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 Abstract: Cancer (CA) is global second cause of death and while drug discovery has advanced, new plant-derived 

medicines also need to be developed. Plant based medicinal products have many benefits as compared to the use of 

conventional chemical medications in minimizing the symptoms and side effects. The purpose of this study was to 

detect potential cytotoxicity (CYT) of activated carbon (AC) from Musca acuminata fruit peel. Significantly, the AC 

caused substantial increases in the synthesis of ROS, along with an attenuation of the mitochondrial (MTD) 

membrane potential and trigger caspase-3 activity activation in the HepG-2 cells. These findings showed that AC is a 

potential natural product source and provides prospects for developing new CA medicines. 
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Introduction 

Activated carbon (AC) is a high carbon (C) 

material treated to maximise the surface area. AC 

is often used to treat toxicity and toxic drugs 

(Qureshi et al., 2008; Chen et al., 2011; Foo and 

Hameed, 2012; Wu et al., 2013; Njoku et al., 2014; 

Njoku et al., 2015; Rahman and Chin, 2019). In one 

hour after ingesting poisonous chemicals, AC is the 

most effective(Lakshmiet al., 2018). The 

medications such as acetaminophen or 

paracetamol, lanoxin, digitoxin, tricycline 

antidepressants and phenobarbital have shown to 

be effective in both adults and children (Gupta et 

al., 2016; González-García, 2018). In the case of 

strong acids or bases, cyanides, biological solvents, 

ethanol, methanol, iron, lithium, among other 

substances, the AC is not effective (Nanda et al., 

2016; Elanthamilan et al., 2019). Traditionally, AC 

is provided with laxatives to promote elimination 

of poisonous contents and increase carbon (C) 

resistance (Galan et al., 2018). There was no 

support from the EAPCCT for the combination of 

AC with a laxative substance (Zare et al., 2015; 

Wang et al., 2020). This can cause severe side 

effects, including hydration, electrolyte 
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disequilibria and low blood pressure (Spessato et 

al., 2019). 

In several gastrointestinal conditions, 

including diarrhoea, gas and indigestion, AC has 

been studied. Research has shown that AC can 

help patients with chemotherapy-related 

diarrhoea (Rawal et al., 2018). AC may boost the 

effects of indigestion in combination with 

simethicone. In addition, AC can enhance bloating 

and stomach stress and avoid gas (Rahimian and 

Zarinabadi, 2020). Because of their adsorption, AC 

can also be used to treat hepatitis and renal 

disturbances (Gupta et al., 2021). AC by mouth can 

decrease cholesterol and decrease high bile acids 

(Dulyaseree et al., 2017). Light therapy can also be 

used to avoid jaundice (yellowing of the skin) of 

new-born babies (Beck et al., 2017). The drug 

delivery mechanism for improving therapy 

effectively and reducing side effects of the 

chemical agents has been examined with AC 

particles (Sharifpour et al., 2018). However, more 

research in this field is required. Keeping this in 

view, we described the mechanism for the 

acumination of Musca acuminata fruit peel 

mediated AC-cell inhibition in HepG-2 cells. 

Materials and Methods 

Sample collection and preparation of AC: 

Sample collection and preparation of AC from 

Musca acuminata fruit peel was done according to 

the method of Ashok and Babu (2020). 

MTT assay: 

In order to assess the viability of HepG-2 and Vero 

cells as defined by Mosmann, MTT test method 

was followed (Mosmann, 1983). At 100% 

confluence, the HepG-2 cells were trypsinised and 

seeded in a 96 well platform at 7 x 103/well 

density. In a 37°C CO2 incubator and 5% CO2 the 

cells were incubated overnight for attachment in 

controlled, wet atmosphere. The solvent extract 

was exposed to various concentrations (25, 50, 75, 100 and 125 μg/ml) at 24 and 48 h after overnight incubation. The cells were filled with 50 μl MTT (5 
mg/ml of stock) and incubated at 37°C for 3 h. The 

contents of the plate were discarded with a quick 

decantation at the end of the incubation cycle and 

the plate was dried overnight at room 

temperature (RT). The forming purple formazone 

crystals are solved by shaking at 400 rpm at RT in 

a thermo-shaker in 100 μl of DMSO for 15 min. A 
multimode microplate reader absorbed the 

strength of the produced colour at 570 nm. The 

cell viability (CV) percentage was determined in 

the following way: 

Cell viability (%) = OD of experimental group x 100/ OD 

of control group 

A pre-programmed MS-Excel prototype was 

used to measure the growth percentage, the 

percentage inhibition and 50 per cent growth 

inhibition (IC50). 

