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The use and manufacture of nanomaterials are expanding, which is concerning for human health. Graphene oxide (GO),
magnesium oxide (MgO), and quercetin (QU) have typically had significant growth because of their diverse range of
applications in nanomedicine. They are utilised in the treatment of cancer, medication delivery, tissue engineering, healing
of wounds, and biosensor. In this work, MgO-QU/GO nanocomposite was synthesized and its antioxidant was tested in a
zebrafish model. Further obtained MgO-QU/GO nanocomposite was characterized through UV, XRD, FTIR, and SEM
with EDAX analysis. Zebrafish adult seven test groups were used in the experiment with each group
containing 10 fish follows fish fed the control, and exposed to MgO-QU/GO nanocomposite concentration
0+0.0+20.0+40.0+80.0+20+0.0+40+0.0+80+0 mg/L. The outcome shows that the toxicity of the utilised nanocomposite
was comparatively low after zebrafish were exposed to MgO-QU/GO and recovered. Exploratory MgO-QU/GO treatment
to zebrafish significant by decreased the Lipid Peroxidation (LPO) and elevated the antioxidant. These findings imply that
nanocomposite at the concentration considered here might be a workable substitute for water recovery as they have no
negative effects on the long-term life and welfare of humans and animals.
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1. INTRODUCTION

One of the many carbon allotropes is graphite, and it has
a lot of potential for use in a variety of fields, including
electronics and functional nanocomposite. Due to their
hydrophobic nature, both graphite and graphene exhibit
peculiar features that may be constrained by their
dispensability, particularly when combined with polar
polymer matrices. A lot of interest is being paid to graphene-
based nanocomposites due to their outstanding
physicochemical and biological characteristics. In addition
to removing some of their limitations, graphene-
nanoparticle composites may enhance the performance of
the individual ingredients while maintaining the efficiency
of both parts [1]. According to Cornard et al. [2], flavonoids
also have a significant impact on the bioavailability of metal
ions that are found in small levels in human bodies and
lessen the toxicity of several hazardous metals, including Pb
(II). Quercetin, a special bioactive flavonoid generated from
plant sources, has a catechol-type structure in the B ring, a
2,3,double bond and 4-oxo functional group in the C ring,
and a resorcinol-type arrangement of hydroxyl groups in the
aring. In addition, quercetin can act as a defense mechanism
against the generation of a few free radicals brought on by
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environmental factors like smoking. Cigarette tar is a cause
of free radicals that have been established to damage
erythrocyte membranes. It was also reported that quercetin
and its conjugate metabolites could safeguard erythrocytes
from the membranous injury caused by smoking [3]. Over
the past two decades, MgO-NPs have been far more popular
among researchers than other metal oxide nanoparticles due
to their many applications and distinctive features [4—6].

Given their importance to human nutrition, fish from
contaminated areas may be damaging to people's health.
The fact that fish are at the top of the chain of aquatic food
sources makes them ideal bioindicators of metal
contamination. Metal polluting of the marine environment
can be assessed by looking at fish's antioxidant defences and
damage due to oxidation, as metals are well-known to
produce oxidative stress [7].

Fish feature antioxidant defence systems similar to
those in mammals, including the enzyme system and low
molecular weight antioxidants, despite the fact that the exact
isoforms of enzymes in a variety of fish species have not
been thoroughly identified [8]. The primary antioxidant
enzymes and significant oxidative stress markers are
glutathione peroxidase (GPx), glutathione-s-transferase
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(GST), superoxide dismutase (SOD), catalase (CAT), and
glutathione-peroxidase (SOD).

In non-enzymatic antioxidant defence, reduced
glutathione (GSH) and oxidised glutathione disulphide
(GSSG) are crucial components. In addition to having
specific roles in the metabolism and homeostasis of vital
metals, metalbinding proteins including ferritin,
ceruloplasmin, and metallothioneins (MTs) also play a part
in the detoxification of harmful metals [9].

