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Author’s Response to Reviewer’s Comments

Reviewer 1:

Comments to the Author:

There are several things that must be improved and explained in this manuscript: (Please see the 
results of the revision of this manuscript) including:

1. ON ABSTRACT:

This paragraph should be changed, because there are several ways to prevent pigmentation, namely:

1) the rate of synthesis and decay of tyrosinase; 2) the activity of tyrosinase in melanosomes; 3) the 
rate of synthesis and melanization of melanosomes; 4) melanosome size; 5) the efficiency of 
melanosome degradation of melanosomes in keratinocytes 
(https://www.sciencedirect.com/science/article/pii/S0022202X93903096) 

Pigment content of cultured human melanocytes does not correlate with tyrosinase message level

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x 
(https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x)

Author’s Response:
Thank you for your comments. The first sentence in the Abstract discusses the process of skin 
pigmentation, not describe the prevention of pigmentation as suggested by the reviewer. Both 
references https://www.sciencedirect.com/science/article/pii/S0022202X93903096 and 
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x provided by the reviewer 
were published in 1991, which is considered old and outdated.

In our Abstract, we refer to an article published in 2011, which stated:

Evidence reveals that L-tyrosine and L-DOPA, besides serving as substrates and intermediates of 
melanogenesis, are also bioregulatory agents acting not only as inducers and positive regulators of 
melanogenesis but also as regulators of other cellular functions https://doi.org/10.1111%2Fj.1755-
148X.2011.00898.x 

2. ON INTRODUCTION:

This paragraph should be exchanged for complete information; because pigmentation is affected by:

1) the rate of synthesis and decay of tyrosinase; 2) the activity of tyrosinase in melanosomes; 3) the 
rate of synthesis and melanization of melanosomes; 4) melanosome size; 5) the efficiency of 
melanosome degradation of melanosomes in keratinocytes

https://www.sciencedirect.com/science/article/pii/S0022202X93903096 
(https://www.sciencedirect.com/science/article/pii/S0022202X93903096)

Pigment content of cultured human melanocytes does not correlate with tyrosinase message level

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x 
(https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x)

Author’s Response:

https://www.sciencedirect.com/science/article/pii/S0022202X93903096
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x
https://www.sciencedirect.com/science/article/pii/S0022202X93903096
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x
https://doi.org/10.1111/j.1755-148X.2011.00898.x
https://doi.org/10.1111/j.1755-148X.2011.00898.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x


Thank you for your comments. Our first paragraph discusses the process of skin pigmentation, not 
describe the prevention of pigmentation as suggested by the reviewer. Both references 
https://www.sciencedirect.com/science/article/pii/S0022202X93903096 and 
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x provided by the reviewer 
were published in 1991, which is considered outdated.

In our Introduction, we refer to an article published in 2011, which stated:

Evidence reveals that L-tyrosine and L-DOPA, besides serving as substrates and intermediates of 
melanogenesis, are also bioregulatory agents acting not only as inducers and positive regulators of 
melanogenesis but also as regulators of other cellular functions https://doi.org/10.1111%2Fj.1755-
148X.2011.00898.x 

3. ON MATERIALS AND METHODS

The concentration of curcuminoids in ECL greatly determines the pharmacological activity of ECL, 
why don't you determine the concentration of curcuminoids in ECL, because the content of 
curcuminoids variety, location, source, cultivation conditions, extraction, and storage processes?

Author’s Response:

Thank you for your suggestion. We have repeated the HPLC analysis to determine the level of 
curcuminoids in ECL. The level of bisdemethoxycurcumin is 6.3306%, demethoxycurcumin is 
3.1414%, and curcumin is 8.3754%.

4. ON DISCUSSION

1. Because there are 9 locations that have determined the content of curcuminoids, for your research 
what is the concentration of curcuminoids, because the content of curcuminoids is the main 
determinant.

Author’s Response:

Thank you for your suggestion. We have repeated the HPLC analysis to determine the level of 
curcuminoids in ECL. The level of bisdemethoxycurcumin is 6.3306%, demethoxycurcumin is 
3.1414%, and curcumin is 8.3754%.

2. Did the ECL you used for this study meet the standard requirements for the study? Because you did 
not determine the curcuminoid concentration of the ECL you used for this study.

Typically, the quality of commercial turmeric products can vary widely. While curcumin, 
demethoxycurcumin, and bisdemethoxycurcumin have been used as marker compounds for quality 
control of rhizomstudy these concentrations were not determined.

Author’s Response:

Thank you for your suggestion. We have repeated the HPLC analysis to determine the level of 
curcuminoids in ECL. The level of bisdemethoxycurcumin is 6.3306%, demethoxycurcumin is 
3.1414%, and curcumin is 8.3754%.

https://www.sciencedirect.com/science/article/pii/S0022202X93903096
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2133.1991.tb14161.x
https://doi.org/10.1111/j.1755-148X.2011.00898.x
https://doi.org/10.1111/j.1755-148X.2011.00898.x


5. ON CONCLUSION

There are 3 main types of chemical compounds in ECL, namely: curcumin, demethoxycurcumin, and 
bisdemethoxycurcumin, please explain in the discussion so you can conclude that curcumin is 
efficacy, demethoxycurcumin, and bisdemethoxycurcumin are not efficacious, If you can't explain 
better in Conclusion You wrote that the curcuminoid compounds are efficacious and to determine 
which compounds curcuminoid compounds, further research is needed.

