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Abstract

Aim: The present study assessed the potential of Moringa oleifera and Bacopa monnieri leaf extracts in amelioration of Cr (VI) induced oxidative stress in 
Drosophila melanogaster.

Methodology: The 96 hr lethal dose 
(LD ) of chromium was determined by 50

exposing flies to varied doses (10, 20, 
-130,40,50,60 mg kg ) of Cr (VI) through 

diet. Later, flies were exposed to 0, 30 and 
-150 mg kg  of Cr and treated with leaf 

extracts to evaluate their alleviating effect 
on lipid peroxidation, catalase and 
glutathione-S-transferase. In silico 
studies analyzed the binding pattern of 
potential bioactive compounds in leaf 
extracts to the proposed target proteins.

-1Results: LD  was 50 mg kg  obtained 50

through. The lipid peroxidation increased 
2 folds with increase in Cr (VI), however, 
on treatment concentration with leaf 
extracts it decreased 1.5 times. While 
glutathione-s-transferase activity was 
reduced by 50% in Cr (VI) treated flies, the activity significantly increased by 66% and 76% after treatment with Bacopa and Moringa leaf extracts. 
Catalase activity showed 50% decrease in the flies treated with Cr (VI), while combined treatment of Cr (VI) and leaf extracts showed a significant 
increase (1.5 times) in catalase activity suggesting recovery. Molecular docking studies on the active phytochemicals of leaf extracts demonstrated their 
antioxidant potential on par with taurine (ligand), a known antioxidant.

Interpretation: The leaf extracts significantly alleviated the Cr (VI) induced oxidative stress, promising a natural therapy to overcome the harmful effects 
of Cr (VI) exposure in life forms.
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(Atawodi et al., 2010) as phytochemicals do not have any side 
effects and are affordable (Asgari-Kafrani et al., 2020). Moringa 
oleifera tree is a native Indian tree extensively found in hot 
regions. The bioactive compounds present in M. oleifera leaves and 
seeds possess anti-inflammatory, anti-fungal, anti-cancer and 
antioxidant properties (Sulaiman et al., 2008; Patel et al., 2014; 
Zayas-Viera, 2016; Ramamurthy et al., 2022) and is used for variety 
of medical conditions. M. oleifera contain phenolic compounds such 
as quercetin, caffeic acid and gallic acid, which are considered as 
potent natural antioxidants (Moyo et al., 2012).

Bacopa monnieri, commonly referred to as Brahmi in 
India or water hyssop is reported to contain alkaloids, flavonoids, 
sterols, terpenoids, saponins, bacosides and other bioactive 
compounds. It is well known for its neuroprotective activity due to 
its antioxidant and anti-inflammatory properties, neurotransmitter 
modulation and simulation of neural regeneration (Moyo et al., 
2012). D. melanogaster is used as a model organism as it is cost 
effective with a short generation time and ability to undergo rapid 
genetic manipulation. Recent by Mishra et al. (2023) 
recommended it as an ideal model for assessing metal toxicity 
due to high genetic similarity with higher vertebrates, particularly 
the developmental pathways of humans. More significantly, the 
uptake, transport and elimination processes of many metals are 
conserved between D. melanogaster and human beings (Quintana 
et al., 2017) and was observed to induce epigenetic instability and 
activated transposons leading to phenotypic variations and 
tumors in D. melanogaster (Parikh and Gangaraju, 2023). This 
model also circumvents the legal or ethical boundaries and issues 
involved in mammalian models (Mathew and Krishnamurthy, 
2018). Various research groups have demonstrated Drosophila 
as a reliable model to study neurological disorders and 
amelioration of elevated oxidative stress (Fasae and Abolaji, 2022; 
Shilpa et al., 2021; Osunbor and Orobor, 2023; Hosamani and 
Muralidhara, 2009). In light of the above, the current investigation 
focused on assessing the antioxidant potential of aqueous extracts 
derived from M. oleifera and B. monnieri in mitigating the oxidative 
damage induced by chromium (VI) in D. melanogaster and used 
bioinformatics tools to analyze the behavior of selected bioactive 
compounds in these plants against oxidative stress related 
proteins.

Materials and Methods

Preparation of plant extracts: M. oleifera and B. monneiri leaf 
extract powders were procured from Natural Remedies Pvt. Ltd., 
India and exposed in culture media as per the protocol of 
Ashadevi et al., (2001). 

Fly culture and Media preparation: D. melanogaster stock 
culture was obtained from the Department of Genetics and 
Genomics, University of Mysore, Manasagangothri, Mysuru. The 
flies were cultured in wheat flour-agar media as per the procedure 
optimized by Ashadevi et al., (2001).

