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Abstract. – OBJECTIVE: Poncirus trifoliata (P. 
trifoliata) fruits exert phytotherapeutic effects, 
depending on their maturity level. However, the 
mechanism by which these phytotherapeutic ef-
fects are exerted remains undefined – especially 
in cancers. Therefore, in this study, we investigat-
ed the effects of the immature fruit extract of P. tri-
foliata on a B16 melanoma cell line.  

MATERIALS AND METHODS: The effect of 
immature P. trifoliata extract on B16 cells was eval-
uated by MTT assay, cell proliferation, FACScan 
analysis of cell cycles, confocal imaging analy-
sis, nuclear (Hoechst) staining, apoptosis assay 
(Annexin V-fluorescein isothiocyanate/propidium 
iodide staining), and Western blot assay. The ca-
pacity of immature P. trifoliata extract to inhibit the 
invasion and migration of B16 cells was assessed 
using the scratch-wound assay and Matrigel mi-
gration assay. The effect of immature P. trifoliata 
extract on mitochondrial function was determined 
via the mitochondrial membrane potential assay, 
activity, and fraction and cytosol proteins. 

RESULTS: Treating B16 cells with a methanol 
extract of immature P. trifoliata (MEPT) signifi-
cantly inhibited cell viability, migration, and inva-
siveness in a dose- (p<0.01) and time (p<0.01)- 
dependent manner. MEPT arrested the cells in the 
G1 phase of the cell cycle and led to the activation 
of the PI3K/AKT/p21 pathway. Furthermore, MEPT 
dose-dependently induced apoptosis in B16 cells 
by increasing the expression of the pro-apoptotic 
proteins Bax and Apaf-1, while decreasing the 
expression of the anti-apoptotic protein, Bcl-2. 
MEPT treatment also decreased mitochondrial 
membrane potential.

CONCLUSIONS: Immature P. trifoliata extract 
inhibited the growth of melanoma cells by induc-
ing cell apoptosis through mitochondrial path-
ways. Therefore, further research into immature 
P. trifoliata extract as a potential therapeutic 
compound for melanoma treatment is warranted.
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ma, Apoptosis, Mitochondria.

Introduction

Melanoma is the most fatal and aggressive 
type of skin cancer1. Melanoma accounts for 
about 1%-4% of all malignant skin tumors, but 
it results in 80% of skin cancer deaths. In cases 
of metastatic melanoma, the five-year survival 
rate of melanoma is only 14%2,3. The incidence 
of melanoma is higher in Caucasians (lighter 
skin) compared to individuals with low-risk phe-
notypes (darker skin), and this difference is due 
to the higher concentrations of photo-protectable 
epidermal melanin found in darker-skinned indi-
viduals2. In Caucasian populations, no difference 
in melanoma incidence and mortality exists be-
tween sexes4; moreover, once metastasis occurs, 
the prognosis remains very poor5,6. The primary 
treatment options for melanoma include surgical 
resection, chemotherapy, photodynamic therapy, 
immunotherapy, biochemotherapy, and targeted 
therapy. Adjuvant therapies, such as targeted ther-
apy and immunotherapy, have been shown to in-
crease survival rates of melanoma patients5. Sur-
gery depends on the clinicopathological features 
of the tumor, while chemotherapy is considered 
in metastatic cases1. If metastatic or complete re-
section is not possible, the average survival rate 
of melanoma is less than a year7. These thera-
pies, however, have some limitations: in addition 
to the skin and gastrointestinal toxicity induced 
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by these therapies, resistance to immunotherapy, 
chemotherapy, and intralesional therapy (as well 
as to most other anticancer treatments) is com-
mon1. New therapeutic options based on a better 
understanding of the molecular pathogenesis of 
melanoma are thus needed.

The fruits of Poncirus trifoliata (L.) Raf. have 
been used as a traditional medicine in East Asian 
countries for various inflammatory diseases8. P. 
trifoliata is reported to exert different phytother-
apeutic effects, depending on the maturity and 
active constituents of the fruits9. Mature fruits 
are known to have anticancer and anti-inflam-
matory properties, whereas immature fruits are 
known to influence gastrointestinal motility9. A 
recent study10 has shown that immature fruits can 
be effective in cancer treatment. However, to our 
knowledge, no research has explored the antican-
cer effects of immature P. trifoliata fruit extracts 
on melanoma. Therefore, we evaluated the anti-
tumor effect of immature P. trifoliata extract on 
B16 melanoma cells and established the underlying 
molecular mechanisms associated with this effect. 
This study provides valuable insights regarding the 
application of immature P. trifoliata fruit extracts 
in the development of anti-melanoma compounds.

