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Abstract
Background and Objective: Thymoquinone (TQ) is one of the most potent constituents in Nigella Sativa and has many medicinal effects.
The Rural Development Administration of Korea that is using genetic engineering to combine the properties of resveratrol and rice
develops Iksan526. The present study was aimed to investigate the effects of thymoquinone (TQ) and Iksan526 callus extract (IS526) on
A375 and B16F10 melanoma cell lines. Materials and Methods: A375 and B16F10 cells, cultured in vitro, were treated with TQ or IS526
and their effects on cell proliferation, tyrosinase activity, Reactive Oxygen Species generation (ROS), and expression levels of
Cyclooxygenase (COX)-2, phosphorylated p38, and phosphorylated extracellular signal-regulated kinase (pERK) were evaluated with the
MTT assay, tyrosinase activity assay, ROS assay, and western blot analysis, respectively. Results: In comparison with cells treated with either
TQ or IS526, those treated with both TQ and IS526 showed a significant decrease in cell proliferation. TQ-induced cyclooxygenase-2 (COX2) was inhibited by IS526 and TQ inhibited IS526-induced ROS production via MAPKs pathway in A375. Also, co-treatment with TQ and
IS562 decreased tyrosinase expression via MAPKs pathway in A375. Combination with TQ and IS526 suppressed COX-2 and tyrosinase
expression via the p38 kinase pathway in B16F10 cells. Conclusion: Taken together, results demonstrated that combination with TQ and
IS526 can suppress cell growth and regulates COX-2, tyrosinase and ROS in melanoma cells, indicating its application potential for
melanoma therapy.
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tumor progression. Cutaneous ROS production may be

INTRODUCTION

induced by UVB radiation15,19. The increase in the ROS level is
known to enhance UVB-induced skin carcinogenesis.

Malignant melanoma is the most aggressive and lethal
form of skin cancer and accounts for less than 5% of all skin
tumors; however, it is responsible for over 80% of skin cancerrelated deaths1,2. Melanoma is curable through surgical
removal during the early stages but is characterized by high
metastatic potential, rapid growth and high lethality at
advanced stages, making surgery an unlikely option in most
cases. In addition to surgery, the major interventions for the
treatment of malignant melanoma include chemotherapy,
radiotherapy, and immunotherapy. These therapies are usually
expensive and associated with severe adverse effects3-5. The
World Health Organization report indicated 48,000 melanomarelated deaths and about 132,000 new cases of melanoma
worldwide each year6. Furthermore, the incidence and
mortality rates of melanoma have increased worldwide over
the past decades, especially in young people. Ultraviolet (UV)
radiation is a risk factor for the development of skin cancer,
including melanoma7,8.
Melanin is a major factor that affects the skin, hair, and
eye color and acts as a defense system against the harmful
effects of UV-induced skin damage. However, abnormal
melanin production may lead to several diseases and all types
of skin cancers9. Melanogenesis is mediated by several
enzymes such as tyrosinase, tyrosinase-related protein (TYRP)1 and TYRP-2 and their transcription factors, Microphthalmiaassociated Transcription Factor (MITF) and diverse signal
transduction pathways10,11.
Cyclooxygenase (COX) is known as an important
inflammatory mediator and serves as a rate-limiting enzyme
in the conversion of arachidonic acid to prostaglandins12.
There are two isozymes of COX, COX-1 and COX-2. In general,
COX-1 is constitutively expressed and regarded as a
housekeeping gene, whereas COX-2 is an inducible gene and
its expression increases in response to various stimuli in
different tissues, including the epidermis12,13. Previous studies
have shown considerably elevated levels of COX-2 expression
in various types of human cancers, including malignant
melanoma. Therefore, COX-2 expression is an important
tumor-promoting factor and several studies suggest the
strong correlation between COX-2 expression and
development and progression of disease14-16.
Reactive Oxygen Species (ROS) are small molecules that
react with cellular components and cause structural and
functional damage to cells and tissues. Cancer cells, including
melanoma cells, exhibit high levels of ROS15,17,18. The
generation of ROS in cells causes oxidative stress and is
deemed as an adverse event for promoting tumorigenesis and

