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Background. The direct or indirect effect of chemicals on the nervous system of humans or animals is referred to as neurotoxicity.
Trimethyltin chloride (TMT) intoxication causes behavioral and cognitive deficiencies in humans and experimental animals. TMT
has long been used as a model toxicant in the study of central nervous system (CNS) toxicity.Momordica charantia, which is used
in traditional herbal medicine, has a variety of pharmacological functions. Mesoporous silica nanoparticles have a higher loading
capacity, are less dense, and have a larger specific area. Objectives. To investigate a possible nanotherapy for Alzheimer’s disease
caused by trimethyltin chloride in freshwater zebrafish. Methods. An aqueous extract of M.charantia was used to perform the
primary and secondary screening. The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay was used to determine
the antioxidant capacity of crude aqueous extracts of M. charantia. Mesoporous silica nanoparticles are made using a CTAB
surfactant chemical process and tetraethyl orthosilicate. UV-Vis spectroscopy, Fourier transform infrared spectroscopy,
scanning electron microscope, and EDAX were used to characterize it. Danio rerio was used to test the trimethyltin chloride
for Alzheimer’s disease. The M. charantia and mesoporous silica nanoparticles were then tested in the same method. Results.
The extract has no adverse effects on zebrafish, indicating that M. charantia is safe for human consumption. The
histopathological findings indicate that the tissues of the fish infected with the extract had no pathological modifications.
Conclusion. The M. charantia showed higher antioxidant activity and anticholinesterase activity, and upon further
characterization and assessment, this could be a safe and potential drug candidate for Neurotoxicity.
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1. Introduction

Trimethyltin chloride (TMT) has been found in drinking water
sources, household water systems, marine environments, and
aquatic specimens [1]. Between 1978 and 2008, TMT poisoned
1849 people in 67 deaths around the world. The most frequent
acute TMT exposures tend to be environmental, occurring dur-
ing plastic manufacturing or other industrial processes involv-
ing plastic heating. Ingestion of organotin-contaminated food
or water in places where plasticsmanufacture is prevalent is also
expected to become a growing concern [2]. TMT intoxication
causes severe behavioral and neurological problems in humans
and laboratory animals. A limbic-cerebellar syndrome is the
most common neurotoxic presentation in human cases, with
symptoms such as memory loss, confusion, epilepsy, tinnitus,
insomnia, and depression [3]. TMT has long been used as a
model toxicant in the study of CNS toxicity. Experiments in
the marine fish Sebastiscus marmoratus have led to suggestions
that the glutamatergic receptor NMDAR and its signaling path-
way components are essential for TMT neurotoxicity [4]. Neu-
rotoxicity is a dynamic condition that is difficult to be
successfully treated with a single treatment or other interven-
tion. Current strategies are aimed at assisting patients in main-
taining brain function, managing behavioral effects, and
slowing the progression of disease symptoms. Cholinesterase
inhibitors are not widely used in allopathic medicine, and exist-
ing therapies may not result in enough acetylcholine activity to
assist with neurotoxicity control. The study of natural com-
pounds with antioxidative and antiaging properties that may
also be beneficial for neurodegenerative diseases has evolved
into the area of phytochemicals. Donepezil is a cholinesterase
agent that inhibits the degradation of acetylcholine in the brain.
It is used to relieve effects in mild, moderate, and extreme cases.
Various plants have been used as medicine all over the world
since ancient times. For thousands of years,Momordica charan-
tia (Momordica species) has been popular as a medicine and a
vegetable. M. charania is a Cucurbitaceae plant that is widely
known as bitter gourd, balsam pear, or bitter melon. The fruit
of M. charantia is a thin cucumber-like spindle with pimples
on the surface; the young fruit is emerald green and becomes
orange when ripe, while the flesh becomes scarlet from white
when it matures. The fruit can be eaten at any point of its
growth, and it is widely consumed as a vegetable in various
regions of the globe [5]. The whole plant, especially the seeds
and fruit, has considerable pharmacological effects, for example,
it has been used in the treatment of diabetes since ancient times
and continues to play an important role in diabetes prevention
and treatment in many developing countries. This plant is used
in conventional herbal medicine and has several pharmacolog-
ical properties, including antidiabetic, abortifacient, anthelmin-
tic, contraceptive, antimalarial, and laxative properties.
Dysmenorrhea, eczema, gout, jaundice, leprosy, piles, measles,
psoriasis, rheumatism, and scabies are all treated by it [5]. The
future applications of mesoporous silica nanoparticles (MSNs)
have piqued the interest of many scientists over the last decade.
Because of their higher loading volume, lower density, and the
larger specific area, hollow mesoporous silica nanoparticles
(HMSNs) with a deep central hole and an external mesoporous
silica shell provide additional benefits.

