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Abstract: Sorbus commixta is a tree of the Rosaceae family growing in Asia that has long been used to treat asthma and 
neuralgia. In a previous report, the chemical isolated from the bark of S. commixta was shown to suppress the production 
of nitric oxide (NO) and preinflammation by downregulating the NF-кB pathway in lipopolysaccharide (LPS)-induced 
RAW 264.7 cells. Vitiligo is an acquired immune disease, usually characterized by white spots on the skin; however, its 
exact cause has not been identified. This study assessed the effects of an ethanol extract of S. commixta twigs (STE) on me-
lanocyte activation, as well as its antiinflammatory and antioxidant properties. STE significantly increased the proliferation 
and melanin content of B16 melanocytes. Because of the importance of tumor necrosis factor (TNF)-α in inflammatory 
diseases, including the stimulation of vitiligo, the antiinflammatory effects of STE were tested in TNF-α-stimulated dermal 
fibroblasts and keratinocytes. STE reduced the levels of expression of IL-6, IL-8 and TNF-α mRNA and proteins. To assess 
the underlying molecular mechanism, the effects of STE on the mitogen-activated protein kinase (MAPK) signaling process 
were analyzed in dermal fibroblasts. Results show that STE inactivated extracellular signal-regulated kinase (ERK). In ad-
dition, STE exhibited antioxidative properties in assays of DPPH radical scavenging activity. Taken together, these findings 
suggest that STE has potential therapeutic activity in vitiligo.
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INTRODUCTION

Sorbus commixta is a small to medium-sized decidu-
ous tree of the Rosaceae family, native to Korea, Japan 
and far east Russia, that grows on high, windy moun-
taintops and has long been used as a medicinal plant 
in East Asian countries. The cortex and bark of S. com-
mixta have been used in Korean traditional medicine 
to treat various diseases, including asthma, bronchitis, 
gastritis and edema [1]. Vitiligo is the most common 
pigment disease worldwide, affecting about 0.5%-2% 
of the population and observed in both sexes and all 
races. Vitiligo is an acquired chronic depigmentation 
disorder of the skin resulting from the selective vi-
ability of melanocytes [2,3]. Multiple mechanisms 
are likely involved in melanocyte loss, including ge-
netic predisposition, environmental triggers, oxidative 
stress, metabolic abnormalities, impaired renewal and 
altered immune responses [4]. Although the cause of 
vitiligo has not been determined, clinical studies over 

the past few years have suggested that vitiligo is largely 
an autoimmune condition [5].

Keratinocyte-derived factors can signal melanin 
production. For example, interleukin (IL)-6 secreted 
by keratinocytes can act on melanin-forming cells and 
suppress the expression of proteins associated with 
melanin production [6]. IL-6 and IL-8 can attract im-
mune components to the skin, forming a link between 
triggering events and the initiation of autoimmune 
reactions that lead to the progression of vitiligo [7]. 
In addition, previous reports have shown an increase 
in tumor necrosis factor (TNF)-α associated with vit-
iligo. TNF-α can induce abnormal immune responses, 
which are frequently observed in patients with vitiligo 
[8-9]. TNF-α is a master cytokine that mediates in-
flammatory responses and innate immunity through 
nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) and the mitogen-activated protein ki-
nases (MAPK) signaling pathway [10].
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Current understanding of the pathogenesis of 
vitiligo suggests that a successful treatment strategy 
should incorporate several distinct approaches, in-
cluding the promotion of melanin production and 
melanocyte proliferation, and the regulation of im-
mune responses [11]. Moreover, although water and 
ethanol extracts of S. commixta twigs showed anti-
inflammatory and antioxidant properties [12], the 
pharmacological effects in models of vitiligo and its 
associated molecular mechanisms have not yet been 
fully investigated [1,12]. The present study investigates 
the pharmacological efficacy of STE in the treatment 
of vitiligo by analyzing its effects on melanin synthe-
sis and melanocyte proliferation, as well as its anti-
inflammatory and antioxidant properties in TNFα-
stimulated dermal fibroblasts and keratinocytes.