Furthermore, ROS generation in cells may induce or mediate
the activation of 73 mitogen-activated protein kinase (MAPK)
signaling pathways such as p38 kinase, c-Jun N-74 terminal
kinase (JNK) and extracellular signal-regulated kinase (ERK-1/2) pathways. 75MAPK pathway activation is known to regulate
COX-2 expression20-22.
Thymoquinone (TQ) is a component of the volatile oil
extracted from the medical plant Nigella sativa. TQ is a
promising compound for the treatment of various diseases
such as cancer. It has been shown to inhibit cellular
proliferation and induce apoptosis in many types of cancer cell
lines such as breast, brain and pancreatic cells23,24. Several
studies have documented the anti-inflammatory and
antioxidant effects of TQ both in vitro and in vivo23-26.
Iksan526 is resveratrol-enriched transgenic rice that
overexpresses the stilbene synthase gene isolated from
peanut (Arachis hypogaea var. Palkwang). This rice was
developed by the Rural Development Administration of Korea.
It is suggested that the resveratrol-enriched transgenic rice
may exhibit biological activities similar to or higher than those
of resveratrol27,28. Experimental data show that resveratrolenriched transgenic rice may treat obesity in high-fat diet-fed
mice and downregulate melanin synthesis in UVB-induced
epidermal skin tissue of guinea pigs29-31.
Resveratrol (3,4 ,5-trihydroxy-trans-stilbene) is present in
many berries, peanuts, grape, soy and red wine29-31. Previous
studies have shown that resveratrol has been to possess a
numerous spectrum of pharmacologic properties including
anti-inflammatory, anti-oxidant and anti-tumorigenic effects
against32. Also, resveratrol has been used for the treatment of
various allergic disorders, such as dermatitis and bronchitis, as
well as skin aging and other conditions33-35. However, there are
several impediments to applying this promising agent as a
treatment, such as its poor bioavailability and fast
metabolism35.
In the last few decades, trends have been shifted to
combination therapy from relying on monotherapies. This
trend is enhanced efficacy compared to the mono-therapy
approach because it is based on the fact that cancer cells have
multiple pathways for survival including enhanced
proliferation, angiogenesis stimulation, apoptosis evasion and
invasion and metastases36,37. Therefore, the present study
aimed to evaluate the effect of the novel combination of plant
derived-natural products comprising TQ and Iksan526 callus
extract against A375 and B16F10 melanoma cell line.
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MTT assay: A375 and B16F10 cells proliferation of cultured

MATERIALS AND METHODS

cells were determined by MTT assay. Cells were seeded in
Study area: The study was carried out at the Department of

96-well plates at a density of 2×104 cells/well and cultured for

Biological Sciences, College of Natural Sciences, Kongju

24 hrs before treating with TQ and/or IS526. Next, MTT

National University cell signaling network Lab, the Republic of

reagent1 (5 mg mLG1 in PBS, 10 :L) was added to each well.

Korea from June 2017 to December 2018.

Cells were incubated at 37EC for 4 h and 100 :L/well of MTT
reagent 2 (10% SDS with 0.01N HCl) was added to dissolve the

Chemical reagents and antibodies: Thymoquinone (TQ),

formazan crystals. After overnight incubation, the absorbance

L-Dopa, Phenylmethanesulfonyl Fluoride (PMSF) were

was measured at 600 nm with a spectrophotometer. The cell

obtained from Sigma-Aldrich (St. Louis, MO, USA), Iksan526

proliferation was calculated using the following formula:

callus extracts (IS526) purchased from BIOCEN (Jeonju,
Republic of Korea).PD98059 (PD) was purchased from

T
Cell proliferation (%) = ×100
C

Calbiochem (San Diego, CA, USA) and, SB203580 (SB) was
purchased from Biomol (Plymouth Meeting, PA, USA). The
rabbit

anti-pERK and pp38 were purchased from Cell

where, T mean absorbance of TQ or IS526/C mean absorbance

Signaling Technology (Beverly, MA, USA). The rabbit anti-

of control).

tyrosinase, mouse anti-GAPDH and goat anti-COX-2 were
purchased from Santa Cruz Biotechnology Inc. (Santa Cruz,

Western blot analysis: The western blotting assay was used

CA, USA). The anti-rabbit IgG was obtained from Sigma-

for assessment of expressions of COX-2, pERK, pp38, tyrosinase

Aldrich and anti-goat IgG obtained from Chemicon

and GAPDH in A375 and B16F10 cells. Cells were collected and

International (Billerica, MA, USA). The anti-mouse IgG was

washed with PBS. The total cell lysates were using cold radio

obtained from Enzo Life Sciences International (Farmingdale,

immune precipitation assay buffer composed of 50 mM Tris-

NY, USA).