Materials and Methods

Cell Line and Culture
A murine melanoma B16 cell line was pur-

chased from the Korea Cell Line Bank (Seoul, 
Korea). The cells were maintained in Dulbecco’s 
Modified Eagle Medium (DMEM; Gibco BRL 
Life Technologies, Gaithersburg, MD, USA), sup-
plemented with 10% heat-inactivated fetal bovine 
serum (FBS), 300 mg/mL L-glutamine, 100 U/mL 
penicillin G, and 100 mg/mL streptomycin (all ob-
tained from Gibco BRL Life Technologies, Gaith-
ersburg, MD, USA). Cell cultures were incubated 
at 37°C in an atmosphere containing 95% air and 
5% CO2.

Preparation of Immature Fruit Extract 
of P. trifoliata

The isolation and purification of immature 
P. trifoliata (MEPT) methanol extract were per-
formed as previously described10. Briefly, MEPT 
was obtained from the immature fruits of P. tri-
foliata by extraction with 70% aqueous methanol. 
The MEPT was subsequently concentrated under 
reduced pressure to obtain a residue that was then 
resuspended in distilled water. MEPT was then 

extracted with hexane and ethyl acetate. The eth-
yl acetate-soluble fraction was subjected to silica 
gel column chromatography (230-400 mesh, Ø 10 
× 17 cm; Merck, Kenilworth, NJ, USA) using a 
stepwise solvent system of chloroform or metha-
nol (from 100:1 to 20:1; volume/volume). The ac-
tive fraction was re-chromatographed on a silica 
gel column (Ø 5 × 11 cm) and eluted with chlo-
roform/methanol (50:1; volume/volume). Active 
fractions were sequentially chromatographed on 
a Sephadex LH-20 column (Ø 2.5 × 80 cm; GE 
Healthcare Bio-science AB, Uppsala, Sweden). 
The fractions were then eluted with 80% aqueous 
methanol on an ODS Sep-Pak C18 cartridge (10 g; 
Alltech Associates, Deerfield, IL, USA), to finally 
obtain MEPT as a glabretal triterpenes complex – 
partially purified by the isolation procedure.

Proliferation Assay
The effect of MEPT on cell viability was evalu-

ated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay. B16 cells 
were seeded in 96-well plates (1×104 cells/well) and 
incubated overnight. After treating the cells with 
MEPT at various concentrations (0, 10, 20, 30, and 
40 μM; 10 μM = 0.0066 mg MEPT/mL)10, at the ap-
propriate time points (0, 24, 48, and 72 hours), 100 
μL of MTT reagent was carefully added along the 
sides of each well. The cells were then incubated 
for 3-4 hours. The plates were then centrifuged and 
had dimethyl sulfoxide added to them. Absorbance 
at 540 nm was measured using a microplate reader 
(VersaMax ELISA microplate; Molecular Devices, 
San Jose, CA, USA). 

In vitro Wound-Healing Assay 
B16 cells were seeded in a 12-well plate (2×105 

cells/well) and incubated overnight. Then, a sterile 
20-200 μL pipette tip was held vertically to scratch 
a cross in each well, and the cells were treated with 
various concentrations (0, 10, 20, and 30 μM) of 
MEPT. After 0, 24, and 48 hours of incubation, the 
cells were photographed using an inverted micro-
scope with 40× magnification (EVOS XL; Thermo 
Fisher Scientific, Waltham, MA, USA).

Matrigel Migration Assay 
Transwell plates with Matrigel coating and 

pore size of 8 μm (Corning Inc., Corning, NY, 
USA) were used for the migration assay. A total 
of 5×104 cells, suspended in serum-free DMEM, 
were plated into the upper chamber of the Matri-
gel-coated transwell plates. MEPT at various con-
centrations (10, 20, and 30 μM) was plated in the 
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lower chamber, acting as a chemoattractant. The 
cells were incubated for 24 hours. Following incu-
bation, non-migrated cells were removed using a 
cotton swab; migrated cells were fixed with 100% 
methanol for 15 minutes at 37°C and subsequently 
stained with Gram crystal violet (BD Bioscienc-
es, Heidelberg, Germany) for 10 minutes at 37°C. 
Cell numbers were counted in five separate fields 
and photographed using an inverted microscope 
with a 100× objective (EVOS XL; Thermo Fisher 
Scientific, Waltham, MA, USA).

FACScan Analysis of Cell Cycle 
B16 cells were washed with phosphate-buff-

ered saline (PBS) and fixed in cold 70% ethanol, 
on ice, for at least 30 minutes. The cells were 
washed again in PBS and stained with propidium 
iodide (PI, 6 μg/mL), at 4°C, for at least 30 min-
utes. Fluorescence intensities were measured us-
ing a FACScan flow cytometer (BD Biosciences, 
Foster City, CA, USA). 