Mesoporous silica nanoparticles due to their low toxicity
and high drug loading capacity so are used in controlled and
target drug delivery systems. Silica is widely present in the
environment in comparison to other metal oxides like tita-
nium and iron oxides, and it has comparatively better bio-
compatibility [6]. The mesoporous form of silica has
unique properties, particularly in the loading of therapeutic
agents at high quantities, and in the subsequent releases.
Due to the strong Si-O bond, silica-based mesoporous nano-
particles are more stable to external responses such as degra-
dation and mechanical stress as compared to niosomes,
liposomes, and dendrimers which inhibit the need for any
external stabilization in the synthesis of MSNs [4, 7]. The
mesoporous structure such as pore size and porosity can
be tuned to the size and type of drugs.

Furthermore, MSN is very effective in a variety of applica-
tions, including enzyme encapsulation, drug transport and
delivery, reactive material packaging, and light emitting. How-
ever, they have received little attention as corrosion inhibitor
nanocarriers, with just a few studies conducted on them [8].
The zebrafish (Danio rerio) belongs to the minnow family of
freshwater fish. Cypriniformes (Cyprinidae) is a family of fish
in the class Cypriniformes. The zebrafish (Danio rerio) is an
important model organism for vertebrate evolution, genetics,
and human biology and disease, as well as a common tropical
fish pet. Danio rerio has many characteristics, including large
family size, external growth, and low maintenance and produc-
tion expense [9].

This research is aimed at investigating a possible
nanotherapy for neurotoxicity induced by trimethyltin chlo-
ride in freshwater Danio rerio (zebrafish).

2. Materials and Methods

2.1. Chemicals. Tetraethyl orthosilicate (100ml) was pur-
chased from the Sigma Industry, and trimethyltinchloride
was purchased in TCI Chemicals 1 g (India) Pvt. Ltd.

Table 1: Phytochemical analysis of M. charantia.

S. No. Phytochemical tests Results

1 Test for steroid Present

2 Test for alkane Present

3 Test for flavonoids Present

4 Test for saponins Present

5 Test for terpenoids Present

6 Test for phenols Absent

7 Test for cocumarins Present

8 Test for emodols Absent

9 Test for phlobatannis Absent

10 Test for phlobatannis Present

11 Test for phlobatannis Absent

12 Test for phytosterol Present

13 Test for reducing compound Present

14 Test for cardiac glycosides Absent
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Figure 1: (a) Graph of stigmasterol. (b) Graph of lupeol.
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Figure 2: Fourier transform-infrared (FT-IR) spectrum of M. charantia extract.
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2.2. Collection and Authentication of the Sample (Momordica
charantia). M. charantia fruit samples were collected from
a local farming field at Ayyarmalai village near Karur,
Tamil Nadu. The M. charantia was air-dried and pulver-
ized, sieved to get a coarse powder, and stored in airproof
containers until their experimental use. The collected fruit
was authenticated from the department of Botany, St.Jo-
seph’s College, Trichy, with a voucher specimen submitted
and got the reference number of K.B.001.

2.3. Extraction of M. charantia (Cold Extraction). M. charan-
tia powder was mixed with a suitable amount of ethanol
(95%), extracted in an orbital shaker for 72 h, and then fil-
tered through muslin cloth and dry extraction by using a
vacuum.