HCl (pH 7.4), 150 mM NaCl, 1% Nonidet P-40% and 0.1%
Sodium Dodecyl Sulfate (SDS) and supplemented with

Cell culture: The A375 human melanoma cancer cell line and

protease and phosphatase inhibitors. Then the lysates were

B16F10 mouse melanoma cells were purchased from the

clarified by centrifugation (1,300 rpm, 10 min, 4EC) and

Korean Cell Line Bank (KCLB; Seoul, Republic of Korea). A375

collected. Subsequently, 30~ :g of protein per sample were

and B16F10 cells were maintained in Dulbeccoʼs modified

separated by 8% SDS-PAGE systems and transferred onto a

Eagleʼs medium (DMEM; Gibco/Invitrogen, Carlsbad, CA)

nitrocellulose membrane (Whatman Schleicher and Schuell;

supplemented with 10% heat-inactivated Fetal bovine serum

Dachen, Germany). After blocking in 5% fat-free milk for 1 h,

1

(FBS; Gibco/Invitrogen) and 50 µg mLG streptomycin

the membranes were probed with diluted primary antibodies

(Sigma-Aldrich, St. Louis, MO, USA) and 50 U mLG1 penicillin

overnight at 4EC. The antibodies and dilution factors were as

(Sigma-Aldrich) at 37 in a 5% CO2 and 95% air humidified

follows: COX-2 (1:1000), pERK (1:1000), pp38 (1:1000) and

incubator.

GAPDH (1:5000). Secondary antibodies conjugated with HRP
were incubated for further 2 hrs at room temperature. Proteins

Treatment of A375 and B16F10 cells: Thymoquinone was

were detected by a chemiluminescence kit (BIOFACT CO., LTD,

dissolved in dimethyl sulfoxide (DMSO) and the final

Daejeon, Republic of Korea) and bands were visualized using

concentration of DMSO did not exceed 0.1% in the fresh

the LAS-4000 imaging system (FujiFilm, Tokyo, Japan). The

medium. Iksan526 callus extracts were dissolved in distilled

bands were quantified by densitometric analysis using the

water. The cells were seeded into 35mm dishes at a density of

ImageJ software package (National Institutes of Health,

5

Bethesda, MD, USA).

5

2×10 cells/well (B16F10) or 1.5×10 cells/well (A375) and
incubated for 12 h to grow a monolayer. Cells were grown in
35 mm dish to ~75% confluence and treated with TQ (20 :M)

Immunofluorescence staining: The expression of COX-2 and

and/or IS526 (40 nM) callus extracts for 24 h. PD 98059 (30 :M)

tyrosinase at the protein level in A375 was analyzed by

and SB203580 (20 :M) was added 2 h before TQ and/or IS526

Immunofluorescence microscopy. Cells were fixed with 3.5%

callus extracts to inhibit the phosphorylation of ERK-1/-2 and

paraformaldehyde in PBS for 15 min at room temperature and

p38 kinase.

permeabilized with 0.1% Triton X-100 in PBS for 15 min. The
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cells were then blocked with 5% skim milk to prevent non-

and B16F10 cell proliferation, A375 and B16F10 cells were

specific reactions. Then, fixed cells were incubated with

treated with TQ in the presence or absence of IS526. The

antibodies against tyrosinase (1:100) and COX-2 (1:100) for 1 h

results of the MTT assay showed that TQ and IS526 alone

at room temperature. Cells were washed three times with PBS

caused about 27% and 16% reduction in the proliferation of

and incubated with secondary antibodies (1:50) at room

A375 cells after 24 hrs treatment, respectively. On the other

temperature for 1 h. Fluorescence images were recorded using

hand, the combination of TQ and IS526 caused a reduction

a BX51 fluorescence microscope (Olympus, Tokyo, Japan).