Mitochondrial Membrane Potential Assay
B16 cell mitochondrial membrane potential 

was assayed using a Muse™ MitoPotential Kit 
(Merck Millipore, Burlington, MA, USA), ac-
cording to the manufacturer’s instructions. Brief-
ly, the cells were washed with PBS, and cell pellets 
were stained with the Muse™ MitoPotential Kit, 
for 25 minutes, at 37°C. Data were acquired using 
a Muse™ Cell Analyzer (Merck Millipore, Biller-
ica, MA, USA). Calculations were performed au-
tomatically by the Muse Software Module (Merck 
Millipore, Billerica, MA, USA).

Mitochondrial Activity and Confocal 
Imaging Analysis

B16 cells were cultured on collagen-coated 
coverslips and incubated with MitoTracker Red 
CMXRos (100 nmol/L; Invitrogen, Carlsbad, CA, 
USA), for 30 minutes, according to the manufac-
turer’s instructions. Next, the cells were counter-
stained with 4′,6-diamidino-2-phenylindole di-
hydrochloride (DAPI; Sigma-Aldrich, St. Louis, 
MO, USA) to localize merged images. Imaging 
analysis was performed using fluorescence mi-
croscopy (model LSM510; Carl Zeiss, Ostalb-
kreis, Germany).

Mitochondrial Fraction 
and Cytosol Proteins

A Mitochondria/Cytosol Fraction Kit (Biovi-
sion, Mountain View, CA, USA) was used for cel-
lular fractionation. Briefly, B16 cells were washed 

with PBS and homogenized using a sonicator in 
an ice-cold cytosol extraction buffer mix contain-
ing dithiothreitol and a protease inhibitor. The ho-
mogenates were centrifuged at 700 ×g for 10 min-
utes at 4°C, and the supernatants were collected. 
The supernatants were then centrifuged at 10,000 
×g for 30 minutes at 4°C. The supernatant con-
tained cytosol proteins, and the pellets were re-
suspended with ice-cold mitochondria extraction 
buffer (containing dithiothreitol and a protease 
inhibitor for mitochondrial proteins).

Nuclear (Hoechst) Staining
B16 cells were washed with PBS and fixed 

with 3.7% paraformaldehyde (Sigma-Aldrich, St. 
Louis, MO, USA), for 10 minutes, at 25°C. The 
fixed cells were washed with PBS, and 200 µL of 
Hoechst 33258 staining solution (Sigma-Aldrich, 
St. Louis, MO, USA) was added. The cells were 
then incubated for 30 minutes at 25°C. After in-
cubation, the cells were directly observed using 
fluorescence microscopy (LSM510, 100× magni-
fication; Carl Zeiss, Ostalbkreis, Germany).

Apoptosis Assay
An apoptosis assay was carried out using 

Annexin V staining (BD Pharmingen, BD Bio-
sciences, San Jose, CA, USA), according to the 
manufacturer’s protocol. The cells were washed 
with cold PBS and resuspended in 500 μL of the 
binding buffer (10 mM HEPES/NaOH pH 7.4, 140 
mM NaCl, and 2.5 mM CaCl2) at a concentration 
of 1×106 cells/mL. Annexin V-fluorescein isothio-
cyanate (FITC, 5 μL) and propidium iodide (PI, 1 
μg/mL) were then added to the cells, and the cells 
were analyzed with a BD FACSCalibur™ (BD 
Biosciences, Foster City, CA, USA).

Protein Extraction and Western 
Blot Analysis

B16 cells were lysed on ice in a lysis buffer 
(containing 50 mM Tris-HCl, 150 mM NaCl, 
1% Triton X-100, 1% sodium deoxycholate, 
0.1% sodium dodecyl sulphate, and protease 
inhibitors). The protein concentration in cell 
lysates was measured using a protein quantifi-
cation kit from Bio-Rad (Hercules, CA, USA). 
Twenty micrograms of protein per lane were 
loaded onto 8-15% sodium dodecyl sulfate-poly-
acrylamide gels (SDS-PAGE) and transferred 
to the polyvinylidene difluoride (PVDF) mem-
brane. Non-specific antibody binding sites were 
blocked upon incubation with 5% skimmed milk 
in Tris-buffered saline with 0.1% polysorbate 20 
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(TBST-20). The membrane was then probed at 
4°C, overnight, with primary antibodies, against 
the following proteins: phosphorylated phospho-
inositide-3-kinase (p-PI3K, 1:1,000; #173665S), 
total phosphoinositide-3-kinase (PI3K, 1:1,000; 
#4249), phosphorylated-protein kinase B (p- 
AKT, 1:1,000; #9272), total AKT (1:1,000; #4051), 
cyclin E (1:1,000; #20808S), apoptotic protease 
activating factor-1 (Apaf-1 1:1,000; #8723S), 
cleaved caspase 3 (1:1,000; #9661), cleaved 
caspase 9 (1:1,000; #9501), poly (adenosine di-
phosphate-ribose) polymerase (PARP, 1:1,000; 
#9548; all from Cell Signalling Technology, 
Beverly, MA, USA); p21 (1:1,000; SC-6246), cy-
tochrome c (1:1,000, SC-13156), B-cell lympho-
ma 2 (Bcl-2 1:1,000, SC-7382), Bax (1:1,000, SC-
7480; all from Santa Cruz Biotechnology, Santa 
Cruz, CA, USA); and actin (1:2,000; A2066; Sig-
ma-Aldrich, St. Louis, MO, USA). A horserad-
ish peroxidase(HRP)-conjugated anti-rabbit IgG 
(#7074S) and an anti-mouse IgG (#7076S; both 
from Cell Signaling Technology, Danvers, MA, 
USA) were used as secondary antibodies, at a 
concentration of 1:3,000, for one hour at 25°C. 
Antibody-antigen binding was detected using 
Immobilon Western chemiluminescent HRP 
substrate (Millipore, Billerica, MA, USA). The 
images were acquired and analyzed using a che-
miluminescence imaging system (Fusion Solo 
System; Vilber Lourmat, Paris, France).