The choice of Danio rerio for this investigation was
made as it is a standardised organism (OECD 1992) that is
frequently utilised in scientific studies due to particular
traits like small size, quick growth, minimal cost, significant
resemblance to the human genome, simple maintenance
under laboratory circumstances [10, 11]. The biochemical,
molecular, and behavioural reactions to various NPs have
been considered when evaluating the toxicity of this species
[11—15]. Even though there has been much research on the
toxicity of MgO-QU/GO to aquatic creatures, there have
only been a few that have looked at how well they can
recover in the post-exposure phase when there is no
nanocomposite present.

Exposure to nanoparticles may cause metabolic
imbalances that last even after the stressor is removed,
having serious negative effects on both individuals and
societies. Evaluation of recovery is crucial, especially for
aquatic biota protection programmes.

2. EXPERIMENTAL

2.1. Synthesis and characterization of MgO-
QU/GO nanocomposite

GO was created using a modified version of Hummer's
technique from natural graphite powder, with H>SOs,
NaNO?, and H>O, (30 %) as the starting materials (GO). To
prepare the synthetic GO for usage, it was dispersed onto
separate sheets in distilled water at a concentration of
0.8 g/mL using an ultra sonicator. The preparation of MgO-
QU/GO nanocomposite was carried out as follows (Fig. 1).

MgSOa4 + QU GO
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Fig. 1. Synthesis of MgO-QU/GO nanocomposite

In the experiment, 1 g MgSO4 dissolved in 50 ml water
was added to 1g quercetin dissolved in 40 ml water. To this
0.8 g GO was added and dispersed using an ultrasonicator
for 15 min [13]. The mixture was produced after the solution
was agitated for 2 hours at 70 °C and dried for 12 hours in a
hot air oven at 90 °C. The brown black dispersion product
was centrifuged and washed twice with distilled water and
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dispersed in water. The powder was taken in a silica crucible
and placed in a muffle furnace at 400 °C for 2 h, for
characterization and future use [15]. The synthesized MgO-
QU/GO nanocomposite was characterized using UV-Vis
absorption spectroscopy, FT-IR spectroscopy, x-ray
diffraction spectrometry and scanning electron microscopy
(SEM), energy dispersive x-ray (EDS) analysis.

2.2. Zebrafish treatment, exposure and sample
preparation

A neighbourhood fish market in Kolathur, Chennai,
Tamil Nadu, provided 70 zebrafish (Danio rerio) weighing
1.9302 g. Fish were fed commercial meals three times a day
during their one-week acclimatisation period prior to the
trial. The water temperature was maintained at 26.0+1.0°C,
and the 12L: 12D photoperiod was upheld. The
physiochemical parameters of the water were measured
daily. Seven test groups were used in the experiment with
each group containing 10 fish (Table 1).

Table 1. Protocol for zebrafish treatment.

Treatment methods
0+0 Fish fed the control diet
0+20 Fish fed the control diet and
exposed to MgO-QU/GO
nanocomposite (20 mg/L) for 7
days
0+40, Fish fed the control diet
and exposed to MgO-QU/GO
nanocomposite (40 mg/L) for 7
days
0+80 Fish fed the control diet and
exposed to MgO-QU/GO
nanocomposite (80 mg/L) for 7
days
0+20+0 Fish fed the control diet
and exposed to MgO-QU/GO
nanocomposite (20 mg/L) water
for the first 5 days, followed by
fresh water for 2days
0+40+0 Fish fed the control diet
and exposed to MgO-QU/GO
nanocomposite (40 mg/L) water
for the first 5 days, followed by
fresh water for 2days
0+80+0 Fish fed the control diet
and exposed to MgO-QU/GO
nanocomposite (80 mg/L) water
for the first 5 days, followed by
fresh water for 2days