MATERIALS AND METHODS

STE preparation

S. commixta twigs collected from Jiri-Mountain, 
Changwon-ri, Macheon-myeon, Hamyang-gun, 
Gyeongsangnam-do Province, South Korea were ex-
tracted in 80% ethanol for 48 h. The resultant STE was 
filtered, concentrated, and freeze dried to a powder 
within 72 h.

Cell culture

Melanocytes, fibroblasts and keratinocytes were used 
in this study. Mouse B16 melanoma cells were pur-
chased from the American Type Culture Collection 
(ATCC, Manassas, VA, USA), and cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Welgene, Korea), containing 5% fetal bovine se-
rum (FBS; Gibco, Grand Island, NY, USA) and a 
1% penicillin-streptomycin mixture (Lonza, Basel, 
Switzerland), at 37°C in an atmosphere containing 
5% CO₂. Primary normal human dermal fibroblasts 
(NHDFs; PromCell, Heidelberg, Germany) as der-
mal fibroblasts were used. NHDFs were cultured in 
fibroblast growth medium 2 (FGM-2; PromoCell, 
Germany). The human adult low calcium high tem-
perature (HaCaT) keratinocyte cell line was used as 
dermal keratinocytes. HaCaT cells were kindly pro-
vided by the Amorepacific Corporation R&D Center, 

Shanghai, China, and grown in DMEM containing 
10% FBS and 1% penicillin-streptomycin mixture.

Cell viability assay 

Viability and cytotoxicity were evaluated using a 
cell counting kit-8 assay (CCK-8 DOJINDO, Tokyo, 
Japan). B16 cells were seeded onto 96-well plates 
(1.0×10⁴ cells/well). Test samples were added at dif-
ferent concentrations, and the cells were incubated for 
48 h. A 10-µL aliquot of CCK-8 solution was added 
to each well, and the plates were incubated for 1 h at 
37°C. The absorbance of each well at 450 nm was mea-
sured using a Synergy™ HTX Multi-Mode Microplate 
Reader (Biotek, Winooski, VT, USA).

Measurement of melanin contents

B16 cells were seeded at a density of 2.0×10⁴ cells/
well in 48-well plates overnight and treated for 72 h 
with the indicated concentrations of STE. The cells 
were lysed with 1 N NaOH at 60°C for 30 min and 
absorbance was measured at 490 nm. The protein 
concentration of each sample was determined with 
the Pierce™ BCA Protein Assay Kit (Thermo Fisher 
Scientific, Waltham, MA, USA).

Sandwich enzyme-linked immunosorbent assay 
(ELISA)

HaCaT and NHDF cells (5×10⁴ cells/well) were seeded 
onto 24-well plates, pretreated with STE for 3 h, and 
incubated with 10 ng/mL recombinant human TNF‐α 
(R&D Systems, Minneapolis, MN, USA) for 10 min. 
The concentrations of IL-6 and IL-8 in the culture me-
dia were determined using ELISA Kits (R&D Systems), 
according to the manufacturer’s instructions.

Real-time polymerase chain reaction (RT-PCR)

Total mRNA was prepared from HaCaT and 
NHDF cells using TRIzol reagent (Thermo Fisher 
Scientific), followed by reverse transcription us-
ing the GoScript™ Reverse Transcription System 
(Promega, Madison, WI, USA). Amplification 
was performed in 15-µL mixtures using iQ™ SYBR 
Green Supermix (Bio-Rad Laboratories, Hercules, 
CA, USA) and primers for human IL-6 (Bio-Rad, 



485Arch Biol Sci. 2021;73(4):483-490�

BR186qHsaCID0020314-1000), human IL-8 (Bio-
Rad, BR186qHsaCED0046633-1000), human TNF‐α 
(BR186qHsaCED0037461-1000) and human glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH; Bio-
Rad, BR186qHsaCED0038674-1000). The amplifica-
tion protocol consisted of an initial denaturation at 
95°C for 3 min, followed by 29 cycles of denaturation 
at 95°C for 10 s, annealing at 60°C for 30 s and exten-
sion at 72°C for 30 s. All RT-PCR results were normal-
ized relative to those for GAPDH in the same sample. 

