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Abstract. Liver cancer is the sixth most prevalent type of 
cancer and the third most common cause of cancer‑related 
mortality worldwide. The treatment methods for liver cancer 
are very limited and no cure has yet been found for this disease. 
This situation has intensified the search for alternative treat‑
ment options in numerous developing countries. For example, 
the extract of Dioscorea dumetorum (D. dumetorum) tuber is 
used locally for the treatment of cancers. However, there is 
limited scientific evidence available to support the acclaimed 
therapeutic properties of D. dumetorum. Therefore, the present 
study aimed to investigate the in vitro anticancer effects of D. 
dumetorum on liver cancer (HepG2) cells. The cytotoxic effects 
of the chloroform fraction of D. dumetorum were examined 
using MTT assay and phase contrast microscopy. The effects 
of treatment with the chloroform fraction on the apoptosis of 
HepG2 cells were investigated using caspase assay and reverse 
transcription‑quantitative PCR. The chloroform fraction was 
cytotoxic to the cancer cell lines (IC50 28.5±0.01  µg/ml). 
The phase contrast microscopy of the HepG2 cells revealed 
morphological aberrations that suggested apoptosis. In addi‑
tion, treatment with the chloroform fraction increased the 
expression levels of caspase‑3, ‑8 and ‑9 proteins, suggesting 
that HepG2 cell death may have occurred through apoptosis. 
Gene expression analysis revealed that treatment with the 
chloroform fraction increased the mRNA expression levels 
of p53 and Bax, whereas it decreased the mRNA expression 
levels of Bcl‑2 and MDM2. The findings of the present study 
corroborate the occurrence of apoptosis in the chloroform 
fraction‑treated HepG2 cancer cells. Therefore, D. dumetorum 

tuber extract may be potentially used for the induction of the 
apoptosis of liver cancer cells.

Introduction

Cancer is a major public health burden and is the second 
leading cause of mortality following cardiovascular 
diseases (1). Cancer is a genetic disease characterized by 
uncontrolled cell proliferation that usually invades and 
disrupts surrounding organs and tissues. This condition 
poses a serious public health concern in both developed and 
developing countries, in spite of current interventions (2). The 
regulation of growth stimulating and inhibiting pathways is 
a dependent factor for the growth and progression of healthy 
cells. Thus, alterations in the levels of proto‑oncogenes and 
tumor suppressor genes that code for proteins, which regulate 
cell division, repair damaged DNA and initiate apoptosis, are 
known to cause cancers. The outcome of these alterations 
may be the production of cells that do not need external 
signals for cell division and growth (3). Genetic instability, 
aided by increased oxidative stress, results in the production 
of new tumor phenotypes with a reduction in apoptosis and 
an increase in tumor progression (4).

Cancer remains a main cause of morbidity and mortality, 
despite the notable advancements made in clinical interven‑
tions. Hepatocellular carcinoma (HCC) is known as primary 
liver cancer and has been reported as one of the leading 
causes of cancer‑associated mortality that accounts for >80% 
of liver cancer cases (5,6). HCC is a malignant tumor with a 
high incidence rate that causes a dysregulation of metabolic 
enzymes (7‑9). Among the risk factors of HCC are chronic 
hepatitis (hepatitis B and C virus) infections, obesity, alcohol 
abuse, autoimmune hepatitis, diabetes mellitus and metabolic 
diseases (10).

Conventionally, cancer management options include 
surgery, radiotherapy, immunotherapy and chemotherapy. 
However, due to the development of acquired or intrinsic 
chemo‑resistance and the decrease in the levels of apoptotic 
proteins, the majority of the chemotherapeutic drugs used in 
the treatment of liver cancer, such as cisplatin, adriamycin, 
5‑fluorouracil, paclitaxel and doxorubicin have become inef‑
fective (11). However, as regards liver cancer, clinically, no 
satisfactory method is available to date for its treatment. This 
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situation renders the continuous search for novel and suitable 
alternatives imperative.