of

40%

comparing

with

the control group in the

proliferation of A375 cells. Also, a combination of TQ and
Cellular tyrosinase activity assay: A375 and B16F10 cells

IS526 caused a reduction of (18 and 29%) respectively

were treated with TQ and/or IS526 callus extracts for 24 hrs to

compared with the TQ or IS526 (Fig. 1a). Moreover, when

determine tyrosinase activity. The treated cells were

B16F10 cells were treated with the TQ or IS526 for 24 h,

harvested, washed with PBS and lysed with lysis buffer (1%

respectively, the proliferation was 65 and 75% compared

Triton X-100 in 0.1 M sodium phosphate buffer pH 6.8,

to control-treated cells. Also, the combination of TQ and

containing protease inhibitor; PMSF) for 30 min. After

IS526 caused a reduction of 50% in the proliferation, a

centrifugation (13,000 rpm, 10 min), protein concentrations

combination of TQ and IS526 caused a reduction of 23.08%

were determined using the BCA protein assay and adjustment

and 33.33%, respectively compared with the TQ or IS526

of the concentration with lysis buffer. Cell lysate supernatants

(Fig. 1b).

(each 100 :L) were placed in a well of a 96-well plate and
mixed with 50 :L of L-DOPA (2 mg mLG1 in 0.1 M Na

TQ and IS526 regulates expression of Cyclooxygenase

phosphate buffer) and 50 :L of lysis buffer. After incubation at

(COX) 2: The effects of TQ and/or IS526 on COX-2 expression

37EC for 1 h. Tyrosinase activity was determined by measuring

are shown in Fig. 2. TQ induced the expression of COX-2, but

sample absorbance at 475 nm. Cellular tyrosinase activities

cells treated with IS526 showed inhibited COX-2 expression as

were determined as the ratio of tyrosinase content over total

compared to control cells. IS526 reversed the increase in

protein content.

COX-2 expression induced by TQ and the difference was
significant as compared with cells treated with TQ alone

ROS

assay:

The

oxidation-sensitive

dye

(Fig. 2a). However, the results showed that the treatment of

dichlorodihydrofluorescein diacetate (DCFDA, Sigma-Aldrich)

IS526 or TQ suppressed the COX-2 expression in B16F10 cells.

was used to monitor the production of intracellular ROS. Cells

Also, the combination treatment induced a synergistic

treatment with TQ and/or IS526 for 24 hrs and washed twice

inhibitory effect on the COX-2 expression (Fig. 2b).

with PBS. The cells incubated at 37EC in DMEM without phenol
red in the presence of 10 :M DCFDA for 30 min. Following

IS526 and TQ regulate COX-2 expression via ERK-1/-2 and

treatment, the medium was removed, the chondrocytes were

p38 kinase pathways in A375 and B16F10 cells: To

collected by centrifugation and fluorescence was measured

determine whether TQ and/or IS526 activate ERK-1/-2 and p38

on an Flx 8000 fluorometer (excitation, 485 nm/emission,

kinase pathways in A375 and B16F10 cells, the expression

525 nm; Bio-Tek Instruments, Winooski, VT, USA).

levels of pERK and pp38 were detected by western blotting
after 24 h treatment with different drugs. Treatment with TQ

Statistical analysis: Data were analyzed statistically by a one-

resulted in the activation of pERK, while IS526 treatment

way Analysis of Variance (ANOVA) followed by Tukey's post

decreased pERK expression as compared with the control

hoc test and all values are expressed as the Means±standard

treatment. However, the pp38 protein level decreased, when

deviation (SD) of at least four independent experiments.

treatment TQ or IS526 in both cells (Fig. 3). Also, IS526

Differences between groups were p values <0.05 were

inhibited the pERK expression induced by TQ and the pp38

considered statistically significant.

protein level more decreased in A375. The difference was
significant as compared with cells treated with TQ alone

RESULTS

(Fig. 3a). When B16F10 cells were treated with combination TQ
and IS526, it accelerated the reduction of pp38 and pERK