2.4. Preliminary Screening of Phytochemical Analysis. The
ethanol extract was assessed for the existence of the phyto-
chemical analysis by using the following standard
method [9].

2.5. High-Performance Thin Layer (HPTLC) Identification.
The solution was packed with 95% ethanol. The stationary
phase was a silica gel-coated sheet, and the mobile phase
was ethyl acetate: methanol: distilled water 75 : 15 : 10 ratios.
The Rf was observed as a violet spot [6].

2.6. Fourier Transform-Infrared (FT-IR) Spectrum Analysis
of M. charantia Extract. FT-IR was used to record the infra-
red spectrum (Shimadzu). To make the pellet samples, the
M.charantia sample and KBr were mixed in a 1 : 10 ratio in
a KBr press. The spectra were recorded at wavenumbers
ranging from 4000 to 400 cm-1 [7].

2.7. Synthesis of Mesoporous Silica Nanoparticle. To reach a
pH of 12.3, cetyltrimethylammonium bromide (0.5 g),

2.0M NaOH (1.75ml), and deionized water (120 g) were
heated at 80°C for 30 minutes. 2.5ml of TEOS (tetraethyl
orthosilicate) is dissolved into this transparent solution
under intense stirring. Within three minutes of stirring at
550 rpm after the injection, white precipitation is noticeable.
For 2 hours, the reaction temperature is maintained at 80°C.
Hot filtration is used to isolate the product, which is then
washed with a large volume of water and methanol (5ml
every three times). At 60°C for 6 hours, an acid extraction
was carried out in methanol (100mL) with a mixture of con-
centrated hydrochloric acid (1.0mL) and as-made materials
(1.0 g). The solid products that had been separated from the
surfactant were filtered, washed with water and methanol
and then dried under a vacuum.

3. Characterization of Nanoparticle

3.1. UV-Vis Spectroscopy. A 1.2mg sample was collected
after sample preparation and subjected to UV-Vis spectros-
copy. A miniature fiber optic spectrometer was used to
record UV-Vis spectra using versatile lamps optimized for
the visible-near infrared Vis-NIR (200–500nm). The sam-
ples had been diluted 100 times before being measured.
Averaging 1000 single observations yielded the findings
described here [6].

3.2. Fourier Transform-Infrared Spectroscopy Analysis of
Mesoporous Silica Nanoparticle. After sample preparation
and Fourier transform infrared spectroscopy, a sample of
mesoporous silica nanoparticle 0.5mg was taken (FT-IR).
The vibrational stretch frequency of metal-oxygen bonds is
revealed by Fourier transform infrared spectroscopy. A con-
tinuum source of light is used to emit light over a wide range
of infrared wavelengths for Fourier transform infrared spec-
troscopy. Light commuting electrons are excited from their
ground state to an excited state as an atom or molecule
absorbs energy. The atoms in a molecule will vibrate and
rotate in response to one another. These vibrations and rota-
tions also have discrete energy levels, which can be consid-
ered as being packed on top of each electronic level. The
absorption of visible or UV radiation occurs to the excitation
of outer electrons [7].

3.3. Scanning Electron Microscopy with EDAX. Sample of
mesoporous silica nanoparticle 1 g was taken after prepara-
tion of sample and scanning electron microscope. The elec-
tron beam used to probe the sample is produced by the
electron gun in a scanning electron microscope. Electrons
are emitted from a cathode, accelerated by electrical fields,
and focused on the source’s first optical image. The size
and shape of the apparent source, beam acceleration, and
current are the primary determinants of a scanning electron
microscope’s performance and resolution. Spot welded to
metal posts is a bent tungsten wire filament with a diameter
of around 100 micrometers. These posts are embedded in a
ceramic holder and extend out the other side to provide elec-
trical connections. In operation, the filament will be heated
by passing an electrical current through it. The optimum fil-
ament temperature for the thermionic emission of electrons
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Figure 3: UV-visible spectrophotometer analysis of mesoporous
silica nanoparticle.
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Figure 5: (a, b) Scanning electron microscopy analysis of mesoporous silica nanoparticle.
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is around 2700K. The accelerating voltage, generally,
between −500 volts and−50,000 volts DC, is applied to the
Wehnelt cylinder. Energy dispersive X-ray analysis (EDX),
referred to as EDS or EDAX, is an X-ray technique used to
identify the elemental composition of materials.

