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Abstract

:

In this study, in order to explore the anti-melanogenic effect of PFE (Paederia foetida L. extract) and suggest its availability, B16F10 cells, which are murine melanoma cells, were stimulated with alpha-Melanocyte-stimulating hormone (α-MSH) to conduct an in vitro experiment. Treatment with PFE in B16F10 cells with activated melanogenesis due to stimulants showed that PFE significantly inhibits melanin content as well as intracellular tyrosinase activity within a range that does not cause cytotoxicity. In addition, Western blot assay demonstrated that PFE strongly inhibited the protein expression of not only tyrosinase-related protein (TRP)-1, -2, and tyrosinase, but also microphthalmia-associated transcription factor (MITF). Moreover, mechanism studies have shown that PFE processing inhibited the activation of melanin production by regulating the phosphorylation of each mitogen-activated protein kinase (MAPK) family in the MAPK signaling pathway. To test the biocompatibility of PFE on human skin, a primary skin irritation test was performed. The results revealed that PFE did not have any side effects on human skin. These findings suggest that PFE holds great potential as a skin whitening agent and in the prevention of hyperpigmentation disorders.






Keywords:


Paederia foetida L.; anti-melanogenesis; MAPK; skin whitening; B16F10 melanoma cell; bioactivity; ERK; JNK












1. Introduction


Melanin is present extensively in the tissues of the skin, eyes, and hair of mammals. Melanin is synthesized in melanosomes in the cytoplasm of melanocytes, which are dendritic cells; its expression is regulated by various mechanisms within the cells and is transferred to surrounding keratinocytes. Melanin is composed of brownish-black eumelanin as well as reddish-yellow pheomelanin. In particular, the amount of eumelanin plays a crucial role in determining the coloration in mammals. The major act of melanin is absorbing ultraviolet radiation and blocking its penetration into the human body, protecting the skin from photo-damage [1,2,3,4,5,6]. Thus, lack of melanin from the epidermis exposes skin to harmful UV light, and this may cause hypopigmentation disorders, including vitiligo, albinism, and grey hair [7,8]. However, excessive accumulation in the skin due to abnormal over-expression of melanin pigments can also lead to the development of skin disease, including lentigo, melanoma, blotches, and freckles, etc. [9,10].



Important enzymes involved in melanogenesis include tyrosinase and tyrosinase-related protein 1, 2 (TRP-1, -2). L-Tyrosine, an essential amino acid in the initial stages of melanin synthesis, which is converted to dihydroxyl-L-phenylalanine (L-DOPA) through hydroxie reaction by tyrosinase, and L-DOPA is oxidized to DOPAquinone, and then DOPAchrome. The DOPAchrome obtained thusly is converted to 5,6-dihydroxy-2-indolylcarboxylic acid (DHICA) by TRP-2. Ultimately, DHICA is transformed into in-dole-5,6-quinone-carboxylic acid by TRP-1 to produce black or brown eumelanin. Tyrosinase is a direct influence throughout the synthesis of eumelanin and pheomelanin, and TRP-1 and TRP-2 are known to be closely linked to the synthesis of eumelanin [11,12,13,14].



Microphthalmia-associated transcription factor (MITF), which is an important transcription modulating factor in melanin synthesis, binds to the tyrosinase promoter, M-box, to facilitate the transcription of tyrosinase, TRP-1, and TRP-2 within the nucleus of melanocyte. Therefore, the effect of suppressing MITF expression of the sample becomes an important indicator for whitening studies [15,16,17].



In addition, it has been observed in previous research that MITF expression is controlled by phosphorylation of mitogen-activated protein kinases (MAPK) [18,19,20]. Moreover, it also has been explored that inhibition of p38 and JNK, along with the activation of ERK phosphorylation, reduced MITF and melanogenic enzyme expression, resulting in the downregulation of melanogenesis [21,22,23].



Whitening agents currently used in the cosmetic field include arbutin and kojic acid, which inhibit the tyrosinase activity, and L-ascorbic acid and glutathione, which inhibit melanin synthesis. However, since these compounds are decomposed or have low stability, they are used only in a limited amount as additives, so development of whitening agents using natural products is required [24].



