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Introduction   

Melanoma is known to be one of the most malignant tumors, 
accounting for 65% of skin cancer deaths (Rigel & Carucci 
2000). Exposure to direct or intermittent sunlight can increase 
the risk of melanoma (Cummins et al. 2006). Therefore, it is 
important to avoid direct UV exposure and to thoroughly apply 
sunscreen before UV exposure (Chen et al. 2008). 

Apoptosis is involved in cell sculpture, tissue homeostasis, and 
the removal of unwanted cells. Cancer can be caused by the 
disruption of apoptotic regulation (Portt et al. 2011). The apoptotic 
mechanism is negatively regulated by the Bcl-2 family, which is 
the best mediator of apoptosis (Adams & Cory 1998). There is 
growing evidence regarding the role of the mitochondria in inducing 
apoptosis, resulting in the oligomerization and autoactivation of 
caspases (Green & Reed 1998). The pro-apoptotic member of the 
Bcl-2 family can directly signal the mitochondria to release 
cytochrome c (Park et al. 2013). In the early stages of apoptosis, 
pro-apoptotic signals activate separate signaling pathways via 
caspases (Igney & Krammer 2002; Martinvalet et al. 2005). 

Ginger (Zingiber officinale Roscoe) is a commonly used 
tropical spice. It has pharmacological properties and is used to 

treat arthritis, aches, dementia, and hypertension. Despite the 
identification of more than 400 compounds, [6]-shogaol, [6]-gingerol, 
[8]-gingerol, and [10]-gingerol have been identified as major 
biologically active components responsible for gastroprotective, 
antihyperglycemic, antioxidant, antifungal, antiemetic, antipyretic, 
anti-cancer, and anti-inflammatory effects (Yoshikawa et al. 
1993; Nakazawa & Ohsawa 2002; Ryu HS 2007; Ryu & Chung 
2015; Guon & Chung 2016; Lee et al. 2020). It has been 
determined that the presence of α,β-unsaturated carbonyl groups 
is determined by the length of the carbon side chain, ultimately 
determining anti-oxidant and anti-inflammatory properties (Rolt 
& Cox 2020). Though there are currently convincing evidences 
on the anticancer effects of gingerols, it can be needed to 
determine the impact of gingerols on the molecular mechanism 
in A2058 human melanoma cells. In this study, we investigated 
the effects of [10]-gingerol on proliferation and apoptosis 
through activation of MAPK-mediated signaling, as well as 
alteration in Bcl-2 family protein expression and activation of 
caspase-9 and caspase-3 in A2058 cells. Interestingly, [10]- 
gingerol-mediated suppression of A2058 cells viability was 
significantly decreased in dose- and time dependent manners, 
which, in turn, led to caspase dependent signals. 
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Materials and Methods

1. Samples
Ginger (Zingiber officinale Roscoe) were purchased from 

NongHyup (Yangjae, Seoul), 2012. It was washed with bark and 
dried at room temperature for 2 days. The dried slices ginger (10 
g) were extracted for 1 h, 3 times using 70% ethyl alcohol by 
maceration at 80℃. The extracted solution was filtered, 
concentrated and freeze-dried to produce yellowish powders 
(1.5635 g). (Guon & Chung 2016). Column chromatography was 
run on a silica gel 60 (70-230 mesh; Merck Millipore) and 
Sephadex LH-20 (25-100 mm; GE Healthcare Life Sciences, 
Uppsala, Sweden) eluting with n-hexane-ethyl acetate to yield 
[10]-gingerol. [10]-Gingerol was identified with co-TLC with 
references. 

2. Materials
MTT, SP600125, PD98059, propidium iodide (PI) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). JNK, 
phopho-JNK, ERK, phopho-ERK, p38, phopho-p38, cleaved 
caspase-3, cleaved caspase-9, and PARP antibodies were 
purchased from Cell Signaling Technologies (Danvers, MA, 
USA). β-Actin, Bcl-2, Bax, and secondary antibodies, including 
goat anti-rabbit IgG-horseradish peroxidase and goat anti-mouse 
IgG, were purchased from Santa Cruz Biotechnology (Dallas, 
TX, USA). The chemicals and instruments used in the experi-
ments were prepared according to previously described methods 
(Ryu & Chung 2015; Guon & Chung 2016).

3. Cell culture and cell viability assay
A2058 and HaCaT cells were purchased from American Type 

Culture Collection. The cells were maintained in DMEM 
supplemented with 100 units/mL penicillin, 10% FBS, and 100 
μg/mL streptomycin at 37℃ under 5% CO2 atmosphere. Cell 
counts were performed using a hemocytometer. [10]-Gingerol 
was dissolved in DMSO and directly applied to the culture medium. 
The cytotoxicity of [10]-gingerol (Fig. 1) was estimated colorimetrically 
(Carmichael et al. 1987; Ryu & Chung 2016). The absorbance of 
the supernatant was estimated spectrophotometrically at 540 nm. 
The results are presented as the mean±standard deviation (SD) 
of at least three trials. 