3.4. Trimethyltin Chloride. Two micromolar solutions of tri-
methyltin chloride are prepared by adding 0.0003 g in
1000ml water. 1 h before the experiment, the zebrafish was
directly placed in the above trimethyltin chloride solution.

3.5. Donepezil. Donepezil 1.5mg was dissolved in 1mL of
water. 2.5μL is pipetted out into an Eppendorf tube, and
25μL water was added to it. This solution contains 3.75μg
of donepezil in 25μL water. From the above solution, 5μL
is sucked into a pipette and directly administered to zebra-
fish feed, where 5μL contains 0.75μg of donepezil.

3.6. Model Animals. Adult zebrafish (Danio rario) weighing
0.5–1.0 g is procured from a local aquarium pet store. They
were left in housing tanks with water at a density of 5 ani-
mals per 3 L at 14–10 h light and dark photoperiod with con-
tinuous aeration and pellet diet for about 10 days before the
commencement of the experiment.

3.7. Cell Viability Test. MTT assay can be used to determine
the extract’s cytotoxic activity. In a summary, 104 murine
macrophage cell line RAW 264.7 cells per well were seeded
in a 96-well microplate and treated for 72 hours with varying
concentrations ofM. charantia extracts. 15μl of MTT will be
added at the end of the treatment period and incubated at
37°C for 4 hours. The formazan products will be dissolved
in 150μl of DMSO, and their absorbanc×e will be measured
at 370nm [10]. The percent cell cytotoxicity will be calcu-
lated using the formula:

%Cytotoxicity = 100 − O:D control –O:D test × 100/O:Dcontrolf
ð1Þ

3.8. Drug Loading on Mesoporous Silica Nanoparticle. Drug
loading on mesoporous silica nanoparticles dissolves
100mg of the momordica charanthin drug in ethanol
(1ml). Add 100mg of MSNP to the clear solution of the

Figure 7: (a) Brain-group I (control) (healthy).

Figure 8: (b) Group 2: brain treated damaged (day 1: trimethyltin
chloride).

Figure 9: (c) Group 3: brain treated (day 2: trimethyltin chloride).

Figure 10: (d) Group 4: brain treated [trimethyltin chloride + FDA
approved drug (donepezil)].

Figure 11: (e) Group 5: brain treated (trimethyltin chloride +
charantin).
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drug and the solvent. Stir the sample and MSNP mixture at
300 rpm for 24 hours [10].

3.9. In Vivo Method Group of Fish (Danio rario). This is a list
of groups in untreated fish (Danio rario).

Group 1—control.
This is a list of groups in treated fish (Danio rario).
Group 2—(day 1) trimethyltin chloride.
Group 3—(day 2) trimethyltin chloride.
Group 4—trimethyltin chloride + FDA approved drug

(donepezil).
Group 5—trimethyltin chloride + charantin.
Group 6—trimethyltin chloride + (charantin + mesopo-

rous silica nanoparticle).
Histological examinations were carried out in the way

described by [11], with a few modifications. Following fixa-
tion, the samples were dehydrated, embedded in paraffin
wax, sliced at 3-5μm with a microtome, and stained with
hematoxylin and eosin. DPX mountant was used to make
the stained slides permanent for microscopic examinations
after staining. The slides were blinded to the observer, and
all serial sections were scored histopathologically. Previ-
ously, whole fish sections of untreated zebrafish were used
to determine zebrafish histology. The slides were examined
under a ×40 microscope.