Western blotting

NHDF cells were seeded onto 6-well plates (15×10⁴ 
cells/well) for 24 h, pretreated with 2.5-20 µg/mL STE 
for 3 h and stimulated with TNF-α (10 ng/mL) for 10 
min. The cells were washed three times with ice-cold 
phosphate-buffered saline (PBS) and lysed in ice-cold 
RIPA buffer (Cell Signaling Technology, Danvers MA, 
USA) containing proteases and phosphatase inhibitors. 
The cell lysates were centrifuged at 10000 x g for 20 min 
at 4°C. Protein concentrations were quantified using 
bicinchoninic acid (BCA) Protein Assay Kits (Thermo 
Fisher Scientific, Waltham, MA, USA). Aliquots con-
taining 30 µg of total protein were loaded onto 10% 
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) gels, electrophoresed and trans-
ferred to nitrocellulose membranes. The membranes 
were blocked with 5% skim milk in Tris-buffered sa-
line (TBS) at room temperature for 1 h and incubated 
overnight at 4°C with primary antibodies against ex-
tracellular signal regulated kinase (ERK), phospho-
ERK, c-Jun N-terminal kinase (JNK), phospho-JNK, 
p38, phospho-p38, NF-κB and β-actin (Cell Signaling 
Technology, Beverly, MA, USA). After three washes 
with Tris-buffered saline-0.1% Tween-20 (TBST), the 
membranes were incubated with secondary antibody 
at room temperature for 1 h. Bands were visualized us-
ing enhanced chemiluminescence solution (Bio-Rad), 
and images were processed using an iBright™ CL750 
Imaging System (Invitrogen, Carlsbad, CA, USA).

Measurement of 2,2-diphenylpicrylhydrazyl 
(DPPH) radical scavenging ability

The radical scavenging ability of the antioxidant 
DPPH was measured as described. Briefly, 10 µL of 
extract solution was mixed with 190 µL of 0.1 mM 
DPPH solution, followed by incubation in the dark 

room for 10 min. Absorbance was measured at 517 
nm with an ELISA reader.

Statistical analysis

Results are presented as the mean±standard devia-
tion (SD) of three independent determinations. The 
statistical significance of between group differences 
were assessed using two-sided Student’s t-tests, with 
P-values<0.05 considered statistically significant.

RESULTS

STE increased the proliferation and melanin 
contents of B16 cells

To determine its effects on the proliferation of B16 
cells, cells were treated with different concentrations 
of STE for 48 h. Compared with control cells, STE 
at concentrations of 3.125-12.5 µg/mL increased cell 
proliferation (Fig. 1A), with 12.5 µg/mL enhancing 
cell proliferation to 136%. However, 50 µg/mL STE 
exhibited cytotoxicity.

STE also enhanced melanin synthesis, with 20 µg/
mL STE increasing extracellular melanin to 186% and 
intracellular melanin to 220% (Fig. 1B). The color of 
the growth medium was darker in cells treated with 
STE. Moreover, analysis of melanocyte morphol-
ogy and color showed that melanocytes treated with 
STE were darker than control melanocytes (Fig. 1C). 
α-melanocyte stimulating hormone (α-MSH) was 
used as a reference material for melanogenesis.

STE inhibited the production of cytokine mRNA 
and protein in NHDF and HaCaT

Fibroblasts and keratinocytes regulate the function of 
skin melanocytes. To test the antiinflammatory effects of 
STE, NHDF and HaCaT cells were treated with recom-
binant human TNF-α as a proinflammatory stimulus, 
and the mRNA levels of the representative proinflam-
matory cytokines IL-6, IL-8 and TNF-α were measured 
[13]. Because 200 µg/mL STE was cytotoxic to NHDF 
cells, cells were treated with 100 µg/mL STE, which 
stimulated cell proliferation (Fig. 2A). Pretreatment of 
NHDF cells with STE prior to stimulation with TNF-α 
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dose-dependently decreased IL-6 mRNA levels as well 
as significantly reducing the levels of IL-8 and TNF-α 
mRNA (Fig. 2B). ELISA also showed that STE signifi-
cantly reduced IL-6 and IL-8 protein production in 
NHDF cells (Fig. 2C and Table 1).