No. | Test groups
1 | Group 1
2 | Group 2

3 | Group 3

4 | Group 4

5 | Group 5

6 | Group 6

7 | Group 7

In 3L aquariums, fish were randomly distributed. Each
group of fish under investigation was exposed to MgO-
QU/GO nanocomposite. The fish in groups 2, 3, and 4 were
maintained in a 3L tank and every day for 7 days each liter
of water was replaced with MgO-QU/GO nanocomposite
containing water. The fish in group 5, 6, and 7 were
maintained in MgO-QU/GO for 5 days. After 5 days of
nanocomposite exposure, the fish were transferred to clean
water and maintained for 2 days as a recovery period. For 7
days, fish were fed twice a day; at 10:00 a.m. and 3:00 p.m.



Sampling was done 7 days following the exposure of
nanoparticles.

Each group slaughtered 70 fish, and liver tissue samples
were taken from those animals. The tissue was promptly
homogenised (10 volume) in a 0.9 % cold saline solution.
After centrifuging the homogenate at 2500 g for 15 min at
4 °C, the supernatant was diluted to different quantities,
kept at 80 °C, and then subjected to biochemical analysis.

2.3. Oxidative stress index assay

The method used by Kakkar et al. [16] was used to
measure the activity of superoxide dismutase (SOD,
E.C.1.15.1.1) for the assay relies on inhibiting the formation
of NADH-phenazine methosulphate nitroblue tetrazolium
formazan. The process starts with the introduction of NADH
and incubation for 90 seconds. Glacial acetic acid is
subsequently introduced to terminate the reaction. After the
reaction concludes, the resulting color is transferred to the
n-butanol layer for extraction, followed by measuring the
absorbance at 560 nm using a spectrophotometer, while
Sinha et al. [17] used it to measure catalase (CAT,
E.C.1.11.1.6), when hydrogen peroxide (H,0O,) is present,
heating dichromate in acetic acid causes it to transform into
perchromic acid, and subsequently into chromic acetate.
The enzyme catalase (CAT) is then permitted to decompose
H,O, for different durations. The reaction is halted at
various time points by adding a mixture of dichromate-
acetic acid, and the remaining H>O,, now as chromic
acetate, is quantified using a spectrophotometer set at
620 nm. Devasagayam and Tarachand et al. [18] used it to
measure glutathione peroxide (Gpx), When reduced
glutathione (GSH) is present, a specified quantity of enzyme
preparation is allowed to react with H,O, for a
predetermined duration. The consumption of GSH is then
measured using a spectrophotometer at 420 nm.
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3. RESULTS

3.1. Characterization of MgO-QU/GO
nanocomposite

3.1.1. UV-Visspectroscopy

The optical studies of the synthesized MgO, QU, GO
and MgO-QU/GO samples are shown in Fig. 2. The UV-Vis
spectra of MgO, QU, GO were found to be at 282, 250 and
216 nm respectively. In the MgO-QU/GO nanocomposite, a
shift of the spectrum to higher wavelengths of 330 nm and
285 nm, and 240 nm region indicates the formation of
nanocomposite. The change in the peak position with slight
variations observed in the intensity of peaks could be
attributed to the size effect of quercetin (QU) added to the
nanocomposite.

