181.03 abc
MSG + 500 mg/kg/day MEAG 16.17±0.85 c 47.00±1.95 de 205.00±5.10 cd 6100.00±220.00 cd

a Abbreviations: Hb - haemoglobin ; PCV - packed cell volume ; RBC - red blood cells; WBC - white blood cells.
b Different letters denote statistically significant difference at P<0.05 level based on Duncan’s MLR post hoc test (n=6)

to the increasing concentration of the bioactive antioxidants
constituents of the plant extract with the increasing dose. The
methanol extract of A. gangetica leaves could have scavenged
DPPH free radicals by donating electrons to the DPPH radicals
to stabilize and make them less reactive. The DPPH free radi-
cal scavenging activities of the methanol extract of A. gangetica
leaves indicate that it possesses potent antioxidant activities
capable of preventing oxidative stress and could be useful
in the management of oxidative stress-related disease in line
with findings of (Johari and Khong, 2019).
Nitric oxide radical (NO·) is considered a beneficial free rad-
ical that occur in a living system due to its contribution to
the maintenance of optimal immunological responses against
pathogens, antigens and it’s role in the neurotransmission of
signals in biological systems (Marcocci et al., 1994). However,
it could be harmful to the system due to its’ increased ten-
dency to react with other chemical species like superoxide
ions leading to the formation of highly reactive peroxynitrite
anions that could induce oxidative stress. The concentration-
dependent nitric oxide radical scavenging activities by the
methanol extract of A. gangetica leaves could be attributed to
the antioxidant constituents of the extract. It suggests that
plant extract possesses antioxidant properties that could scav-
enge excess free radicals such as nitric oxide in the body and
prevent oxidative stress. The percentage nitric oxide inhibition
by methanol extract of A. gangetica leaves is comparably lower
than curcumin because of the high IC50 of the extract contrary
to the lower IC50 value of curcumin which suggested that
an increased dose of methanol extract of A. gangetica leaves
is required to attain higher antioxidant activity capable of
preventing oxidative stress. This is in disagreement with the
finding of (Somanathan et al., 2015).
The antioxidant enzymes activities play a major role in neutral-
izing and quenching oxidative attacks of free radicals on vital
organs, tissues, and other biomolecules thereby reducing the
extent of oxidative damage associated with free radicals attack.
The significant reductions in the glutathione peroxidase (GPx),
superoxide dismutase (SOD), and catalase (CAT) activities of
the rats challenged with a very high dose of monosodium
glutamate without any treatments indicated that the MSG in-
duction elicited increased amounts of reactive free radicals
that depleted these circulating antioxidant enzymes, reduced
their activities and made the rats vulnerable to oxidative dam-
age. The reductions in GPx, SOD, and CAT activities in the
rats challenged with a high dose of MSG without treatment are
indicatives of oxidative stress which is consistent with the ear-
lier report by Singh and Ahluwalia (2003) that MSG induces
oxidative stress in animals by depleting endogenous antioxi-
dant enzymes concentrations which results to their reduced

activities. The reductions in the antioxidant enzymes activi-
ties in rats administered a high dose of MSG are in line with
findings of (Shukry et al., 2020) who reported high levels of
oxidative markers besides reductions in antioxidant enzymes
activities.
The high levels of glutathione peroxidase, superoxide dis-
mutase, and catalase activities observed in the extract con-
trol groups without MSG administration showed that the
methanol extract of A. gangetica leaves stimulates and sta-
bilizes the endogenous antioxidant enzymes activities and
could be potent in managing oxidative stress and its associ-
ated health consequences. The antioxidant components such
as flavonoids, total phenols, vitamin C, and β-carotene possi-
bly contributed to optimizing the activities of the antioxidant
enzymes and made the extract control rats better placed to
neutralize free radicals attack than the normal control rats be-
cause of their high antioxidant activities. Similarly, treatment
of the curative groups with graded doses of the methanol ex-
tract of A. gangetica leaves greatly reversed the high level of
oxidative stress elicited by the MSG in the untreated rats and
agrees with the findings of (El Kotb et al., 2020). The curative
groups exhibited significantly increased levels of antioxidant
enzymes (glutathione peroxidase, superoxide dismutase, and
catalase) activities relative to the untreated group but very
close to the normal control rats in line with the findings of
(Shukry et al., 2020). These increases in the GPx, SOD, and
CAT activities in the methanol extract of A. gangetica leaves
treated MSG challenged rats indicated that these rats expe-
rienced a reduced degree of MSG toxicity to their various
organs, tissues, and biomolecules due to their increased ability
to reduce or prevent oxidative damage associated with the
administration of high doses of MSG.
The increased levels of malondialdehyde (MDA) in the un-
treated rats elicited by MSG administration further showed
that MSG caused an increased level of oxidative stress in
the rats possibly via the depletion of the circulating antiox-
idant enzymes levels and predisposed them to free radical
attack. The increased lipid peroxidation in the MSG control
rats could have triggered oxidative attacks on proteins, nu-
cleic acids, membranes and injury to the liver and kidneys
of the affected rats. However, the concentration-dependent
significant reductions in the levels of MDA concentrations
in the extract controls and rats challenged with high doses
of MSG but treated with graded doses of methanol extract
of A. gangetica leaves could be attributed to the antioxidant
activities exhibited by its well-known antioxidant components
like flavonoids, carotenoids, and vitamin C. The high anti-
lipid peroxidative effects elicited by the methanol extract of
A. gangetica leaves against MSG-induced oxidative stress sug-
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gests that it is effective in the management of oxidative stress,
prevention of various health conditions and diseases associ-
ated with oxidative stress.
The significant reduction in the haematological indices includ-
ing haemoglobin (Hb), packed cell volume (PCV), and red
blood cell (RBC) count of the MSG control rats indicated that
MSG had adverse effects on the haematological indices which
resulted in the rats becoming anemic and unable transport
oxygenated blood efficiently because of reduced Hb levels.
The MSG could cause reductions in the Hb, PCV, and RBC via
a haemolytic attack on the RBC, and destruction or impair-
ment of the ability of the erythropoietic cell to replenish the
circulating red blood cells. The MSG control rats also had a
very low level of white blood cell (WBC) count which suggest
that the MSG control rats could have experienced compro-
mised immune system due to insufficient white blood cells.
The decreases in the Hb, PCV, RBC, and WBC counts of the
MSG-induced untreated rats are in line with the findings of
(Al-Harbi et al., 2014). However, the elevated levels of Hb,
PCV, RBC, and WBC counts of the extract groups, and curative
groups treated with graded doses of methanol extract of A.
gangetica leaves could be attributed to the haematoprotective
effects of the methanol extract of A. gangetica leaves. These
findings are consistent with the findings of (Al-Harbi et al.,
2014). The antioxidants constituent of the methanol extract
could have induced haemolysis of the red blood cells and
stimulated the erythropoietic cells to replenish lost red blood
cells rapidly which would maintain normal haemoglobin and
packed cell volume required for normal haematological func-
tions. Besides, the phytoconstituents in the extract would
have positively impacted the bone marrow and enable it to
maintain normal white blood cell counts essential for optimal
immunological responses.

CONCLUSION

The findings from this study have shown that A. gangetica
leaf extract has significant antioxidants and haematoprotec-
tive properties that may be of pharmacological value in the
management of oxidative stress-related diseases and anemia.
However, further studies are required to isolate and charac-
terize the bioactive compounds responsible for the observed
antioxidants and haematological effects. There is also need to
assess its toxicological effects.
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