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Abstract

Aim: The present study assessed the potential of Moringa oleifera and Bacopa monnierileaf extracts in amelioration of Cr (V1) induced oxidative stress in
Drosophila melanogaster.

Methodology: The 96 hr lethal dose
(LD,,) of chromium was determined by
exposing flies to varied doses (10, 20,
30,40,50,60 mg kg™) of Cr (VI) through
diet. Later, flies were exposed to 0, 30 and
50 mg kg" of Cr and treated with leaf
extracts to evaluate their alleviating effect A
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.
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Results: LD,, was 50 mg kg" obtained
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 (V1) induced oxidative stress, promising a natural therapy to overcome the harmful effects
of Cr (V1) exposure in life forms.

TE

Triveni Enterprises

(Educational Services Set-up)

Key words: Bacopa monneiri, Chromium toxicity, Drosophila melanogaster, Moringa oleifera, Oxidative stress

How to cite: Kurella, B.R., R. Venkataramanaiah, R. Narayanappa, S.S. Vutukuru and S.G. Kunnel: Alleviation of hexavalent chromium induced
oxidative stress in Drosophila melanogaster using leaf extracts of Moringa oleifera and Bacopa monnieri. J. Environ. Biol., 45,381-390 (2024).



https://orcid.org/0009-0006-0463-0765

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

Introduction

Heavy metals such as chromium constitute one of the
vital components of the biotic system, but when presentin 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 (V1) 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 (V1) 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 (V) in
water is 100 times greater than Cr (lll) 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(VI1) induced toxicity, natural antioxidants extracted from plant
sources are highly desirable as alternative therapeutic strategies

(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 presentin M. oleiferaleaves and
seeds possess anti-inflammatory, anti-fungal, anti-cancer and
antioxidant properties (Sulaiman et al,, 2008; Patel ef 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. Itis 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 (V1) 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
Ashadevietal., (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 etal., (2001).

Experimental design: The study was divided into three groups
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(1) healthy flies that served as control, (2) flies exposed to 10, 20,
30, 40, 50 and 60 mg kg" concentration of Cr(VI) to determine
LD,, concentration, and (3) flies treated with leaf extract along
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
(Ashadevietal.,2001).

Determination of median lethal dose (Ld,): The 96 hr LD,
were conducted using a positive control vial (0 mg kg™ of Cr (V1))
and another group of flies treated with varied concentrations
(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
forevery 24 hrupto 96 hr.

Fly survival curve: The flies that survived were recorded for
every 24 hrin 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
chromium (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)
and the results were expressed as nmoles carbonyls mg™ protein
using molar extinction coefficient of 22.0 mM™ cm™.

Catalase activity (1.11.1.6): Catalase activity was assayed as
perAebi (1984) and was expressed as umol H,0, consumed min’
mg ' protein.

Glutathione-S-transferase (2.5.1.18): Assay was carried out
following the standard method of Guthenberg et al. (1985). The
enzyme activity was expressed as nmoles NADPH oxidized min’
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.

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.

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
experiments were conducted using a positive control (0 mg kg™ of
Cr(VI)), and flies exposed to different concentrations (10,
20,30,40, 50 and 60 mg kg”) of Cr (V1)) to determine the median
lethal concentration (LD,,).The number of flies that survived in
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
a 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. melanogasterranged from 5to 85% in different concentrations
studied and LD,, value of Cr(VI) was found to be 50 mg kg’
(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
neuronal 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
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Fig. 1: Effect of different Cr (VI) concentrations (mg kg)on Fly survival over 96 hr.
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Fig. 2: Effect of Cr (VI) concentrations (mg kg ") on negative geotaxis.

treated with sub-lethal concentration of Cr (V1) (30 mg kg”), 53
sec 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
were 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 presentin the cellular membranes and recent research
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Fig. 3: Assessment of lipid peroxidation induced by Cr(VI) on treatment with phytochemical extracts of B. monneriand M. oleifera.
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Fig. 4: Effect of hexavalent chromium on carbonylation of proteins in the brain in flies before and after treatment with phytochemical extracts of B.

monneriand M. oleifera.

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). Cu (VI) toxicity can
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

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 (V1) 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%
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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

groups 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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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
exposed 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,0, and generates
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
its activity. Flies exposed to 30 and 50 mg kg™ of Cr (V1), 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 (V) 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

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,
adecrease in glutathione S-transferase activity with increasing Cr
(V1) 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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Table 1: Molecular docking of various ligands with proteins myeloperoxidase and xanthine oxidase depicting their ability to bind with enzymes involved in

elevating oxidative stress
Myeloperoxidase Xanthine oxidase
Ligands Binding energy Ligands Binding energy
(kcalmol”) (kcalmol”)
Positive control Taurine -10 N-acetyl Cysteine -10.8
Bacopa monnieri Bacopaside B -9.8 Silybin -10
Kaempferol -9 Bacopaside B -8.8
Benzyl .3-D-glucoside -8 Benzyl . B-D-glucoside -7
Moringa oleifera D-TalonicAcid 1,4-Lactone 7.3
D-TalonicAcid -1.3 Propanol,(2S)-[(tert. 6.7
1,4-Lactone butyloxycarbonyl)amino]-

1-phenylamide

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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