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INTRODUCTION

Skin, the outermost layer of the body consisting of the         

epidermis, dermis and subcutaneous layers, acts as a barrier        

that protects the body from external factors (Blanpain and        

Fuchs, 2006). However, activation of skin inflammatory      

signaling pathways by insults such as ultraviolet (UV) rays,        

barrier damage or bacterial infection can ultimately lead to skin         

disorders such as psoriasis, premature aging, and hyper-       

pigmentation.

Tumor necrosis factor (TNF)-α signaling plays a role in        

innate immunity and specifically increases the expression of       
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Background: Many researchers have developed cosmetic and medicinal ingredients using natural 
plant extracts to regulate and improve the skin health. We investigated Toona sinensis leaf (TSL) 
extract as a potential functional cosmetic ingredient by testing its pharmacological effects on skin cells.
Methods and Results: The anti-inflammatory and anti-aging effects of TSL were evaluated in 
tumor necrosis factor (TNF)-α-stimulated human epidermal keratinocytes (HaCaT) and human 
dermal fibroblasts (HS68) by quantitative reverse transcription polymerase chain reaction and 
enzyme-linked immunosorbent assay. Notably, TSL antioxidant effects were assessed using 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assays. Its anti-melanogenic activity of TSL 
was determined by quantifying extracellular and intracellular melanin content in α-melanocyte 
stimulating hormone (α-MSH)-stimulated B16F10 melanoma cells. Furthemore, its inhibitory 
effects on mushroom tyrosinase activity was investigated. Western blotting was performed to iden-
tify the anti-melanogenesis mechanism. Notably, TSL decreased interleukin (IL)-6, IL-8, and matrix 
metalloproteinase (MMP)-1 expression in TNF-α-stimulated HaCaT and HS68 cells. Furthermore, 
TSL inhibited DPPH radical activity in a concentration-dependent manner, significantly reduced α-
MSH-induced intra/extracellular melanin production in B16F10 cells, and inhibited mushroom tyros-
inase activity. Additionally, TSL treatment decreased protein levels of melanogenic enzymes.
Conclusion: Notably, TSL demonstrated anti-inflammatory, anti-aging, antioxidant, and anti-
melanogenetic effects on skin cells, confirming its protective effects on skin physiology and sug-
gesting its potential as a functional cosmetic ingredient. 
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chemokines associated with pro-inflammatory signals (Dinarello,     

1997; Mehrad and Standiford, 1999; Lee et al., 2014; Ågren et          

al., 2015). TNF-α stimulation induces the expression of       

transcripts for the inflammatory mediators such as interleukin       

(IL)-6 and IL-8 (Park et al., 2010; Jegal et al., 2021).

Previous studies have reported that TNF-α increases mRNA       

expression of matrix metalloproteinase (MMP)-1, MMP-3, and      

MMP-9 in keratinocytes and fibroblasts in the skin. Notably,        

MMPs play a role in hydrolyzing the extracellular matrix (ECM)         

and basement membrane (BM) – the main protein components        

that constitute the supporting structures of the skin – destroying         

the connective tissue that maintains skin elasticity, resulting in        

wrinkles and loss of elasticity (Lauer-Fields and Fields, 2002;        

Fields, 2013).

Melanin plays a role in protecting the skin from UV rays.          

However, if hyperpigmentation occurs on the skin owing to        

skin inflammation or other environmental stimuli, it can cause        

skin disorders such as melasma and melanoma (Lee et al.,         

2013; D'Orazio et al., 2013).

In particular, during melanin production, tyrosinase oxidizes      

L-tyrosine to L-DOPA (L-3,4-dihydroxyphenylalanine) and    

then to DOPA quinone, causing pigment formation (Tada et        

al., 2014). Thus, tyrosinase expression or activation is key        

process in melanogenesis.

Toona sinensis, also known as Cedrela sinensis, is a deciduous         

upland tree of the family Meliaceae. The various parts that         

make up the plant have long been used in nutritious foods and           

folk medicine in Asia (Dong et al., 2013).

The bark, root, and fruits are used for the treatment of          

diverse diseases. The leaves and stems of this plant are effective          

in relieving itching, dysentery, boils, dermatitis, and enteritis       

(Wang et al., 2007).