Liquid Chromatography Mass 
Spectrometry (LC/MS) Analysis

Unbiased metabolomic analyses were per-
formed using an ultra-performance liquid chro-
matography (UPLC) system (Waters, Milford, 
MA, USA). Chromatographic separation was 
carried out using an ACQUITY UPLC HSS T3 
column (100 mm × 2.1 mm, 1.8 μm, Waters), 
with a column temperature of 40°C and a flow 
rate of 0.5 ml/min, where the mobile phase con-
tained solvents A (water + 0.1% formic acid) and 
B (acetonitrile + 0.1% formic acid). Metabolites 
were eluted using the following gradient elu-
tion conditions: 97%, phase A, for 0-5 minutes; 
3-100% linear-gradient, phase B, for 5-16 min-
utes; 100%, phase B, for 16-17 minutes; 100-3% 
reverse liner gradient, phase B, for 17-19 min-
utes; 97%, phase A, for 19-25 minutes. The 
loading volume of each sample was 5 μL. Me-
tabolites eluted from the column were detected 
by a high-resolution tandem mass spectrometer, 
SYNAPT G2 Si HDMS QTOF (Waters), in pos-
itive and negative ion modes. For positive ion 

mode, the capillary and cone voltages were set 
at 2 kV and 40 V, respectively. For negative ion 
mode, the capillary and cone voltages were set at 
1 kV and 40 V, respectively. Centroid mass spec-
trometry (MS)E mode was used to collect mass 
spectrometry data. The primary scan ranged 
from 50 to 1200 Da, and the scanning time was 
0.2 seconds. All parent ions were fragmented us-
ing 20-40 eV. The information of all fragments 
was collected (using a time of 0.2 seconds). In 
the data acquisition process, the leucine enkeph-
alin signal was gained every three seconds, for 
real-time quality correction. For accurate mass 
acquisition, leucine enkephalin (at a flow rate of 
10 μL min−1) was used as a lock mass by a lock 
spray interface to monitor the positive ([M + H]+ 
= 556.2771) and negative ([M − H]− = 554.2615) 
ion modes. Data acquisition and analysis were 
controlled by Waters UNIFI V1.71 software. The 
scans in MS and MS/MS modes ranged between 
50-1200 m/z (Figure 1).

Statistical Analysis
Results were analyzed using SPSS software, 

version 19.0 (SPSS, IBM, Armonk, NY, USA). To 
determine statistical differences in the inhibition 
of the B16 cells proliferation (after treatment with 
different concentrations of MEPT), we used a 
one-way analysis of variance (ANOVA) with the 
Tukey post-hoc tests across each MEPT treatment 
time point. Statistical significance was set at p< 
0.05.

Results 

MEPT Inhibits Melanoma Cell Growth
We examined the effect of MEPT on the 

growth of B16 cells by MTT assay. After treat-
ment that lasted 24 hours, the highest growth in-
hibition in B16 cells (78.41 ± 0.82 %) occurred 
at 40 µM in a dose-dependent manner (Table I). 
After treatment with 40 µM MEPT for 48 hours, 
B16 cell growth inhibition rate was approximate-
ly 87.13 ± 0.49 % of the control rate value. After 
72 hours of treatment, the B16 cell inhibition rate 
reached 97.34 ± 0.10% of the control rate with 40 
µM, making this the most marked growth inhibi-
tion rate, and a significant decrease in the number 
of live cells was observed. As indicated in Figure 
2A, the proliferation of B16 cells was significantly 
reduced, in a dose-dependent manner, when these 
cells were treated with MEPT over the course of 
three days (p< 0.05).
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Figure 1. UPLC-MS and MS/MS chromatograms with data of immature fruit extract of P. trifoliata. Twenty peaks were discriminated and annotated according to their retention 
times. Each peak identified to one or several ions formed in the MS and MS/MS source, detected by the MS and MS/MS detector. UPLC, ultra-performance liquid chromatog-
raphy; MS, mass spectrometry.
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MEPT Inhibits Invasiveness 
and Migration Properties 
of Melanoma Cells

