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Salvia miltiorrhiza is a well-known and widely used medicinal plant for the treatment of angina pectoris, 
hyperlipidemia and acute ischemic stroke. However, no research has described the function of S. 
miltiorrhiza on melanogenesis. Therefore, in this study we analyzed the effect of S. miltiorrhiza leaf 
extract (SME) on the tyrosinase activity and the production of melanin of melanoma cells. Results 
indicated that SME at 0.1 mg/ml could enhance mushroom tyrosinase activity up to 132.14 ± 11.89% and 
increase melanin content up to 121.37 ± 16.57% in B16F10 melanoma cells. Besides, no cytotoxicity was 
observed when B16F10 cells were treated with SME. For this reason, we suggest that SME could be use 
for the treatment of hypopigmentation disorder and for development of gray hair preventing agents or 
self-tanning cosmetics.  
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INTRODUCTION 
 
Salvia miltiorrhiza Bunge (Lamiaceae), generally called 
Danshen, is an important and widely used medicinal plant 
of Traditional Chinese Medicine (TCM) for thousands of 
years (Wang and Wu, 2010). According to the usage of 
TCM, the dried root of S. miltiorrhiza can be used to 
promote blood flow and to resolve blood stasis. Thus, it is  
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also widely provided to patients for the treatment of 
angina pectoris, hyperlipidemia and acute ischemic 
stroke (Ho and Hong, 2011; Wang, 2010). The chemical 
components from S. miltiorrhiza root extract are classified 
into two major groups: water-soluble compounds 
(hydrophilic) and lipid-soluble diterpenoid quinines 
(lipophilic); these compounds of both categories have 
been mostly purified and identified (Han et al., 2008; 
Wang et al., 2011).  

The functional constituents of S. miltiorrhiza root 
extract, including tanshinones, tanshinlactone, salvianolic 
acids and danshensu, play the potent activities of 
antioxidant, antimicrobial, anticancer and anti-
inflammatory (Dong et al., 2011; Lee et al., 2008; Tang et 
al., 2011; Wang, 2010). Meanwhile, just a few researches 
have focused on the functions of S. miltiorrhiza leaf 
extract (Matkowski et al., 2008; Zhang et al., 2010b). 
These results indicated that the acetone and methanol 
extracts from S.miltiorrhiza leaves have potent 
antioxidant   activity.   Therefore,  S.  miltiorrhiza  has  the 



 

 
 
 
 
potentials for application of numerous fields. Moreover, 
with the utilization of natural resources increasing, S. 
miltiorrhiza has been widely used in the industries of 
pharmaceutics, foods and cosmetics.  

Although, a few articles had demonstrated the 
cytotoxicity or anti-invasion activity of S. miltiorrhiza on 
melanoma cells (Fronza et al., 2011; Zhang et al., 
2010a), however, no research had been done on the 
function of S. miltiorrhiza on melanogenesis of melanoma 
cells. Thus, in this study, we focused on the effect of leaf 
extract of S. miltiorrhiza on the tyrosinase activity and the 
production of melanin of melanoma cells.  
 
 
MATERIALS AND METHODS 
 

Chemicals 
 

S. miltiorrhiza was provided by WinPower Technology CO., LTD. 
(Kaohsiung, Taiwan). Vitamin C (ascorbic acid), mushroom 
tyrosinase, L-tyrosine, dimethyl sulfoxide (DMSO) and other 
chemicals were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine 
serum (FBS), penicillin, streptomycin and trypsin-
ethylenediaminetetraacetic acid (trypsin-EDTA) were purchased 
from Gibco BRL/Invitrogen (Carlsbad, CA, USA). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) was 
purchased from Affymetrix/USB (Cleveland, OH, USA). Deionized 
distilled water (ddH2O) for solutions was obtained from the Milli-Q 
system (Millipore, Bedford, MA, USA).  
 