3.1.2. X-ray diffraction analysis (XRD)

The powder XRD patterns of bare GO, MgO, QU and
MgO-QU/GO nanocomposite sample are shown in Fig. 3.
The XRD pattern of GO exhibited a peak at 26 values 11.36
which corresponds to the plane (002). In bare MgO, QU, GO
and MgO-QU/GO nanocomposite exhibited the diffraction
peaks at 20 values of 12.8, 18.7, 32.1, 37.9, 50.4, 58.6, and
61.0 to the lattice planes (002), (101), (111), (200),
(220), 221), (311), and (222) of MgO-QU/GO
nanocomposite. The typical peaks agreed with the
hexagonal plane of MgO (JCPDS no 76-1363). The changes
in the peak position of bare GO, MgO-QU/GO
nanocomposite the coexistence of (0 0 2) plane diffraction
peak (20 = 12.8) from carbon structure and changes in the
peak position of characteristic peaks indicated that the
MgO-QU/GO nanocomposite was assorted without phase
transformation.
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Fig. 2. UV-Vis spectra haracterization: a—MgO; b—QU; ¢ —GO; d—MgO-QU/GO.
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Moreover, this peak intensity was shifted when
compared to bare GO, MgO, QU. Crystalline size of the
synthesized nanocomposite was calculated from the Debye—
Scherrer equation D = KMBcosh, where D = crystal size,
f=full width half maximum of the peak, A= X-ray
wavelength (1.54 A), K =shape factor which is always
close to unity (0.94). The particle size was found to be 12.4,
54.4, 23.5 and 53.3 nm for GO, MgO, QU and MgO-
QU/GO samples respectively.
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Fig. 3. X-ray diffraction patterns: a— GO; b—MgO; ¢c-QU;
d-MgO-QU/GO

3.1.3. Fourier transform infrared spectroscopy analysis
(FT-IR)

The MgO-QU/GO nanocomposite's FT-IR spectra are
displayed in Fig. 4. The hydroxyl, carboxylic, and aromatic
groups of quercetin are attributed to the distinctive
vibrations in the range of 900 —1600 cm™ that were seen in
the spectra of bare quercetin (Fig. 4 c). Stretching of the -
OH and aromatic carbonyl groups are responsible for the
distinctive vibrations at 3409 cm™', 1384 cm’, and
1664 cm™!, respectively. The quercetin's C-H stretching
vibration is represented by the bands at 2927 cm! and
2852 cm’!, respectively. Additionally, the strong vibrations
of C=0 and C-H were seen at 1014 cm™ and 941 cm™,
respectively. The bare MgO peak (Fig. 4 b) corresponds to
the distinctive vibrations at 669 cm™ and 455 cm™ in the
MgO-QU/GO nanocomposite spectrum seen in Fig. 4 d.
Additionally, significant band shifts in the MgO-quercetin
nanocomposite's signature vibration bands were found.
Quercetin and MgO-QU/GO nanocomposite both showed
the C-H stretching vibration at 2927 cm™! and 2852 cm,
respectively, without any changes in the intensity of the
vibration peaks, demonstrating the retention of quercetin
structure even after their attachment to MgO nanoparticles.
It is interesting to notice that the peak intensity of the -OH
group's stretching vibration at 1384 cm™! was displaced in
the MgO-QU/GO nanocomposite, which may indicate that
MgO is the primary material with which quercetin's -OH
group interacts during the production of the nanocomposite.
Additionally, the involvement of the ~OH group resulted in
a shift in the C—O band's stretching vibration from 1168 cm’
'to 1142 cm™ [19]. Due to the oxidation of the ~OH group,
which led to the creation of intermolecular hydrogen bonds
and a shift in the C=0 vibration band from 1664 cm™ to
1608 cm™!, it is confirmed that -OH groups are involved in

the production of the
[19, 20].

The FT-IR spectra of GO, MgO, QU, and MgO-QU/GO
nanocomposite are displayed in Fig.4a—d. In the
MgO-QU/GO nanocomposite, it is clear from the spectrum
that GO exhibits the typical vibrations at 2971 cm™!, where
C-O stretching was shifted to 2972 cm™, C-H stretching
vibrations, and 1386 cm™ to C—O deformation was shifted
to 1384 cm™! to OH groups stretching vibration (Fig. 4 d).
However, no significant vibrational alterations were seen,
demonstrating that the GO structure was retained even after
being attached to the MgO-QU/GO nanocomposite.
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Fig. 4. FT-IR spectra: a— GO; b—MgO; ¢c—QU; d—MgO-QU/GO

3.1.4. Scanning electron microscopy analysis (SEM)
and Energy-dispersive x-ray spectroscopy
analysis (EDS)

The structure and morphology of MgO-QU/GO
nanocomposite were analysed by scanning electron
microscopy. Here the morphologies of homogenous MgO,
QU, GO and heterogenous MgO-QU/GO nanocomposite
were compared. Fig.5a shows the cubic shaped
morphology of MgO NPs. Fig. 5 b, represents the rod-like
structure of quercetin, the surface of which appears to be
smooth.