In particular, Toona sinensis leaf (TSL) extract is reported to         

be beneficial to humans in many ways, including hormonal and         

inflammatory control in brain tissue, anti-proliferative actions      

against lung cancer, and inhibitory effects on Severe Acute        

Respiratory Syndrome coronavirus replication (Chen et al., 2008;       

Yang et al., 2010; Jeong et al., 2022).

In addition, TSL is known to exhibit antibacterial action        

against skin bacteria, such as Propionibacterium acnes, Staphy-       

lococcus aureus, Plasmodium ovale and Escherichia coli, and       

it has been reported to have a moisturizing effect when applied          

to the skin (Kim et al., 2010). 

Gallic acid, limonoids, and quercetin are known as components        

of TSL. According to previous studies, each of these ingredients         

has an anti-neoplastic effect on oral squamous carcinoma cells,        

an anti-inflammatory effect, and an antioxidant-induced hepatocyte      

protection effect (Chia et al., 2010; Hu et al., 2016; Zhang et           

al., 2016). However, not much is known about the effects of          

TSL applied skin cells.

In the current study, we investigated the anti-inflammatory,       

anti-aging, antioxidant, and anti-melanogenesis effects of TSL      

applied to skin cells. Collectively, our data suggest that TSL         

could serve as a useful ingredient in the treatment of skin          

diseases or cosmetics, subject to future verification of the        

results of this study.

MATERIAL AND METHOD

1. Materials

Dulbecco’s modified Eagle medium (DMEM) was purchased      

from Welgene (Gyeongsan, Korea). Fetal bovine serum (FBS)       

was purchased from Samchun Chemical (Seoul, Korea) and       

American Type Culture Collection (ATCC, Manassas, VA, USA).       

Penicillin-streptomycin (PS) solution was purchased from     

Lonza (Basel, Switzerland). 20 × phosphate-buffered saline (PBS)       

and 10 × transfer buffer were purchased from Biosesang        

(Seongnam, Korea). 

Quanti-Max WST-8 cell viability assay kits were purchased       

from Biomax (Seoul, Korea). All enzyme-linked immunosorbent      

assay (ELISA) kits and TNF-α were obtained from R&D        

Systems (Minneapolis, MN, USA). PCR primers, 10 × tris-        

buffered saline (TBS) and blotting grade blocker were       

purchased from Bio-Rad (Hercules, CA, USA). 2,2-Diphenyl-      

1-picrylhydrazyl (DPPH) and alpha-melanocyte stimulating    

hormone (α-MSH) were obtained from Sigma Aldrich (St.       

Louis, MO, USA). Pierce BCA protein assay kits were        

purchased from Thermo Fisher Scientific (Waltham, MA, USA).       

All antibodies were purchased from Abcam (Cambridge,      

England).

2. Preparation for Toona sinensis leaf extract (TSL) 

Toona sinensis leaves collected from Mt. Jiri (Hamyang,       

Gyeongsangnam-do, Korea) were extracted with ethanol and      

then freeze-dried.

For the ethanol extraction process, leaves were first cut and         

then ground to a powder, after which ethanol (up to 10 times           

the sample volume) was added. After 48 h, the extract was          

separated with a mesh (primary filter) and weighed. Equal        

amounts of primary-filtered extracts were then centrifuged at       
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4,000 rpm for 30 min. After vacuum filtration (second filtration         

step), the ethanol solvent was removed over a 2 h period using           

a rotary vacuum evaporator (third step), leaving only the active         

ingredients.

The sample was then lyophilized (freeze-dried), a step that        

maintains the structure of active ingredient and prevents the        

protein from being denatured. After 4 days, the dried extracts         

were collected by scraping, collected into a container, and        

stored frozen. 

3. Cell culture

The human keratinocyte cell line, HaCaT, and human       

fibroblast cell line, HS68, were cultured in DMEM       

supplemented with 10% FBS and 1% PS.

The mouse melanoma cell line, B16F10, was cultured in        

DMEM containing 5% FBS and 1% PS. Cells were incubated         

at 37℃ in a humidified 5% CO2 incubator (Thermo Fisher         

Scientific, Waltham, MA, USA).