Effect of the combined drugs on cell growth: To examine the

expression compared with cells treated with either TQ or IS526

possible combinatorial effect of TQ and IS526 against A375

(Fig. 3b).
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Fig. 1(a-b): Synergistic growth inhibitory effect of the combination of thymoquinone (TQ) and IS526
A375 and B16F10 cells were incubated with TQ, IS526, or both for 24 hrs, (a and b; left panel) Cells were viewed under a phase-contrast microscope and
photographed (100× magnification), (a and b; right panel) Cell proliferation was measured by the MTT assay and the data represent growth inhibition
as a percentage of control cells. The data represent a typical experiment, whereby similar results were obtained from three experiments, *p<0.05 as
compared with untreated cells. #p<0.05 as compared with TQ or IS526 alone

cell

tyrosinase activity due to TQ and IS526, the MAPKs signal

proliferation and COX-2 expression during the combination

transduction pathways were attenuated with their respective

treatment were induced through the activation of p38 kinase

inhibitors, PD and SB. The inhibition of pp38 and pERK activity

and ERK-1/-2. Therefore, to elucidate the association of these

with SB or PD enhanced the suppressive effect of IS526 on TQ-

signaling systems with COX-2 expression, cell proliferation,

induced COX-2 expression in A375 cells (Fig. 3a). Also,

Furthermore,

investigated

if

the

decreased
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Fig. 2(a-b): Effects of the combinatorial treatment of TQ and IS526 on the expression levels of COX-2
The cells were incubated with TQ, IS526, or both for 24 hrs, (a and b; left panel) The expression level of COX-2 and glyceraldehyde-3-phosphate (GAPDH)
was examined by western blotting; GAPDH was used as a loading control, (a and b; right panel) The relative level of COX-2 was quantified by
densitometric measurements (ImageJ). The data represent a typical experiment, whereby similar results were obtained from three experiments. *p<0.05
as compared with untreated cells, #p<0.05 as compared with TQ or IS526 alone

protein levels are shown in Fig. 4. Several studies have
demonstrated that A375 human melanoma cells express very
low levels of MITF and tyrosinase38,39.
In comparison with control cells, those treated with TQ or
IS526 showed inhibited expression of tyrosinase in A375 and
B16F10. The co-treatment of two cell lines with TQ and IS526
resulted in a significant decrease in the expression of
tyrosinase and MITF as compared to cells treated with either
TQ or IS526, respectively (Fig. 3).
To investigate the effect of TQ and IS526 alone or as a
combination of cellular tyrosinase activity in B16F10 cells,

inhibition of pp38 or pERK with SB and PD restored COX-2
expression in B16F10 cells (Fig. 3b, left panel). These results
were confirmed by immunocytochemistry (Fig. 4a).
These results suggest that the inhibition of TQ-induced
COX-2 expression by IS526 occurs via p38 kinase and ERK-1/-2
pathways in A375. And change of COX-2 expression in B16F10
were not a mediator MAPKs pathway.
Inhibitory effect of the combination of TQ and IS526 on
tyrosinase activity via the MAPK pathway: The effects of TQ
and IS526 alone or as a combination of tyrosinase, MITF
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Fig. 3(a-b): Effects of PD and SB on co-treatment with TQ and IS526 in COX-2, tyrosinase expression
A375 cells were untreated or treated with TQ or IS526 for 24 hrs in the absence or presence of SB203580 (SB) or PD98059 (PD), (a and b; left panel)
Expression of COX-2,tyrosinase, MITF, phosphorylated extracellular signal-regulated kinase (pERK), pp38 and glyceraldehyde-3-phosphate (GAPDH)
was examined by western blotting; GAPDH was used as a loading control, (a and b, right panel) The relative level of proteins was quantified by
densitometric measurements (ImageJ). The data represent a typical experiment, whereby similar results were obtained from three experiments, *p<0.05
as compared with untreated cells, #p<0.05 as compared with TQ or IS526 alone, **p<0.05 as compared with the combination of TQ and IS526

performed the tyrosinase activity assay. It was found that cotreatment of B16F10 cells with TQ and IS526 resulted in
significant inhibition of tyrosinase activity. These results
indicate that TQ in combination with IS526 inhibited the
tyrosinase activity and expression of tyrosinase in melanoma
cells (Fig. 4b).