At a concentration of 50 µg/mL, STE displayed 
cytotoxicity in HaCaT cells (Fig. 2D). Pretreatment 
of these cells with STE dose-dependently reduced the 
expression of IL-6 mRNA, but not IL-8 and TNF-a 

mRNA (Fig. 2E). Moreover, the ELISA showed 
that pretreatment with 12.5 and 25 µg/mL STE 
significantly reduced the levels of IL-6 in HaCaT 
cells (Fig. 2F and Table 1).

STE suppressed the level of phosphorylated 
ERK in NHDF cells

The expression of proinflammatory cytokines, 
such as TNF-α, IL-6 and IL-8, is regulated by the 
MAPK and NF-κB pathways. We therefore ex-
amined the effects of STE on MAPK and NF-κB 
signaling and the role of these pathways in TNFα-
stimulated NHDF cells. The effects of STE on the 
MAPK signaling pathway were determined by 
measuring the levels of phosphorylated p38, ERK 
and JNK proteins. Treatment with STE signifi-
cantly and dose-dependently reduced phospho-
ERK, but not phospho-p38 and phospho-JNK, 

expression (Fig. 3). To further explore its molecular 
mechanisms, the effects of STE on IκBα degradation 
and IκBα phosphorylation were assessed. STE did not 
inhibit total-IκBα degradation, although IκBα phos-
phorylation was slightly inhibited at the concentration 
of 100 µg/mL (Fig. 3). Taken together, these results 
suggest that STE may regulate the secretion of TNF-α, 
IL-6 and IL-8 by inhibiting ERK phosphorylation, in-
dependent of the IκBα signaling pathway.

Fig. 1. Effect of STE on the proliferation 
and melanin content of B16 cells. B16 
cells were incubated with STE for 48 h. A 
– Cell proliferation using CCK-8 assays; B 
– melanin content. To confirm the induc-
tion of melanin, cells were incubated with 
100 nM alpha-melanocyte stimulating 
hormone (α-MSH) as a positive control, 
and the color of cell lysates and cultured 
media in 48-well plates was measured. C – 
Photographs taken with an optical micro-
scope of B16 cells incubated with STE. B16 
cells were seeded overnight onto 6-well 
plates at a density of 5.0×10³ cells/well 
incubated for 72 h with 20 µg/mL STE or 
100 nM with α-MSH as a positive control 
(scale bar 100 µm). The results are present-
ed as the mean expression level obtained 
from three independent experiments. Data 
are presented as the mean±SD. *P<0.05, 
**P<0.01, ***P<0.001 compared with the 
control group.

Table 1. Effects of STE on IL-6 and IL-8 production in TNF-α-
stimulated NHDF and HaCaT cells 
Cells

Stimuli
STE

Concentration 
(μg/mL)

Inhibition rate (%)

NHDF

IL-6 (%) IL-8 (%)

Control (untreated) 100±0.67 100±0.37

TNF-α 
(10 ng/mL)

0 0±1.38 0±6.89
12.5 14.00±7.23 * 4.00±2.87
25 17.00±4.33 ** 8.00±5.15
50 32.00±3.68 ** 15.00±1.45 *

100 40.00±3.89 *** 29.00±4.60 **

HaCaT

Control (untreated) 100±3.17 100±5.86

TNF-α 
(10 ng/mL)

0 0±13.30 0±7.81
3.125 8.00±2.67 20.00±12.82
6.25 17.00±9.24 5.00±11.67
12.5 23.00±3.17 * 24.00±1.24 **

25 58.00±6.62 ** 0±10.40
*P< 0.05; **P<0.01, ***P<0.001 compared with cells treated  
with TNF-α alone
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STE has the DPPH radical scavenging ability

DPPH assays were performed to determine whether 
STE has antioxidative properties. At the concentra-
tion range of 1.563~100 µg/mL, STE dramatically sup-
pressed DPPH radical activity in a dose-dependent 

manner (Fig. 4). At a concentration of 
10 µg/mL, ascorbic acid (the positive 
control) showed high DDPH radical 
scavenging activity of 86±0.21%, simi-
lar to that of 100 µg/mL STE, which had 
a DDPH radical scavenging activity of 
86±0.27%. Treatment with STE turned 
the color of the plate yellow, indicating 
that STE has a ROS scavenging effect.