Generally, plants are known as essential sources of novel 
chemical entities suitable for anticancer drug discovery and 
development, and a number of plant species are currently in 
use for the treatment and prevention of cancer (12). Plants are 
known to contain compounds, such as phenols, flavonoids, 
tannins, alkaloids, lignans, terpenoids and quinones that 
contributes to therapeutic value in disease management (13). 
The bioactive components of plants have been used for the 
treatment of inflammation, infections and tumors. This 
practice is very common in poverty‑stricken regions of the 
world and is based on oral tradition and folklore. In Nigeria 
for example, bitter yam, also known as Dioscorea dumetorum 
(D. dumetorum), is a tuber from the family, Diosoreaceae that 
is used by traditional medical practitioners for the treatment 
of diabetes, diarrhea, gonorrhea, jaundice, malaria, cancers 
and pain management (14,15). The bitter yam (doyar bisa in 
Hausa) is believed to contain numerous bioactive agents that 
contribute to its potency in traditional medicine. The Nigerian 
myth presumes that anything bitter is medicinal and has thera‑
peutic potential. However, even though this myth has enabled 
the use of bitter yam for the local management of a number of 
diseases including cancer, there is limited scientific evidence 
available to support its anticancer properties. Therefore, the 
present study was designed to investigate the anticancer prop‑
erties of D. dumetorum tubers in the HepG2 liver cancer cell 
line.

Materials and methods

Reagents and chemicals. The reagents used in the present 
study included trypsin‑EDTA (MilliporeSigma), Roswell Park 
Memorial Institute (RPMI) medium (Gibco; Thermo Fisher 
Scientific, Inc.) and 3‑(4,5‑dimethylthiazolyl‑2)‑2,5‑diphe‑
nyltetrazolium bromide (MTT) reagent (Sigma‑Aldrich; 
Merck KGaA). Phosphate‑buffered saline (PBS), trypan blue, 
dimethyl sulphoxide (DMSO), molecular grade water and 
analytical grade solvents (methanol, hexane, chloroform and 
ethyl‑acetate) were obtained from MilliporeSigma.

Plant material. Fresh tubers of D. dumetorum (Kunth) Pax 
were purchased from the local morning market along Ahmadu 
Bello Way, Kaduna‑North Local Government Area of Kaduna 
State, Nigeria. The tubers were identified and authenticated 
at the Herbarium, in the Department of Biological Sciences, 
Kaduna State University, Kaduna, Nigeria. The voucher spec‑
imen number assigned to the sample was KASU/BCH/0778.

Preparation of plant material. The yam tubers were washed, 
peeled and chopped into smaller sections that were dried under 
the shade. The dried chips were grinded using a domestic 
warring blender and maintained in an air‑tight container prior 
to extraction.

Extraction of sample. For the extraction of the sample, ~1 kg 
of the powdered D. dumetorum tuber was soaked successively 
in hexane and methanol for 48 h each time at room tempera‑
ture. The extracts were collected separately by filtration using 
a muslin cloth. Thereafter, the extracts were dried in a rotary 

evaporator (Heidolph Instruments GmbH & Co. KG) set at 
40˚C. The extracts were weighed and stored at 4˚C for further 
use.

Bioassay guided fractionation of D. dumetorum. The crude 
hexane and methanolic extracts of D. dumetorum were 
subjected to cytotoxicity assay to identify the more active 
extract. The methanolic extract was more cytotoxic to the 
liver cancer cell line and was subjected to further fraction‑
ation using the modified solvent‑solvent fractionation method 
as previously described (16). The methanolic extract (5 g) 
was mixed with a four‑solvent system that included hexane, 
chloroform, ethyl acetate and water in a separating funnel at 
room temperature. The mixture was allowed to stand for 2 h 
for fractionation to occur. The solvent mixture fractionated 
based on their densities, each carrying different components of 
the bioactive methanolic extract. The fractions were collected 
separately and subjected to cytotoxicity assay.

Thin layer chromatography (TLC) profiling of the extracts. 
The methanolic extract of D. dumetorum and its fractions 
were subjected to TLC to evaluate the purity of the fractions. 
The procedure was performed using TLC plates (5x1 cm) 
(MilliporeSigma) pre‑coated with silica gel. The mixtures to 
be resolved were spotted on the baseline of plates and placed 
in a beaker containing the mobile phase. The mobile phase 
was allowed to move through the plates by capillary action 
until it reached the solvent front. Thereafter, the plates were 
visualized under UV light and the retention factor (RF) values 
of spots (compounds) were calculated.