The treatment of melanoma cells with the p38 inhibition
with SB accelerated the reduction in tyrosinase activity and
tyrosinase expression induced by the combination of TQ
and IS526. On the contrary, ERK-1/-2 inhibitor, PD, promoted
tyrosinase activity and tyrosinase expression in the
presence of TQ and IS526 on B16F10 and enhanced the
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Fig. 4(a-b): Effects of PD and SB on TQ and IS526 regulation of COX-2 and tyrosinase activity
(a) Expression of tyrosinase and COX-2 was examined by Immunofluorescence staining, (b) Cellular tyrosinase activity was measured with an
enzyme-linked immunosorbent assay (ELISA) plate reader. The data represent a typical experiment, whereby similar results were obtained from three
experiments, *p<0.05 as compared with untreated cells, #p<0.05 as compared with TQ or IS526 alone, **p<0.05 as compared with the combination of
TQ and IS526

suppressive effect of IS526 or TQ-induced tyrosinase

proliferation in both cells. These results disclosed that the

expression in A375 cells (Fig. 3 and 4).

inhibition of cell proliferation in melanoma cells (A375 and

Taken together, the above results indicate that ERK-1/-2

B16F10) by combination treatment of TQ and IS526 were not

and p38 kinase pathways are involved in the regulation of

related to the MAPK pathway.

tyrosinase activity and expression in melanoma cells.
To examine the role of p38 or ERK in the reduce cell

Inhibition of IS526-induced ROS generation by TQ via ERK-

proliferation effect of combined use of the two agents, both

1/-2 and p38 pathways in A375 melanoma cells: The effects

cells were treated with SB and PD, that inhibit the p38 or ERK

of TQ and/or IS526 on ROS generation in A375 cells were

pathway (Fig. 5). Whereby the microscope (Fig. 5a) and MTT

examined, as ROS is known to cause immediate inflammation

assay (Fig. 5b) indicated that SB or PD did not affect cell

in the epidermis and may trigger melanin production15,20,25. As
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Fig. 5(a-c): Effects of PD and SB on TQ and IS526-mediated reduction in cell proliferation
A375 and B16F10 cells were untreated or treated with TQ or IS526 for 24 hrs in the absence or presence of SB203580 (SB) or PD98059 (PD). (a) A375 cells
and (b) B16F10 cells were viewed under a phase-contrast microscope and photographed (100×magnification), (c) Cell proliferation was measured
by the MTT assay and the data represent growth inhibition as a percentage of control cells. The data represent a typical experiment, whereby similar
results were obtained from three experiments, *p<0.05 as compared with untreated cells, #p<0.05 as compared with TQ or IS526 alone, **p<0.05 as
compared with the combination of TQ and IS526

shown in Fig. 6, TQ reduced the production of ROS, while

between ROS and COX-2 level, as these two activities in an

IS526 increased the intracellular level of ROS. In comparison

opposite manner.

with IS526 treatment, co-treatment with TQ and IS526 resulted
in a significant reduction in the ROS level. The combination of

DISCUSSION

TQ and IS526 with SB or PD resulted in a slight increase in the
intracellular ROS level.

Recent studies have shown that the combination of

These results indicate that TQ reversed the increase in

compounds with less toxicity may improve treatment

ROS level induced by IS526 via ERK-1/-2 and p38 kinase

outcomes, as these treatment strategies may enhance the

pathways and the effect was significant as compared with that

efficiency of the individual agents and prevent drug resistance

observed with IS526 treatment. No correlation was observed

in human cancer cells. Chemicals from plants and foods may
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treatment greatly inhibited the proliferation (Fig. 1), tyrosinase

3.0

expression and activity (Fig. 3 and 4b) of cells.
The effectiveness of TQ and IS526 as single agents in

Reactive oxygen species (ROS) (Fold)

2.5

melanoma prevention and treatment was previously

*

identified. TQ was shown to inhibit cell growth and increase
apoptosis in B16F10 and A375 cancer cell lines43,44. TQ induced

2.0

apoptosis and DNA damage and increased the level of

*

intracellular ROS in B16F10 cells44. Also, TQ exerted an

1.5
#

**

inhibitory effect on the migration of A375 and B16F10

**

melanoma

1.0

cells

through

the inhibition of NLRP3

inflammasome, resulting in a decrease in the proteolytic
cleavage of caspase-143. Hatiboglu et al., reported that N.

*

sativa oil and its components (thymoquinone and

0.5

thymohydroquinone) exert inhibitory effects against
mushroom tyrosinase and cellular tyrosinase activities45.

