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Abstract 
Skin lightening and tanning are two major areas dominating the market of skincare 
and cosmetic products. Though the demands are originated from two different 
communities, the two areas share a same goal—skin colour tuning. The known safe 
compounds with skin colour tuning activities are limited. In contrary, Chinese medi-
cinal herb provides a pool of natural bioactive compounds, which have been used in 
Asian countries for long time and have been tested for its toxicity. Here, we demon-
strate a high throughput screening platform for potential compounds usable for skin 
colour tuning. From 147 natural compounds, 26 of them showed potential in skin 
tanning functions by using the high throughput melanogenesis platform based on 
the melanogenesis assay on B16 melanocytes. Five of them promoted melanogenesis 
by over 50%. Moreover, apart from 1, 8-dihydroxyanthraquinone, the other four 
compounds showed enhancement effect on tyrosinase activity. From the result, the 
compounds increased the Vmax of tyrosinase without changing the Km in a dose- 
dependent manner. Thus, there should be no irreversible structural change of the 
enzyme. Definitely, this report contributes to the development of personalization in 
skincare and cosmetic products. 
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1. Introduction 

The global cosmetics market increased from 127 billion euro to 181 billion euro with an 
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average growth of 3.8% yearly in the last decade. According to the market information 
in 2014, the largest segment of cosmetic products belonged to skincare products, which 
shared 35% of the global cosmetics market. Geographically, Asian Pacific represented 
35% of the overall market sales, followed by Western Europe (22%) and North America 
(21%) [1]. Interestingly, the demands in skincare products of the populations of the two 
largest markets of cosmetics, the east (Asian Pacific) and the west (Western Europe), 
also go poles apart. According to an online international consumer survey including 
6,600 cosmetic products consumers in 2014, the number of consumers in skin lighten-
ing products (~30%) doubled the number for skin tanning (~15%) in both India and 
China. The difference extended to six folds in Indonesia (30% skin lightening products 
users over 5% skin tanning users). In Japan, the market almost completely dominated 
with skin lightening needs while nearly none of Japanese demanded on skin tanning 
products. The situations in Germany and France were just opposite. Less than 1% of 
customers interested in skin lightening products and nearly the whole markets de-
manded for skin tanning products. The demands in skin lightening and tanning prod-
ucts were similar in countries located at the central region (e.g. Turkey and Russia). 
Seemingly, the differential demands in skin colour tuning were heavily depended on 
the matters of racial, geographical regions and cultures. 

A collection of bioactive molecular tools was needed for making fine adjustment of 
skin colour, unfortunately, the choice for safe skin colour tuning was limited. Clinically, 
2% hydroquinone was regarded as a golden standard for skin lightening [2]. However, 
the drug was prohibited by FDA in 2006 because of its potential risk in skin cancer. The 
derivatives of hydroquinone by adding a glycoside, named arbutin, was then developed 
to replace hydroquinone. But the low efficacy in skin lightening made arbutin being re-
jected by the market. New skin lightening agents like gallic acid from gallnut and kojic 
acid from the by-products of Japanese rice wine (i.e. Sake) were reported [3]. However, 
the mechanisms of tyrosinase inhibition of gallic acid and kojic acid is still under inves-
tigation. Some countries (e.g. Switzerland) banned kojic acid for the potential of tu-
mour development in liver and thyroid under abnormally high dosage. 

Recently, our group has reported a new skin lightening agents called N-acetylneu- 
raminic acid (NANA) [4]. NANA is a derivatives of monosaccharides derived from a 
natural health food supplement, ediblebird’s nest (EBN; Yan Wo), or named cubilose. 
EBN is made of salivary secretion of specific swiftlets (e.g. Aerodramus fuciphagus). 
EBN has been consumed by the populations in China and Southeast Asian countries for 
its skincare function, especially for skin lightening, for over 800 years. The biological 
functions of EBN were not only well recorded in ancient Chinese literatures, but also 
reported in a list of scientific publications in previous years [5] [6] [7] [8]. EBN was not 
the only natural health food which recorded in the ancient Chinese literature for skin-
care functions. An ancient writing about several medicinal formula and acupunctural 
points was found in Dunhuang Grottoes (Grottoes of 400 - 1400 AD, located at the east 
of Dunhuang city, province, China) in 1907. The original copy is now preserved in the 
British museum. The Chinese version with explanatory notes was published in 1995 [9]. 
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From the ancient writing found in Dunhuang Grottoes, some of the described Chinese 
medicinal formulations were related to skincare and haircare. The choice of Chinese 
medicines and their preparation methods were still adopted by Chinese medicine prac-
titioner for the same medication today. Indeed, the pool of potential bioactive mole-
cules derived from Chinese medicine was large. However, the work load in selecting the 
correct types of natural compounds was also tremendous. A high throughput screening 
platform for skin lightening function will definitely lower the hurdles. 