Wound-healing and transwell assays were used 
to investigate cell invasiveness and migration, re-
spectively. The invasive capacity of MEPT-treat-
ed B16 cells was dose-dependently decreased 
compared to that of control B16 cells (p < 0.01; 
Figure 2B). In addition, similar results were ob-
tained in the transwell migration assay: melano-
ma cells treated with MEPT for 24 hours showed 
attenuated migratory properties compared to B16 
cells in the control group (p < 0.01; Figure 2C). 

Involvement of the PI3K-AKT 
Signalling Pathway in the Regulation 
of p21 by MEPT

Cell cycle analyses were performed to under-
stand the mechanisms mediating the inhibitory 
effect of MEPT on melanoma cell growth, mi-
gration, and invasion. The results revealed that 
MEPT treatment significantly increased the per-
centage of cells in the G1 stage of the cell cycle (p 
< 0.05), suggesting that the cells were arrested in 
the G1 stage (Figure 3A). To verify these findings, 
we investigated whether MEPT influenced the 
proliferation of melanoma cells through the PI3K/
AKT signalling pathway by determining the rel-
ative amounts of phosphorylated PI3K and AKT, 
as well as expression levels of cell cycle-related 
proteins, p21, and cyclin E. Western blotting of 
extracts from B16 cells treated with MEPT (for 24 
hours) showed that MEPT dose-dependently and 
significantly decreased the levels of phosphorylat-
ed PI3K and AKT proteins (Figure 3B,C). In addi-
tion, no differences in total PI3K and AKT protein 
levels were found between the MEPT-treated and 
control B16 cells (Figure 3B). MEPT treatment 
downregulated cyclin E expression level, while 
p21 expression was significantly increased after 

MEPT treatment. Collectively, these data suggest 
that MEPT treatment might influence cell prolif-
eration, migration, and invasiveness, via modula-
tion of the PI3K/AKT signalling pathway.

MEPT Treatment Causes Mitochondrial 
Membrane Depolarisation in Melanoma 
Cells

Cell nuclei and mitochondria were stained us-
ing DAPI and MitoTracker Red CMXRos, respec-
tively. MEPT treatment decreased mitochondrial 
membrane potential. As shown in Figure 4A, the 
percentage of dead cells significantly increased in 
B16 cells exposed to either 20 or 30 mM MEPT 
for 48 hours, compared to the percentage of dead 
cells in the control B16 cells.

We also used MitoTracker Red and DAPI to 
study the subcellular localisation of mitochondria 
and cell nuclei. B16 cells treated with MEPT for 
48 hours showed dose-dependent changes in nu-
clear shape (DNA fragmentation), as well as an 
increase in the mitochondrial network (red inten-
sity) in the cytoplasm (Figure 4B). In control cells, 
the mitochondrial membrane was intact, where-
as B16 cells exposed to MEPT (10 and 20 µM) 
showed a dose-dependent loss of membrane in-
tegrity (Figure 4B). B16 cells treated with 30 µM 
MEPT displayed the highest number of ruptured 
mitochondria related to increased cell apoptosis.

MEPT Triggers Apoptosis Through 
Activation of the Mitochondrial 
Apoptosis Pathway

To examine the apoptotic cell death pathway in-
duced by MEPT, we measured cytochrome c content 
in the cytosol and mitochondria of B16 cells treated 
with 0, 10, 20, and 30 µM MEPT, respectively, for 
48 hours. As shown in Figure 4C, MEPT treatment 
dose-dependently increased and decreased cyto-
chrome c levels in the cytosol and mitochondria, re-

Table I. Inhibition rate of B16 cells after treatment with different concentrations of MEPT (n = 6).

Data are presented as mean ± SD %. Statistical significance was determined by one-way ANOVA in each group.
*, †, ‡, ¶, ^; Identical superscript letters indicate a non-significant difference between groups, based on Tukey’s multiple 
comparison test.
MEPT, methanol extract of immature P. trifoliata; SD, standard deviation; ANOVA, analysis of variance.

 Concentration (µM) 24 h 48 h 72 h

 0 –* –* –*
 10 34.38 ± 1.23† 60.88 ± 0.734† 34.36 ± 1.32†

MEPT 20 46.01 ± 1.65‡ 67.82 ± 0.98‡ 51.66 ± 2.54‡

 30 57.47 ± 0.45¶ 74.67 ± 0.27¶ 74.06 ± 1.28¶

 40 78.41 ± 0.82^ 87.13 ± 0.49^ 97.34 ± 0.10^
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spectively. The release of cytochrome c, which was 
evident after treatment with 20 µM MEPT, suggest-
ed might be important in MEPT-induced apoptosis. 