4. Neurochemical and Antioxidant Estimations

4.1. Acetylcholinesterase Activity Assay. The AChE was made
from the brain homogenate of 30 fishes, centrifuged, and the
supernatant was collected and used as an enzyme source for
the AChE assay. Differential concentrations (100-
500mg/mL) of aqueous extracts of M. charantia were incu-
bated for 45 minutes at room temperature with 50μl of
AChE makeup and 200μl of tris-HCL. 125μl of 3mM
DTNB was applied to the reagent mixtures, and the total
volume was increased to 650μl with tris-HCl buffer
(pH8.0). To initiate enzyme activity, 1mM ATCI was added
to 25μl of the reaction mixture. A UV-visible spectropho-
tometer was used to detect the formation of 5-di-this-2-
nitrobenzoic acid anion, and the absorbance was measured
at 405nm. The tests were performed in triplicate. The med-
ication donepezil was used as a standard [12].

4.2. DPPH (2, 2-Diphenyl-1-Picrylhydrazyl) Assay. To pre-
pare the stock solution, 1.97 g of DPPH was dissolved in
50mL of methanol. Various concentrations of M.charantia
aqueous extract were analyzed using a dilution process.
100mg-500mg extracts were used in 10mg in 1mL water,
and their various concentrations were prepared. The mix-
ture was shaken and sets it aside for 30 minutes at room
temperature. Then, at 517nm, the absorbance was mea-
sured. All of the tests were performed in triplicates with
ascorbic acid as the standard [13].

4.3. Assay of Total Reducing Power. Various concentrations
of M. charantia fruit ethanol extract (10mg/1mL) were
combined with phosphate buffer (0.5mL, 0.2M, pH6) and
potassium ferricyanide [K3Fe (CN) 6] in 1mL of distilled
water (0.5mL, 1 percent). For 20 minutes, the mixture was
incubated at 50°C. Trichloroacetic acid (10%) aliquots
(0.5mL) were added to the mixture, which was then centri-
fuged for 10 minutes at 2500 rpm. The absorbance of the
upper layer of solution (0.5mL) was measured in a spectro-
photometer at 700nm using distilled water (0.5mL) and fer-
ric chloride FeCl3 (0.5mL, 0.1%). Increased reaction mixture
absorbance indicates increased reducing power.

4.4. Assay of Lipid Peroxidation. The peroxidation of lipids
was measured using thiobarbituric acid reactive substances.
The brain homogenate (10ml) was mixed with 150ml of
acetic acid (20%), 150ml of thiobarbituric acid (0.8%),
20ml of sodium dodecyl sulfate (8.1%), and 50mL of dis-
tilled water (reaction mixture); heated for 30min at 95.8°C;
and then cooled and centrifuged (3000 g during 10min at
15°C) by adding 100ml of water and 500ml of n-butanol.
The fluorescence of the supernatant organic phase (150ml)
was calculated in a microplate reader at the wavenumbers
515 nm–553nm. The concentration of TBARS was deter-
mined using the standard tetra methoxy propane (TMP).

4.5. Assay of Total Antioxidant. The ability of the sample to
reduce ferric tripridytriazine (Fe (II)-TPTZ) complex to
intense blue-colored ferrous tripyridyltriazine (Fe (II)-
TPTZ, which is read at 593nm, is required for the FRAP
assay. First, 1.5ml of freshly prepared FRAP reagent (25ml
of 300mM/L acetate buffer pH3, 2.5ml of 10mM/L TPTZ
in 40mM/L HCl, 20mM/L ferric chloride solution) is mixed
with 50μl of varying concentrations of M. charantia (100-
500μl) extracted successively in different solvents and
150μl of distilled water. At 593 nm, absorbance was mea-
sured for 4 minutes (every 10 seconds).

5. Statistical Analysis

One-way ANOVA was used for data analysis and presented
as a mean ± sandard error of themean. Latencies of multiple
groups were compared using Dunnett’s multiple comparison
test.

6. Results and Discussion

By exposing the ripe fruits to an orbital shaker, a sample of
M.charantia was collected (cold extraction). It was collected

Figure 12: (f) Group 6: brain treated [trimethyltin chloride +
(charantin + mesoporous silica nanoparticle)].
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in the form of a brownish yellow colloidal crude. Similar to
[14], preliminary phytochemical screening of M.charantia
aqueous extract revealed the presence of phytochemicals
such as steroids, alkane, flavonoids, saponins, terpenoids,
cocumarins, and alkaloids, and reducing compounds were
all included in M.charantia ethanol extract (Table 1). Phe-
nols, emodols, photobatanins, tannis, and cardiac glycosides
were not reported. The collected findings can be used as a
starting point for identifying bioactive compounds in
M.charantia ethanolic extract.