DISCUSSION

Vitiligo is a depigmenting disease charac-
terized by the appearance of white patch-
es on the skin. The primary therapeutic 

strategy consists therefore of treatment with agents 
that enhance the proliferation and activity of melano-
cytes, thereby inducing melanin production. In addi-
tion, antiinflammatory agents and antioxidants play 
important roles in the treatment of vitiligo. Vitiligo 

Fig. 2. Effect of STE on NHDF and HaCaT cell viability and production of cytokine 
mRNA and protein. A – Effect on NHDF cell viability. Cells were incubated with 
STE at 3.125~200 µg/mL for 48 h, and cell viability was assessed using CCK-8 as-
says. B – Effect on IL-6, IL-8 and TNF-α mRNA levels in NHDF cells. Cells were 
pretreated with 12.5~100 µg/mL STE for 3 h and stimulated with 10 ng/mL TNF-α 
for 24 h. mRNA levels were determined by real-time PCR and normalized relative 
to those of GAPDH. C – Effect on the production of IL-6 and IL-8 proteins by 
NHDF cells. Cells were pretreated with 12.5~100 µg/mL STE for 3 h and stimulated 
with 10 ng/mL TNF-α for 48 h. Protein production was determined by ELISA. 
D – Effect on HaCaT cell viability. Cells were incubated with STE at 0.3~50 µg/
mL for 48 h, and cell viability was assessed by the CCK-8 assay. E – Effect on IL-6, 
IL-8 and TNF-α mRNA levels in HaCaT cells. Cells were pretreated with 2.5~20 
µg/mL STE for 3 h and stimulated with 10 ng/mL TNF-α for 24 h. mRNA levels 
were determined by real-time PCR and normalized relative to those of GAPDH. F 
– Effect on the production of IL-6 and IL-8 proteins by HaCaT cells. Cells were pre-
treated with 3.125~250 µg/mL STE for 3 h and stimulated with 10 ng/mL TNF-α 
for 48 h. The results are presented as the mean expression level obtained from 
three independent experiments. Data are presented as the mean±SD. ***P<0.001 
compared with the control group (A and D) and *P<0.05, **P<0.01, ***P<0.001 
compared with cells treated with TNF-α alone (B, C, E and F).

Fig. 3. Effect of STE on the levels of total and 
phosphorylated ERK, JNK, p38 and IκBα in 
NHDF cells. Cells were pretreated with 12.5, 25, 
50 and 100 µg/mL STE for 3 h and stimulated with 
10 ng/mL TNF-α for 10 min. Western blot analysis 
was conducted to determine the protein levels of 
total (t-) and phosphorylated (p-) ERK, JNK, p38 
and IκBα.
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may be treated by phototherapy with UVA and UVB 
light, which enhance the migration and proliferation 
of all melanocytes, promote a favorable environment 
for melanocyte growth and suppress autoimmunity. 
Helium neon laser treatment, with a mechanism of 
action similar to other types of phototherapy, has been 
shown to be effective in patients with localized vitiligo.

S. commixta is a formulation used in traditional 
Korean medicine to darken white or gray hair and 
to treat several inflammatory diseases, suggesting 
that its use may improve outcomes in patients with 
vitiligo [14]. Thus, the present study assessed the in 
vitro efficacy and pharmacological effects of STE in 
melanocytes, fibroblasts, and keratinocytes. To our 
knowledge, the present study is the first to report the 
efficacy of STE in melanocytes. Although we found 
that STE enhanced the melanin content in B16 cells, 
the present study did not evaluate its mechanism of 
action. Previous studies have reported that cAMP 
induces cAMP-response element binding protein 
(CREB) phosphorylation, a frequent indicator of the 
upregulation of the basic microphthalmia-associated 
transcription factor (MITF), which is important for 
melanin production. MITF critically regulates mela-
nin production-related genes, such as those encoding 
tyrosinase and tyrosinase-related proteins (TRP)-1 
and -2. Further studies are needed to evaluate the mo-
lecular mechanism by which STE enhances melanin 
synthesis, both in mouse melanocytes such as B16 and 
in human melanocytes [15].