Gas chromatography‑mass spectrometry (GC‑MS) analysis. 
The most bioactive fraction (chloroform) of the methanolic 
extract of D. dumetorum was subjected to GC‑MS analysis 
which was performed using the Mass Hunter GCMS system 
(Agilent Technologies, Inc.) with a 5975C Mass Spectrometer 
fitted with a HP5‑MS capillary column. The interpretation of 
the mass spectral data was performed using the database of 
the National Institute Standard and Technology (NIST), which 
has >62,000 patterns. The mass spectra of the unknown compo‑
nents were compared with the spectra of the known components 
in the NIST library. The components of the test materials were 
identified by name, molecular weight and structure.

Cell line and culture. The HepG2 (liver cancer) cancer cell 
line (cat. no. HB‑8065; American Type Culture Collection) 
and maintained at 37˚C in an incubator supplemented with 
5% CO2. The HepG2 cells were grown in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% fetal bovine serum (FBS; Sigma‑Aldrich, USA) and 1% 
penicillin‑streptomycin (Thermo Fisher Scientific, Inc.). At 70 
to 80% cell culture confluence, sub‑culturing was routinely 
performed to maintain the cells.

Cytotoxicity assay (MTT assay). The cytotoxicity study was 
performed using MTT assay, as previously described by 
Waziri et al (17). The HepG2 cells were seeded at a density 
of 2x103 cells per well for 24 h and treated with either 12.5, 
25, 50, 100 or 200 µg/ml of the extract or fraction for 48 h, 
while 0.1% DMSO and doxorubicin (MilliporeSigma) in same 
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treatment concentrations as the extract/fraction were used as 
negative and positive controls, respectively. Following 48 h 
of treatment, 20 µl MTT solution (5 mg/ml) were added to 
each well and the plate was re‑incubated at 37˚C for 2 h. The 
reaction was terminated by the addition of 150 µl DMSO to 
solubilize the MTT‑formazan crystals formed by metaboli‑
cally viable cells. The optical density was measured at 570 nm 
using an xMark microplate spectrophotometer (Bio‑Rad 
Laboratories, Inc.). Each experiment was repeated three times, 
and each dilution had at least three replicates. The percentage 
cytotoxicity was calculated using the following formula:

Cell morphology assay. The effects of the chloroform fraction 
of D. dumetorum on HepG2 cells were monitored using phase 
contrast microscopy. The cells were seeded in a 6‑well plate at 
a density of 5x104 cells/well overnight and treated with various 
concentrations (20, 40, 60 80 and 100 µg/ml) of the chloro‑
form fraction of the methanol extract of D. dumetorum for 
24 h. Thereafter, the cells were viewed under a phase contrast 
microscope (AmScope).

Caspase‑3, ‑8 and ‑9 assays. Using the Caspase‑3 colori‑
metric assay kit (cat. no. K106‑100, BioVision), the effects of 
the chloroform fraction of D. dumetorum on the apoptosis of 
HepG2‑cells were investigated. Briefly, the cells were seeded 
overnight in a 96‑well plate at a density of 1x104 cells per well 
and treated with 20, 40, 60, 80 and 100 µg/ml of the chloro‑
form fraction for 24 h. Thereafter, the cells were harvested 
using trypsin and centrifuged at 20.12 x g for 5 min at 4˚C 
to obtain pellets. The cell pellets were washed with PBS and 
re‑suspended in 50 µl chilled (4˚C) Cell Lysis Buffer in the 
assay kit before incubating on ice for 10 min for lysis to occur. 
Following incubation on ice, the cells were centrifuged at 
20,124 x g for 1 min at 4˚C to collect supernatant for protein 
quantification to ensure even protein concentrations in all 
samples. Approximately 50 µl of each supernatant was mixed 
with 50 µl 2X Reaction Buffer in the assay kit (containing 
10 mM DTT) in a 96‑well plate. This was followed by the addi‑
tion of 5 µl of 4 mM DEVD‑pNA in the assay kit (200 µM, final 
concentration) and incubation for 2 h at 37˚C. The same proce‑
dure was repeated for the caspase‑8 (cat. no. 113‑100) and ‑9 
(cat. no. K119‑100) assays using their respective assay kits. The 
optical density (OD) of each sample was measured at 405 nm 
using the xMark microtiter spectrophotometer (Bio‑Rad 
Laboratories, Inc.) and the fold change was calculated relative 
to the negative control.