Paederia foetida L., an odorous sulfurous-smelling plant belonging to the Rubiaceae family, is widely distributed across Asia. It has been traditionally used in folk medicine to treat various gastrointestinal disorders such as diarrhea and dysentery, stomach edema, gastritis, abdominal pain, and indigestion [25,26]. The leaves are also used as anti-ulcer agents [27]. Paederia foetida L. possesses strong pharmaceutical bioactivities owing to its anti-cancer properties in human prostate cancer cells, along with it its anti-arthritic, anti-diarrheal, anti-inflammatory, as well as gastroprotective activities [28,29,30,31]. However, the anti-melanogenic effects of Paederia foetida L. have not been thoroughly investigated to date. Therefore, this study confirmed whether there is an effect of inhibiting melanin production by treating Paederia foetida L. extract (PFE) to B16F10 cells with increased melanin production due to alpha-Melanocyte-stimulating hormone (α-MSH) stimulation. In addition, it also checked how PFE regulates each signaling pathway in the cell through a mechanism study.




2. Materials and Methods


2.1. Paederia foetida L. Extract


Paederia foetida L. was obtained from CoseedBioPharm Co., Ltd. (Jeju, Korea). Air-dried Paederia foetida L. (20 g) was mixed with 70% EtOH (1.2 L) and incubated overnight at 21–23 °C. Subsequently, the extract was filtered three times using filter paper, and the solvent was evaporated to obtain a solid extract. The extract was powdered by freeze-drying and stored it at −4 °C. The sample was dissolved in 70% EtOH at the concentrations (50, 100, and 200 μg/mL) to use for further experiments.




2.2. Cell Culture


The B16F10 cells (Korean Cell Line Bank, Seoul, Korea) purchased for use in this experiment were cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 1% penicillin/streptomycin and 10% fetal bovine serum (FBS) and incubated under 37 °C, 5% CO2 humidified conditions.




2.3. Measurement of Cell Viability


Cell cytotoxicity was determined via a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were dispensed into a 96-well plate for cell culture at a concentration of 1.0 × 104 cells/well, and after a day, it was confirmed that the cells were completely attached. Next, PFE diluted with various concentrations was added in triplicate to each well and incubated for 2 days. Following this, the MTT solution was added and after 4 h the medium was subsequently removed. The insoluble MTT formazan crystals were solubilized by DMSO (1 mL). For MTT assays, after cell culture was complete, MTT solution was added to each well at a concentration of 0.5 mg/mL, reacted at 37 °C for 4 h. Then, after wash with PBS buffer, and 1 mL of DMSO was added to each well, followed by using a microplate spectrophotometer (Tecan, Mannedorf, Switzerland) to measure absorbance at 540 nm.




2.4. Analysis of Cell Melanin Content


Cells were dispensed into a 6-well plate for cell culture at a concentration of 5.0 × 104 cells/well, and after a day, it was confirmed that the cells were completely attached. Next, PFE diluted with various concentrations was pretreated in triplicate to each well and incubated for 2 h. The cells were then treated with the native hormone, α-MSH (200 nM), and incubated at 37 ºC for another 72 h. For melanin content analysis, after cell culture was completed, the medium was removed, the color of the cell pellet was observed, and the cells were washed twice with phosphate buffered saline (PBS). Then, 1 mL of 1N NaOH containing 10% DMSO was added directly to each well, the cells were lysed at 80 °C for 1 h at 300 rpm, and the absorbance was measured at 405 nm.




2.5. Analysis of Intracellular Tyrosinase Activity


The equal amount of cells as melanin contents assay was seeded and treated with various concentrations of PFE (50, 100, and 200 μg/mL). For tyrosinase activity test, after centrifugation was carried out to remove the medium, the cell pellets were incubated for 10 min in lysis buffer (radioimmunoprecipitation assay) containing a 1% protease/phosphatase inhibitor cocktail. The cells were scraped and collected in an e-tube and vortexed three times every 10 min to lyse the cells. After centrifugation at 15,000 rpm for 30 min at −8 °C, 80 μL of L-DOPA (2 mg/mL), which was diluted with 0.1 M sodium phosphate buffer, and 20 μL of each quantified protein sample were placed and mixed and then incubated at 37 °C for 2 h. The absorbance of each concentration after a 2 h reaction was measured once at 490 nm to obtain an optical density (O.D) value.