4. Nuclear staining with Hoechst 33258 
A2058 cells were treated 10, 25, and 50 μM [10]-gingerol; 

fixed for 30 min at 37℃ in 100% methanol; washed with PBS; 
and stained with Hoechst 33258 (2 μg/mL) (Ryu & Chung 2016). 
Apoptotic cells were observed using a BX51 fluorescence 
microscope with a DP70 camera (Olympus Corporation, Tokyo, 
Japan). The nuclear morphology of the cells was observed using 
DNA-specific blue fluorescent dye Hoechst 33258. The viable 
cells were stained homogeneously, whereas the apoptotic cells 
that had shown chromatin condensation or nuclear fragmentation 
were not stained.

5. Apoptosis analysis
Annexin V/PI double staining assay was carried out to further 

differentiate early and late apoptosis stages. The assay was 
determined using an ApoScanTM Annexin V-FITC apoptosis 
detection Kit (BioBud Co. Ltd., Seoul, Korea) in [10]-gingerol- 
treated with PBS. The cells were trypsinized, harvested, and 
washed with PBS, and then cells were resuspended in 1×binding 
buffer (500 μL) and incubated with 1.25 μL of Annexin V-FITC 
(200 μg/mL) at room temperature for 15 min. The supernatant 
was then removed after centrifugation at 400 ×g at 4℃ for 10 
min. The cells were then resuspended in 500 μL of 1×binding 
buffer, and cell suspensions were then stained with 10 μL of PI 
(30 μg/mL) at 4℃ in the dark. Fluorescence was quantified 
using FACSCalibur flow cytometry (Becton Dickinson & Com., 
San Jose, CA). The amounts of cells in early and late apoptosis 
was determined as the percentage of Annexin V+/PI－ or 
Annexin V+/PI+ cells, respectively. 

6. Western blotting analysis
Protein extraction and western blot analysis were performed 

as described previously (Ryu & Chung 2016). The cultured cells 
were harvested, lysed, and then centrifuged at 13,000 ×g for 15 
min. The lysates were mixed with 5× sample buffer and heated 
to 95℃ for 5 min. Equal amounts of protein were separated by 
12% SDS-PAGE and transferred onto nitrocellulose membranes. 

Fig. 1. Chemical structure of [10]-gingerol.
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The membranes were washed, and protein bands were detected 
using an enhanced chemiluminescence western blotting detection 
kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-Actin, 
TBP, and specific protein levels are presented as the fold change 
relative to the control. Densitometry was performed using Image 
J software (National Institutes of Health, Bethesda, MD, USA).

7. Statistical analysis
SPSS software version 22.0 (IBM SPSS, Armonk, NY, USA) 

was used to analyze the data. Significance was determined 
one-way ANOVA with Tukey’s test. P-value<0.05 was considered 
to indicate a statistically significant difference.

Results and Discussion

1. Inhibitory effects of [10]-gingerol in A2058 cells
In the present study, we examined the effects of [10]-gingerol 

on the growth of A2058 human melanoma cells by the MTT 
assay. Cells were exposed to various concentrations (0~100 μM) 
of [10]-gingerol and their viability was determined. Cytotoxicity 
was determined as the percentage of viable treated cells in 
comparison with viable cells of untreated control cells. As shown 
in Fig. 2A, [10]-gingerol significantly inhibited the proliferation 
of A2058 cells in a dose-dependent manner. Treatment with 
[10]-gingerol for 72 h with concentrations of 10, 25, 50, 75, and 
100 μM decreased the viability of A2058 cells by 81.1%, 74.1%, 
48.7%, 44.8%, and 42.9%, respectively with IC50 values of 52 
μM. To determine whether [10]-gingerol can induce cytotoxicity 
in normal human keratinocytes (HaCaT) cells, MTT assay also 
achieved (Fig. 2B). HaCaT cells were found to be more resistant 
to A2058 cells treated with [10]-gingerol. Therefore, [10]-gingerol 
concentrations of 10, 25, and 50 μM were used for the 
subsequent experiments in A2058 cells.