 
Preparation of extracts 
 
The leaf part of S. miltiorrhiza was cleaned with pure water. After 
cleaning, the prepared leafs were dried by airing. The dehydrated 
S. miltiorrhiza leafs were homogenized and then extracted by cold 
water at 25°C for 30 min. The collected supernatant was filtered by 
filter paper (0.45 μM) to remove debris. Finally, the filtered S. 
miltiorrhiza extract was freeze-dried and stored at 4°C prior to use. 
The extraction yield of S. miltiorrhiza extract (SME) was also 
calculated.  

 
 
Tyrosinase activity assay  
 

Tyrosinase activity assay was performed using a modified 
dopachrome method (Alam et al., 2011). For the assay, each 60 μL 
sample with different concentrations were mixed with 100 μL 1 mM 
L-tyrosine in phosphate buffer solution (pH 6.8), and then add 40 μL 
mushroom tyrosinase solution (100 units/ml) to the mixture for a 25 
min incubation at 37°C. The spectrophotometric analysis was 
performed at 475 nm and the inhibition of dopachrome formation 
was calculated as inhibition percentage.  

 
 
Cell line and cell culture 
 

The B16F10 melanoma cells (BCRC 60031) was purchased from 
Food Industry Research and Development Institute (FIRDI, 
Hsinchu, Taiwan, R.O.C.). The B16F10 cells was cultured in DMEM 
medium supplemented with 10% FBS containing penicillin (100 
units/ml) and streptomycin (100 μg/ml), and were placed at 37°C in 
a 5% CO2 incubator. Cells grown in various culture dishes at 80% 
confluence were used in all experiments.  
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MTT Assay for cell viability 
 
The B16F10 cells were seeded in 96-well plates for 24 h with 6×103 
cells/well. The seeded cells were cultured in FBS-free medium for 
an additional 24 h. These cells were then treated with different 
concentration of samples for 48 h. When treatment was complete, 
the cells were added with 100 μL (0.5 mg/ml) solution of MTT at 
37°C for 30 min after washing twice with PBS. The cells were lysed 
with 100 μL DMSO and the absorbance was measured 
spectrophotometrically at 540 nm using an ELISA reader (Lin et al., 
2011). 
 
 
Melanin content analysis 
 
For melanin content analysis, vitamin C was used as the control 
agent. The B16F10 cells was seeded in the 6-well plates (2×105 
cells/well) using the DMEM medium supplemented with 10% FBS 
for 24 h. The cells were subsequently treated with different 
concentration of samples for 24 h and detached by 0.05% trypsin-
EDTA. The collected cell pellets were dissolved in 120 μL of 1 N 
NaOH for 1 h at 65°C and melanin contents were measured 
spectrophotometrically at 405 nm through an ELISA reader (Wang 
et al., 2011).  
 
 
Statistical analysis 
 
Quantitative data of the present study were analyzed using 
Student’s t-tests and presented as means ± S.D. for three 
independent experiments.  

 
 
RESULTS AND DISCUSSION 
 
In this study, we investigated the effects of S. miltiorrhiza 
extract (SME) on the melanin production of B16F10 
melanoma cell. The extraction yield of prepared SME is 
5.987%. Furthermore, the color appearance of SME is 
green to brown. Thus, result confirmed that the content of 
water-soluble components in S. miltiorrhiza leafs have 
about 6%. For tyrosinase activity assay, mushroom 
tyrosinase-catalyzed dopachrome formation was utilized 
to test the effect of SME. Besides, vitamin C (0.15 mM) 
was used as the control agent for this experiment and the 
results are shown in Figure 1. These results 
demonstrated that the SEM could help the activity of 
mushroom tyrosinase to increase the dopachrome 
formation. SME concentrations from 0.025 to 0.1 mg/ml 
raised the tyrosinase activity from 129.23 ± 7.8 to 132.14 
± 11.89% (Figure 1). Moreover, vitamin C at 0.15 mM 
displayed a potent inhibitory activity on mushroom 
tyrosinase (Figure 1).  

