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Abstract: Background: Crocus sativus (Iridaceae) has been traditionally used in the Iranian folk medicine and 
as a culinary additive. Major components of the plant that are responsible for biological properties are saffranal, 
crocin, picrocrocin and crocetin. Although the level of crocetin is not high, some of the important activities of 
saffron such as antioxidant activity have been attributed to crocetin.  

Objective: In the present study, we investigated the effects of crocetin on melanogenesis in B16 melanoma cells.  

Methods: The effect of crocetin on intracellular and mushroom tyrosinase activity and the content of melanin 
was evaluated spectrophotometrically. Tyrosinase and Microphthalmia-Associated Transcription Factor (MITF) 
protein levels were compared between Crocetin-treated and control cells after western blot analysis. The anti-
oxidative activity of crocetin was also investigated.  

Results: Crocetin could inhibit mushroom tyrosinase activity and lower the amount of melanin in B16  
melanoma cells. Protein levels of tyrosinase and MITF were also decreased by crocetin. Crocetin also showed 
antioxidant activity and depleted cellular Reactive Oxygen Species (ROS) content but had no cytotoxicity in 
alamarBlue® assay.  

Conclusion: Taken together, decreased tyrosinase activity, melanin content, tyrosinase and MITF proteins lev-
els, and ROS production showed the inhibition of melanogenesis in B16F10 cells by crocetin. Hence, crocetin 
could be suggested as a potential dermatological whitening agent in skin care products. 

Keywords: Crocus sativus, crocetin, Iridaceae, anti- tyrosinase, melanogenesis, B16F10 murine melanoma cells. 

1. INTRODUCTION 

 Melanin is the skin pigment of mammals which is synthesized 
by melanocytes. In humans, melanin determines the color of skin, 
hair and eyes. Melanin is synthetized in melanosomes - melanocyte 
cell membrane binding granules - and is transferred to keratinocytes 
through a physiological process called melanogenesis [1]. The key 
enzyme in melanin biosynthesis found inside melanosomes is a 
copper-containing enzyme, tyrosinase, which catalyzes two sepa-
rate reactions [2]. In the process of melanin formation, hydroxyla-
tion of a monophenol is followed by the conversion of an o-
diphenol to o-quinone by tyrosinase activity. The gene encoding 
tyrosinase enzyme is TYR [3]. 

 Oxygen free radicals are a subset of Reactive Oxygen Species 
(ROS) and are generated from exogenous and endogenous origins 
during normal metabolism and biochemical processes of the tissues 
of living organisms. As long as the amount of free radicals does not 
exceed the antioxidant capacity, they have positive effects on health 
and human development. Considering the role of ROS in various 
human diseases, antioxidants are essential to combat damaging  
 
 

*Address correspondence to this author at the Department of Pharmacody-
namics and Toxicology, School of Pharmacy, Mashhad University of Medical 
Sciences, Mashhad, Iran. P.O. Box: 9188617871, Mashhad, Iran;  
Tel: +98 513 8823255; Fax: +98 513 8823251;  
E-mail: amir_saheb2000@yahoo.com 

effects of the natural physiological process of oxidation in the tis-
sues [4]. UV-induced production of ROS is one of the factors which 
can increase the biosynthesis of melanin, melanocyte proliferation 
and DNA damage. Thus, natural sources of antioxidants with anti-
tyrosinase activity contribute to the mitigation of skin damages due 
to melanogenesis [2]. Phytochemicals can serve as precursors for 
the synthesis of compounds with lower toxicity compared with 
synthetic compounds [5, 6]. Crocetin is a natural carotenoid and 
one of the components of saffron (Crocus sativus L.). Crocetin is a 
symmetric di-carboxylic acid diterpene with 7 double bonds and 4-
methyl groups. About 94% of the total amount of crocetin in saf-
fron is present in the glycosylated form (crocin) and 6% of crocetin 
is in the free form [7]. Considering the proven antioxidant activity 
of saffron in many studies and the important role of crocetin as an 
antioxidant [8], this study was conducted to study the anti-
tyrosinase effects of crocetin. This project was designed to study 
the effects of various concentrations of crocetin in inhibiting ty-
rosinase activity and to assess the antioxidant and ROS-scavenging 
effects of this phytochemical in B16F10 melanoma cells. We also 
evaluated the possible effect of crocetin in modulating hyperpig-
mentation and inhibiting the pathway of melanogenesis. 