Gene expression assay
RNA isolation. RNA was isolated from the chloroform 
fraction‑treated HepG2 cells using the GF‑1 total RNA extrac‑
tion kit (Vivantis Technologies Sdn Bhd). Following treatment 
with increasing concentrations of the chloroform fraction, the 
cells were harvested and centrifuged at 20.12 x g for 5 min 
at 4˚C to collect the pellets. Subsequently, ~350 µl Buffer TR 
in the extraction kit was added to the pellets (suspended in 
50 µl PBS) and thoroughly mixed by vortexing to produce cell 
lysate, which was transferred into a homogenization column 
assembled in a collection tube and centrifuged at 46,887 x g 

for 2 min at 4˚C. The flow through was saved and equal volume 
of 80% ethanol was added and mixed gently. Subsequently, 
~650 µl of the mixture were transferred into an RNA Binding 
Column provided along with the kit, fitted to a collection tube 
and spun at 20,124 x g for 1 min at 4˚C. The flow through 
was discarded and 500 µl Wash Buffer in the assay kit was 
added to the Binding Column and centrifuged at maximum 
speed (46,887 x g) for 1 min at 4˚C prior to the addition of 
70 µl DNase I Digestion Mix and the mixture was incubated 
for 15 min at room temperature. Following incubation, 500 µl 
Inhibition Removal Buffer was added and centrifuged at 
maximum speed (46,887 x g) for 1 min at 4˚C to discard the 
flow through. The pellets in the Binding column were washed 
twice each with 500 µl Wash Buffer, in each case the flow 
through was discarded following centrifugation at 20,124 x g 
for 1 min at 4˚C. RNA was finally collected by the addition of 
60 µl RNase‑free Water directly on the membrane of the RNA 
Binding Column fitted into a new Eppendorf tube (1.5 ml; 
Eppendorf AG, Hamburg, Germany) and centrifuged for 1 min 
at 20,124 x g at 4˚C to collect the pure RNA. The RNA was 
quantified at 260 nm using a NanoDrop® spectrophotometer 
(Thermo Fisher Scientific, Inc.) and stored at ‑20˚C.

cDNA synthesis. The RNA extracted was transcribed 
into cDNA using ReverTra Ace™ qPCR RT Master Mix 
with gDNA Remover (Toyobo Co., Ltd.). For genomic 
DNA removal, the DNase I reaction solution was prepared 
comprising of 2  µl of 4X DN master mix, 6  µl of RNA 
template (0.5 µg) and 2 µl of nuclease free water and incu‑
bated for 5 min at 37˚C. For the reverse transcription, 2 µl of 
5X RT master mix II was added and incubated first at 37˚C 
for 15 min, and 50˚C for 5 min and finally heated at 98˚C 
for 5 min to terminate the reverse transcription. The cDNA 
synthesized was stored at ‑20˚C for further analysis.

Primer design. The primers for the apoptosis related genes 
were designed on the NCBI website using Primer‑BLAST 
software (Primer3, version  2.5.0). The primers used are 
listed in Table I. They were synthesized by Integrated DNA 
Technologies (IDT). Each primer was provided in a lyophilized 
form and reconstituted to a stock concentration of 100 µM 
using nuclease‑free water.

Table I. Primers of genes used in the present study.