2.6. Preparation of Western Blot Analysis


The equal amount of cells as melanin contents assay was seeded and treated with various concentrations of PFE. Following this, the cell was lysed and centrifuged, and then each fresh lysate (without freezing) was quantified using the bicinchoninic acid assay (BCA) kit. The protein levels were adjusted, which were mixed with the 2 × Laemmli sample buffer to form a Western blot sample. These samples were subsequently denatured at 100 °C for 5 min. Each denatured sample (total volume 20 μL) was loaded on 10% sodium dodecyl sulfate (SDS) polyacrylamide gels for 1 h at 150 V. Following this, using Trans-Blot Turbo (Bio-Rad, Hercules, CA, USA), the gels were blotted onto polyvinylidene difluoride (PVDF) membranes for 7 min. The membranes were incubated using blocking solution, which contained 5% skim milk in Tris-buffered saline containing 0.4% Tween 20 (TBST) buffer for blocking the membranes during 1 h. After that, the membranes were washed every 10 min with TBST buffer over a period of 1 h. The specific primary antibodies (1:1000) were diluted with TBST containing 5% skim milk, which were incubated for 24 h at 4 °C with membrane. Subsequently, the membranes were washed every 10 min for 1 h, and each membrane was hybridized with antimouse IgG or antirabbit IgG conjugated with horseradish peroxidase for 1 h at 25 °C. The membranes were washed six times with TBST, reacted with a chemiluminescence (ECL; Biosesang, Seongnam, Gyeonggi-do, Korea) kit, and then photosensitized to visualize the protein. For quantitative analysis, the amount of protein expression was determined by the ImageJ program (NIH, Bethesda, MD, USA).




2.7. Preparation of Primary Skin Irritation Test


The test on human skin irritation of PFE conducted by the Korean Dermatology Research Institute was conducted as follows. A total of 32 subjects without any existing skin problems participated in the test. Their age range was from 20 to 58 years, while the average age of the subjects was 42 years. All of the subjects’ skins were kept clean and dry, and stabilized at room temperature for at least 30 min. The surface of the skin area to be tested was sterilized by ethanol (70%) before a PFE (1%) patch was placed on the skin and subsequently removed after 24 h. Thirty minutes after removal of the patch, the skin condition of the tested site was observed. The skin response evaluation was based on the guidelines issued by the Personal Care Products Council (PCPC) as well as the International Contact Dermatitis Research Group (ICDRG) (Table 1 and Table 2). All assessments were conducted by qualified professional researchers or dermatologists in this field after obtaining approval from the Ethics committee (Approval number: KDRI-IRB-20484).


   Irritation   Index  =    Σ   Irritation   score   at   24 ,   48 ,   and   72   h     Total   number   of   observations     












2.8. Significance Test through Statistical Analysis


All result values were statistically processed after triplicates and were expressed as the mean ± standard deviation of the values obtained by the experiment. The statistical analysis of this study was verified by a one-way ANOVA test using SigmaStat (ver 2.1), and p < 0.05 was determined to be statistically significant.





3. Results and Discussion


3.1. Effect of PFE on Cell Viabilty


In order to determine the concentration of PFE that can be administered without causing cytotoxicity, the cells were treated with extracts diluted at various concentrations to confirm the survival range of cells. Recent studies indicated that α-MSH was normally used in treatment concentrations ranging from 10 to 1000 nM for B16F10 cells stimulation. Therefore, we treated 200 nM of α-MSH to stimulate B16F10 cells [32,33,34,35,36]. As depicted in Figure 1, the cell viability did not vary significantly at the different concentrations (50, 100, and 200 μg/mL) compared to the untreated control. Therefore, further experiments were conducted using these concentrations.