Experimental design: The study was divided into three groups 

Introduction

Heavy metals such as chromium constitute one of the 
vital components of the biotic system, but when present in excess 
amount they pose a serious hazard to living organisms by 
intrusive interactions with normal cellular functions. Heavy metal 
toxicity to organisms is majorly correlated to synthesis of reactive 
hydroxyl radicals which react with the macromolecules and 
induce oxidative stress in organisms (Fasae and Abolaji, 2022). 
Oxidative stress is manifested as a result of exposure to certain 
metal ions like chromium, lead, arsenic, mercury, nickel and 
cadmium which linearly interact with the nucleophilic centers of 
biomolecules (proteins and DNA) resulting in altered cellular 
function and eventual carcinogenesis (Koedrith and Young, 
2011). Chromium primarily occurs in trivalent and hexavalent 
forms, among which Cr (VI) is known to predominate in the 
ecosystem and is widely used in tanning of leather, production 
of pigments and rubber, manufacturing of paint and 
anticorrosion agents etc. (Owlad et al., 2009). According to 
Agency for Toxic Substances and Disease Registry (ATSDR), 
Cr (VI) is ranked seventh and considered to be a priority 
carcinogen (Tchounwou et al., 2012) the probable role of 
chromium as a critical nutrient in the metabolism of glucose and 
lipids is also reported (Liu et al., 2020; Vutukuru, 2005).

Cr (VI) compounds are well known for their mutagenicity 
and carcinogenicity in diverse experimental models (International 
Agency for Research on Cancer, 2012) and recent research 
suggests that chronic exposure to Cr (VI) results in greater 
intracellular OS and induce ROS-mediated cell death by damaging 
DNA, RNA, protein and mitochondrial lipids (Xu et al., 2018). In 
addition, there are reports on Cr (VI) stimulating upregulation 
transcription of p53 and caspase genes related to apoptosis, while 
down regulating the genes involved in the antioxidant pathway (Li et 
al., 2022). Moreover, Cr (VI) exposure increases the peroxidation of 
lipids, activates protein kinase C, fragments DNA, and alters 
expression of genes, thereby affecting the modulation of oxidized 
states within the cells and inducing cell apoptosis (Bagchi et al., 
2001). Study on Cr(VI) toxicity have shown neurotoxicity and liver 
injury in Sprague dawley rats, severe implications in gastro-intestinal 
tract, dermatological inflammations and cancers in various organs 
(Mood et al., 2021). Cr (VI) induced oxidative stress has been 
reported to cause neurodegeneration, cross the blood-brain-barrier 
and affect the neurovascular units as well (Wise et al., 2022).

Qian et al. (2017) reported that the solubility of Cr (VI) in 
water is 100 times greater than Cr (III) suggesting that within 
exposed organisms, there is higher bioavailability of Cr(VI). A 
perusal of the available literature suggests that limited 
information is available on the toxic effects of hexavalent 
chromium on the survival, behavioral alteration and oxidative 
stress implications in D. melanogaster along with some work on 
its neurotoxic potential (Singh and Chowdhuri, 2017). Although a 
wide range of synthetic metal chelators are available to treat 
Cr(VI) induced toxicity, natural antioxidants extracted from plant 
sources are highly desirable as alternative therapeutic strategies 
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In-silico antioxidant studies: To assess the binding efficiency of 
bioactive compounds in B. monnieri and M. oleifera to standard 
antioxidant compounds, computational docking approach was 
employed using PyRx. The protein grid parameters (Costa et al., 
2018) were initially fixed in 3-D by taking a binding pocket as core-
site. Later, molecular docking experimentations were made 
against the selected phyto-compounds and targeted proteins, 
separately using Auto Dock-Vina. A positive control was used to 
compare the interactions of compounds against target protein in 
docking. The docked complexes were analyzed based on their 
binding energy values as interactive behaviors (hydrogen/ 
hydrophobic interactions) of ligands. Furthermore, the binding 
conformation within the active site of target protein was also 
observed for all ligands against best-selected proteins (Costa et 
al., 2018). The graphical depiction of docked complexes was 
investigated and visualized by Discovery Studio 2017.

Statistical analyses: All the experiments were conducted thrice 
and the data was analyzed statistically for standard deviation, and 
determining the LD  concentration of chromium.50

Results and Discussion

In this investigation, the toxic effect of Cr (VI) on the 
survival of wild type D. melanogaster was assessed along with 
the mitigative effect of leaf extracts of M. oleifera and B. monneiri 
on flies subjected to Cr (VI) exposure. The fly survival 

-1experiments were conducted using a positive control (0 mg kg  of 
Cr(VI)), and flies exposed to different concentrations (10, 

-120,30,40, 50 and 60 mg kg ) of Cr (VI)) to determine the median 
lethal concentration (LD ).The number of flies that survived in 50

different concentrations of hexavalent chromium was noted at an 
interval of 24 hr upto 96 hr. As illustrated in Fig. 1, the number of 
alive flies decreased with increase in chromium concentration for 

-1a period of 96 hr. At 50 mg kg  concentration, 50% flies survived, 
occurred, whereas in positive control vial no mortality.