DAPI/PI/EtBr staining: 

The nuclear stain, which has been treated to AC, 

and filtering appropriate for the Spector et al. 

(2001) method, has been performed to monitor 

the apoptotic (APT) morphology of cells under a 

fluorescence microscope (FLMICRO). At a 

confluence of 100 per cent the cells were 

trypsinised and sown on a cover slip (22 x 22 mm) 

set in the 6-well plate at a density of 1 x 105 

cells/cover slip. The cells in a CO2 incubator at a 

temperature of 37°C and 5% CO2 were incubated 

overnight in a controlled humidified air to allow 

attachment. Cells were exposed, after overnight 

incubation, to IC50 levels of AC and incubated 

under controlled humidified atmosphere at 37°C 

and 5% CO2 for 24 h. Cells were washed with 1X PBS at the end of 24 h (pH 7.4), 50 μl of PI was 
applied and incubated in dark at RT for 20 min. 

Cells were washed with 1X PBS (pH 7.4) at the end of the incubation, 50 μl DAPI/PI/EtBr were 
applied to cells and were washed immediately 

with 1X PBS. The cover slips have been stripped 

from the six-pad and put on a different cover slip 

(40 x 22 mm). The cover slips were presented in a 

20 X magnification under a FLMICRO (Carl Zeiss) 

and cell images from various fields were taken. 

Comet Assay/SCGE:  

SCGE was conducted to record both the stability of 

DNA  and  DNA  damage  in  the  HepG-2 treatment  
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cells using the method of Singh et al. (1988). The 

slides were subsequently electrophored by 

horizon electrophoresis (ELP). The diaphragms 

have been separated from the solution to lysis and 

put in an ELP tank horizontally. The ELP tank was 

filled until the slides were submerged in the buffer 

and the slabs could stand in the tank for about 20 

min with ELP at 0.8 Volts/cm for 15 min. The 

power supply was shut down and the slides were 

carefully removed and rinsed in a neutralisation 

buffer three times and dried carefully. On the gel a 

few drops of DAPI stain were applied and sealed 

with a covering slide. The stained DNA was 

analysed in cells using FLMICRO with an excitation 

filter of 365 nm and a barrier-filter of 435 nm at 

magnification 200X. The migrated DNA (Comet 

tail) long length was finally determined with the 

programme of the CASPLab (1.2.3 beta2). 

Statistical Analysis: 

Two-Way ANOVA analysed the data to evaluate 

the significance between the control and 

experimental groups. Statistical significance was taken into consideration at p˂ 0.05. 
Results and Discussion 

AC is a porous particle with a wide range of 

absorption.   In   the   micro   holes   of  AC,  organic 

particles like drugs are easily placed on the basis 

of adsorption. AC as a transporter of CA drugs has 

unique features in their release of drugs. AC 

adsorbed chemicals usually through a physical 

contact and no covalent bond to make the 

adsorbed drugs readily disintegrate again into free 

pharmaceutical particles from the surface of AC. 

The drug accumulation of local entities in the body 

by the regulation of drug loading during 

preparation is thus highly beneficial. AC caused 

considerable damage to HepG-2 cells. The range of AC effects is 0.8~200 μg/ml, the released chemical 
molecules temporarily enclosed around the 

carrier particles, allowing the accumulation of 

medication in the area to be kept as high as 

possible, thereby possessing "local" characteristic. 

AC is smaller in diameter, the specified surface is 

larger and its adsorption is greater, enabling them 

to move medicines from administration to 

medicinal locations without major losses. 

The AC had an impact tested by MTT method 

against HepG-2 CA cell lines at levels of 25, 50, 75, 100 and 125 μg/ml.  A dose-dependent reduction 

in the CV was shown by tested AC. Another 

reduction in CYT has been seen in an increased 

duration of incubation. At these concentrations 

and exposure times, a concentration of 86.74 μg/ml AC at a time of 48 h was observed with a 
range of approximately 50% CYT inhibition. IC50 

values in a AC treatment cells could not be 

achieved at 48 h (Figs, 1, 2). 

In the FLMICRO experiments, significant 

improvements in nuclear morphology were found. 

Control and experimental groups are represented 

with staining DAPI on the percentage of HepG-2 

cells showing apoptotic (APT) nuclear 

morphology. In our trial we have also found that 

HepG-2 cells have apoptosis (APA), which has 

resulted in 80% more DAPI stain than control. The 

potential mechanism of AC causes the MTD outer 

membrane's permeability to get triggered and 

release of the cytochrome-C during APA, causing 

caspase activation to orchestrate cell death due to 

the loss of the MTD function and the development 

of ROS. ROS overproduction may be linked to the 

imbalance in cell homeostasis, MTD disruption, 

and APA. Activating the MTD pathway for APA 

may be one of the major steps in APA generally 

linked to Caspase family protein recruitment, 

namely caspase-8 and/or caspase-3 (Fig. 3). A 

broad range of pathways have been identified as 

CA-protective effects of AC, including free radical 

scavenging, modification enzymes that cause or 

detoxify carcinogenic substances. 