3.2. Melanin Content and Intracellular Tyrosinase Inhibitory Activity by PFE Treatment


Subsequently, the variation of melanin content and tyrosinase activity due to PFE treatment was measured in cells treated with arbutin (positive control) and α-MSH (negative control). The cells stimulated with α-MSH alone increased the melanin content by 1.4-fold compared to the non-treated cells. However, melanin contents of arbutin (200 μM) and PFE (50, 100, and 200 μg/mL) was reduced by 20.9%, 13.7%, 22.3%, and 26%, respectively, compared to the α-MSH treated alone group (Figure 2A). Additionally, a tyrosinase activity test was performed to determine whether these results were due to a decrease in tyrosinase activity. As observed in Figure 2B, the stimulated cells increased the tyrosinase activity by 3.8-fold compared to the non-treated cells. However, tyrosinase activity of arbutin (200 μM) and PFE (50, 100, and 200 μg/mL) was reduced by 44.2%, 15.0%, 35.9%, and 67.0%, respectively, compared to α-MSH treatment alone. It was confirmed that the activity of tyrosinase in α-MSH-stimulated cells was significantly decreased due to PFE treatment.




3.3. Downregulation of PFE on Melanogenic Enzymes and MITF Expression


Melanogenic enzymes (TRP-1, -2, tyrosinase) have been reported to increase the production of melanin through each cycle of melanogenesis in the melanosomes. Moreover, these melanogenic enzymes are regulated by MITF expression [11,12,13,14,15,16,17]. Therefore, Western blot experiments were performed to evaluate whether PFE affects melanogenic enzymes expression. As depicted in Figure 3, TRP-1, -2, as well as tyrosinase protein levels were significantly suppressed by PFE treatment compared to those in the negative control (α-MSH-treated) group. As can be seen from the expression level of the melanogenic enzymes in Figure 3, it can be seen that the expression of MITF (Figure 4) was also inhibited depending on the concentration of treatment with PFE. In particular, the protein levels of both melanogenic enzymes and MITF in the presence of 200 μg/mL PFE was lower than that of the untreated control cells. As a result, this indicated that PFE reduced the expression level of melanogenic enzymes and MITF, thereby downregulating melanogenesis in B16F10 cells.




3.4. Effect of PFE on MAPK Phosphorylation


It has been observed in previous research that MITF expression is controlled by phosphorylation of mitogen-activated protein kinases (MAPK). Moreover, it has also been explored that inhibition of p38 and c-Jun N-terminal kinase (JNK), along with the activation of extracellular signal regulated kinase (ERK) phosphorylation, reduced MITF and melanogenic enzyme expression, resulting in the downregulation of melanogenesis [18,19,20,21,22,23]. As a result of confirming whether PFE treatment affects the phosphorylation expression of each MAPK family, PFE promoted the phosphorylation of ERK and inhibited the phosphorylation of JNK and p38 at each treatment concentration when compared to the negative control (Figure 5). In particular, at the highest treatment concentration of 200 μg/mL PFE, a significant change in the expression levels was observed. Therefore, these results suggest that PFE exerts anti-melanogenic effects in the melanoma cells by reducing MITF expression via the MAPK signaling pathway.




3.5. Primary Skin Irritation Test of PFE


The primary skin irritation test is an experimental method that evaluates the direct toxic action of an irritating substance. Therefore, it is used to determine a spontaneously occurring erythema or edema incident to the application of cosmetic products. In order to determine whether PFE is a biocompatibile material for use as a potential cosmetic ingredient, a human primary irritation test was conducted by placing a testing patch on human back skin. As presented in Table 3, PFE did not exhibit any specific indications of irritation—such as erythema, pruritus, or burning—at 24, 48, and 72 h after the patch was removed. These data suggest that PFE can be safely used as a potential cosmetic ingredient in whitening.





4. Conclusions


In conclusion, this study is the first to evaluate the inhibitory effect of PFE on melanin production in B16F10 melanoma cells. Moreover, PFE has been shown to exert anti-melanogenic effects in cells by inhibiting MITF and melanogenic enzymes via the activation or inhibition of phosphorylation of MAPK family in the MAPK signaling pathway. The human skin irritation test results further confirmed that PFE did not have any severe side effects. Consequently, these findings suggest that PFE may be considered a promising candidate for use as a skin whitening ingredient. However, more exhaustive research—such as high-performance liquid chromatography (HPLC)—will be necessary in order to analyze the individual components of PFE that are responsible for its whitening activity.
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Figure 1. Variation in cytotoxicity of B16F10 cells to Paederia foetida L. extract (PFE) treatment concentration. Results in the graph are represented as the mean ± SD of at least triplicate experiments. *** p < 0.001 vs non-treated cells. 
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Figure 2. Variation in (a) melanin content and (b) tyrosinase activity of B16F10 cells to PFE treatment concentration. The cells, alpha-Melanocyte-stimulating hormone (α-MSH)-stimulated, were treated with the PFE and arbutin (200 μM). Results in each graph are represented as the mean ± SD of at least triplicate experiments. ### p < 0.001 vs. non-treated. ** p < 0.01, *** p < 0.001 vs. α-MSH-treated alone. 