To further clarify the basic mechanism of 
MEPT-induced mitochondrial apoptosis, we 
studied Bcl-2 (an anti-apoptotic protein) expres-
sion levels and Bax and Apaf-1 (pro-apoptotic 
proteins) expression levels in B16 cells after they 
were exposed to 48 hours of MEPT treatment. As 
shown in Figure 4C, exposing B16 cells to MEPT 
significantly increased the relative expression 
levels of Apaf-1 and Bax in a dose-dependent 
manner, whereas Bcl-2 expression significantly 
decreased after MEPT exposure.

Since cell cycle data indicated that a significant 
proportion of MEPT-treated cells were in the G1 
(apoptotic) phase, we used Hoechst 33342 nucle-
ar staining to perform a qualitative assessment of 
apoptosis. As shown in Figure 5A, cell treatment 
with high concentrations of MEPT led to nuclear 
condensation and fragmentation – a feature that 
was not observed in control B16 cells.

To confirm our observation that MEPT indeed 
induced apoptosis, MEPT-treated B16 cells were 
stained with Annexin V-FITC/PI and analyzed us-
ing flow cytometry. These experiments confirmed 
the dose-dependent effect of MEPT on B16 cell 
apoptosis (Figure 5B; p < 0.01). In addition, total 

Figure 2. MEPT inhibits the survival, invasiveness, and migration of B16 cells. A, B16 cells were treated with 0, 10, 20, 30, 
or 40 µM MEPT for either 0, 24, 48, and 72 hours, respectively. The proportion of surviving/proliferating cells was analysed 
using the MTT assay. MEPT inhibited cell growth in a concentration-dependent manner. B, Cell invasiveness, assessed using 
the wound scratch test (magnification: 100×), was measured in the presence of 0, 10, 20, or 30 µM MEPT for 0, 24, and 48 
hours. The upper part of the panel shows images of the representative experiments. The graph in the lower part of the panel il-
lustrates the extent of relative wound closure. C, Transwell migration assay showed that, in the presence of MEPT, the number 
of migrated B16 cells was lower than in the control group. The scale bar corresponds to 400 μm. The right panel illustrates the 
relationship between the number of migrated cells and MEPT concentration. The graph is representative of three independent 
experiments. Data are presented as the mean ± standard error of the mean. Statistical significance of differences from control 
B16 cells is indicated as follows: *p<0.05, **p<0.01 vs. untreated cells. MEPT, methanol extract of immature P. trifoliata; 
MTT, 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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cell lysates were analyzed to detect the expression 
of cleaved caspase-9, caspase-3, and PARP, using 
western blotting. As shown in Figure 5C, cleaved 
caspase-9, caspase-3, and PARP levels were sig-
nificantly increased in MEPT-treated B16 cells, 
in a dose-dependent manner. The mitochondrial 
apoptosis pathway in B16 cells was thus activated 
as a result of MEPT treatment.

Discussion

P. trifoliata fruits of different degrees of ma-
turity possess distinct pharmacological qualities, 
affecting gastrointestinal motility and exhibiting 
both anti-inflammatory and anticancer effects9. 

Given the pharmacological characterization of 
the biologically active constituents of this plant, 
this study aimed to examine the effectiveness of 
the immature P. trifoliata fruit extract on melano-
ma cells and assess the use of immature P. trifoli-
ata fruit extract in melanoma treatment.

Malignant melanoma is characterized by the 
propensity for metastases, drug resistance, and 
high mortality11. Due to the lack of effective 
treatment for malignant melanoma, novel candi-
date therapeutics are urgently needed. Common 
chemotherapy generally remains the treatment 
of choice for the most invasive malignancies, 
but problems pertaining to chemotherapy (such 
as serious side effects and rapid development of 
drug resistance) are still prevalent, despite its use. 

Figure 3. Cell cycle arrest and changes in the levels of cell cycle-related proteins (PI3K/AKT/p21 signaling pathway) in MEPT-treat-
ed B16 cells. A, Cell cycle distributions of B16 cells, measured using flow cytometry, at 24 hours after treatment with 10, 20, or 30 
µM MEPT, respectively, were analyzed and compared to those of control B16 cells. B, In MEPT-treated cells, levels of p-PI3K, PI3K, 
p-AKT, AKT, p21, and cyclin E were examined using western blotting. Cells were treated with MEPT, at different concentrations, for 
24 hours. C, Quantitative analyses of the levels of p-PI3K, PI3K, p-AKT, AKT, p21, and cyclin E in MEPT-treated B16 cells. Actin 
was used as loading control. The graph is representative of three independent experiments. Data are presented as the mean ± standard 
error of the mean. Statistical significance of differences from control B16 cells is indicated as follows: **p< 0.01. vs. untreated cells. 
MEPT, methanol extract of immature P. trifoliata; PI3K, phosphoinositide-3-kinase ; AKT, protein kinase B
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Therefore, the search for more therapeutic and 
less toxic anticancer drugs is warranted. P. trifo-
liata may be a source of natural compounds that 
potentially act as anticancer agents. 