2. Materials and Methods 
2.1. Chemicals 

One hundred and forty seven compounds natural compounds were purchased from the 
Center for Chinese Medicine, HKUST (Hong Kong, China). All compounds were pre-
served in lyophilized form at −20˚C. A stock solution in DMSO at 100 mM was pre-
pared and filter sterilized before the experimental. Vitamin Cand kojic acid were pur-
chased from Sigma-Aldrich (St. Louis, MO). 

2.2. Cell Culture Conditions 

B16 cells (CRL-6323TM; American Type Culture Collection (ATCC, Manassas, VA) was 
purchased and cultured according to the recommendations provided [10]. B16 cell was 
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, Invitrogen, Carlsbad, CA) 
supplemented with 10% fetal bovinealbumin and Penicillin-Streptomycin (100 U/mL) 
under 5% CO2 and at 37˚C. Cells were sub-cultured every alternate day. Only passage 
between P8 to P18 of B16 could be served for the newly developed high throughput 
platform. Normally, the absorbance of the cultural medium should meet 0.5 - 0.7 at 405 
nm within 4 days due to the accumulation of secreted melanosomes containing mature 
melanin. Cell passage failed to fulfill this criteria were regarded as disqualified and were 
not applied for the screening purpose. 

2.3. High Throughput Melanogenesis Assay on B16 Melanocytes 

Twenty thousand B16 cells was seeded onto each well of 96-well culture plates and in-
cubated for 2 - 4 days at 37˚C with 1, 10 or 100 µM of all 147 natural compounds. Five 
mM of vitamin C and 2% kojic acid served as positive controls. The optical density of 
mixed solution was directly detected at 405 nm, and the absorbance was converted to 
melanin concentration by a standard curve. 

2.4. Tyrosinase Assay 

The enzyme activity of mushroom tyrosinase (Sigma-Aldrich) was monitored by do-
pachrome formation at 492 nm through the oxidation of substrate (L-DOPA). The 
reaction medium (200 µL) contained 0.5 mM L-DOPA in 50 mM sodium phosphate 
buffer (pH 6.8) and (pH 7.4). Five mM of vitamin C was used as an inhibitor control. 
The final concentration of mushroom tyrosinase was 0.2 mg/mL. In this method, 0.1 
mL of different concentrations of effectors was added to the reaction medium. The 
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reaction mixtures were loaded on a 96-well plate, and the formation of dopachrome 
was measured in optical density at 492 nm after 20 min of incubation under dark at 
room temperature. Absorption was recorded using micro-plate spectrophotometer. 

2.5. Protein Assay and Statistical Tests 

Medium with melanosomes were removed completely after the measurement for me-
lanogenesis. The concentration of protein was determined following the instructions of 
Bradford’s method with a kit from Bio-Rad Laboratories (Hercules CA). The analysis 
was done on a 96-well microtiter plate. In brief, one part dye reagent concentrate was 
diluted with 4 parts of double distilled water before use. Six dilutions of BSA standard 
(0.05 - 0.5 mg/mL) were used for the test: Ten µL of each standard, or a sample solu-
tion, were added with 0.2 mL of diluted dye reagent into separate wells and mixed well. 
After 10 min incubation at room temperature, absorbance at 595 nm was taken. The 
concentration of protein was determined from the standard curve. Statistical tests were 
done by using student t test and one way ANOVA provided in GraphPad Prism 5.0. 
Statistically significant changes was classed as [***] where p < 0.001. 

3. Results and Discussion 

From the screening result of 147 natural compounds using the high throughput plat-
form, twenty-six of them showed promotion effect on melanogenesis at varies levels 
(106% - 220% of basal level) (Data not shown). From which, five of them showed 
promising result in enhancing the formation of melanin, they were aristolochic acid I, 
nigakinone, astragaloside A, 1,8-dihydroxyanthraquinoneand quercetin-3-rhamnoside 
(Figure 1). All five compounds showed significant bioactivity at 100 µM and were in a 
dose-dependent manner (Figure 2). 