To confirm the effect of SME on melanogenesis, we first 
examined the cytotoxicity of SME to B16F10 cells. 
Different concentrations of SME were used to treat the 
cells and the results of cell viability are shown in Figure 2. 
The SME have no cytotoxicity on B16 cells if SME 
concentrations are between 0.025 to 0.1 mg/ml. Besides, 
cell viabilities of SME treated B16F10 cells are higher 
than 100% when SEM concentrations are higher than 
0.05 mg/ml. Cell viability of  0.05   and   0.1  mg/ml   SME  
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Figure 1. Effect of SME on tyrosinase activity. Vitamin C (VitC, 0.15 mM) was 
used as a control agent. Each value is expressed as mean ± S.E. (n = 3). *P < 
0.05, compared with the control.  
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Figure 2. Cell viability of B16F10 melanoma cells treated with SME. Each value 
is expressed as mean ± S.E. (n = 3). 

 
 
 
treated B16F10 cells is 104.38 ± 1.99 and 110.29 ± 
5.98%, respectively (Figure 2). Therefore, we also 
suggested that SME have some ability to stimulate the 
cellular growth on B16F10 cells. Several studies have 
described the effects of S. miltiorrhiza on the inhibition of 
cancer cell growth (Lee et al., 2008; Wang, 2010; Zhang 

et al., 2010a). Therefore, anticancer activities are often 
associated with some functional compounds of the root of 
S. miltiorrhiza, such as salvianolic acid B for oral 
squamous carcinoma cells (Yang et al., 2011), 
tanshinone IIA for breast cancer cells (Lu et al., 2009) 
and tanshinone I for non-small cell lung cancer cells  (Lee
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Figure 3. Melanin content of B16F10 melanoma cells treated with SME. Vitamin 
C (VitC, 0.6 mM) as control agent. Each value is expressed as mean ± S.E. (n = 
3). *P < 0.05, compared with the control.  

 
 
 
et al., 2008) and breast cancer cells (Nizamutdinova et 
al., 2008). However, our result indicated that the water-
soluble extract from leaf of S. miltiorrhiza could enhance 
the cellular growth of B16F10 cells. 

For the effect of SME on melanogenesis, we 
investigated the melanin production of B16F10 cells if it 
were treated with different concentrations of SME, and 
the results are shown in Figure 3. Results revealed that 
the melanin production of B16F10 cells was increased. 
The melanin content could be enlarged to about 121.37 ± 
16.57% when SME concentration is 0.1 mg/ml (Figure 3). 
In addition, the vitamin C treated B16F10 cells have only 
produced melanin at 87.91 ± 1.67%. Therefore, we 
suggested that SME could stimulate the production of 
melanin in B16F10 cells. Melanin synthesis in 
melanocytes is induced by numerous effectors, including 
α-melanocyte stimulating hormone (α-MSH), cyclic 
adenosine monophosphate (cAMP) elevating agents 
(such as forskolin and isobutylmethylxantine) and 
ultraviolet (UV) light (Ebanks et al., 2009; Hamid et al., 
2011; Lee et al., 2010; Sato and Toriyama, 2009). Several 
types of hypopigmentation disorder are caused by the 
reduction of melanogenesis functions (Guan et al., 2008; 
Passeron et al., 2005). Thus, obtaining a melanin 
production enhancing agents is a possible approach to 
treat those melanin-related diseases. Furthermore, the 
melanin production enhancing agents can also be used to 
prevent gray hair occurrence and to enhance the skin 
color by tanning.  

In summary, 0.1 mg/ml SME could enhance the 
tyrosinase activity up to 132.14 ± 11.89%. The SME at 
0.1 mg/ml also increased melanin content up to 121.37 ± 

16.57% in B16F10 cells. Moreover, the cell viabilities of 
SME treated B16F10 cells were higher than 100%. 
Therefore, these results suggest that S. miltiorrhiza leaf 
extract may be a potential candidate for the therapy of 
hypopigmentation disorder and for development of gray 
hair preventing agents or self-tanning cosmetics.  
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