The perusal of data revealed, that the percent mortality of 
D. melanogaster ranged from 5 to 85% in different concentrations 

-1studied and LD  value of Cr(VI) was found to be 50 mg kg  50
-1 (Fig.1), and 30 mg kg was considered as sub-lethal 

concentration (20% mortality). The fly survival data suggests that 
D. melanogaster demonstrated a dose and time dependent 
response to different concentrations of Cr(VI). This could be due 
to increased metal accumulation in the flies as a similar trend was 
observed in fly survival studies by Asejeje et al. (2023) using 
cadmium for a period of 25 days. The findings of the present study 
are also in accordance with the results obtained in D. 
melanogaster larvae exposed to cadmium (Yang et al., 2022). 
Negative geotaxis assay helps to measure the impaired cognitive 
function when exposed to toxicants. Cr(VI) is known to induce 

-1neuronal cell death in the fly larvae (5-20 mg kg ) which increases 
with prolonged exposure (Singh and Chowdhury, 2017) and could 
be attributed to the generation of reactive oxygen species and 
eventual induction of apoptosis. In the current study, control  flies 
non exposed to Cr(VI) took 11 seconds to climb, where flies 

(1) healthy flies that served as control, (2) flies exposed to 10, 20, 
-130, 40, 50 and 60 mg kg  concentration of Cr(VI) to determine 

LD  concentration, and (3) flies treated with leaf extract along 50

with exposure to lethal and sub-lethal concentrations of Cr (VI) at 
the end of 96 h. About 20 flies were inoculated into vials and 
treated with leaf extracts and chromium and cultured for a period 
of 5 days. Later, they were sacrificed to harvest brain tissues 
(Ashadevi et al., 2001).

Determination of median lethal dose (Ld ): The 96 hr LD  50 50
-1were conducted using a positive control vial (0 mg kg  of Cr (VI)), 

and another group of flies treated with varied concentrations 
-1(10,20,30,40,50 and 60 mg kg  of Cr(VI)) via feed. The number of 

flies that survived in different concentrations of Cr(VI) was noted 
for every 24 hr up to 96 hr.

Fly survival curve: The flies that survived were recorded for 
-1every 24 hr in diverse concentrations 10, 20, 30, 40, 50, 60 mg kg  

of Cr (VI) as per the method of Ashadevi et al., (2001).

Negative geotaxis assay: Negative geotaxis assay was 
conducted in flies exposed to different concentrations of 

-1chromium (10, 20, 30, 40, 50, 60 mg kg ) against positive control 
as per the method of Ashadevi et al., (2001).

Oxidative stress parameters: The flies were anaesthetized by 
placing the vials at -20°C for 5 min and, subsequently, sacrificed. 
The head without eyes were separated and mechanically 
homogenized in glass-to-glass homogenizer in 0.1 M phosphate 
buffer (pH 7.0) at 4°C. The homogenates were further used for 
assessing oxidative stress parameters.

Lipid peroxidation (LPO) assay: It was assayed as per 
standard protocol of Ohkawa et al. (1979) and the results are 
expressed as malondialdehyde equivalents using 1,1,3,3-
tetramethoxypropane as standard.

Protein carbonyl assay: Protein carbonyl content was 
determined as per the standard protocol of Levine et al. (1990) 

-1and the results were expressed as ƞmoles carbonyls mg  protein 
-1 -1using molar extinction coefficient of 22.0 mM  cm .

Catalase activity (1.11.1.6): Catalase activity was assayed as 
-1 per Aebi (1984) and was expressed as µmol H O  consumed min2 2

-1 mg protein. 

Glutathione-S-transferase (2.5.1.18): Assay was carried out 
following the standard method of Guthenberg et al. (1985). The 

-1 enzyme activity was expressed as ƞmoles NADPH oxidized min
-1 mg protein (MEC-96mM).

Total polyphenol content: The leaf extracts of M. oleifera and B. 
monneiri were assayed for the presence of phenolic compounds 
according to the Folin-Ciocalteu’s method (Singleton and Rossi, 
1965). The absorbance was read at 760 nm and expressed as 
quercetin equivalents.
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-1treated with sub-lethal concentration of Cr (VI) (30 mg kg ), 53 
-1sec for climbing the same distance. The flies exposed to 60 mg kg  

took 148 sec which was 13 times more than the control flies.

The time taken by the flies to climb upwards gradually 
increased with increase in chromium concentration in the culture 
suggesting impaired cognitive function and dysfunction of 
locomotor activity indicating the neurotoxic effects of Cr (VI), as 
reported in various other organisms like zebra fish and mice 
(Wise et al., 2022). The presence of hexavalent chromiumin in cell 
generate ROS and cause oxidative stress, leading to cell death 
(Monga et al., 2022). Bacosides present in B. monnieri, 
particularly Bacoside A modulate neurotransmitter levels and can 

enhance synaptic transmission, improving cognitive functions 
and can even repair neuronal damage by augmenting kinase 
activity, neuronal synthesis, restoration of synaptic activity and 
nerve impulse transmission (Mondal et al., 2023). The locomotor 
dysfunctions were ameliorated in the present study, when the flies 