Fig. 5. Scanning electron microscopy analysis: a—MgO; b—QU;
¢—GO;d—MgO-QU/GO



Fig. 5 ¢ shows a thin layer with wrinkles and folds
exhibiting GO. Fig. 5 d shows the different magnifications
of MgO-QU/GO nanocomposite at 1 pm, 2 pm, 200 pm,
respectively. The rod-like granules and cubic shaped MgO-
QU were uniformly decorated on the surface of the GO
nanosheets, which was evident from the SEM micrographs.
The produced nanocomposite's elemental composition was
verified using the energy dispersive X-ray spectroscopy
(EDS). Fig. 6 MgO-QU/GO nanocomposite was analysed
by using EDS, which confirmed the presence of C and O,
Mg in the MgO-QU/GO nanocomposite respectively. EDS
analysis of MgO-QU/GO, showed the peak (C mass %
8.61+0.14, atom% 12.52+0.21), (O mass%
58.40+0.30, atom% 63.77+0.33), (Mg mass %
32.99 + 0.22, atom %23.70 £ 0.16) confirming the presence
of C, Mg, O in the prepared nanocomposite.
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Fig. 6. EDAX measurement of the nanocomposite MgO-QU/GO

3.2. Zebrafish exposure to MgO-QU/GO and
recovery

The fish group 0+40's liver SOD activity was shown to
have significantly increased. The liver CAT activity was
also increased in the 0+40 group when compared to the
control 0+0 groups proving that the nanocomposite showed
effective antioxidant activity. The activity of GPx in the
liver was decreased in the 0+40 MgO-QU/GO treated fish
group. There was an increase in LPO in 0+80+0 fish group.
These outcomes were seen five days after being exposed to
MgO-QU/GO (Fig. 7 a—d). Following two days of recovery
without MgO-QU/GO, the 0+40 fish group's SOD activity
remained elevated. After the recovery period, the CAT's
activity remained unaltered. The GPx activity was increased
in 0+20 and 0+40 fish even after the recovery period
(Fig. 7 a—d).

4. DISCUSSION

Products made from carbon nanomaterials have seen an
increase in commercial use recently, and this trend is
expected to continue [21]. Freshwater environments are
more likely to receive releases of GO at pertinent
concentrations. From an ecotoxicological point of view, GO
can have toxic effects in these conditions on aquatic
animals, which could be substantial, particularly in terms of
protecting the aquatic food chain's balance. Gill cell
antioxidant enzyme activity was altered in adult zebrafish
exposed to GO over 48 hours, showing the impacts of
oxidative stress. Because the organism's gills are its first line
of defence against pollutants in the aquatic environment,
when conditions are bad, its defences are promptly engaged.
According to Chen et al. [13], normal metabolism in the
body shows stability between ROS production and ROS
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removal through antioxidant enzymatic activities.However,
in unfavourable circumstances, this system may become
unstable and lead to oxidative stress, which can seriously
harm tissues, particularly membranes.