Gene	 Primer sequence

β‑actin	 F: 5'‑ACCTAACTTGCGCAGAAAACAAGA‑3'
	 R: 5'‑ACTGCTGTCACCTTCACCGT‑3'
Bax	 F: 5'‑GAGTGTCTCAAGCGCATCGG‑3'
	 R: 5'‑AGTAGAAAAGGGCGACAACCC‑3'
p53	 F: 5'‑CCTGGATTGGCAGCCAGACT‑3'
	 R: 5'‑CCATTGCTTGGGACGGCAAG‑3'
Bcl‑2	 F: 5'‑ATCGCCCTGTGGATGACTGAG‑3'
	 R: 5'‑AGGGCCAAACTGAGCAGAGTC‑3'
MDM2	 F: 5'‑GCGTGCCAAGCTTCTCTGTG‑3'
	 R: 5'‑CCTGAGTCCGATGATTCCTGCT‑3'

MDM2, murine double minute 2.
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Reverse transcription‑quantitative PCR (RT‑qPCR). The 
expression of the apoptotic genes was evaluated by RT‑qPCR 
using SYBR‑Green master mix (Toyobo Co., Ltd.) and the 
synthesized primers (Table  I), while β‑actin was used as 
the reference gene. PCR was performed as follows: 95˚C for 
60 sec of initial denaturation, followed by 40 cycles of 95˚C 
for 15 sec and 60˚C for 30 sec. The relative expression of each 
gene was performed using the 2‑ΔΔCq method (18).

Statistical analysis. All experiments were performed in 
triplicate. The statistical software package SPSS (version 27, 
IBM Corp.) was used to analyze the data. One‑way analysis 
of variance (ANOVA) was conducted to compare the mean 
values between control and treatment groups at the 95% 
confidence level, followed by Tukey's post hoc test to identify 
specific group differences. Data obtained from the study are 
expressed as the mean ± standard deviation (SD). A value of 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Results of GC‑MS analysis. The GC‑MS analysis revealed that 
the chloroform fraction was composed mainly of pentadeca‑
fluorooctanoic acid, (E)‑9‑octadecenoic acid ethyl ester 
(elaidic acid), tributyl acetyl citrate, octadecyl prop‑1‑en‑2‑yl 
ester, 9‑octadecenoic acid (oleic acid), 1‑docosene, 3‑eicosene, 
and hexadecanoic acid (palmitic acid) (Table II and Fig. 1A 
and B).

Cytotoxic effects of the extract on HepG2 cells. The metha‑
nolic extract had a lower IC50 value (29.84±0.004 µg/ml) than 
the hexane extract (50.54±0.004 µg/ml) of D. dumetorum, 
while that of doxorubicin (standard drug) was the lowest, as 
shown in Table III. The IC50 value of the methanol extract was 
significantly (P<0.05) lower than that of the hexane extract 
and was selected for further fractionation. Of the fractions 
of the methanolic extract of D. dumetorum screened, the 
chloroform fraction was the most active with the lowest IC50 
value (28.5±0.00 µg/ml), followed by the ethyl acetate frac‑
tion (31.69±0.03 µg/ml), hexane fraction (52.02±0.03 µg/ml) 

and aqueous fraction (86.28±0.05 µg/ml). For this reason, the 
chloroform fraction was selected as the fraction used for the 
treatment of the HepG2 cancer cell line.

Effect of the chloroform fraction of the methanolic 
extract of D. dumetorum (CFMEDD) on HepG2 cell 
morphology. Treatment with the chloroform fraction caused 
increased HepG2 cell death and distorted cell morphology 
(Fig. 2B‑F). The formation of round‑shaped and floating 
cells is an evidence of cell death, and this feature was more 
prominent in the cells treated with the highest concentra‑
tion of the extract (Fig. 2F). In addition, the chloroform 
fraction‑treated cells exhibited a distorted cell morphology 
and signs of chromatin condensation, which is a feature 
of apoptosis. The phase contrast micrograph revealed an 
intact cell morphology in the negative control‑treated cells 
(Fig. 2A).

Table II. Gas chromatography‑mass spectrophotometer analysis of CFMEDD.

Serial		  Molecular	 Molecular	 Retention	 Peak
no.	 Names of compounds	 formula	 weight (g/mol)	 time (min)	 area (%)

1	 Pentadecafluorooctanoic acid	 C8HF15O2	 414.07	 26.42	 11.78
2	 (E)‑9‑Octadecenoic acid ethyl ester	 C20H38O2	 310.50	 24.24	 11.37
3	 Tributyl acetylcitrate	 C20H34O8	 402.50	 25.64	 9.88
4	 Octadecyl prop‑1‑en‑2‑yl ester	 C22H42O3	 354.6	 25.15	 6.16
5	 9‑Octadecenoic acid	 C18H34O2	 282.5	 23.00	 4.86
6	 1‑Docosene	 C22H44	 308.6	 26.24	 4.72
7	 3‑Eicosene	 C20H40	 280.5	 25.42	 4.16
8	 Hexadecanoic acid	 C16H32O2	 256.42	 19.81	 4.06

CFMEDD, chloroform fraction of the methanolic extract of Dioscorea dumetorum.