Cytomorphological observations of HepG-2 

cells using DAPI staining were observed under 

FLMICRO. The control HepG-2 cells showed intact 

nuclei of uniform shape size with smooth edges 

whereas, IC50 concentration treated DAPI stained 

cells showed APT bodies which were indicated by 

red arrow. The white arrow indicated the 

disintegrated    or   cracking   of   HepG-2 cells  and  



438 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 1: Per CV of HepG-2 cell when treated for 24 h various concentration of AC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Per CV of HepG-2 cell when treated for 48 h various concentration of AC. 

 

overall the DAPI staining indicated that AC treated 

cells APT and disintegrated cells in a 

concentration depended manner. Yellow arrow 

indicated the reticular patterns of nuclear staining 

by PI. EtBr stained cells showed nuclear 

condensation, fragmentation and APT bodies 

which are marked by blue arrow in the IC50 

concentration treated cells. Results of 

DAPI/PI/EtBr staining showed APT cells which  

 

were observed in the IC50 concentration treated 

cells when compared to control as shown in the 

Figure 4. 

Comet assay or SCGE, a very sensitive assay, 

is used to detect and quantify even small amount 

of double strand DNA damage in individual cell. 

It is also known as single cell gel electrophoresis 

(SCGE).   After   removal  of  all the cytoplasmic  
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Fig. 3: Anticancer mechanism of activated carbon when treated with HepG-2 cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: DAPI/PI/EtBr staining of HepG-2 cells. 
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Fig. 5: A-  SCGE mechanism, B- Control (untreated) HepG-2 cells where the DNA remains intact, C- IC50 concentration of AC and D- Quantitative DNA 

fragmentation analysis of HepG-2 cells when treated with 48 h IC50 concentration of AC to measure the SCGE head diameter, tail length, head DNA, tail DNA, tail 

moment and olive tail moment. 
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Table 1: CYT of AC used various CA cell lines 

 

AC source 
Incubation 

H 

IC50/GI50 

value 

Cell line 

name 
Assays used Ref 

Coconut shell 24 h 20 mg/ml H-1299 MTT assay, ROS assay and 

Hoechst/PI staining 

(Chu et al., 

2013) 

Cisplatin Details not given in the 

paper 

KU-1,HTB9  MTT assay and double layer 

soft agar colony assay 

(Gotoh et al., 

1990) 

Melittin 24 h 20 mg/ml MCF-7and 

MDA-MB-

231 

XTT assay, LDH assay, ROS 

assay,MTD stability assay and 

Annexin-V/FITC  staining 

(Daniluk et 

al., 2020) 

Jack fruit seed and 

peel waste 
Biological activity was not done 

(Abid et al., 

2019) 

Watermelon peel 
Biological activity was not done 

(Gin et al., 

2014) 

Pomegranate, 

banana and kiwi 

fruit peels 
Biological activity was not done 

(Hashem et 

al., 2016) 

Red banana (M. 

acumulata) peel 

24 h 120 µg/µl MDA-MB-

231 

MTT assay (Ashok and 

Babu, 2020) 

Red banana (M. 

acumulata) peel 

48 h  HepG-2 MTTassay, DAPI staining, 

Caspase-3 activity 

Present 

study 

 

proteins by cell lysing, in alkaline conditions, the 

DNA is allowed to unwind and then this 

unwound DNA is run in a gel by electrophoretic 

method. The damaged DNA migrates from 

negative to positive pole in the gel cast and form 

the tail part of the comet, whereas the intact 

DNA form the immobilizing head part of the 

comet. When stained with DAPI, the amount of 

blue fluoresce in the head, tail and tail length 

region indicated the level of damage in DNA as 

shown in Figure 5. Similar sensitivity towards 

various CA cells was observed for the CYT 

potential as shown in the Table 1.  

Conclusion 

The present study showed that AC can 

significantly inhibit HepG-2 cell formation, and the 

AC showed that it is likely via the ROS-mediated 

MTD pathway, followed by activated caspase-3 

associated with APA cell death. These findings 

showed that AC is a potential source of valuable 

natural resources, and the new compound 

provides the possibility to create a new CA 

medicine after the complete therapeutic treatment 

of its APA activity. It is important to further 

investigate the mechanism behind the 

effectiveness of AC in vivo. 
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