-1were co exposed to Cr (VI) (30 mg kg ) and leaf extracts of M. 
oleifera and B. monnieri. The time taken for the flies to climb 
upwards reduced to 26+0.6 sec and 25+0.45 sec (approximately 
50% amelioration), respectively, indicating the neuroprotective 
effect of these extracts, which could be the result of antioxidant, 
metal chelation, cytoprotective and apoptotic regulatory 
mechanisms. ROS generated by Cr (VI) attack polyunsaturated 
fatty acids present in the cellular membranes and recent research 
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Fig. 1: Effect of different Cr (VI) concentrations ( )on Fly survival over 96 hr.-1mg kg

-1Fig. 2: Effect of Cr (VI) concentrations (mg kg ) on negative geotaxis.
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significant induction of lipid peroxidation and oxidative stress 
compared to healthy flies. (Fig. 3). Similar trends were also 
observed in D. melanogaster larvae, wherein the extent of lipid 
peroxidation aggravated with increasing concentrations of Cr(VI) 
in case of 48 hr exposure (Singh and Chowdhury, 2017), 
highlighting the role of Cr (VI) in inducing oxidative stress. 
Interestingly, while lipid peroxidation increased by 2 folds with an 
increase in the chromium concentration, it was ameliorated 1.5 
times following treatment with B. monnieri and M. oleifera leaf 
extracts, show casing the antioxidant potential of these extracts in 
mitigating Cr (VI) induced oxidative stress. Recently, similar trend 
was reported by Asejeje et al. (2023), wherein the oxidative stress 
was ameliorated by hesperidine which showed up to 50% 

by Singh and Dhal (2023) have reported that it induce high levels 
of oxidative stress and ROS production targeting DNA and lipid 
content of cells, which leads to DNA damage and lipid 
peroxidation, respectively (Mood et al., 2021). 
be distrupt the structural integrity and fluidity of cellular 
membranes in D. melanogaster, which can potentially 
compromise membrane permeability, and the function of 
membrane-bound proteins and enzymes, eventually leading to 
cellular dysfunction and cytotoxicity. Lipid peroxidation products, 
such as malondialdehyde amplifies the oxidative stress, which 
contributes to cellular damage and the progression of chromium-
induced toxicity in D. melanogaster. In the present study, elevated 
malondialdehyde levels in flies exposed to chromium indicated a 

Cu (VI) toxicity can 

385 Journal of Environmental Biology, July 2024

Std Cr(VI) Cr(VI)+Bacopa Cr(VI)+Moringa

Malondialdehyde assay

Standard 0 30 50

Cr(VI) concentration ( )-1mg kg

1.2

1

0.8

0.6

0.4

0.2

0

M
al

on
di

al
de

hy
de

 (
M

D
A

) 
E

qu
iv

al
en

ts
 

-1
(n

m
ol

 m
g

 p
ro

te
in

)

Fig. 3: Assessment of lipid peroxidation induced by Cr(VI) on treatment with phytochemical extracts of B. monneri and M. oleifera.
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reduction of LPO in D. melanogaster exposed to cadmium. In the 
present study, Bacopa extract showed a better reduction of lipid 
peroxidation than Moringa extract, which might be due to the 
presence of higher concentrations of antioxidants in Bacopa, 
leading to a more significant reduction in lipid peroxidation, 
suggestive of its more effective antioxidant mechanisms.

Gonos et al. (2018) reported that ROS and reactive 
aldehydes induce protein carbonylation by oxidizing some amino 
acid residues, often catalyzed by metal exposure, leading to 
secondary protein carbonylation. Protein carbonylation 
increased with elevated oxidative stress, in control and metal 
exposed flies and a four fold increase in protein carbonylation in 

-1groups exposed to 30 and 50 mg kg  of Cr(VI) was observed in 
comparison to healthy unexposed flies. Bacopa and Moringa 
extract treatment significantly reduced protein carbonylation, 
suggesting the protective role of antioxidants present in both the 
plant extracts with Bacopa performing three times higher decline 
compared to Moringa (Fig. 4). This is similar to that observed in 
case of hesperidin treatment in D. melanogaster exposed to 
cadmium (Asejeje et al., 2023). The production of protein 
carbonyls indicates structural deformation in protein essential for 
the survival of flies. This was also earlier observed in studies 
when larvae were exposed to chromium (Singh and Chowdhury, 
2017). The amount of carbonylation in the current study increased 
20 times in groups untreated to plant extracts compared to those 
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Fig. 5: Effect of Cr(VI) on the activity of catalase enzyme and protective effects when treated with B. monnieri  and M. oleifera.
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Fig. 6: Effect of chromium exposure on Glutathione-S- transferase activity on treatment with phytochemical extracts of B. monneri and M. oleifera
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treated with chromium, emphasizing the structural deformation in 
proteins essential for fly survival under severe oxidative stress. 
We opine that enhanced carbonylation observed in the present 
study might alter the polypeptide chain conformation, which may 
lead to partial or total inactivation of proteins, and can eventually 
trigger cellular dysfunctions and tissue damage. Treatment with 
leaf extracts of Moringa decreased the protein carbonyls and was 
better compared to Bacopa. While the protein carbonyls 
ameliorated with Bacopa extract was 16.67% and 33% in flies 

-1exposed to 30 mg kg  and 50 mg kg  Cr(VI). The reduction in 
protein carbonyls in Moringa was 66% and 69% for the same Cr 
(VI) concentrations (Fig. 4), which emphasizes its potential in 
mitigating protein carbonylation induced by Cr (VI). 