Table III. In vitro cytotoxic effects of the crude extracts and 
methanol sub‑fractions of Dioscorea dumetorum tuber on 
HepG2 (liver cancer) cells.

Tuber extract
(Dioscorea dumetorum)	 IC50 (µg/ml)

Crude extracts
  Hexane extract	 50.54±0.004c

  Methanol extract	 29.84±0.004b

  Doxorubicin (positive control)	 11.0±0.01a

Sub‑fractions of methanol extract
  Aqueous fraction	 86.28±0.050d

  Hexane fraction	 52.02±0.030e

  Chloroform fraction	 28.5±0.00d

  Ethyl acetate fraction	 31.69±0.030e

Values are presented as the mean  ±  SD and values with different 
superscript letters (a, b and c) between the crude extracts and 
(d and e) between the fractions indicate a significant difference 
(P<0.05) between groups at the 95% confidence level.
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Figure 1. (A) GC‑MS spectra of pentadecafluorooctanoic acid octadecyl ester, (E)‑9‑octadecenoic acid ethyl ester, tributyl acetyl citrate, and carbonic acid 
octadecyl prop‑1‑en‑2‑yl ester, illustrating ion fragmentation patterns (m/z peaks) and relative intensities. (B) GC‑MS spectra of 9‑octadecenoic acid methyl 
ester (E), 1‑docosene, 3‑eicosene (E), and hexadecanoic acid ethyl ester, displaying their ion fragmentation patterns (m/z peaks) and relative intensities.
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The chloroform fraction increases the expression of caspase‑3, 
‑8 and ‑9 in HepG2 cells. Treatment with the chloroform fraction 
significantly increased (P<0.05) the protein expression levels of 
caspase‑3 and ‑8 in a concentration‑dependent manner (Figs. 3 
and 4). As regards caspase‑9, its expression significantly increased 
as the treatment concentration increased from 20 to 60 µg/ml, and 
decreased slightly at the concentration of 80 µg/ml (Fig. 5). The 
expression of the caspases in the treated cells was significantly 
(P<0.05) higher than that of the untreated cells (negative control). 
Caspase‑8 is main caspase of the death receptor pathway, while 
caspase‑9 is the main caspase of the mitochondrial pathway.

Effects of chloroform fraction on mRNA expression in HepG2 
cells. As shown in Fig. 6, the treatment caused a significant 

Figure 2. Effect of the CFMEDD on the morphology of HepG2 cancer cells. (A) Negative control, (B) 20 µg/ml CFMEDD, (C) 40 µg/ml CFMEDD, (D) 60 µg/ml 
CFMEDD, (E) 80 µg/ml CFMEDD and (F) 100 µg/ml CFMEDD. CFMEDD, chloroform fraction of the methanolic extract of Dioscorea dumetorum.

Figure 3. Effect of treatment with CFMEDD on caspase‑3 expression in 
HepG2 cancer cells. CFMEDD, chloroform fraction of the methanolic 
extract of Dioscorea dumetorum. *P<0.05, vs. control.

Figure 4. Effect of treatment with CFMEDD on caspase‑8 expression in 
HepG2 cancer cells. CFMEDD, chloroform fraction of the methanolic 
extract of Dioscorea dumetorum. *P<0.05, vs. control.

Figure 5. Effect of treatment with CFMEDD on caspase‑9 expression in 
HepG2 cancer cells CFMEDD, chloroform fraction of the methanolic extract 
of Dioscorea dumetorum. *P<0.05, vs. control.
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(P<0.05) increase in the mRNA expression of Bax at a dose 
of 100 µg/ml and a significant (P<0.05) decrease in Bcl‑2 
mRNA corresponding to the treatment concentration. In a 
similar manner, the chloroform fraction treatment caused 
a significant (P<0.05) increase in the mRNA expression of 
p53 compared with the control cells (Fig. 7). Conversely, the 
mRNA expression of the oncogene, murine double minute 2 
(MDM2) significantly (P<0.05) decreased compared with the 
negative control cells (Fig. 7).