Several studies12-15 have recently shown that the 
chemical constituents of mature P. trifoliata fruit 
extracts display anticancer effects, but the antitu-
mor activity of immature P. trifoliata fruit extracts 
has not been properly elucidated. Mature fruit ex-
tracts can effectively inhibit the proliferation of sev-
eral types of cancer cells by causing G1 phase cell 
cycle arrest (inducing apoptosis) or by stimulating 
antioxidant activity (exerting anticancer effects)9. 
The current study is the first to report the effects of 
immature P. trifoliata extract on melanoma cells in 
vitro. We observed that MEPT attenuated cell cy-
cle progression, inhibited migration capacity, and 

caused apoptosis in B16 melanoma cells. Among 
the mechanisms underlying these effects, changes 
in mitochondrial membrane potential and in the 
levels of pro-apoptotic markers (such as caspases 
3/9/PARP) were present.

First, we found that treating B16 cells with 
MEPT led to a significant and dose-dependent 
decrease in both their viability and propensity 
for migration and invasion. Secondly, based on 
cell cycle analyses, we found that MEPT led to a 
significant number of cells being arrested in the 
G1 phase of the cell cycle, depending on the ex-
tract concentration. Growth arrest in the G1 phase 
prompted B16 cells to undergo apoptosis, which 
was confirmed based on the observations of char-
acteristic apoptotic changes in cell morphology. 
Inhibiting the progression of deregulated cell 

Figure 4. MEPT-induced cell apoptosis via the mitochondrial signaling pathway. A, The influence of MEPT, at different 
concentrations, on mitochondrial membrane potential in B16 cell cultures, following 48-hour incubation. The analysis was 
performed by using the Muse® MitoPotential Assay Kit. Typical scatter plots showing the percentages of live and dead depo-
larized cells are indicated for one experiment. The graphs represent the mean percentages of live and dead cells for three inde-
pendent experiments. B, Representative MitoTracker Red CMXRos and DAPI staining (blue) of B16 cells, through an inverted 
microscope (Olympus H4-100, CCD camera) and a 40× objective. Scale bar, 10 μm. C, Western blotting analysis of changes 
in the relative levels of cytochrome c, Apaf-1, Bcl-2, and Bax after treatment with MEPT, at different concentrations, for 24 
hours. The upper part of the panel shows the representative blots. Quantitative analysis of western blotting data is illustrated 
in the graphs in the lower part of the panel. Actin signal was used as loading control. Each graph is representative of three 
independent experiments. Data are presented as the mean ± standard error of the mean. Statistical significance of differences 
from the levels in control B16 cells is indicated as follows: *p< 0.05, **p< 0.01 vs. untreated cells. MEPT, methanol extract of 
immature P. trifoliata.; DAPI, 4′,6-diamidino-2-phenylindole
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cycles in tumor cells is an effective stratagem to 
stop the growth of cancer cells16. Therefore, mor-
phological observations and cell cycle arrest indi-
cated that MEPT hindered the survival of melano-
ma cells by prompting apoptosis in vitro. Thirdly, 
our study indicated that MEPT induced apoptosis 
of melanoma cells via mitochondrial pathways. 
MEPT has already been proven to cause apopto-
sis in colorectal carcinoma, hepatoma, and oral 
squamous cell carcinoma cells10,17,18.

Melanoma is a heterogeneous tumor. Depend-
ing on an individual’s race, as well as the patho-
genic location and histological type of the tumor, 
melanomas may be triggered by mutations and 
amplification of a diverse set of genes that cause 
abnormal signaling in mitogen-activated protein 
kinase, KIT, PI3K-AKT, and other pathways11. 
The PI3K/AKT signaling pathway is one of the 

main pathways involved in the activation of the 
cell cycle regulatory protein, p2119. Therefore, we 
further investigated the effects of MEPT on the 
proteins in this pathway. Our findings indicated 
that inhibition of the PI3K-AKT signaling path-
way was involved in MEPT-induced increased 
p21 expression. The role of PI3K/AKT pathway 
signaling in cell cycle progression, apoptosis pre-
vention, and malignant transformation is well doc-
umented20. Cell cycle progression is controlled by 
a series of signaling cascades that regulate DNA 
replication, allowing for cell division and growth. 
Cyclin E binds to cyclin-dependent kinase 2 in 
the G1 phase, initiating DNA duplication and the 
transition from the G1 to S phase of the cell cy-
cle21. Our experiments showed that p21 and cyclin 
E expression were dose-dependently elevated 24 
hours after the start of MEPT treatment. 

