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Abstract

Background: Cancer is a leading cause of global mortality,
necessitating the development of new therapeutic
options. Plant-based medicines offer advantages over
conventional drugs, prompting investigations into their
cytotoxic potential. This study aimed to evaluate the
cytotoxicity of activated carbon derived from M.
acuminate fruit peel against HepG-2 cells. Methods:
Activated carbon was prepared from M. acuminate fruit
peel, and its cytotoxic effects were assessed using MTT
assay, DAPI/PI/EtBr staining, and comet assay. Statistical
analyses were conducted to evaluate significance. Results:
Dose-dependent cytotoxicity was observed, with a
notable reduction in cell viability with approximately 50%
cytotoxicity observed at a concentration of 86.74 pg/ml
after 48 hours. Activated carbon significantly increased
reactive oxygen species (ROS) synthesis, mitochondrial
membrane potential attenuation, induction of apoptotic
morphology, and caspase-3 activation in HepG-2 cells.
Conclusion: The study demonstrates the potential of
activated carbon as a natural product source for
developing novel cancer medicines. Its cytotoxic effects
mediated via ROS-mediated
mitochondrial pathway and caspase-3 activation, warrant

against HepG-2 cells,

Significance | Activated carbon from Musa Acuminate exhibits
potent inhibitory effects on HepG-2 cells via ROS-mediated MTD
pathway, suggesting therapeutic potential against cancer.
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further investigation for therapeutic applications.
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Introduction

Activated carbon, treated to enhance surface area, is used for
detoxification, particularly in poisoning cases, effectively absorbing
various drugs (Wu et al., 2013; Qureshi et al., 2008; Chen et al., 2011;
Foo & Hameed, 2012; Njoku et al., 2014; Njoku et al., 2015; Rahman
& Chin, 2019). Rapid absorption, within an hour, is noted (Lakshmi
et al., 2018). Effective against acetaminophen, lanoxin, digitoxin,
tricyclic antidepressants, and phenobarbital poisoning in adults and
children (Gonzalez-Garcia, 2018; Gupta et al., 2016). However,
ineffective against strong acids or bases, cyanides, ethanol,
methanol, iron, lithium, etc. (Elanthamilan et al., 2019; Nanda et al.,
2016). Often administered with laxatives, although support for this
combination is lacking (Galan et al., 2018; Wang et al., 2020; Zare
et al,, 2015), potentially causing adverse effects (Spessato et al.,
2019).

Activated carbon shows promise in treating gastrointestinal issues
like diarrhea, gas, and indigestion, including chemotherapy-
induced diarrhea (Rawal et al., 2018). It aids in reducing bloating
and stomach stress, enhancing the effects of indigestion when
combined with simethicone (Rahimian & Zarinabadi, 2020).
Furthermore, it has potential applications in treating hepatitis and
renal disturbances due to its adsorption properties (Gupta et al.,
2021). Oral intake of activated carbon can also lower cholesterol

and bile acid levels (Dulyaseree et al.,2017). Additionally, light
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therapy with activated carbon can prevent jaundice in newborns
(Beck et al., 2017). Activated carbon particles are being studied for
their potential in drug delivery to improve therapy and minimize
side effects (Sharifpour et al., 2018). However, further research is
needed to fully understand its mechanisms and potential

applications.

Materials and methods

Preparation of Activated Carbon

Activated Carbon from Musa Acuminate fruit peel was prepared
following the method by Ashok and Babu (2020). Musa Acuminate
(Banana) peels were cut into approximately 3 cm pieces, which were
then dried in an oven. Once dried, the peels underwent
carbonization in a furnace (Line Thermocline FB1410M-33) at
400°C for 1.5 hours. The resulting carbon was crushed and passed
through 100-mesh sieves for uniformity. Chemical activation was
performed using potassium hydroxide (KOH) solutions of varying
concentrations (1, 2, and 3 N) for different durations (1, 2, and 3
hours, respectively). The activated carbon was then filtered and
washed until it reached a neutral pH, followed by heating at 200°C
for 2 hours. The produced banana peel activated carbon (BPAC)
was mixed with adhesive and shaped into cubes measuring 1 cm in
length, width, and height. After solidification, the BPAC cubes were

further heated in an oven at 120°C for 3 hours.