According to the results of High-Performance Thin-
Layer (HPTLC) Identification, the Rf value of 0.44 at
700nm reveals that the compound was stigmasterol in
Figure 1(a), while the Rf value of 0.37 at 700nm verifies that
the compound was lupeol in Figure 1(b).

The unmodified M. charantia FTIR spectrum (Figure 2)
is surprisingly clear and well assigned. Methylene (>CH2)
was assigned to the bands at 2923.13 cm-1. At 3401.91 cm,
the hydroxy group H-bonded OH vibrations can be seen.
The C=C-C aromatic ring stretch peaks at 1590.56 cm-1,
the C-N primary amine peaks at 1044.38 cm-1, and the aro-

matic secondary amine C-N stretch peaks at 1280.08 cm-1.
The FTIR results indicate similar O-H vibrations and peak
area values, according to previous findings [15].

6.1. Synthesis of Mesoporous Silica Nanoparticle. The forma-
tion of white shading precipitation after applying TEOS
(Tetra Ethylene Ortho Silica) to the CTAB surfactant
arrangement while nonstop blending confirmed the synthe-
sis of mesoporous silica nanoparticles using the CTAB sur-
factant process. The MSNs are mixed at a low surfactant
concentration to ensure that the organized mesophases
depend heavily on the cationic surfactant’s cooperation with
the forming anionic oligomer orthosilicic corrosive, limiting
the size of the mesophases collected. Micrometer-sized par-
ticles with circularly requested mesopores were the primary
material detailed by versatile analysts.

6.2. Characterization of Nanoparticle

6.2.1. UV-Visible Spectrophotometer. The prepared mesopo-
rous silica nanoparticles were characterized using a UV-
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Figure 16: Total antioxidant assay (M. charantia, A.a: – ascorbic acid).
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visible spectrophotometer, which reported a peak at
392.5 nm (Figure 3). This is likely due to the amino group
found in silica nanoparticles, in similar study led by (Fran-
cesco Armetta et al., 2020). In the present study, the highest
absorbance peak was observed within 200-500 nm on the
UV-visible spectrophotometer, which agrees with the litera-
ture that nanoparticles were synthesized. The results of the
FTIR spectrum of the mesoporous silica nanoparticle are
further supported by this observation from the UV-visible
spectrophotometer.

6.2.2. Fourier Transform-Infrared (FT-IR) Spectrum Analysis
of Mesoporous Silica Nanoparticle. The Si-O stretching and
asymmetric stretching vibrations bands at 1077.38 cm-1 cor-
respond to silica, respectively (Figure 4). Because of the pres-
ence of surfactant templates, the symmetric and asymmetric
C-H motions can be seen at 2923.76 cm-1. However, after
removing the templates, these peaks disappeared, indicating
that the surfactants had been removed, and a mesoporous
structure had been formed, as seen in Figure 4. N-H stretch
aromatic primary amine has a peak at 3415.75 cm-1, >N-H
secondary amine has a peak at 1588.56 cm-1, C-H aromatic
C-H in pane bend has a peak at 956.19 cm-1, and methylene
C-H bend has a peak at 1475.96 cm-1. The FTIR results sug-
gest similar C-H vibrations and peak area values, according
to prior studies [16].