4. Cell viability assay

Cell viability was assessed using a Quanti-MAX WST-8 cell        

viability assay kit.

HaCaT and HS68 cells were seeded at 1 × 104 cells per well            

in a 96-well plate. After incubating for 24 h, TSL was added           

at the indicated concentrations and the plate was incubated for         

an additional 48 h. B16F10 cells were seeded at 0.8 × 104           

cells per well in a 96-well plate. After incubating for 24 h,           

TSL was added at the indicated concentrations and the plate         

was incubated for an additional 72 h. The media in each well           

was removed and a WST-8 solution, diluted 1/10, was added.         

After 2 h, absorbance was measured at 450 ㎚ using         

microplate reader (BioTek, Winooski, VT, USA).

5. Quantitative reverse transcription-polymerase chain    

reaction (qRT-PCR)

HS68 cells were seeded at 3 × 105 cells per well in each            

well of 6-well plate and cultured for 24 h in DMEM          

containing 10% FBS. Cells were then pretreated with TSL at         

concentrations of 40, 80, and 160 ㎍/㎖ for 3 h in reduced           

FBS (2%) DMEM.

Thereafter, TNF-α (5 ng/㎖) was added and cells were        

cotreated with TNF-α and TSL for 24 h. After washing with          

cold PBS, cells were lysed with TRIzol (Thermo Fisher        

Scientific, Waltham, MA, USA), then chloroform (Sigma-      

Aldrich, St. Louis, MO, USA) was added and the mixture was          

centrifuged for 15 min. The supernatant was collected,       

isopropanol (Sigma-Aldrich, St. Louis, MO, USA) was added,       

and the mixture was centrifuged for 10 min. After removing         

the supernatant, 70% ethanol was added and centrifuged for 5         

min. The resulting pellet was suspended in RNase-Free DEPC-        

treated water (Welgene, Gyeongsan, Korea), and RNA was       

quantified using a spectrophotometer.

cDNA was synthesized from quantified RNA using GoScript       

Reverse Transcriptase (5 ×, MgCl2, RT) by incubating a        

reaction mixture containing Oligo(dT), PCR nucleotide mix      

(Promega, Madison, WI, USA) and nuclease free-water at 25℃        

for 5, 42℃ for 60 and 70℃ for 15 min.

The synthesized cDNA was mixed with iQ SYBR Green        

Supermix (Bio-Rad, Hercules, CA, USA), the indicated      

primers, and DEPC-water in a total reaction volume of 20 ㎕.          

PCR targeting MMP-1 was performed using the following       

cycling conditions: 95℃ for 3 min, following by 30 cycles of          

95℃ for 10 s, 60℃ for 1 min, and 72℃ for 30 s. 

6. Enzyme linked immunosorbent assay (ELISA) 

HaCaT cells (4 × 104 cells/well) and HS68 cells (3.5 × 104           

cells/well) were seeded in 24-well plates and incubated       

overnight. HaCaT and HS68 cells in DMEM containing 2%        

FBS and 1% PS were then pretreated with different        

concentrations of TSL for 3 h, followed by cotreatment with 5          

ng/㎖ of TNF-α and TSL for 48 h. The conditioned media          

(supernatants) were then collected and used as samples for        

ELISAs, performed as described by the ELISA kit manufacturer        

(R&D Systems, Minneapolis, MN, USA).

Briefly, the capture antibody was coated onto a 96-well        

immuno-plate and incubated overnight at room temperature.      

The next day, the plate was washed three times with 300 ㎕           

wash buffer and blocked by incubating with 300 ㎕ of         

blocking buffer for 1 h, followed by addition of 100 ㎕ of           

sample diluted with reagent diluent. The plate was then washed         

three times with wash buffer, incubated with detection antibody        

for 2 h at room temperature, and then washed again.