2. MATERIALS AND METHODS 

2.1. Chemicals and Reagents 

 AlamarBlue® (resazurin) from Sigma (Saint Louis, MO, USA); 
RPMI-1640 and FCS from GE Healthcare Life Sciences; β -actin 
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and anti-rabbit IgG and HRP linked antibody from Cell Signaling 
Technology (Boston, USA); Tyrosinase (H-109) and MITF (H-50) 
rabbit polyclonal antibody from Santa Cruz Biotechnology, Inc. 
(Dallas, Texas, USA) and Western blotting detection reagent from 
Bio-RaD (USA); α -melanocyte stimulating hormone, 3,4-
dihydroxy-L-phenylalanine, mushroom tyrosinase, protease inhibi-
tor cocktail, phosphatase inhibitor cocktail, phenylmethylsulfonyl 
fluoride and QuantiPro BCA Assay Kit from Sigma (Steinheim, 
Germany); all solvents were analytical grade and were purchased 
from Dr. Mojallali Lab. (Tehran, Iran). 

2.2. Preparation of Crocetin 

 Crocetin was extracted from crocin as previously described [9]. 
First, dried stigmas of saffron were washed with ice-cold ethanol 
80% in eight steps. The supernatant was kept at -5ºC for 24 days in 
a dark place. Crocin crystals (yield: 10-15%) were then separated 
and washed with acetone. Crocin was then hydrolyzed in HCl 33%. 
After 2 min contact with N2 the solution was kept at 50ºC for 1 h 
and then centrifuged with 17 ml distilled water (3000 rpm for 10 
min). The supernatant was then separated (yield 10-12%). The 
structure of crocetin is presented in Fig. (1). 

2.3. Cell Culture 

 B16F10 melanoma cells were obtained from Pasteur Institute 
(Tehran, Iran) and maintained in RPMI-1640 medium with 10% v/v 
Fetal Bovine Serum, 100 U/ml penicillin and 100 mg/ml strepto-
mycin at 37°C in a humidified atmosphere containing 5% CO2. The 
stock solution of crocetin (50 mM) was prepared in DMSO and 
kept at -40ºC. The final concentration of DMSO was set at 0.05% 
which was non-toxic with no significant effect on melanogenesis. 
Kojic acid (2 mM) was used as positive control in all experiments. 
Cells were cultured in multi-well plates at a density of 105 cells/ml. 

2.4. Melanin Quantification 

 B16F10 melanoma cells were seeded at a density of 2×105 cells 
per well in 12-well culture plates and incubated for 24 h. The cells 
were then incubated with and without crocetin (0-32 µM) for 24 h. 
Melanin content was measured as described previously [10]. After 
treatment, the cells were collected using trypsin and washed twice 
with PBS. The melanin content of cells was then extracted using 2 
M NaOH at 100°C for 30 min. The melanin content was measured 
at 405 nm using a Synergy H4 Hybrid Multi-Mode Microplate 
Reader (BioTek, Winooski, USA). 

2.5. Cell Viability Assay 

 The alamarBlue® assay t indicates the reducing power of the 
living cells in converting resazurin to resorufin. This reduction 
occurs in the cytosol of the living cell. Resazurin is a non-toxic and 
cell permeable compound that is blue in color and is virtually non-
fluorescent but resorufin is a compound that is red in color and 
highly fluorescent. Resazurin is continuously convert to resorufin in 
the living cells and the rate of increase in the total fluorescence 
intensity is correlated with the number of living cells [11] 

 About 104 B16F10 melanoma cells were seeded in each well of 
96-microwell plate and treated with various concentration of 
crocetin (0-32 µM). After 4 h of incubation, the absorbance of ala-
marBlue® was measured at 570 nm and 600 nm. Each experiment 
was done in triplicate. 

2.6. Mushroom Tyrosinase Activity Assay 

 The activity of mushroom tyrosinase in oxidation of L-DOPA 
was measured by spectrophotometry as described previously [12] 
with some modifications. Briefly, 160 µL of 5 mM L-DOPA (in 
100 mM sodium phosphate buffer, pH 6.8) and 20 µL of the same 
buffer with and without crocetin (0-32 µM) were mixed with 20 µL 
of mushroom tyrosinase (200 units/mL) and then incubated at 37°C 
for 30 min. The absorbance at 475 nm was measured using a Syn-
ergy H4 Hybrid Multi-Mode Microplate Reader (BioTek, Wi-
nooski, USA). 