0.0
H2 O2 (1 mM)
TQ (20 µM)
IS526 (40 nM)
SB (20 µM)
PD (30 µM)

-

+
-

+
-

+
-

+
+
-

+
+
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Furthermore, N. sativa oil inhibited the expression of

+
+
+

tyrosinase protein in B16F10 cells. Several studies have shown
that TQ exerts anti-inflammatory effects against some
diseases, including bronchial asthma24-26,46. Previous results
showed that TQ effectively modulated COX-2 expression and
prostaglandin E2 production via PI3K/protein kinase B (Akt)

Fig. 6: Effects of the combinatorial treatment of TQ and IS526
on ROS production

and p38 kinase pathways in the human breast cancer cell line

A375 cells were exposed to TQ or IS526 for 24 hrs in the absence or

MDA-MB-23124. Moreover, TQ-induced ROS generation

presence of SB203580 (SB) or PD98059 (PD), ROS fluorescence was

regulated apoptosis and inflammation by modulating

measured using an Flx8000 Bio-Tek fluorometer. Data are presented
as the Means ± standard deviation (SD) from three independent

PI3K/Akt

experiments performed in triplicates, The data represent a typical

dedifferentiation in rabbit articular chondrocytes through ERK-

experiment, whereby similar results were obtained from three

1/-2 pathway25,47.

experiments, *p<0.05 as compared with untreated cells, #p<0.05 as

and

p38kinase

pathways

and

caused

Iksan 526 is a resveratrol-enriched transgenic rice

compared with TQ or IS526 alone, **p<0.05 as compared with the

DJ526

combination of TQ and IS526

generated

by transferring

the

resveratrol

biosynthesis gene, stilbene synthase. Chung et al. and
serve as attractive options for such combination therapy, as

Jeon et al. reported that the resveratrol-enriched rice

these are less toxic and more cost-effective as compared to

accumulated 1.4-1.9 :g gG1 of resveratrol in its grain28,29 and

synthetic chemicals37,40,41.

the levels of resveratrol were higher in Iksan526 callus than

Previous studies showed that TQ and resveratrol

in resveratrol-enriched rice48. Furthermore, resveratrol-

combination significant cell inhibition and an increase in

enriched rice extract has been reported to decrease the

caspase-3 indicating cell apoptosis. Also, both drugs raised

expression of tyrosinase in B16 melanoma cells30 and control

reactive

a decrease of

UVB-induced skin aging through the downregulation of

glutathione and a minor effect on lipid peroxidation42. The

oxidative stress-mediated aging, inflammation-induced skin

combination of TQ and resveratrol against also able to work

aging and apoptosis-mediated skin aging and wrinkle

synergistically in mice breast cancer36. However, the molecular

formation33.

oxygen

species

leading

to

mechanism underlying TQ and resveratrol combination effect

Similar effects on cell proliferation and tyrosinase activity

of anti-cancer and anti-tyrosinase activity in melanoma cells

were confirmed and expression in melanoma cells. Also, TQ

has not been elucidated. The research aims to investigate the

and IS526 decreased COX-2 expression in B16F10 cells.

effect of TQ alone or in combination with IS526 melanoma

However, the previous result showed a different pattern as

cells.

compared with previously reported data on the COX-2

The present study demonstrated the effect of TQ in

expression and ROS production in A375 cells. TQ increased

combination with IS526 on A375 and B16F10 cells. In

COX-2 expression and decreased ROS generation, while IS526

comparison with TQ or IS526 treatment, the combination

induced ROS production and inhibited COX-2 expression
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(Fig. 3 and 6). These results suggest that TQ- and IS526-

SIGNIFICANCE STATEMENT

regulation of COX-2 expression was independent of ROS
production. Furthermore, both drugs had no synergistic effect

This study discovered the combination of TQ and IS526

on COX-2 expression and ROS generation. However, IS526

inhibits the growth of melanoma cells and regulates COX-2

inhibited TQ-induced COX-2 expression (Fig. 3) and TQ

and ROS. This effective plant-based natural combination is
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widely available and relatively uncostly. These results
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suggested that use the combination natural product maybe

Mitogen-activated protein kinase pathways may function

help in the prevention and treatment of melanoma.
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