Thereafter, the plate was incubated at room temperature with        

horseradish peroxidase (HRP)-conjugated streptavidin for 20     

min, protected from direct light. After washing all wells five         

times, a substrate solution (1 : 1 mixture of reagents A and B)            

was added to each well and plates were incubated at room          

temperature until responses were well developed, after which       

stop solution was added and the absorbance of each well at          

450 ㎚ was measured. 
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7. DPPH free radical scavenging assay 

A total volume of 100 ㎕ of a 1:1 solution of DPPH (0.4            

mM, dissolved in 99% ethanol) and TSL (different concentrations,        

diluted in 70% ethanol) was added to each well. The plate was           

then incubated for 20 min in the dark, after which absorbance          

was measured at 520 ㎚. L-ascorbic acid (Samchun Chemical,        

Seoul, Korea) was used as a positive control.

DPPH radical scavenging activity, expressed as a percent,       

was calculated as % = (1 – A / B) × 100, where A is the               

absorbance of the group with sample and B is the absorbance          

of the group without sample. 

8. Measurement of melanin content in B16F10 cells 

B16F10 cells were seeded overnight at a density of 2 × 104           

cells per well in 48-well plates. Cells were then treated with          

different concentrations of TSL in the presence of 100 nM α-          

MSH. TSL and α-MSH were diluted with phenol red-free cell         

culture medium containing 5% FBS and 1% PS. After 72 h, the           

supernatant was transferred to a 96-well plate for determination        

of extracellular melanin, assessed by measuring absorbance at       

405 ㎚ using a microplate reader (BioTek, Winooski, VT,        

USA).

Cells were then dissolved in 200 ㎕ of 1N NaOH and          

incubated at 60℃ for 30 min, after which intracellular melanin         

was measured by adding the lysate to a 96-well plate and          

measuring absorbance at 450 ㎚ using a microplate reader        

(BioTek, Winooski, VT, USA).

The intracellular melanin content was normalized to protein       

concentration, determined using a Pierce BCA protein assay,       

and expressed relative to protein-normalized values for control       

cells, defined as 100%. 

9. Mushroom tyrosinase assay

Mushroom tyrosinase activity was assessed by measuring L-       

3,4-dihydroxyphenylalanine (L-DOPA) oxidase activity.

Briefly, TSL was added to a 96-well plate at 5 ㎕ per well,            

and a 90 ㎕ reaction mixture, consisting of 0.1 M sodium          

phosphate buffer (pH 6.8), distilled water, and mushroom       

tyrosinase solution (2,000 units), was added. Then, 50 ㎕ of 20          

mM L-DOPA was added and the level of dopachrome in the          

mixture was determined at 475 ㎚ using a microplate reader         

(BioTek, Winooski, VT, USA). 

10. Western blotting

B16F10 cells were seeded overnight at a density of 14 × 104           

cells per well in 6-well plates. Cells were then treated with          

different concentrations of TSL in the presence of 200 nM α-          

MSH.

TSL and α-MSH were diluted with cell culture medium        

containing 5% FBS and 1% PS. After 48 h, the plate was           

washed by cold PBS. Cells were lysed with 1 × RIPA (Cell           

Signaling Technology, Danvers, MA, USA) containing protease      

inhibitor and phosphatase inhibitor. After centrifugation of      

lysates, the protein contained in supernatant was quantified by        

Pierce BCA protein assay.

Lysates quantified in equal amounts of protein were resolved        

by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis      

(SDS-PAGE) and then transferred to a nitrocellulose membrane       

(Bio-Rad, Hercules, CA, USA) in transfer buffer. Membranes       

were blocked with TBS containing 5% blotting-grade blocker       

for 2 h. Incubation with the primary antibody was progressed         

during overnight. The next day, membranes were incubated       

with the secondary antibody for 1 h.

The specific bands were visualized using a Clarity™ Western        

ECL substrate (Bio-Rad, Hercules, CA, USA) and an iBright™        

CL750 Imaging System (Invitrogen, Carlsbad, CA, USA).

11. Statistical analysis

Data are expressed as means ± standard deviation (SD) of         

three replicates.

The significance of between-group differences was assessed      

using Student’s t-tests. A p-value < 0.05 was considered significant;         

individual p-values (*p < 0.05, **p < 0.01, ***p < 0.001) are           

indicated in figure legends.