Superoxide dismutase

S
w

g ET3
23
fin o *oy
S £30 1 *EAHHE
A g
5 g 25
3820 1
Bl

2815 4

S5 10

oM

£2 5 |

ER
53] 0

0+0  0+20 0+40 0+80 0+20+0 0+40+0 0+80+0
Groups
a
Catalase
45 a*

540 | g a*

s a*** **##
= ] sy
£30 A 4t

£95 |

R

£20 A

=3

0:15 1

Z10 -

=}

2 5

=

0

0+0 0+20 0+40 0+80 0+20+0 0+40+0 0+80+0
Groups
b
4 Glutathione peroxidase
o0 a a** *okk
£32 - a
£ a¥ *RHH
g *#
< 30 A
R .= R
=8
D
3
[7e}
926
=]
g
24 1
0+0 0+20 0+40 0+80 0+20+0 0+40+0 0+80+0
Groups
¢
Lipid peroxidation
30 —
g a* i
P &é 25 ak* - *p "
2 & 5
=)
« E
=15
L g
gé 10
£
< 54

0+0

0+20 0+40 0+80 0+20+00+40+0 0+80+0
Groups

d

Fig. 7. Graphs depicting the amount: a—superoxide dismutase
(SOD);b—catalase =~ (CAT);c—glutathione  peroxidase
(GPx); d—lipid peroxidation (LPO) activity in the control;
MgO-QU/GO exposure and recovery groups. In data, the
mean and standard error of the mean are used. Significant
differences between the groups are denoted by different
letters (p 0.05)



After 5 days of exposure to MgO-QU/GO at a
concentration of 40 mg/L (0+40), SOD and CAT activities
were markedly increased in our study. Furthermore, GPx
activity was decreased during this period, and LPO
concentrations increased in the 80 mg/L (0+80).

SOD is the first antioxidant defence mechanism to be
activated in the presence of hazardous substances, such as
NPs [13, 22]. This enzyme protects tissues from superoxide
anion radicals by catalysing the production of H>O,, which
is then detoxified by CAT and GPx enzymes [23]. The
SOD-CAT pair's activation throughout a 48-hour exposure
shows that CAT cleared the H>O, generated by SOD
activity. However, it's possible that this clearance wasn't
carried out efficiently, which led to GPx's reduced activity
because of scavenging the extra free radicals. In this context,
it has been demonstrated that peroxidases can be inactivated
by superoxide radicals generated by detoxifying activities
[25]. We suggest that exposure to MgO-QU/GO (0+40) can
sufficiently activate antioxidant enzymes like SOD and
CAT to prevent ROS and LPO chain production.

Other investigators have found increased SOD and
CAT activities as well as oxidative stress in response to
carbon nanomaterials [12, 13,26]. A 14-day exposure to
MgO-QU/GO resulted in increased SOD, CAT, and TBARS
content, as well as a decrease in glutathione levels in the
liver [13]. Previous studies have detected increased ROS
formation following MgO-QU/GO exposure, as well as
histological alterations in the adult zebrafish gills, liver, and
digestive tract tissues [12]. Nanocomposite interactions
with cell membranes, can trigger antioxidant defense when
zebrafish are subjected to harmful conditions in 0+40 fish
which showed enhanced SOD and CAT activity. Fernandes
et al. [26] discovered that graphene concentration at
50 mg/L was toxic to gill cells, as evidenced by increased
lipid peroxidation levels and decreased antioxidant levels. A
similar relationship exists between elevated oxidative stress
and cellular damage and changed quantities of antioxidant
enzymes and proteins. These consequences are significant
because they may alter the aquatic food web and threaten
the existence of other fish species.