2. Induction of apoptosis by [10]-gingerol in A2058 cells
Apoptosis is commonly known as physiological programmed 

cell death and is characterized by a series of morphological 
hallmarks (Kumar et al. 2010). In order to determine whether 
[10]-gingerol-induced growth inhibition in A2058 cells was 
associated with the induction of apoptosis, DNA-binding dye 
Hoechst 33258 staining was performed. As shown in Fig. 3, the 
nuclei showed homogeneously stained and an intact structure in 
control cells. After the treatment of [10]-gingerol, there was the 
induction of apoptosis by morphological changes on A2058 

cells. The population of live cells dropped slightly, and the 
morphology of the cells changed with reduction in the cell 
volume (pyknosis) with [10]-gingerol. Treatment with 10 μM 
[10]-gingerol resulted in slight cell shrinkage and reduction of 
cell numbers. However, increasing the [10]-gingerol dose to 25 
and 50 μM, resulted in marked apoptotic morphological 
alterations, including membrane blebbing, nuclear fragmentation, 
chromatin condensation, and increased fluorescent intensity. In 
particular, crescent-shaped nuclei, a typical characteristic of 
apoptotic cells, were observed at 50 μM [10]-gingerol treatment. 

(A)

(B)

Fig. 2. Cytotoxic effect of [10]-gingerol. (A) Cytotoxic 
effects of 10-gingerol in A2058 cells in time and dose 
dependent manners. After treatment with [10]-gingerol for 
24, 48, and 72 hr. Each bar indicated the mean±standard 
deviation (SD, *p<0.05, significantly different from control 
cells for 24 hr; #p<0.05, significantly different from control 
cells for 48 hr; $p<0.05, significantly different from control 
cells for 72 hr). (B) Cytotoxic effects of [10]-gingerol in 
HaCaT human keraninocytes in a dose dependent manner. 
After treatment with [10]-gingerol for 72 hr. Each bar 
indicated the mean±standard deviation (SD, *p<0.05, 
significantly different from control cells).
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At a higher [10]-gingerol dose of 50 μM, these characteristics 
were even more evident and the cells exhibited partial 
detachment. These results suggest that [10]-gingerol exerts 
antiproliferative activities in a dose-dependent manner, and is 
consistent with MTT results.

3. Effects of [10]-gingerol on apoptosis in A2058 cells
To further investigated the apoptotic cells, Annexin V and PI 

double staining were used and were analyzed by flow cytometry 
analysis. Annexin V－PI－ and Annexin V+PI+ populations 
represent viable and late apoptotic cells, respectively. Apoptotic 
populations were increased in A2058 cells treated with 
[10]-gingerol (Fig. 4A). Treatment with 10, 25, and 50 μM 
[10]-gingerol increased the number of early apoptotic cells by 
9.2%, 13.5%, and 29.5%, respectively, compared to the control 
(2.2%). Moreover, treatment with 10, 25, and 50 μM [10]- 
gingerol increased the number of late apoptotic cells by 9.9%, 
13.3%, and 28.1%, respectively, compared to the control (4.5%). 
Treatment with 10, 25, and 50 μM [10]-gingerol increased the 
number of total apoptotic cells by 19.0%, 26.8%, and 42.4%, 
respectively (Fig. 4B). The increase in the number of early 
apoptotic cells was greater than that in the number of late 
apoptotic cells on treatment with 25 and 50 μM [10]-gingerol. 
In the early stages of apoptosis, PS is exposed on the external 

cell surface (Lee et al. 2013). Anti-apoptotic proteins prevent 
apoptosis by blocking the release of cytochrome c from the 
mitochondria. Pro-apoptotic proteins are regulated by promoting 
such release. These results present [10]-gingerol induced 
anti-proliferative activities against A2058 cells, which were 
caused by inducing apoptosis in a dose-dependent fashion.

4. Effects of [10]-gingerol on the expression of Bcl-2 
family and caspase protein 

Caspases, a family of cysteine proteases, play essential roles 

Fig. 3. Microscopy image of [10]-gingerol-treated A2058 
cells in a dose dependent manner. After incubation with 0, 
10, 25, and 50 μM [10]-gingerol for 72 hr, the cells were 
observed by fluorescent microscopy using Hoechst 33258 
staining (arrow indicates the formation of apoptotic bodies).

(A)

(B)