RESULTS

1. Anti-inflammatory effects of TSL on TNF-α–stimulated      

HaCaT epidermal keratinocytes and HS68 dermal fibroblasts

To elucidate the anti-inflammatory effect of TSL, we       

measured the pro-inflammatory cytokines IL-6 and IL-8 in       

TNF-α–stimulated HaCaT epidermal keratinocytes.

In preliminary experiments, we evaluated the cytotoxicity of       

TSL in HaCaT cells. Fig. 1A shows that TSL was significantly          

cytotoxic towards HaCaT cells at a concentration of 160 ㎍/㎖.         

To avoid cytotoxic effects, we used TSL at a maximum         

concentration of 40 ㎍/㎖ in subsequent ELISA experiments.

These experiments showed that IL-6 and IL-8 production       

was increased in TNF-α–stimulated HaCaT cells; this effect       

was significantly attenuated by treatment with TSL (Fig. 1B        
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and C). Thus, TSL decreased IL-6 and IL-8 expression at         

protein levels in TNF-α–stimulated HaCaT cells. 

We also elucidated the anti-inflammatory effects of TSL in        

TNF-α-stimulated HS68 dermal fibroblasts. As shown in Fig.       

2A, TSL was significantly cytotoxic at a concentration of 640         

㎍/㎖ in HS68 cells. To provide a suitable margin of safety, in           

subsequent experiments, we used a maximum TSL concentration       

of 160 ㎍/㎖.

Our investigation of the anti-inflammatory effect of TSL in        

TNF-α-stimulated HS68 cells using ELISA revealed that      

Fig. 1. Inhibitory effects of TSL on inflammatory cytokine 
production in TNF-α–stimulated HaCaT cells. (A) 
Effects of TSL on HaCaT cell viability. (B, C) IL-6 and IL-8 
expression, determined by ELISA. Data are presented as 
means ± SD. ***p < 0.001 vs. TNF-α alone; ###

p < 
0.001 vs. control (CTL).

Fig. 2. Inhibitory effects of TSL on inflammatory cytokine 
production in TNF-α-stimulated HS68 cells. (A) Effects 
of TSL on HS68 cell viability. (B, C) IL-6 and IL-8 
expression, determined by ELISA. Data are presented as 
means ± SD. *p < 0.05, ***p < 0.001 vs. TNF-α alone; 
###

p < 0.001 vs. control (CTL).
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treatment with 40–160 ㎍/㎖ TSL caused a concentration-       

dependent reduction in IL-6 and IL-8 protein (Fig. 2B and C)          

levels in TNF-α–stimulated HS68 cells.

2. Inhibitory effect of TSL extract on MMP-1 production in         

TNF-α–stimulated HS68 dermal fibroblasts

To verify the anti-aging effects of TSL, we measured the         

production of MMP-1 at mRNA and protein levels using qRT-         

PCR and ELISA. TNF-α stimulation of HS68 cells increased        

MMP-1 mRNA and protein levels by 2.5 fold. Notably, TSL         

(40, 80, and 160 ㎍/㎖) significantly inhibited MMP-1 mRNA        

expression in TNF-α–stimulated HS68 cells (Fig. 3A). 

Strikingly, at concentrations of 80 and 160 ㎍/㎖, TSL        

decreased secretion of MMP-1 protein to below control levels        

(Fig. 3B).

3. Antioxidant activity of TSL 

To examine the antioxidant effect of TSL, we conducted        

DPPH radical scavenging assays.

As shown in Fig. 4, TSL inhibited DPPH radical activity in          

concentration-dependent manner, decreasing it by up to 71.3%       

at a concentration of 40 ㎍/㎖. By comparison, 200 ㎍/㎖         

ascorbic acid, used as a positive control, scavenged 96.2% of         

free radicals. 

4. Anti-melanogenic effect of TSL on B16F10 melanoma cells

Finally, we assessed the anti-melanogenic efficacy of TSL in        

B16F10 cells, first performing cytotoxicity assays to identify a        

threshold concentration of TSL that affected cell viability.

We found that 40 ㎍/㎖ of TSL, the highest concentration         

tested, did not show cytotoxic effects on B16F10 cells (Fig.         