2.7. Cellular Tyrosinase Activity Assay 

 The oxidation of DOPA to DOPAchrome as an indicator of 
tyrosinase activity was analyzed by spectrophotometry. B16F10 
melanoma cells (2 × 105) were plated in each well of 12-well plate 
and incubated for an overnight. After treating of cell with or with-
out crocetin (0-32 µM) for 24 h, the cells were detached using tryp-
sin and were then washed with PBS twice and lysed with 100 mM 
sodium phosphate buffer (pH 6.8) containing 1% Triton X-100 and 
0.1 mM phenylmethylsulfonyl fluoride. The lysates were centri-
fuged at 10,000 rpm for 20 min at 4°C. 100 µL of each lysate (each 
containing 100 mg of the protein) was mixed with 100 µL of 5 mM 
DOPA in 96-well plate and incubated at 37°C for 2 h, followed by 
the measurement of absorbance at 475 nm with a Synergy H4 Hy-
brid Multi-Mode Microplate Reader (BioTek, Winooski, USA). 

2.8. Cellular ROS Level Determination 

 About 2 × 104 B16F10 melanoma cells were cultured in 96-well 
plates and treated with or without crocetin (0-32 µM) for 24 h. Fol-
lowing cell exposure to 24 mM H2O2 at 37°C for 30 min, 2', 7'-
dichlorofluorescein diacetate (DCFH-DA) was added to each of the 
wells and incubated for the next 30 min. The amount of ROS was 
measured according to fluorescence intensities of DCF at the exci-
tation wavelength 504 nm and emission wavelength of 524 nm 
using a Synergy H4 Hybrid Multi-Mode fluorescent Microplate 
Reader (BioTek, Winooski, USA) [13]. 

2.9. Western Blotting Analysis 

 B16F10 melanoma cells were cultured in 25 cm2 flasks with 
and without crocetin (0-32 µM) for 24 h. The cells were then lysed 
in a buffer (50 mM Tris-HCl, pH 7.4, 2 mM EGTA, 1 mM phen-
ylmethylsulfonyl fluoride, 10 mM β -Glycerophosphate, 10 mM β -
mercaptoethanol, 1 mM sodium orthovanadate and 0.1% deoxy-
cholic acid sodium salt). Equal amount of proteins (50 µg) were 
loaded on 12% SDS-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes. The membranes 
were blocked for 2 h in 10% skim milk in TBST (20 mM Tris-HCl 
pH 7.4, 100 mM NaCl and 0.1% Tween 20) buffer at room tem-
perature. After washing with TBST buffer, the membrane was then 

 

Fig. (1). Structure of crocetin and the pathways influenced by crocetin in 
melanogenesis process. 
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incubated overnight with a primary antibody: rabbit anti-tyrosinase 
antibody (1:300) or anti-MITF antibody (1:300) (Santa Cruz Bio-
technology, CA). After rinsing with TBST buffer for 5 times, the 
membranes were incubated for 2 h with anti-rabbit IgG (1:2000) as 
the secondary antibody (Cell Signalling). Rinsing 5 times with 
TBST buffer was repeated and the protein bands were detected 
using the ECL or ECL Prime Western Blotting Detection System 
(BioRaD, USA). Anti-β-actin antibody was used as the loading 
control. 

2.10. Statistical Analysis 

 One-way analysis of variance (ANOVA) and the Tukey-
Kramer multiple comparison tests were performed to check for 
differences between the groups using Prism 5 Software (GraphPad, 
La Jolla, CA, USA). Data were presented as mean ± SD of three 
independent experiments (with three replicates for each tested con-
centration of crocetin). A p-value of < 0.05 was considered as sta-
tistically significant. 

3. RESULTS 

3.1. Effect of Crocetin on Melanin Production and Cell Prolif-
eration 

 Murine B16F10 melanoma cells were used as the cell model in 
examining the inhibitory effect of crocetin on melanogenesis. The 
melanin content of Crocetin-treated B16F10 melanoma cells was 
considered as the indicator of the effect of crocetin on melanin pro-
duction. As shown in Fig. (2), melanin level was reduced by 
crocetin. In the next step, the effect of crocetin on B16F10 mela-
noma cell proliferation was assessed using alamarBlue® assay. As 
shown in Fig. (3), the compound had no significant cytotoxic effect 
on B16F10 cells at the concentrations used in this study. 

3.2. Effect of Crocetin on Mushroom Tyrosinase Activity 

 To assess the effect of crocetin on tyrosinase activity directly, 
mushroom tyrosinase assay was performed using L-DOPA as a 
substrate and mushroom tyrosinase as the enzyme source. Kojic 
acid, as a positive control, inhibited tyrosinase activity significantly 
at the concentration of 2 mM. As shown in Fig. (4), crocetin exerted 
a significant inhibitory effect on L-DOPA oxidation by mushroom 
tyrosinase. 