Catalase is usually expressed in organisms as a 
biodefense response against elevated free radicals induced by 
oxidative stress. Catalase reacts with H O  and generates 2

molecular oxygen, water and H donors (formic acid, ethanol, 
methanol, phenol) (Singh et al., 2022). Activity, catalase implies  
decreased levels of free radicals in the organism exposed to the 
toxic compound. Like most heavy metals, chromium ions possibly 
interact with the active site of catalase or essential cofactors, 
disrupting its catalytic function. While, direct inhibition of catalase 
impairs the ability of catalase to detoxify hydrogen peroxide, high 
levels of ROS overcome the antioxidant defense system, 
resulting in increased consumption of catalase and depletion of 

-1its activity. Flies exposed to 30 and 50 mg kg  of Cr (VI), showed 
50% decrease in the catalase activity with increase in chromium 
concentration, compared to control group flies (Fig. 5). Flies 
cultured in the medium containing Cr (VI) along with leaf extracts 
of M. oleifera and B. monnieri showed 1.5 times enhanced 
catalase activity compared to the flies treated only with chromium.

These findings are in accordance with the results of  
(Lorjiim et al., 2020) who illustrated the role of Moringa leaf 
extracts in ameliorating catalase activity in D. melanogaster 

-1

2

treated with HAART drug. Further, the activity of the enzyme was 
found to be comparatively higher in flies treated with Bacopa 
extract than Moringa, which has led us to assume that Bacopa 
has higher antioxidant activity. Moreover, Cr (VI) induced 
oxidative stress might disrupt the integrity of cell membranes and 
organelles, releasing cytosolic components which could activate 
stress signaling pathways. Modulation of catalase activity in 
response to oxidative stress could be due to upregulation of its 
synthesis as a protective mechanism or by conformational 
modifications that affect its catalytic efficiency. 

Glutathione –s-transferase mediates the reduction of 
glutathione disulfide (GSSG) to glutathione (GSH), which is an 
important molecule to counter-attack the oxidative damage while 
maintaining the reducing environs of the cell. In the present study, 
a decrease in glutathione S-transferase activity with increasing Cr 
(VI) concentration inferred oxidative stress. Excessive exposure 
to Cr (VI) disrupt detoxification pathways and depted GST activity 
due to ROS-mediated damage as reflected by enhanced lipid 
peroxidation and protein carbonylation levels in the present study. 

Chromium ions could bind to the active sites or functional 
groups of GST, disabling the enzyme in catalyzing the conjugation 
of glutathione (GSH) with electrophilic substrates. Direct 
inhibition of GST enzyme might impair cellular detoxification 
processes. On the other hand, treatment with B. monnieri and M. 
oleifera extracts reversed this effect, signifying the potential of 
these extracts in replenishing reduced glutathione and reducing 
oxidative stress. Initially, the enzyme activity was reduced by 50% 
with increase in oxidative stress, which later increased by more 
than 66% and 76% post treatment with B. monneiri and M. 
oliefera, extracts (Fig. 6). 

The substantial increase in enzyme activity noticed after 
treatment with Moringa accentuates its antioxidant efficacy in this 
context. We opine that the antioxidant activity of the leaf extracts 
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Fig. 7: Total polyphenol contents of B. monnieri and M. oleifera taking Quercetin as a positive control.
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replenishes the reduced glutathione by quenching oxygen free 
radicals there by reducing oxidative stress. This could probably 
lead to elevated glutathione reductase and glutathione 
peroxidase activities. The antioxidant activity of dietary plant 
polyphenols has gained interest among researchers over the last 
decade (Beslo et al., 2023; Rudrapal et al., 2022). In the light of 
this, the polyphenolic content of Moringa and Bacopa extracts 
was evaluated (Fig. 7). There is presence of significant levels of 
polyphenols, which contributes to their antioxidant and health-
promoting properties. The antioxidant efficacy of these leaf 
extracts, comparable to quercetin observed in the present study, 
suggests their potential role in countering oxidative stress-related 
health issues, neuroprotective effect and increased longevity 
(Varga et al., 2020). According to Pandey and Rizvi (2009), many 
epidemiological studies strongly recommend prolonged 
comsumption of diets containing plant polyphenols, which protect 
humans from cancers, diabetes, osteoporosis, cardiovascular 
diseases and neurodegenerative diseases. Most of the ligands 
from B. monneiri and M. oleifera were identified from pubchem 
and the ligands were tested for adsorption, distribution, 
metabolism, elimination and toxicity studies after passing 
Lipinski’s rule of 5. Only those ligands which had one violation or 
none were selected for docking studies with AutodockVina. Few 
molecules depicted binding energy approximately similar to that of 
control ligands (taurine and N- acetyl cysteine) as evident from their 
interactions with proteins myeloperoxidase and xanthine oxidase 
which depicts their ability to bind to these enzymes involved in 
elevating oxidative stress. Table 1 illustrates that ligands from B. 
monnieri and M. oleifera possessed lower binding energy 
compared to the standard antioxidant taurine. 