6.2.3. Scanning Electron Microscopy Analysis of Mesoporous
Silica Nanoparticles. A silica nanoparticle is a novel type of
mesoporous silica nanomaterial that has a hollow spherical
shape. Figures 5(a) and 5(b) show an SEM image of mesopo-
rous silica nanoparticles. Tetraethyl orthosilicate (TEOS) as
the silica precursors and cetyl trimethyl ammonium bro-
mide (CTAB) as the pore-forming agent were used to make
mesoporous silica nanoparticles with a mean diameter of
around 350nm. The solid stober spheres were successfully
converted into homogeneous hollow spheres when simply
treated with Na2CO3 in the presence of CTAB at an appro-
priate concentration. The energy dispersive spectrum on the
SEM was used to perform elemental analysis on the mesopo-
rous silica nanoparticles. The EDS spectrum of spherical
nanoparticles prepared using CTAB as a pore generating
agent is shown in Figure 6. The binding energies of O and
Si are shown by the peaks around 0.5 kV and 1.9 kV, respec-
tively. Silica makes up 23.59 percent of the total weight. The
EDS spectrum’s remaining lines correspond to the other ele-
ments (Na, K, and Al).

6.2.4. Drug Loading on Mesoporous Silica Nanoparticle.
Sample extract and mesoporous silica nanoparticles stirred
24 hrs. Mesoporous silica nanoparticles are used to load
samples or drugs onto honey comps. It is employed in fur-
ther pharmacological treatment investigations in zebra-
fish [17].

6.3. Acute Toxicity Study. Acute toxicity study of a test sub-
stance is employed as an excellent tool for assessing its tox-
icity risk in the human health and the environment [18]. The
results of acute toxicity studies indicate thatM.charantia did
not cause any adverse behavioral changes or mortality upon

treatment. At the end of the study, all fishes were sacrificed,
and the organ was collected and subjected to histopatholog-
ical analysis.

6.4. Histopathological Examination of Tissues. The histo-
pathological analysis was done for the organ (brain) of the
fishes subjected to acute toxicity studies. Fishes from six dif-
ferent groups (group 1-control, group 2-(day 1) trimethyltin
chloride, group 3-(day 2 trimethyltin chloride), group 4-
trimethyltinchloride + FDA approved drug (donepezil),
group 5-trimethyltin chloride + charantin, group 6-
trimethyltin chloride + (charantin + mesoporous silica
nanoparticle) were the organs were collected. Histopathol-
ogy sections are viewed under ×40 and ×40 magnification
photomicrograph (Figures 7–12).

6.4.1. Group I: Brain (Control). The section shows brain tis-
sue with four layers, undamaged structure, and cellular
morphology.

6.4.2. Group II: Brain (Day 1: Trimethyltin Chloride). The
section shows cerebellar tissue with areas of degeneration,
microinfarcts, the proliferation of ganglion cells, and diffuse
inflammation.

6.4.3. Group III: Brain (Day 2: [Trimethyltin Chloride]). The
section shows normal cerebellar tissue with focal Purkinje
cell proliferation, mild edema, and degenerative changes.

6.4.4. Group IV: Brain [Trimethyltin Chloride + FDA
Approved Drug (Donepezil)]. The section shows thinned-
out normal cerebellum, occasional prominent congested ves-
sels, and neurofilaments tissue with focal very minimal
degenerative changes.

6.4.5. Group V: Brain (Trimethyltin Chloride + Charantin).
The section shows brain tissue with normal structure and
cellular morphology with focal degenerative changes.

6.4.6. GroupVI: Brain [Trimethyltin Chloride + (Charantin +
Mesoporous Silica Nanoparticle)]. The section shows brain
tissue with thinning of Purkinje cell layer, mild edema, and
preservation of rest of the normal brain tissue. The zebrafish
brain was identified by the various significant studies done
by Dr. Ezhilvizhi Alavandar (Pathologist), Kilpauk Medical
College, Chennai, Tamilnadu.