STE also has antiinflammatory properties. In a 
previous report, STE was found to significantly sup-
press UVB-induced upregulation of matrix metallo-
proteinases (MMP)-1, MMP-2 and MMP-3 expression 
through MAPK inactivation [12]. In addition, the water 
extract of S. commixta was shown to be a potent an-
tiinflammatory agent, suppressing the inflammatory 
signaling cascade composed of Src, Syk and NF-κB [1]. 
In the current study, we also observed that STE inhib-
ited the expression and production of proinflammatory 
cytokines such as IL-6, IL-8 and TNF-α. These data 
suggested a possibility that STE may have anti-vitiligo 
efficacy through its antiinflammatory properties in skin 
cells, although STE showed more potent antiinflamma-
tory effect in NHDF than in HaCaT cells.

The MAPK signaling cascade transmits a variety 
of extracellular signals that regulate cellular responses 
related to proliferation, differentiation and death. This 
cascade includes three separate sub-pathways, involv-
ing extracellular signal-regulated kinase (ERK), c-Jun 
N-terminal kinase (JNK) and p38 [10]. Keratinocytes 
synthesize cytokines such as TNF-α, IL-6 and trans-
forming growth factor-β (TGF-β), which are paracrine 
inhibitors of human melanocyte proliferation and 
melanin production. ERK regulates the production of 
proinflammatory cytokines, such as TNF-α and IL-6, 
as well as other signaling molecules, including pros-
taglandins and nitrogen oxides [9]. Abnormal ERK 
activation has been observed in human inflammatory 
diseases [16]. Pharmacological inhibition of the ERK 
pathway was found to reduce TNF-α production by 
leukocytes [17]. In addition, NF-κB is involved in in-
flammatory responses and cell proliferation [18]. In 
most cells, NF-κB protein dimers bind to the inhibitor 
κBα (IκBα), which suppresses NF-κB-induced activa-
tion [19]. NF-κB signaling is also related to vitiligo 
[20]. Our study confirmed that ERK phosphorylation 
is reduced in STE-treated NHDFs [21]. However, STE 
has no effect on TNF-α-induced IκBα degradation. 
The data suggested that STE reduced inflammatory 
cytokines through ERK inactivation in NHDFs.

Oxidative stress is an important cause of vitili-
go. Furthermore, increased levels of reactive oxygen 
species (ROS) in melanocytes may cause apoptosis, 
resulting in the release of aberrant proteins, which 
can serve as autoantigens and induce autoimmunity 
[22-23]. Therefore, antioxidative potential is thought 

Fig. 4. DPPH radical scavenging ability of STE. Ascorbic acid was 
used as a positive control. The results are presented as the mean 
expression level obtained from three independent experiments. 
Data are presented as mean±SD. *P<0.05, **P< 0.01, ***P<0.001 
compared with the control group.
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to be an important factor in the treatment of vitiligo. 
The present study found that STE had DPPH radical 
scavenging ability, thereby protecting melanocytes 
from oxidative stress.

Recently, several researchers have reported the 
composition of S. commixta extract. The chemical 
β-sitosteryl-3-O-β-glucopyranoside isolated from the 
bark of S. commixta suppressed the production of NO 
and preinflammation by downregulating the NF-кB 
pathway in lipopolysaccharide (LPS)-induced RAW 
264.7 cells, a murine monocyte/macrophage cell line 
[24]. In addition, two new phenolic glycosides were 
isolated from S. commixta, showing that these com-
pounds inhibited the production of proinflammatory 
molecules. [24-25]. In our further endevours, we will 
focus on identifying the functional compounds for the 
treatment of vitiligo in STE, besides the compounds 
mentioned above.

Collectively, our findings reveal for the first time 
that STE may be effective in the treatment of vitiligo 
through melanin synthesis, antiinflammation and an-
tioxidative efficacy.
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