Figure 2. Variation in (a) melanin content and (b) tyrosinase activity of B16F10 cells to PFE treatment concentration. The cells, alpha-Melanocyte-stimulating hormone (α-MSH)-stimulated, were treated with the PFE and arbutin (200 μM). Results in each graph are represented as the mean ± SD of at least triplicate experiments. ### p < 0.001 vs. non-treated. ** p < 0.01, *** p < 0.001 vs. α-MSH-treated alone.



[image: Cosmetics 08 00022 g002]







[image: Cosmetics 08 00022 g003 550] 





Figure 3. Variation in melanogenic enzymes expression of B16F10 cells to PFE treatment concentration. The cells, α-MSH-stimulated, were treated with the PFE and arbutin (200 μM) for 40 h. (a) The band of melanogenic enzymes and the graph by quantified protein levels of (b) tyrosinase-related protein (TRP)-1/β-actin, (c) TRP-2/β-actin, and (d) tyrosinase/β-actin. Results in each graph are represented as the mean ± SD of at least triplicate experiments. ## p < 0.01, ### p < 0.001 vs. non-treated. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. α-MSH-treated alone. 
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Figure 4. Variation in microphthalmia-associated transcription factor (MITF) expression of B16F10 cells to PFE treatment concentration. The cells, α-MSH-stimulated, were treated with the PFE and arbutin (200 μM) for 40 h. (a) The band of MITF and (b) the graph by quantified protein levels of MITF. Results in the graph are represented as the mean ± SD of at least triplicate experiments. ### p < 0.001 vs. non-treated. ** p < 0.01, *** p < 0.001 vs. α-MSH-treated alone. 
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Figure 5. Variation in mitogen-activated protein kinase (MAPK) expression of B16F10 cells to PFE treatment concentration. The cells, α-MSH-stimulated, were treated with the PFE and arbutin (200 μM) for 40 h. (a) The band of MAPK and the graph by quantified protein levels of (b) phospho-extracellular signal regulated kinase (P-ERK)/ERK, (c) phosphor-c-Jun N-terminal kinase (P-JNK)/JNK, and (d) P-p38/p38. Results in each graph are represented as the mean ± SD of at least triplicate experiments. ## p < 0.01, ### p < 0.001 vs. non-treated. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. α-MSH-treated alone. P: phosphorylated; T: total. 
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Table 1. Skin irritation score system.






Table 1. Skin irritation score system.





	Grade
	Description of Clinical Observation





	0 (−)
	No signs of inflammation, normal skin



	0.5 (±)
	Doubtful or slight reaction



	1 (+)
	Slight erythema



	2 (++)
	Moderate erythema, with or without partial edema or papules



	3 (+++)
	Moderate erythema with diffuse edema



	4 (++++)
	Intense erythema with diffuse edema and the presence of vesicles
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Table 2. Skin irritation judgment.






Table 2. Skin irritation judgment.





	Range of Response
	Inference





	0 ≤ * R < 0.02
	No irritation



	0.02 ≤ R < 0.25
	Low irritation



	0.25 ≤ R < 1
	Slight irritation



	1 ≤ R < 2.5
	Moderate irritation



	2.5 ≤ R
	Severe irritation







* Irritation Index.
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Table 3. Results of the human skin primary irritation test.






Table 3. Results of the human skin primary irritation test.





	
NO.

	
PFE (1%)

	
Blank




	
Reaction

	
Reaction




	
24 h *

	
48 h

	
72 h

	
24 h *

	
48 h

	
72 h






	
Grade

	
0.5

	
0

	
0

	
0

	
0

	
0




	
Total number of observations

	
96

	
96




	
Irritation Index

	
0.005

	
0




	
Judgment

	
No irritation

	
-








* Measured 30 min after removal of the patch.
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