Tyrosinase is a key enzyme for melanogenesis converting tyrosine to L-DOPA, and 
then which further convertsto dopachromeas melanin. Melanin deposition on kerati-
nocytes is the source of dark colour of skin. To further investigate the skin tanning 
mechanism of our newly screened out compounds, tyrosinase activity assay was ap-
plied. Similar to the result of B16 melanogenesis, the treatment of 5 compounds in-
creased tyrosinase activity in dose-dependent manners. Although 1,8-dihydroxyanthra- 
quinone did not show significant result, the overall pattern followed the result on B16 
cells (Figure 3). Furthermore, the enzyme kinetic mechanism was then studied by ap-
plying Lineweaver-Burk plots. Apart from 1,8-dihydroxyanthraquinone, all four com-
pounds successfully changed the Vmax (maximum enzyme activity velocity) in dose- 
dependent manner without alteration of Km (Figure 4). Implying that the structure of 
tyrosinase should be stable without irreversibly conformational changed. The name, 
origin and the effects of compounds on Vmax of tyrosinase activity were summarized 
in Table 1. 

The enhancement in tyrosinase activities, as reported here, could not be the only 
reason to account for the dramatic increase in melanogensis. Other than altering the 
tyrosinase activity, the followings could be considered as possible explanations for the  
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Figure 1. Chemical structure of natural compounds with promoting effect on melanogenesis. 
Chemical structures of aristolochic acid I, nigakinone, as tragaloside A, 1,8-dihydroxyanthra- 
quinone and quercetin-3-rhamnoside. 

 
up regulation of melanogenesis induced by the identified compounds. Aristolochic acid 
I is an indicative compound found in Aristolochia spp. including Ma Dou Ling (Aris-
tolochia debilis), Tian XianTeng (Aristolochia contorta), Qing Mu Xiang (Aristolochia 
cucurbitifolia), Guang Fang Ji (Aristolochia fangchi) and Guan Mu Tong (Aristolochia 
manshuriensis) [11]. Aristolochic acid I was reported to be an extremely potent com-
pound associating with renal failure and urothelial cancer [12] [13]. Indeed, aristoloch-
ic acidI was the culprit of incident “Chinese herbs nephropathy” happened at Belgium 
in 2003. The promotion of melanin formation by aristolochic acid I could bean increase 
in tyrosinase expression via the Ras-MAPK pathway in B16 melonocytes: because 
which could mutate Ras and p53 [14]. Another possibility is that both aristolochic acid 
I and melanin share the same tyrosine—L-DOPA biosynthesis pathway. Despite the ex-
tremely high efficacy in skin tanning, aristolochic acid I is absolutely not recommended 
for skincare products development due to safety concerns. 
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Figure 2. Natural compounds promote melanogenesis in B16 cell model. The promotion effect of 
5 compounds including aristolochic acid I, nigakinone, astragaloside A, 1,8-dihydroxyanthra- 
quinone and quercetin-3-rhamnoside from 1 µM to 100 µM on melanogenesis were showed. All 
data were presented as Mean ± SD (n = 3). One-way ANOVA was performed on the data set by 
Graph Pad 5.0. Statistical significant differences were indicated. ***p < 0.001 versus control group 
(no drug treatment). 

 

 
Figure 3. Natural compounds promote melanogenesis via activating tyrosinase activity. The 5 
compounds including aristolochic acid I, nigakinone, astragaloside A, 1,8-dihydroxyanthra- 
quinone and quercetin-3-rhamnoside from 1 µM to 100 µM reduced the activities of mushroom 
tyrosinase (2 U). All data were presented as Mean ± SD (n = 3). One-way ANOVA was per-
formed on the data set by Graph Pad 5.0. Statistical significant differences were indicated. *p < 
0.01 and ***p < 0.001 versus control group (no drug treatment). 
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Figure 4. Activation mechanism of natural compounds on mushroom tyrosinase. The reaction rate of 
mushroom tyrosinase was defined as basal activity (i.e. 29.75 μM/min) with a substrate of 0.5 mM of 
L-DOPA. The activating effects of different natural compounds from 0 µM to 100 µM on mushroom 
tyrosinase activity were shown. The reaction velocity was calculated by the concentration of dopach-
rome, measured by spectrometer at 492 nm against time in min. Lineweaver-Burk plot of different 
concentrations of aristolochic acid I, nigakinone, astragaloside A and quercetin-3-rhamnoside on 
mushroom tyrosinase were illustrated. Mean values of Km and Vmax (n = 3) were calculated by 
GraphPad 5.0 after plotting the activity of mushroom tyrosinase against the concentration of different 
compounds. Corresponding linear equations for 0 μM and 100 μM were also showed. 
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Table 1. Variations in enzyme kinetics by the top five potential skin tanning compounds derived 
via the high throughput screening platform. 