Figure 5. MEPT induces apoptosis in B16 cells. A, B16 cells were incubated with MEPT (at different concentrations), stained 
with Hoechst 33342 (to assess the extent of cellular apoptosis), and examined under a fluorescent microscope (magnification: 
40×). The scale bar corresponds to 10 μm. B, B16 cells were stained with annexin V and analysed by flow cytometry. Quan-
titative analysis of the fraction of apoptotic B16 cells in control conditions, following incubation with MEPT at different con-
centrations. C, Western blotting analysis of changes in the relative levels of cleaved caspase-9, cleaved caspase-3, and cleaved 
PARP expression in B16 cells treated 20 µM MEPT, for various time periods. The left part of the panel shows representative 
blots. Quantitative analysis of western blotting data is illustrated in the graphs in the right part of the panel. Actin was used as 
a loading control. Data are presented as the mean ± standard error of the mean. Statistical significance of differences from the 
levels in control B16 cells is indicated as follows: **p < 0.01. MEPT, methanol extract of immature P. trifoliata; PARP, poly 
(adenosine diphosphate-ribose) polymerase.
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Apoptosis is accompanied by both upregulation 
and downregulation of either pro-apoptotic or an-
ti-apoptotic proteins, respectively. The pro-apoptot-
ic protein, Bax, and the anti-apoptotic protein, Bcl-
2, are key role players in apoptosis22. In this study, 
changes in the levels of both Bax and Bcl-2 likely 
played a role in MEPT-induced apoptosis of mela-
noma cells. Bax activation and Bcl-2 inhibition lead 
to a loss in mitochondrial membrane potential and 
an increase in mitochondrial membrane permeabil-
ity23,24. As a result, cytochrome c and apoptosis-in-
ducing factors are released from the mitochondria 
to the cytosol. Through this mechanism, mitochon-
dria play an important part in apoptosis regulation25. 

Chemotherapy-induced apoptosis stimulates the 
release of apoptotic factors, such as cytochrome c, 
from mitochondria to the cytosol26. Subsequently, 
cytosolic cytochrome c forms an apoptosome com-
plex with Apaf-1 and adenosine triphosphate, acti-
vating procaspase-9, eventually leading to caspase-3 
activation. Caspase-3 is a major mediator of apop-
tosis27. Mitochondrial dysfunction includes the al-
tered release of the intermembrane space protein, 
cytochrome c. Released cytochrome c activates 
Apaf-1, which commences a caspase-activation 
pathway. Activated caspases can also affect mito-
chondrial action28. Caspases can be activated indi-
rectly (through Apaf-1-cytochrome c interactions) or 
directly, following activation of death receptors on 
cell surfaces and caspases themselves (for example, 
caspase-3), where caspases are activated through 
double cleavage22. The cleaved caspase, which con-
sists of two large and two small subunits, activates 
death substrates (such as PARP) to ultimately cause 
cell death27. In this study, the treatment of B16 cells 
with MEPT significantly reduced mitochondrial 
membrane potential and increased cytosolic levels 
of cytochrome c, Apaf-1, cleaved caspase-9, cleaved 
caspase-3, and cleaved PARP. This study was lim-
ited only to in vitro experimentation. Moreover, 
the effects of both immature and mature P. trifoli-
ata fruit extracts on melanoma B16 cells were not 
compared. Despite these limitations, our results in-
dicated that MEPT treatment induced apoptosis of 
B16 cells by inhibiting the PI3K/AKT mitochondrial 
pathway.

Conclusions

Collectively, our experiments demonstrated 
that the anticancer effect of MEPT was mediated 
by the induction of apoptosis. To the best of our 
knowledge, our study is the first to show the an-

ticancer effect of MEPT in B16 melanoma cells. 
Based on previous reports by our study group 
and other researchers, we could reasonably con-
clude that MEPT triggered apoptosis of melano-
ma cells through the activation of mitochondrial 
apoptosis pathways, loss of mitochondrial mem-
brane potential, and increased activity of caspase 
pathways. Therefore, MEPT may contain bioac-
tive phytochemicals for the chemoprevention or 
chemotherapy of melanoma. However, MEPT is 
only a partially purified complex of glabretal trit-
erpenes – not a pure compound. Therefore, it will 
be necessary to identify the components of MEPT 
that are specifically responsible for the induction 
of apoptosis. Regardless, our present results allow 
for a preliminary conclusion that MEPT consti-
tutes a valuable source of natural compounds that 
are useful in the treatment of melanoma.
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