MTT assay

HepG-2 and Vero cells were cultured following Mosmann's MTT
method (1983) to test cell viability. HepG-2 cells were seeded at 7 x
1073 cells/well in a 96-well plate and incubated overnight at 37°C
with 5% CO2. After reaching full confluence, cells were exposed to
various concentrations of solvent-extracted material (25-125
pg/ml) for 24 and 48 hours. Then, 50 ul of MTT solution (5 mg/ml)
was added to each well and incubated for 3 hours. After discarding
the contents, the plate was dried overnight at room temperature.
Purple formazone crystals were dissolved by shaking in 100 pl of
DMSO for 15 minutes. The absorbance of the solution was
measured at 570 nm using a microplate reader to determine cell
viability percentage. Analysis, including growth percentage,
percentage inhibition, and IC50, was conducted using a pre-
programmed MS-Excel prototype.

Cell viability 9% = “--"2 2220

DAPI/PI/EtBr staining

Cells were stained with nuclear dyes to assess apoptotic cell
morphology following the method of Spector et al. (2001). HepG-2
cells at full confluence were trypsinized and seeded onto 22 x 22 mm
coverslips in 6-well plates at a density of 1 x 1075 cells per cover

slip. After overnight incubation in a CO2 incubator at 37°C with 5%

CO2, cells were exposed to ACTIVATED CARBON at IC50 levels
for 24 hours under controlled humidified conditions. After
incubation, cells were washed with 1X PBS, stained with 50 pl of PI,
and incubated in the dark at room temperature for 20 minutes.
Following another PBS wash, cells were stained with 50 pl of
DAPI/PI/EtBr and immediately washed with 1X PBS. Cover slips
were transferred to new slides and examined under a fluorescence
microscope (20X magnification, Carl Zeiss) to capture cell images
from various fields.

Comet Assay/SCGE

SCGE was performed following Singh et al. (1988) to assess DNA
stability and damage in HepG-2 cells. Slides were electrophoresed
horizontally, submerged in buffer, and run for 15 minutes at 0.8
Volts/cm. After neutralization and staining with DAPI, DNA
migration was analyzed under a fluorescence microscope at 200X
magnification using CASPLab (1.2.3 beta2).

Statistical Analysis

Two-Way ANOVA analysed the data to evaluate the importance
control and classes. Statistical

between the experimental

importance was taken into consideration at p< 0.05.

Results and Discussion

Activated carbon, characterized by its porous structure, efficiently
absorbs organic particles like drugs through adsorption within its
microholes. As a carrier for drugs, activated carbon exhibits unique
properties in drug release. Chemicals are adsorbed onto activated
carbon through physical contact rather than covalent bonding,
allowing for easy release of drugs into free pharmaceutical particles
upon contact with the surface. This property enables medication
accumulation in targeted areas, offering significant benefits in drug
delivery. Activated carbon demonstrates considerable effectiveness
against HepG-2 cells, albeit potentially harmful to the environment
due to its discharge. Its effects range from 0.8 to 200 pg/ml, with
released chemical molecules temporarily encapsulated around
carrier particles, facilitating localized drug accumulation. With
smaller diameter and larger surface area, activated carbon enhances
drug adsorption and transport, ensuring minimal loss during
administration to medicinal sites.

The impact of activated carbon was assessed using the MTT method
on HepG-2 CA cell lines at 25, 50, 75, 100, and 125 pg/ml
concentrations. Results showed a dose-dependent decrease in cell
viability (CV) and cytotoxicity (CYT) with prolonged incubation.
At 86.74 pg/ml for 48 hours, approximately 50% CYT inhibition
was observed, but IC50 values were not achieved within 48 hours
(Figure 1, 2).