3.3. Inhibitory Effect of Crocetin on B16F10 Melanoma Cellu-
lar Tyrosinase Activity 

 The effect of crocetin on cellular tyrosinase activity was assessed 
to examine if crocetin affects melanogenesis. As shown in Fig. (5), 
suppression of tyrosinase activity in the cultured B16F10 melanoma 
cells was not occurred after treatment of cells with crocetin. 

3.4. Effect of Crocetin on Cellular ROS Level 

 The antioxidant capacity of crocetin in cells was assessed by 
measuring intracellular ROS levels. Cells pretreated with crocetin 
were exposed to H2O2 (24 mM). As shown in Fig. (6), crocetin 
could effectively suppress oxidative stress induced by H2O2 in cells. 

3.5. Western Blotting of the Expression of Tyrosinase and Re-
lated Proteins in Crocetin-treated Cells 

 The intracellular effect of crocetin on the expression of mela-
nogenic proteins such as tyrosinase and MITF was evaluated using 
western blot. 

 

Fig. (2). Effect of crocetin on melanin production in B16F10 Melanoma 
Cells. B16F10 melanoma cells were incubated without (control) and with 0 
to 32 µM of crocetin for 24 h. Kojic acid 2 mM was used as positive con-
trol. Results were expressed as percentages relative to control, and are pre-
sented as mean±SD for three separate experiments. ***P < 0.001 compared 
to control. 

 

Fig. (3). Effect of crocetin on viability of B16F10 cells. After incubation of 
B16F10 melanoma cells with various concentrations of crocetin in a 96-well 
plate for 24 h, cell viability was determined by AlamarBlue® assay. Percentage 
values in the treated cells were compared with respect to that in the control 
cells. Data are expressed as mean±SD for three independent experiments. 

 

Fig. (4). Effect of crocetin on mushroom tyrosinase activity. Various con-
centrations of the crocetin and 2 mM of Kojic Acid were incubated with 
mushroom tyrosinase and L-DOPA at 37°C. Mushroom tyrosinase activity 
was measured by the change in absorption at 475 nm. Results are expressed 
as percentages of control. Data are presented as mean±SD for independent 
triplicate experiments. *P < 0.05 and **P < 0.01 compared to control. 
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Fig. (5). Inhibitory effect of crocetin on B16F10 melanoma cellular ty-
rosinase activity. After incubation of B16F10 melanoma cells with various 
concentrations of the crocetin for 24 h, cellular tyrosinase activity was as-
sessed. Kojic acid 2 mM was used as positive control. Results were ex-
pressed as percentages relative to control, and are presented as mean±SD for 
three separate experiments. ***P < 0.001 compared to control. 

 As shown in Fig. (7), tyrosinase and MITF protein levels were 
significantly decreased by Crocetin, suggesting a potential role of 
crocetin in down-regulating tyrosinase protein expression and inhi-
bition of melanin production. β-Actin was used as internal control. 

DISCUSSION 

 Considering the safety of natural products, many of the plant-
based therapeutic or cosmetic products have emerged with low 
toxicities. Hydroquinone is one the example that has been almost 
totally replaced with phytochemicals in skin-whitening products 
because of melanocyte cytotoxicity and depigmentation of the skin 
[14]. While plant extracts like licorice are extensively used in skin 
hyperpigmentation products, there is a need for findings novel 
whitening compounds [15]. 

 Saffron is a multifunctional plant that has been used for its anti-
tyrosinase and antioxidant activity. It is not clear which of the 
chemicals in the plant is mainly responsible for the anti-tyrosinase 
activity. Crocetin is the phytochemical found in saffron and pos-
sesses antioxidant activity [16, 17]. In the present study, mushroom 
tyrosinase activity, melanin content in cells and the amount of ROS 
was significantly decreased following treatment of cells with 
crocetin while no significant cytotoxicity was observed. Although 

 

Fig. (6). Effect of crocetin on Cellular ROS level. Antioxidant activities of crocetin by determination of ROS content in B16F10 cells. Cells were treated with 
various concentrations of the crocetin (0-32 µM) or Kojic acid (2 mM) for 24 h and then the ROS content was measured by the DCF-DA assay. Results were 
expressed as percentages relative to control, and are presented as mean±SD for three separate experiments. ***P < 0.001 compared to control. 