Discussion

The present study was performed to evaluate the mechanisms of 
action of the CFMEDD on HepG2 (liver cancer) cells. The results 
revealed that CFMEDD induced greater cytotoxic effects than all 
fractions in HepG2 cells with an IC50 value of 28.45±0.00 µg/ml, 
while the IC50 value of the standard drug, doxorubicin, was 
11.0±0.01 µg/ml. Of the eight major compounds identified by the 
GC‑MS analysis of the chloroform fraction, octadecenoic and 
hexadecenoic acids have been reported to demonstrate in vitro 
anticancer properties. Specifically, octadecenoic acid was found 
to demonstrate significant anti‑proliferative effect on human 
gastric (SGC‑7901), hepatocellular carcinoma (BEL‑7402), and 

leukaemia (HL‑60) tumour cell strains, while hexadecenoic 
acid was previously used in the treatment of breast, colon and 
liver cancers  (19‑21). Therefore, it was suspected that both 
octadecenoic and hexadecenoic acids may have contributed to 
the cytotoxicity of the chloroform fraction of HepG2 cancer cell 
lines in the present study.

The examination of HepG2 cell morphology following 
treatment with CFMEDD provides valuable insight into the 
cytotoxic effects at a cellular level. Herein, the phase contrast 
micrographs (Fig. 2) demonstrated a dose‑dependent altera‑
tion in HepG2 cell morphology, including certain features of 
apoptosis, such as chromatin condensation and cell membrane 
disruption. Chromatin condensation, cell shrinking and 
membrane blebbing are events that precede the formation 
of apoptotic bodies and eventual apoptosis  (22‑25). In the 
present study, the protein expression of caspase‑3, ‑8 and ‑9 in 
HepG2 cells significantly increased following treatment with 
the CFMEDD. Caspase‑9 is an initiator of apoptosis via the 
mitochondrial pathway, while caspase‑8 initiates apoptosis 
via the extrinsic death receptor pathway. The findings of the 
present study suggest that CFMEDD induces the apoptosis 
of liver cancer cells via both the mitochondrial and extrinsic 
pathways of apoptosis. Both the extrinsic and intrinsic 

Figure 7. Effect of treatment with CFMEDD on the expression of p53 and MDM2 genes. CFMEDD, chloroform fraction of the methanolic extract of Dioscorea 
dumetorum; MDM2, murine double minute 2. *P<0.05, vs. control.

Figure 6: Effect of treatment with CFMEDD on the expression of Bax and Bcl‑2 genes. CFMEDD, chloroform fraction of the methanolic extract of Dioscorea 
dumetorum. *P<0.05, vs. control.

https://www.spandidos-publications.com/10.3892/wasj.2025.325
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pathways are closely linked  (26). Caspase‑8 is negatively 
controlled by anti‑apoptotic proteins. The loss of caspase‑9 
promoter or gene functions that lead to a reduced caspase‑9 
activity has been implicated as one of the causes of cancer 
development (27). Caspase‑3 is an executioner of cell apoptosis 
whose activation is triggered by both caspase‑8 and ‑9. It was 
hypothesized that both caspase‑8 and ‑9 may have triggered 
the increased expression of caspase‑3 in the present study. 
Caspase‑3 executes apoptosis via the selective destruction 
of subcellular structures, organelles and the genome  (28). 
The increased expression of caspase‑3 and ‑9 has also been 
reported in liver cancer cells treated with clausenidin isolated 
from Clausena excavata (17). In addition, activated caspases 
cleave at least 100 different proteins that are responsible for 
DNA replication, transcription, translation, phosphorylation 
and dephosphorylation. The caspases can also cleave the 
inhibitor of caspase activated DNase complex to release active 
DNase in certain tissues. Activated DNases are responsible for 
the internucleosomal cleavage of genomic DNA to produce 
smaller fragments (29). The activity of DNases also produces 
morphological alterations in cells. In the present study, phase 
contrast micrographs revealed features typical of apoptosis 
that could have been triggered by DNase activity.