Taurine a well-known antioxidant (Malle et al., 2003) was 
used as a positive control in this study and the results implied that 
these ligands could potentially inhibit enzymes involved in 
oxidative stress. In silico studies showed that the leaf extracts 
from Bacopa and Moringa possess antioxidant ability on par with 
taurine. The affirmative interactions of protein residues with the 
ligand provide an insight into the molecular mechanisms underlying 
the antioxidant potency of these leaf extracts, indicating their 

ability to counter oxidative stress at molecular level (Ghosh et al., 
2024).

The present study highlights the protective effects of 
bioactive compounds from Moringa and Bacopa leaf extracts 
against Cr (VI) induced OS in D. melanogaster. Future 
investigations should probe a broad array of OS and other 
relevant markers to get a clear idea on ameliorative mechanisms.
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1-phenylamide



O
n
l
i
n
e
 
C
o
p
y

Ethical approval: As no animal models were used, Ethical 
approval by Institutional Ethical Committee is not required for this 
research.

Conflict of interest: The authors declare that they have no 
known competing financial interests or personal relationships that 
could influence the present work.

Data availability: All the data presented in this research paper 
are available and all authors and the affiliating institutes express 
their consent for the publication of the research outcomes.

Consent to publish: All authors agree to publish the paper in 
Journal of Environmental Biology.

References

Aebi, H.: Catalase in vitro. Methods Enzymol., 105, 121-126 (1984).
Ashadevi, J.S., K. Ravi Ram and S.R. Ramesh: Group-I male accessory 

gland secretory protein fraction is coded by autosomal gene: A 
study on Curly mutant of D. nasuta nasuta. Dros. Inf. Serv. 84, 91-
93 (2001).

Asejeje, F.O., O.B. Ogunro, G.I. Asejeje, O.S. Adewumi and A.O. Abolaji: 
An assessment of the ameliorative role of hesperidin in Drosophila 
melanogaster model of cadmium chloride-induced toxicity.  Comp. 
Biochem. Physiol. C. Toxicol. Pharmacol., 263, 109500 (2023).

Asgari-Kafrani, A., M. Fazilati  and H. Nazem: Hepatoprotective and 
antioxidant activity of aerial parts of Moringa oleifera in prevention 
of non-alcoholic fatty liver disease in Wistar rats. South African J. 
Bot., 129, 82-90 (2020).

Atawodi, S.E., J.C. Atawodi, G.A. Idakwo, B. Pfundstein, R. Haubner, G. 
Wurtele, H. Bartsch and R.W. Owen: Evaluation of the polyphenol 
content and antioxidant properties of methanol extracts of the 
leaves, stem, and root barks of Moringa oleifera Lam. J. Med. 
Food., 13, 710-6 (2010). 

Bagchi, D., M. Bagchi and S.J. Stohs: Chromium (VI)-induced oxidative 
stress, apoptotic cell death and modulation of p53 tumor 
suppressor gene. Mol. Cell. Biochem., 222, 149–158 (2001).

Bešlo, D., N. Golubić, V. Rastija, D. Agić, M. Karnaš, D. Šubarić and B. 
Lučić: Antioxidant activity, metabolism, and bioavailability of 
polyphenols in the diet of animals. Antioxidants, 12,1141 (2023).

Costa, J.D.S., R.D.S. Ramos, K.D.S.L. Costa, D.D.S.B. Brasil,  
C.H.T.D.P.D. Silva, E.F.B. Ferreira, R.D.S. Borges, J.M. Campos, 
W.J.D.C. Macêdo and C.B.R.D. Santos: An in silico study of the 
antioxidant ability for two caffeine analogs using molecular docking 
and quantum chemical methods. Molecules, 23, 2801 (2018).

Fasae, K.D. and A. Abolaji: Interactions and toxicity of non-essential 
heavy metals (Cd, Pb and Hg): lessons from Drosophila 
melanogaster. Curr. Opini. Ins. Sci., 51, 100900 (2022). 

Ghosh, S., V. Kumar, H. Mukherjee, S. Saini, S. Gupta, S. Chauhan, K. 
Kushwaha, D. Lahiri, D. Sircar and P. Roy: Assessment of the 
mechanistic role of an Indian traditionally used ayurvedic herb 
Bacopa monnieri (L.) Wettst. for ameliorating oxidative stress in 
neuronal cells. J .Ethnopharmacol., 328,117899 (2024). 