 

Fig. (7). Western blotting of the expression of tyrosinase and related proteins in crocetin-treated cells. B16F10 melanoma cells were treated with the indicated 
concentrations of the crocetin for 24 h. Cell lysates were subjected to Western blotting using antibodies against tyrosinase and MITF. The loading control was 
assessed using β-actin antibody. Data represent for three independent experiments. 
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the melanin content is slightly increased at 16 and 32 µM but the 
statistical analysis showed that the difference between “4 µM” ver-
sus “16 and 32 µM” were not significant. Moreover, the melanin 
contents at 16 and 32 µM concentrations were still significantly 
lower than control, suggesting that Crocetin reduced melanin con-
tent even at these concentrations. Also, this was an experimental 
(preclinical study) and further clinical investigation is required to 
optimize the concentration which may be applied as whitening 
agent. Additionally, there are many known natural compounds with 
dual pharmacological action [18]. 

 To clarify the mechanism of action of Crocetin, we measured 
protein levels of tyrosinase and MITF. Conversion of tyrosine to 
dopaquinone is the first step in melanin production that is con-
trolled by Tyrosinase-Related Proteins (TRPs) in the process of 
melanogenesis. TPRs also increase the conversion and rearrange-
ment of dopachrome to 5,6-dihydroxyindole-2-carboxylic acid 
(DHICA) which leads to the formation and accumulation of mela-
nin pigments in the skin. TPRs are regulated by MITF in the proc-
ess of melanin formation in mammalian cells. The results of the 
present study showed that Crocetin, at the concentrations of 1, 2, 4, 
8 and 16 µM, was effective in down-regulating tyrosianse and 
MITF proteins compared with control cells. Tyrosinase is a key 
enzyme in the melanogenesis of skin and regulates melanin produc-
tion. It is supposed that the decrease in melanin synthesis in cul-
tured B16 melanoma cells is related to the inhibition of tyrosinase 
activity. Alternatively, MITF degradation is a sign of inhibition of 
TRPs and tyrosinase synthesis. The amount of tyrosinase protein 
determines the extent of melanin production in cells [19]. 

 Involvement of dioxigen at the dinuclear copper ions at the 
active site of tyrosinase has been proposed to affect the generation 
of ROS in the process of melanin formation. Consequently, com-
pounds that can inhibit both free radical formations and tyrosinase 
activity can enhance skin protection against oxidative stress and 
hyperpigmentation [20]. Decrease in the protein levels of tyrosinase 
and MITF by crocetin along with the antioxidant capacities of this 
phytochemical suggest its use as an anti-melanogenesis agent. The 
present results showed that the effect of crocetin on melanin content 
and MITF protein level in B16F10 cells has a biphasic effect. At 
higher concentration of crocetin (16 and 32 µM), inhibitory effect 
on the protein levels of pigmentation enzymes and MITF was miti-
gated while the melanin content, mushroom tyrosinase activity and 
ROS levels were all decreased. The biphasic effect on the melano-
genesis inhibition has also been reported for adenosine [21]. 

 Reported data on the antioxidant and anti-tyrosinase activity of 
saffron and its components suggest that kaempferol and kaempferol 
7-O-beta-d-glucopyranoside are potent radical scavengers while 
crocusatin-K, crocusatin-L, crocusatin H, crocin-1, and crocin-3 
and 4-hydroxy-3,5,5-trimethylcyclohex-2-enone have inhibitory 
activity against mushroom tyrosinase [22, 23]. 

 Crocetin is a carotenoid found in Crocus sativus L. (Iridaceae) 
which is responsible for the color profile of saffron [24]. Among 
multiple actions of saffron, antioxidant activity is a proposed 
mechanism for many of the pharmacological properties like anti-
genotoxic [25], anti-ischemic [26], antidote [27], anti-Alzheimer, 
antipruritic, antinociceptive and anti-inflammatory effects [28]. The 
majority of the pharmacological effects of saffron are due to the 
presence of crocin (mono and diglycosyl esters of crocetin) [29]. 
Due to hydrophobic nature of Crocetin, it has higher oral bioavail-
ability and seems to pass more rapidly from cell lipid membrane in 
comparison with crocin [30]. Hence, crocetin is regarded as the 
most active free radical scavenger of saffron. 

 Taken together, decrease in the activity of mushroom tyrosinase 
as well as reduction of the amounts of melanin, tyrosinase and 
MITF proteins, and reduction of ROS production suggest the inhi-
bition of melanogenesis in B16F10 cells by crocetin.  

CONCLUSION 

 Hence, crocetin could account for the antioxidant and anti-
melanogenesis effects of saffron. Owing to the lack of toxicity of 
crocetin and antioxidant and anti-tyrosinase activities of this phyto-
chemical on melanoma cells, and the key role of tyrosinase in the 
biosynthesis of melanin and hyperpigmentation, the use of crocetin 
as an anti-pigmentation agent is suggested to be tested in future clini-
cal studies. 
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