5A). Accordingly, we treated α-MSH–stimulated B16F10 cells      

with 2.5, 5, 10, 20 and 40 ㎍/㎖ of TSL. As shown in Fig. 5B,              

α-MSH increased B16F10 cell secretion of melanin into culture        

media.

This effect was dramatically suppressed by TSL, which       

caused a concentration-dependent decrease in melanin secretion.      

TSL treatment also clearly inhibited intracellular melanin      

content in α-MSH–stimulated B16F10 cells in a concentration-       

Fig. 3. Inhibitory effect of TSL on MMP-1 production in TNF-α–stimulated HS68 cells. (A, B) MMP-1 expression, determined by 
qRT-PCR and ELISA. Expression of mRNA was normalized to that of GAPDH. Data are presented as means ± SD. **p < 0.01, 
***
p < 0.001 vs. TNF-α alone; ###

p < 0.001 vs. controls (CTL).

Fig. 4. Inhibitory effect of TSL on DPPH radical activity. DPPH 
radical activity was measured as absorbance at 520 nm. 
Ascorbic acid (A.A.) was used as a positive control. Data 
are presented as means ± SD. ***p < 0.001 vs. controls 
(CTL).
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Fig. 5. Anti-melanogenic effect of TSL. (A) Effects of TSL on B16F10 cell viability. (B, C) Effects of TSL on melanin content in B16F10 
cells. Arbutin (Arb) was used as a positive control for assessment of melanin content in B16F10 cells. (D) Effects of TSL on 
mushroom tyrosinase activity. Kojic acid (K.A.) was used as a positive control for measurement of mushroom tyrosinase activity. 
Data are presented as means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 vs. α-MSH alone (B, C) or controls (D); ###

p < 0.001 
vs. controls (CTL). (E) Effects of TSL on the protein levels of melanogenic enzymes in B16F10 cells. β-actin was used as a loading 
control.
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dependent manner (Fig. 5C).

Arbutin, used as a positive control, inhibited both melanin        

production (intracellular levels) and secretion (extracellular     

levels). In addition, we determined the inhibitory efficacy of        

TSL on tyrosinase activity using mushroom tyrosinase activity       

assays, as described in methods.

These experiments showed that TSL significantly inhibited      

mushroom tyrosinase activity in a concentration-dependent     

manner (Fig. 5D). Kojic acid, used as positive control, also         

reduced the activity of mushroom tyrosinase. 

Next, we performed western blotting assays to investigate       

the molecular mechanism on the anti-melanogenesis effect of       

TSL in α-MSH–stimulated B16F10 cells. In Fig. 5E, the protein         

levels of tyrosinase, Tyrp-1 and Tyrp-2 are increased by α-         

MSH in B16F10 cells. Data also showed that TSL reduced the          

protein expression of tyrosinase, Tyrp-1, and Tyrp-2 in α-MSH-        

stimulated B16F10 cells in a dose-dependent manner.

DISCUSSION

Generally speaking, the desirable attributes of skin treatments       

from a cosmetic perspective include anti-aging, antioxidant and       

anti-melanogenesis activities. Previous studies have established     

that extracts of Toona Sinensis possess a variety of desirable         

properties, including anti-inflammatory, anticancer, and antiviral     

effects (Peng et al., 2019; Chen et al., 2022).

However, not much is currently known about the pharmacological        

effects of Toona Sinensis on skin cells. Considering that TSL         

contains gallic acid, limonoids, and quercetin, which are       

preferred as cosmetic and nutritional ingredients, we here sought        

to study the potential cosmetic and pharmacological benefits       

that might be expected from application of TSL to skin cells.

In this study, we provide the first demonstration that TSL         

exerts anti-inflammatory, antioxidant, anti-melanogenesis, and    

anti-aging effects on appropriate in vitro cell models. IL-6 and         

IL-8 – representative pro-inflammatory cytokines – mediate      

skin inflammation caused by skin irritation (Tang et al., 2017).

In addition, induction of IL-6 and IL-8 by TNF-α is usually          

regulated by NF-κB (nuclear factor kappa-light-chain-enhancer     

of activated B cells) or MAPK (mitogen-activated protein kinase)        

signaling pathways (Grund et al., 2008; Lin et al., 2014).