After two days of zebrafish exposure to clean water
without MgO-QU/GO, SOD activity increased but CAT and
the GPx activity remained unaffected. The Lipid
Peroxidation (LPO) activity was reduced. These findings
suggest that an increase in SOD activity activated the initial
antioxidant defense mechanism, giving substrate for CAT,
which thereafter recovered to control levels. However, the
reduced GPx activity in the fish group exposed to 0+80
raised two hypotheses: one is that excess of H202 produced,
because of the unchanged CAT activity, decreased GPx
activity; record, the increased SOD activity was able to
scavenge the oxyradicals, and CAT and GPx were no longer
required. It's interesting to note that even when GPx activity
was reduced, there was no LPO. This is probably because
protective mechanisms in zebrafish gill tissues closely
control the amount of LPO thereby stopping its propagation
or reducing its content. The lower LPO discovered during
recovery lends credence to the assertion that SOD activity is
sufficient to avert oxidative damage in zebrafish gills. In this
regard, Chupani et al. [27] found that exposure to zinc oxide
nanoparticles resulted in a decrease in Lipid Peroxidation in
the liver of a common carp. In the absence of MgO-QU/GO,
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it is plausible that the adaptive reactions occurred
throughout the recovery phase. These adaptive reactions
were enough to prevent LPO, but antioxidant enzyme
activity was restored to near-normal levels, suggesting that
the nanocomposite may be successful at boosting
antioxidant levels and hence useful for therapeutic purposes.

According to Lushchak et al. [23], depending on the
degree of oxidative stress, physiologic condition, severity,
and kind of stress, organisms can display adaptive
responses. We believe that MgO-QU/GO exposure
increased antioxidant defenses in zebrafish; nevertheless,
when the organism was allowed to recuperate in clean
water, there were no harmful consequences following the
exposure. In other investigations, antioxidant defenses were
boosted in the first hours of exposure, but returning to the
previous circumstances was enough to attenuate the harmful
effects, including LPO formation [24,28]. Antioxidant
defenses are often coordinated to provide protection against
oxidative stress [28]. However, adequate conditions must be
supplied for physiological parameters to be restored.
Organisms are unable to recover when stress events last for
an extended period or when stress levels are high.
Antioxidant responses are extremely sensitive to cause-and-
effect relationships. These reactions emphasize the
importance of evaluating different endpoints, such as
histological, molecular, and ROS production characteristics
[26].

5. CONCLUSIONS

In summary, our thorough examination of the
synthesized MgO, QU, GO, and MgO-QU/GO
nanocomposite has uncovered noteworthy alterations in
optical, structural, and chemical characteristics. The UV-
Vis spectrum has pointed to a discernible shift in the MgO-
QU/GO nanocomposite, implying its successful formation
without undergoing any phase transformation. This shift is
likely influenced by the size effect of quercetin. The X-ray
diffraction analysis has corroborated the presence of a
hexagonal plane of MgO in the nanocomposite, with
calculated crystalline sizes displaying variations among the
samples.

Insights into the interactions between MgO, QU, GO,
and the nanocomposite were gained through Fourier
Transform Infrared Spectroscopy (FT-IR) analysis. The
distinctive vibrations and peak shifts observed in
characteristic spectra imply the preservation of quercetin
structure and the participation of -OH groups in the
production of the MgO-QU/GO nanocomposite.

Morphological assessments, as depicted by Scanning
Electron Microscopy (SEM) and Energy-dispersive X-ray
Spectroscopy (EDS), visually showcased the structures of
individual components and the uniform distribution of
MgO-QU on GO nanosheets. EDS further verified the
presence of C, Mg, and O in the nanocomposite.

The biological assessment involving zebrafish exposed
to MgO-QU/GO unveiled substantial alterations in
antioxidant enzyme activities and lipid peroxidation levels
in the liver. The nanocomposite demonstrated effective
antioxidant activity, evident from heightened superoxide
dismutase (SOD) and catalase (CAT) activities, along with
diminished glutathione peroxidase (GPx) activity. Notably,



the recovery phase exhibited a persistent elevation in SOD
activity, suggesting enduring antioxidant effects.

Our study emphasizes the potential of the MgO-QU/GO

nanocomposite as an antioxidant with potential therapeutic
applications. However, to ensure the safe utilization of such

nanocomposites

in  practical  scenarios, further

investigations into potential toxicity and long-term effects
are imperative. These findings significantly contribute to the

understanding

of nanocomposite interactions with

biological systems, emphasizing the need to assess various
endpoints for a comprehensive evaluation.
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