Compound Origin Km 
Vmax 

(at 100 µM compound) 

Aristolochic acid I Aristolochia clematitis 1.491 0.396  0.742 

Nigakinone Picrasma excelsa 1.491 0.395  0.539 

Astragaloside A Astragalus spp. 1.491 0.393  0.506 

1, 8-Dihydroxyanthraquinone Derived from anthraquinone 1.491 0.394 

Quercetin-3-rhamnoside Fagopyrumtataricum 1.491 0.394  0.495 

Mean values of Km and Vmax were calculated by Graph Pad 5.0 after plotting the activity of mushroom tyrosinase 
against the concentration of different compounds using Lineweaver-Burk plot (n = 3). 

 
Nigakinone was an alkaloid which corresponding to the “bitterness” of Picrasmae 

Ramuluset Folium, originated from Picrasma quassioides. The bitterness of Picrasmae 
Ramuluset Foliumis even stronger than quinine and is frequently used as febrifuge and 
insecticide. Nigakinone is also a popular supplement for treating stomachache and to 
stimulate the appetite [15]. Here, this is the first report about the skin tanning effect of 
nigakinone. Up to now, no mechanistic study about the tanning effect of nigakinone 
has been reported. 

Astragaloside A is a specific bioactive compound of a well-famed Chinese medicine - 
Astragalius Radix. According to Chinese medicinal theory, Astragalius Radix can pro-
mote circulation of “Qi”, a form of vital energy, in our bodies. Many famous ancient 
Chinese decoctions included different ratio of Astragalius Radix. For the past decades, 
our group has studied several decoctions with Astragalius Radix, such as Danggui Bux-
ue Tang [16] [17] [18]; Fo Shou San and Yu Ping Feng San [19] [20] [21]. Astragalius 
Radix was able to abolish the ubiquity in degradation system and resulted the accumu-
lation of hypoxia inducible factor 1 alpha (HIF-1α) [22] [23]. Thus, a pseudo-hypoxic 
environment could be generated at cellular level. While melanocyte settling at the basal 
lamina of skin epidermal layer should be the most hypoxic region across multiple layers 
of skin [24]. The hypoxic microenvironment of skin could contribute to melanogenesis 
via HIF-1α [25] and Akt pathway [24]. Possibly, astragalo side A could be one of the ac-
tive components for abolishment of HIF-1α degradation in melanocyte, and thus en-
hance the melanogenesis through Akt pathway. Our preliminary data showed an in-
crease in content of HIF-1α protein after a 24 hours treatment of astragalo side A on 
cultured A375 cell (human melanocytes). Certainly, more evidence is needed to eluci-
date the detail mechanism of the promotion effect in melanogenesis by astragalo side A. 

Dihydroxyanthraquinone, also known as dantron, was synthetically derived from 
anthraquinone. This is a common laxative. No known report is describing the skin tan-
ning function of dihydroxyanthraquinone. Structurally, dihydroxyanthraquinone con-
tains 2 phenolic group that is a hallmark for skin lightening agent (e.g. hydroquinone). 
Anthraquinone is a redox active compound. It is possible that its derivative can under-
go a distinct pathway for skin tanning without changing the activity of tyrosinase. Un-
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fortunately, dihydroxyanthraquinone was considered as carcinogen by the US FDA, 
and which may not be a good candidate for cosmetic product development. Similar to 
dihydroxyanthraquinone, quercetin-3-rhamnoside also contains several phenolic 
groups. Actually, quercetin-3-rhamnoside is a glycoside formed from the flavonoid 
quercetin and the deoxy sugar rhamnose. Quercetin is a non-specific protein kinase 
enzyme inhibitor, as well as its abilities to activate estrogen receptors. 

Here, we demonstrated the application of a cell based high throughput platform for 
skin colour tuning using specialized B16 melanocytes. Compared to the general proce-
dures of B16 melanogenesis assay, our newly developed method could be finished within 
2 - 4 days depending on the basal melanogenesis activity without the need for cell lysis 
and extraction of melanin [10]. As the two major time consuming steps were skipped, 
the screening work for 147 compounds in this study only required 3 days while nor-
mally it took 2 weeks. In 2014, the authority of China launched new regulations on 
cosmetic and skincare products, mainly following the requirement of Europe. In Eu-
rope, the 3D human skin model is recommended for testing cosmetic products; howev-
er, which is time consuming and expensive [4]. The current established cell testing 
therefore could be an alternative.  

4. Conclusion 

In conclusion, a high throughput screening platform on skin colour tuning was devel-
oped. With a demonstration of using 147 natural compounds, several potential natural 
skin tanning agents with promising effect were found. With the newly invented plat-
form, refined skin colour tuning for personalization in cosmetic and skincare products 
will become possible. Moreover, the newly discovered skin tanning agents could be 
added into skin protection products (e.g. sun block). The products will shorten the time 
of UV exposure to obtain same degree of skin tanning effect. Thus, the public risk for 
skin cancer will be largely reduced. 
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