Fig. 4. Effects of [10]-gingerol on apoptosis in A2058 
cells in a dose dependent manner. (A) Flow cytometric 
analysis of A2058 cells incubated with [10]-gingerol for 72 
hr. The right bottom quadrant represents Annexin V-stained 
cells (early-phase apoptotic cells). The top right quadrant 
represents PI－ and Annexin V-stained cells (late-phase 
apoptotic cells). (B) Statistical analysis of apoptosis. 
*p<0.05, significantly different from control cells.
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in intracellular protein cleavage by signaling apoptosis. The 
intrinsic apoptosis pathway is controlled by the Bcl-2 family, 
which prevents mitochondrial permeability transition pores from 
opening during apoptosis (Armstrong JS 2007). Bcl-2 interacts 
with the mitochondrial plasma membrane and prevents 
mitochondrial membrane pores from opening during apoptosis, 
blocking the signals of apoptotic factors, such as Bax (Ryu et 
al. 2013). The A2058 melanoma cells exposed to [10]-gingerol 
showed a concentration-dependent reduction in the level of Bcl-2 
protein, with a concomitant increase in the level of Bax. With 
the change of Bcl-2 family proteins, the activation of caspase-9 
and caspase-3, an effective caspase, was accompanied (Figs. 5A, 
5B). Moreover, poly ADP-ribose polymerase (PARP) cleavage, 
an indicator of apoptosis, was also elevated (Fig. 5C). The 
mitochondrial-related pathway is regulated by anti-apoptotic 
(Bcl-2, Bcl-x, and Bcl-XL) and pro-apoptotic members (Bax, 
Bak, Bid, Bad, and Bim) of the Bcl-2 family (Liu et al. 2016). 
Cell death signals cause the release of cytochrome c from the 
mitochondria and activate caspase-9 in this pathway (Araya et 
al. 2021). Caspase-3 cleaves most cellular substrates in apoptotic 
cells. It is activated following cleavage by caspase-9 (Pereira & 
Song 2008). At present, apoptotic signals involve two main 
pathways: the extrinsic or death receptor pathway and the 
intrinsic or mitochondrial-mediated pathway (Pfeffer & Singh 
2018). These results presented that [10]-gingerol can lead to 
apoptosis by caspase-related protein family and might be through 
intrinsic mitochondrial apoptosis pathway. 

5. Effects of [10]-gingerol on the expression of MAPK 
Mitogen-activated protein kinases (MAPKs) signaling cascades, 

including c-Jun amino-terminal kinases (JNKs), extracellular 
signal-regulated kinases (ERKs), and p38 kinase, are found in all 
eukaryotes and play a central role in regulating cell proliferation, 
differentiation and apoptosis (Kim & Choi 2015). As shown in 
Fig. 6A, the levels of p-ERKs, p-JNKs, and p-p38 MAPKs were 
significantly elevated on treatment with [10]-gingerol for 24 h. 
In contrast, the levels of non-phosphorylated JNKs, ERKs, and 
p38 MAPKs remained unchanged. Thus, 50 μM [10]-gingerol 
caused apoptosis through ERKs, JNKs, and p38 MAPKs in 
A2058 cells. To further determine whether JNK, ERK and p38 
are involved in the [10]-gingerol-induced A2058 cytotoxicity, the 
kinase-specific inhibitors, SP600125, PD98059, or SB203580, 
were incubated. As shown in Fig. 6B, the p-JNK levels decreased 
on co-treatment with SP600125 and [10]-gingerol. Similarly, 

(A)

(B)

(C)

Fig. 5. Effects of [10]-gingerol on the expression of 
Bcl-2 family and caspase-related proteins in A2058 cells in 
a dose dependent manner. (A) Cells were treated with 0, 10, 
25, and 50 μM [10]-gingerol for 72 hr. The cell lysates 
were electrophoresed and western blotting with Bcl-2, Bax, 
caspase-9, caspase-3, and cleaved PARP antibodies. (B) 
Effects of [10]-gingerol on the expression of Bcl-2 family 
related protein in A2058 cells from statistical analysis. 
*p<0.05, significantly different from control cells in intact 
cells. (C) Effects of [10]-gingerol on the expression of 
caspase-related proteins in A2058 cells. *p<0.05, significantly 
different from control cells in intact cells.
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co-treatment with PD98059, SB203580, [10]-gingerol effectively 
inhibited p-ERK and p38 MAPK upregulation (Figs. 6C, 6D). 
These cumulative results suggest that JNKs, ERKs, and p38 
MAPKs are involved in [10]-gingerol-induced intrinsic pathway.

Conclusion

In the present study, we investigated apoptosis in A2058 human 
melanoma cells which were treated with various concentrations of 
[10]-gingerol (0-100 μM). [10]-Gingerol suppressed the growth of 
A2058 cells in dose- and time-dependent manners. This effect 
appeared that [10]-gingerol to be mediated by the induction of 
apoptosis, as evidenced by morphological changes, cell shrinkage, 
condensed chromatin, and the formation of apoptotic bodies via 
staining with the DNA-binding dye Hoechst 33258. [10]-Gingerol 
increased Bax expression but decreased the expression of Bcl-2, 
each in a dose-dependent manner. The mitochondrial plasma 
membrane disruption by [10]-gingerol was followed by the 
activation of caspase-9, caspase-3, and its target, PARP. Western 
blotting experiments indicated that caspase-9 and caspase-3 
appear to be activated in [10]-gingerol-induced A2058 cells. The 
cleaved form of PAPR was also detected in [10]-gingerol treated 
A2058 cells. And the phosphorylated JNK and ERK, and p-38 
significantly blocked in response to co-treatment with [10]- 
gingerol and SP600125, PD98059, or SB203580, respectively. 
These data indicate that [10]-gingerol induced apoptosis via the 
intrinsic pathway.
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