Significant improvements in nuclear morphology were observed in
the fluorescence microscopy (FLMICRO) experiments. DAPI
staining revealed apoptotic (APT) nuclear morphology in both

control and experimental groups of HepG-2 cells. Our trial
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Figure 1. Per CV of HepG-2 cell when treated for 24 h
various concentration of activated carbon

Figure 2. Per cv of hepg-2 cell when treated for 48 h
various concentration of activated carbon

Figure 3. DAPI/PI/EtBr staining of HepG-2 cells
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Figure 5. (A) SCGE mechanism, (B) Control (untreated) HepG-2 cells where the DNA remains intactivated carbont, (C) ICso
concentration of activated carbon and (D) Quantitative DNA fragmentation analysis of HepG-2 cells when treated with 48 h ICso

concentration of activated carbon to measure the SCGE head diameter, tail length, head DNA, tail DNA, tail moment and olive tail
moment.
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indicated an 80% increase in DAPI staining in HepG-2 cells
undergoing apoptosis compared to the control. The potential
mechanism involves activated carbon triggering the permeability of
the mitochondrial outer membrane, leading to cytochrome-C
release during apoptosis. This activates caspases, orchestrating cell
death by disrupting mitochondrial function and generating reactive
oxygen species (ROS). Activating the mitochondrial pathway may
be a crucial step in apoptosis, involving recruiting Caspase family
proteins such as
ACTIVATED CARBON also exhibits cytoprotective effects,

including scavenging free radicals and modulating enzymes that

caspase-8 and/or caspase-3 (Figure 4).

detoxify carcinogens.

Cytomorphological observations of HepG-2 cells using DAPI
staining were conducted under fluorescence microscopy
(FLMICRO). Control HepG-2 cells exhibited intact nuclei with
uniform shape and size, displaying smooth edges. In contrast,
HepG-2 cells treated with the IC50 concentration of ACTIVATED
CARBON showed apoptotic (APT) bodies, indicated by red arrows,
and disintegration or cracking of cells, as denoted by white arrows.
DAPI staining revealed a concentration-dependent induction of
apoptosis and cell disintegration in Activated carbon-treated cells.
Yellow arrows highlight PI reticular patterns of nuclear staining,
while blue arrows indicate nuclear condensation, fragmentation,
and APT bodies observed in EtBr-stained cells treated with the IC50
concentration. The DAPI/PI/EtBr staining results demonstrated a
higher occurrence of APT cells in the IC50 concentration treated
cells compared to the control, as illustrated in Figure 3.

The Comet assay, also known as single-cell gel electrophoresis
(SCGE)), is a highly sensitive technique to detect and quantify even
small amounts of double-strand DNA damage in individual cells.
After lysing the cells to remove cytoplasmic proteins, the DNA is
allowed to unwind under alkaline conditions and then subjected to
electrophoresis in a gel. Damaged DNA migrates from the negative
to the positive pole in the gel, forming the tail part of the comet,
while intact DNA forms the head. Staining with DAPI reveals the
extent of DNA damage, with blue fluorescence indicating damage
in the head, tail, and tail length regions. This assay provides valuable
insights into DNA damage levels in various cell types, as illustrated

in Figure 5.

Conclusion

In conclusion, this study highlights the significant inhibitory effect
of ACTIVATED CARBON on HepG-2 cell formation, likely
mediated by the ROS-mediated MTD pathway and activated
caspase-3 induction leading to APA cell death. These findings
underscore the potential of ACTIVATED CARBON as a valuable
natural resource for developing new CA medicines. Further

research is essential to elucidate the underlying mechanisms and

explore the therapeutic potential of ACTIVATED CARBON in

vivo.
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