6.5. Acetylcholinesterase Activity Assay. One of the various
therapeutic options is the use of AChE inhibitors, which
enhance the quantity of acetylcholine present in the synapses
between cholinergic neurons. The AChE inhibitory activity
of various concentrations (10–50g/mL) of ethanol extract of
M.charantia is demonstrated in strategies to enhance cholin-
ergic functions in the brain. The results (Figure13) demon-
strated that ethanol extract showed inhibitory action that
was concentration-dependent. The testing results show that
at a concentration of 50g/mL, the ethanol extract of M.char-
antia exhibited significant AChE assay activity (81 ± 5:86%)
when compared to the standard drug (86 ± 7:75%).
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6.6. DPPH (2, 2-Diphenyl-1-Picrylhydrazyl) Radical
Scavenging Activity. DPPH free radicals are very stable, and
it is a widely used method for determining the antioxidant
potential in less time. The capacity to scavenge was tested
using different concentrations of aqueous extracts of M.
charantia and ascorbic acid as a standard antioxidant (posi-
tive control). The results of the assay indicate that the aque-
ous extract of M. charantia exhibited significant DPPH
radical scavenging activity (66 ± 8:58%) at a concentration
of 10 g/mL. As the concentration was raised, the percentage
of inhibition went up as well (82 ± 4:44 percent) in 50 g/mL,
as seen in Figure14.

6.7. Reducing Power Assay. The total reducing power assay
was used to assess the antioxidant potential of M. charantia
ethanol extract. The ability to scavenge was evaluated using
different concentrations of aqueous extracts of M.charantia
and ascorbic acid as a standard antioxidant (positive con-
trol). The results of the assay indicate that the aqueous
extract of M. charantia exhibited significant total reducing
power activity (69 ± 2:15) at a concentration of 10 g/mL.
As the concentration was increased, the percentage of inhi-
bition went up as well (80 ± 2:15) in 50 g/mL, as seen in
Figure 15.

6.8. Total Antioxidant Assay. Total antioxidant activity is a
widely used method for determining the antioxidant poten-
tial of natural compounds in a short period because it is rel-
atively stable. The ability to scavenge was evaluated using
various concentrations of ethanol extracts of M. charantia
and ascorbic acid as a standard antioxidant (positive con-
trol). The results of the assay indicate that the ethanol
extract of M. charantia exhibited significant total antioxi-
dant activity (0:168 ± 0:00025%) at a concentration of
10 g/mL. When the extract concentration was increased,
the mean was also raised (0:0325 ± 0:00026 percent) at
50 g/mL, as shown in Figure16.

6.9. Lipid Peroxidation Assay. The lipid peroxidation assay
was used to assess the antioxidant potential of M. charantia
ethanol extract. Malondialdehyde was used as a standard
antioxidant, and various concentrations of ethanol extracts
of M. charantia were used to evaluate the scavenging activ-
ity. The results of the assay suggest that the ethanol extract
of M. charantia exhibited lipid peroxidation activity at a
concentration of 10 g/mL (69 ± 1:313). The percentage of
inhibition increased when the concentration was increased
(87 ± 3:474) in 50 g/mL, as seen in Figure17.

7. Conclusion

The preliminary phytochemical analysis of the aqueous
extract of M. charantia revealed the presence of steroids,
tannins, flavonoids, terpenoids, etc., The HPTLC analysis
revealed the presence of 12 compounds of steroids with bio-
active potentials. The bioactive compound was confirmed
and chactertized by Fourier transform infrared spectroscopy.
The antioxidant potential of crude aqueous extracts of M.
charantia was assessed by DPPH (2, 2- diphenyl-1-picrylhy-
drazyl) radical scavenging assay, and the results suggest that

the extract showed excellent antioxidant activity. The tri-
methyltin chloride was subjected to Alzheimer’s studies
using Danio rario. At the end of the Alzheimer’s treatment
study, the behavioral and mortality changes were assessed,
and the results show that the extract did not cause any
adverse effects on zebrafish, which suggests that theM. char-
antia is safe for consumption. The histopathological analysis
was done for the organ (brain), and the results show that
there are no pathological changes in tissues of the fish
treated with the M. charantia extract. The effect of the etha-
nol extract of M. charantia was also analyzed by the cell via-
bility test (MTT assay) in fibroblast (normal cell line), and
the results revealed that the extract did not affect the func-
tions of normal cells. Since the M. charantia showed higher
antioxidant activity and anticholinesterase activity, upon
further characterization and assessment, this could be a safe
and potential drug candidate for neurotoxicity. In the future,
the study can be developed to formulate a drug against
neurotoxicity.
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