We confirmed that TSL clearly inhibited IL-6 and IL-8        

production in TNF-α–stimulated keratinocytes and dermal     

fibroblasts in this study, although additional studies will be        

required to determine whether the underlying molecular      

mechanisms involve inhibition of NF-κB or MAPK signaling       

pathway.

In addition, we assessed the anti-aging actions of TSL by         

investigating its effects on the expression level of MMP-1.        

Collagen, a major family of ECM proteins that plays a role in           

maintaining the tissue structure of the dermis, is degraded by         

MMP-1 in human aging skin (Järveläinen et al., 2009).        

Although TSL did not directly increase the expression of        

procollagen type I (data not shown), we found that it did          

significantly inhibit MMP-1 expression, indicating that TSL      

could exert an anti-aging effect on dermal fibroblasts through        

the suppression of collagen degradation.

We also confirmed the antioxidant effect of TSL in a cell-          

free system using DPPH scavenging assay. TSL showed       

antioxidant activity in all concentrations used in the experiment,        

and this result may be due to the presence of gallic acid,           

limonoids, and quercetin, which are known as antioxidants, in        

TSL. Future studies will determine whether TSL has       

antioxidant effects on skin cells. In addition, because enzymes        

such as catalase (CAT) and superoxide dismutase (SOD) are        

involved in antioxidant mechanisms (Sadi et al., 2008), we        

plan to test whether TSL increases the expression of these         

enzymes in skin cells as a measure of its antioxidant effects.

Lastly, we demonstrated that TSL significantly reduced α-       

MSH–stimulated increases in melanin in vitro. Tyrosinase plays       

a key role in promoting melanin synthesis during melano-        

genesis through two consecutive reactions: hydroxylation of L-       

tyrosine to L-DOPA, and oxidation of L-DOPA to DOPA-        

quinone, leading to skin pigmentation.

In the present study, we demonstrated that TSL clearly        

inhibited tyrosinase activity, suggesting that TSL could exert       

anti-melanogenic effects through tyrosinase inactivation. Thus,     

we evaluated the effect of CSL treatment on tyrosinase and its          

sub-signaling gene expression.

Two additional important contributors to melanogenesis are      

the transcription factor microphthalmia-associated transcription    

factor (MITF) and melanosomal enzyme tyrosinase related      

protein 1/2 (Tyrp-1/2) (Yasumoto et al., 1997; Bertolotto et al.,         

1998). Therefore, it is necessary to determine whether the anti-         

melanogenesis efficacy of TSL reflects regulation of MITF       

and/or Tyrp-1/2 protein expression. We confirmed by western       

blotting assay that TSL reduced the protein expression of        

tyrosinase, Tyrp-1, and Tyrp-2 in α-MSH–stimulated B16F10      

cells.

Collectively, our findings confirmed several positive effects      
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of TSL in skin physiology that suggest its potential        

pharmacological efficacy. Using TSL as an active ingredient in        

cosmetics will likely require demonstrating other beneficial      

effects of TSL, such as anti-acne and hair growth activity, in          

skin cells. Interesting in this context, TSL is known to exert          

antibacterial effects, inhibiting the acne bacterium P. acnes       

(Lim et al., 2020).

However, further experiments are needed to confirm these       

anti-acne effects such as sebum reduction at the cell level         

through Oil Red O staining or Nile Red staining using sebocytes.          

Moreover, the proliferative or protective effect of TSL on        

human hair follicle dermal papilla cells (HFDPCs) should be        

confirmed to establish the effect of TSL on hair growth.

It will also be important to investigate the expression of hair          

growth-promoting factors, such as vascular endothelial growth      

factor (VEGF), insulin-like growth factor (IGF-1), hepatocyte      

growth factor (HGF), and epidermal growth factor (EGF)       

(Choi, 2020; Zhou et al., 2021).

In conclusion, using the experimental findings presented here       

as a framework, we plan to further explore the potential of          

TSL as a cosmetic ingredient for anti-acne and anti-alopecia in         

a future study.

Collectively, our research suggests the novel possibility that       

TSL could be an efficacious skin treatment agent for further         

development in cosmetics and pharmaceuticals. 
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