Guthenberg, C., P. Ålin and B. Mannervik: Glutathione transferase from 
rat testis. Meth. Enzymol., 113, 507-510 (1985).

Hosamani, R. and Muralidhara: Neuroprotective efficacy of Bacopa 
monnieri against rotenone induced oxidative stress and 
neurotoxicity in Drosophila melanogaster. Neurotoxicology, 30, 
977-985 (2009).

International Agency for Research on Cancer (IARC): Chromium, Nickel, 

and Welding. IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans, Vol. 100C, pp. 318-401 (2012).

Koedrith, P. and Y.R. Seo: Advances in carcinogenic metal toxicity and 
potential molecular markers. Int. J. Mole. Sci., 12, 9576-9595 
(2011).

Levine, R.L., D. Garland, C.N. Oliver, A. Amici, I. Climent, A.G. Lenz, B.W. 
Ahn, S. Shaltiel and E.R. Stadtman: Determination of carbonyl 
content in oxidatively modified proteins. Meth. Enzymol.,186, 464-
478 (1990). 

Li, H., J. Shi, H. Gao, X. Yang, Y. Fu, Y. Peng, Y. Xia and D. Zhou: 
Hexavalent chromium causes apoptosis and autophagy by 
inducing mitochondrial dysfunction and oxidative stress in broiler 
cardiomyocytes. Biol. Trace Elem. Res., 200, 2866–2875 (2022).

Liu, H. and X. Yu: Hexavalent chromium in drinking water: Chemistry, 
challenges and future outlook on Sn(II)- and photo catalyst based 
treatment. Front. Environ. Sci. Eng., 1, 88 (2020).

Lorjiim, W.M., S. Omale, G.D. Bagu, S.S. Gyang and E.T. Alemika: 
Moringa oleifera leaf extract extends lifespan and ameliorate 
HAART drug-Induced locomotor, reproductive, and antioxidant 
deficits in Drosophila melanogaster. J. Complem. Alterna. Medi. 
Res., 11, 33-46 (2020).

Malle, E., T. Buch and H.J. Grone: Myeloperoxidase in kidney disease. 
Kidney Int., 64, 1956-1967 (2003).

Mathew, B.B. and N.B. Krishnamurthy: Assessment of lead toxicity using 
Drosophila melanogaster as a model. J. Clin. Toxicol., 8, 380 
(2018). 

Mishra, M., P. Panda, B.K. Barik, A. Mondal and M. Panda: Drosophila 
melanogaster as an indispensable model to decipher the mode of 
action of neurotoxic compounds. Biocell, 47, 51 pages (2023).

Mondal, S., K. Bhar, P. Mondal, N. Panigrahi, S.K. Sahoo, P. Swetha, S. 
Chakraborty, N.Y. Teja and N. Parveen: In quest of the mysterious 
holistic vedic herb Bacopa monnieri (L.) Pennell. Pharmaco. Res., 
15, 410-454 (2023).

Monga, A., A.B. Fulke and D. Dasgupta: Recent developments in 
essentiality of trivalent chromium and toxicity of hexavalent 
chromium: implications on human health and remediation 
strategies. J. Hazar. Mater. Advan., 7, 100113 (2022).

Mood, B.M., K. Naseri, Z. Tahergorabi, M.R. Khazdair and M. Sadeghi: 
Toxic mechanisms of five heavy metals: Mercury, lead, chromium, 
cadmium, and arsenic. Front Pharmacol., 12, 643972 (2021).

Moyo, B., S. Oyedemi, P.J. Masika and V. Muchenje: Polyphenolic 
content and antioxidant properties of Moringa oleifera leaf extracts 
and enzymatic activity of liver from goats supplemented with 
Moringa oleifera leaves/sunflower seed cake. Meat Sci., 91, 441-
447 (2012). 

Ohkawa, H., N. Ohishi and K. Yagi: Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Anal. Biochem., 95, 351-
358 (1979).

Osunbor, J.O. and A.D. Orobor: Investigation of some oxidative stress 
parameters in Drosophila melanogaster exposed to lead and 
treated with Picralima nitida. J. Appl. Sci. Environ. Manage., 27, 
905-910 (2023).

Owlad, M., M.K. Aroua, W.A.W. Daud and S. Baroutian: Removal of 
hexavalent chromium-contaminated water and wastewater: A 
review. Water Air Soil Pollut., 200, 59–70 (2009). 

Pandey, K.B. and S.I. Rizvi: Plant polyphenols as dietary antioxidants in 
human health and disease. Oxida. Medi. Cell. Longe., 2, 270-278 
(2009).

Parikh, R.Y. and V.K. Gangaraju: Hexavalent chromium-induced 
epigenetic instability and transposon activation lead to phenotypic 
variations and tumors in Drosophila. Environ. Epigenet., 9, 
PMC9892686 (2023).