In the present study, the results of RT‑qPCR provided 
further evidence of the involvement of the intrinsic mitochon‑
drial pathway in the apoptosis of liver cancer cells in vitro. 
The treatment of HepG2 cancer cell lines with the CFMEDD 
resulted in a significant decrease in the levels of Bcl‑2 and 
MDM2 genes in a concentration‑dependent manner. These 
two genes function to prevent the apoptosis of cancer cells. 
Specifically, the Bcl‑2 family genes play a key role in intrinsic 
mitochondrial apoptosis (30). Bcl‑2 protein is an anti‑apop‑
totic protein that interacts with pro‑apoptotic proteins, 
such as Bax, limiting pore development and the release of 
cytochrome c  (31). On the other hand, an increase in Bax 
expression causes tumor cells to die, resulting in cell death, 
while an increase in Bcl‑2 expression prevents cell death (32). 
In the present study, it was hypothesized that the apoptosis 
of HepG2 cells may have been triggered via the decreased 
expression of the Bcl‑2 gene in the treated cells.

Furthermore, the gene expression analysis performed 
herein revealed the upregulation of the tumor suppressor 
gene, p53, and the downregulation of the oncogene, MDM2. 
Cancer is a product of mutations conferred by oncogenes with 
dominant survival characteristics and the downregulation of 
tumor suppressor genes (33). Gene mutations do not occur 
with great efficiency due to the existence of DNA surveillance 
and the repair system under the control of tumor suppressors, 
such as the p53 gene. The majority of cancers are the result of 
damage to the p53 gene. However, the present study revealed a 
significant increase in p53 gene expression in the treated cells. 
p53 generates numerous signals that lead to the apoptosis of 
cancer cells. On the other hand, MDM2 is a negative regu‑
lator of p53 and other proteins involved in DNA repair and 
apoptosis (34). In fact, MDM2 leads to the destruction of p53 
and to the consequent development of cancers. The interaction 
between MDM2 and p53 is detrimental to cells, as it decreases 
p53 activity and enables cells to escape apoptosis. Therefore, 
a number of anticancer agents target the inhibition of the 
MDM2‑p53 interaction (10,35). The lower the expression of 

the MDM2 gene, the higher the expression of the p53 gene, 
and its consequent activity. In the present study, treatment 
with CFMEDD led to the decreased expression of MDM2, 
which may have enabled the p53‑mediated apoptosis of the 
HepG2 cancer cells. Therefore, it was hypothesized that this 
may be one of the mechanisms of action of the CFMEDD in 
HepG2 cells.

In addition, the expression of Bax mRNA began to 
increase at concentrations >60 µg/ml and reached its peak 
at the concentration of 100 µg/ml. At this highest concentra‑
tion (100 µg/ml), a >80‑fold increase in the expression of 
the Bax gene was observed in the CFMEDD‑treated HepG2 
cells. Conversely, Bcl‑2 expression significantly decreased 
(P<0.05) in a concentration‑dependent manner. Bcl‑2 is an 
anti‑apoptotic gene that enables tumor cells to survive, while 
Bax is a pro‑apoptotic gene that enables tumors to undergo 
apoptosis. The decision on whether a cell should undergo 
apoptosis depends on the ratio of Bax to Bcl‑2. Apoptosis is 
lost when there is an overexpression of Bcl‑2, as reported in a 
number of cancers (36). In the present study, treatment of the 
HepG2 cells with CFMEDD significantly downregulated the 
expression of the Bcl‑2 gene, and this may have triggered the 
onset of the apoptosis of the HepG2 cells. p53 protein is known 
to activate Bax protein for apoptosis to occur in cells (37). The 
present study observed a significant increase in the expression 
of Bax mRNA, whose translation leads to the production of 
Bax protein.

In conclusion, the present study demonstrates that, amongst 
other mechanisms, the Bax gene induces the apoptosis of 
CFMEDD‑treated HepG2 cells, triggered by p53 activation. 
From the findings presented herein, it can be concluded that 
CFMEDD holds promise as a potential therapeutic agent 
for the treatment of liver cancer due to its ability to induce 
the apoptosis of HepG2 cells via the extrinsic and intrinsic 
pathways.
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