Patel, P., N. Patel, D. Patel, S. Desai and D. Meshram: Phytochemical 

389 Journal of Environmental Biology, July 2024

B.R. Kurella et al.: Antioxidant potential of M. oleifera and B. monnieri against Cr (VI) toxicity



O
n
l
i
n
e
 
C
o
p
y

analysis and antifungal activity of Moringa oleifera. Int. J. Pharm. 
Pharm. Sci., 6, 144-147 (2014).

Qian, J., J. Zhou, L. Wang, L. Wei, Q. Li, D. Wang and Q. Wang: Direct Cr 
(VI) bio-reduction with organics as electron donor by anaerobic 
sludge. Chem. Eng. J., 309, 330–338 (2017). 

Ramamurthy S., S. Varghese, S. Sudarsan, J. Muruganandhan,  S. 
Mushtaq, P.B. Patil and  T.A. Raj: Moringa oleifera: antioxidant, 
anticancer, anti-inflammatory, and related properties of extracts in 
cell lines: a review of medicinal effects, phytochemistry, and 
applications, The JCDP., 22, 1483–1492 (2021).

Rudrapal, M., S.J. Khairnar, J. Khan, A.B. Dukhyil, M.A. Ansari, M.N. 
Alomary, F.M. Alshabrmi, S. Palai, P.K. Deb and R. Devi: Dietary 
polyphenols and their role in oxidative stress-induced human 
diseases: Insights into protective effects, antioxidant potentials 
and mechanism(s) of action. Front. Pharmacol., 13, 806470 
(2022).

Shilpa, O., K.P. Anupama, A. Antony and H.P. Gurushankara: Lead (Pb) 
induced oxidative stress as a mechanism to cause neurotoxicity in 
Drosophila melanogaster. Toxicology,  462,  152959 (2021).

Singh, V., N. Singh, M. Verma, R. Kamal, R. Tiwari, M.S. Chivate, S.N. 
Rai, A. Kumar, A. Singh, M.P. Singh and E. Vamanu: Hexavalent-
chromium-induced oxidative stress and the protective role of 
antioxidants against cellular toxicity. Antioxidants, 11, 2375 (2022).

Singh, D., N.K. Dhal: Chromium-induced oxidative stress and adaptive 
response by plants: A physico-chemical review. Russ. J. Plant. 
Physiol ., 70, 22 (2023).

Singh, P. and D.K. Chowdhuri: Environmental presence of hexavalent 
but not trivalent chromium causes neurotoxicity in exposed 
Drosophila melanogaster. Mol. Neurobiol., 54, 3368-3387 (2017).

Singleton V.L. and J.A. Rossi: Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. 
Vitic., 16,144-158 (1965).

Sulaiman, M.R., Z.A. Zakaria, A.S. Bujarimin, M.N. Somchit, D.A. Israf 
and S. Moin: Evaluation of Moringa oleifera aqueous extract for 
antinociceptive and anti-inflammatory activities in animal models, 
Pharm. Biol., 46, 838-845 (2008).

Tchounwou, P.B., C.G. Yedjou, A.K. Patlolla and D.J. Sutton: Heavy metal 
toxicity and the environment. Experi. Suppleme., 101, 33-64 (2012).

Vutukuru, S.S.: Acute effects of hexavalent chromium on survival, 
oxygen consumption, hematological parameters and some 
biochemical profiles of the Indian major carp, Labeo rohita. Int. J. 
Environ. Res. Public Hlth., 2, 456-462 (2005).

Varga, J., N.P. Dér, N. Zsindely and L. Bodai: Green tea infusion 
alleviates neurodegeneration induced by mutant Huntingtin in 
Drosophila. Nutri. Neurosci., 23, 183-189 (2020).

Wise Jr, J.P., J.L. Young, J. Cai and L. Cai: Current understanding of 
hexavalent chromium [Cr (VI)] neurotoxicity and new 
perspectives. Environ. Int., 158, 106877 (2022).

Xu J., M. Zhao, L. Pei, R. Zhang, X. Liu, L. Wei, M. Yang and Q. Xu:  
Oxidative stress and DNA damage in a long-term hexavalent 
chromium-exposed population in North China: A cross-sectional 
study. BMJ Open., 8, e021470 (2018).

Yang, P., X. Yang, L. Sun, X. Han, L. Xu, W. Gu and M. Zhang:  Effects of 
cadmium on oxidative stress and cell apoptosis in Drosophila 
melanogaster larvae. Scient. Repo., 12, 4762 (2022).

Zayas-Viera, M., P.E. Vivas-Mejia and J. Reyes: Anticancer effect of 
Moringa oleifera leaf extract in human cancer cell lines. J. Hlth. 
Dispari. Res. Pract., 9, 102 (2016).

390 Journal of Environmental Biology, July 2024

B.R. Kurella et al.: Antioxidant potential of M. oleifera and B. monnieri against Cr (VI) toxicity


	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28