Author’s Response:

Thank you for your suggestion. We have elaborated the discussion and conclusion as suggested.

Reviewer 2

Comments to the Author:

1. There are some grammatical mistakes.
Author’s Response:
Grammatical mistakes have been corrected.

2. Introduction and discission should be improved.
Author’s Response:
Introduction and Discussion have been corrected.

3. The sentence "The rhizome powder (1.0 kg) was extracted with ethanol 70% (10 l) at room 
temperature for 5 days at 25‑26˚C" (line 80-81) should be can be rewritten as follows "The 
rhizome powder (1at room temperature (25‑26˚C) for 5 days".
Author’s Response:
The sentence has been corrected.

4. Line 82: "vacuum rotary evaporator at a temperature below 50˚C". The author needs to specify 
how many degrees Celsius.
Author’s Response:
The temperature has been specified.

Editor comments:

1. Professional English checking and writing are recommended. Please note that this journal 
ONLY accepts articles written in good English for publication. Authors who are not native 
English speakers, should pa native English speaker or by a professional language editor for any 
grammatical, semantical/stylistic and typographical errors. Authors who are native English 
speakers should ensure that their article has been r(where appropriate). A section was edited as 
an example.
Author’s Response:
Grammatical mistakes have been corrected using Grammarly.



2. All abbreviations should be presented in full and the abbreviation in parenthesis when 
appearing for the first time or in each table and figure.

Author’s Response:

All abbreviations have been corrected and written in red color.

3. The similarity index of your manuscript should be less than 20% with no more than 3% 
similarity from a single source. Please check for plagiarism.
Author’s Response:
Similarity index has been checked.

4. Please consult a recently published paper in JHP and add the followings:

ORCID IDs of all the authors.

Author’s Response:

ORCID ID of all authors has been added.

5. Running title.
Author’s Response:
Running title: Firmansyah D et al., Curcuma longa inhibits tyrosinase. J Herbmed Pharmacol. 
x;x(x):x-x.

6. Implication for health policy/practice/research/medical education:
Author’s Response:
This study may support the scientification and development of Curcuma longa rhizome as an 
active component of cosmetics.
All other issues have been corrected accordingly.

7. We choose 250 USD for fast-track publication.



1 Abstract

2 Background: The pigmentation on the skin is influenced by tyrosinase, an enzyme that catalyzes the 

3 hydroxylation of L-tyrosine to L-dihydroxyphenylalanine (L-DOPA), and the oxidation of L-DOPA to 

4 dopaquinone. In Indonesia, the rhizomes of Curcuma longa L. (synonym C. domestica Valeton) have 

5 been used as traditional cosmetics. This work aimed to explore the inhibitory activity of C. longa 

6 extracts on the activity of mushroom tyrosinase and the cytotoxicity of the extract towards murine skin 

7 cancer B16F10 cells. 

8 Methods: In this study, the C. longa rhizomes were cold-extracted using ethanol 70% as the solvent 

9 and yielded 15.3% w/w of viscous C. longa extract (ECL). The presence of curcumin in ECL was also 

10 determined by reversed-phase high-performance liquid chromatography (RP-HPLC) using a gradient-

11 elution system of water and acetonitrile. ECL was assessed for its inhibitory effect on mushroom 

12 tyrosinase activity using L-DOPA as substrate and kojic acid as the positive control drug. The 

13 cytotoxicity of ECL and curcumin, a known phytoconstituent contained in C. longa rhizome, was 

14 studied in murine skin cancer B16F10 cells. 

15 Results: RP-HPLC chromatogram revealed that curcumin was positively contained in ECL as the 

16 major peak of a curcuminoid triplet with demethoxycurcumin and bisdemethoxycurcumin. The level 

17 of bisdemethoxycurcumin is 6.3306%, eluted at 12.646 min; demethoxycurcumin is 3.1414%, eluted 

18 at 13.675 min; and curcumin is 8.3754%, eluted at 14.802 min. ECL has a weak inhibitory activity 

19 towards mushroom tyrosinase (IC50 = 564.8 µg/ml) compared to that of kojic acid (IC50 = 55.70 

20 µg/ml). Both ECL and kojic acid were of moderate toxicity to murine skin cancer B16F10 cells with 

21 IC50 of survival growth rates is 98.06 µg/ml and 65.54 µg/ml, respectively. In fact, curcumin is highly 

22 toxic to murin skin cancer B16F10 cells (IC50 = 14.42 µg/ml). 

23 Conclusion: Taken together, ECL might be able to prevent melanogenesis via the inhibition of 

24 tyrosinase activity, and interestingly, it could inhibit the growth of murine skin cancer B16F10 cells. 

25 However, further studies are needed to verify its antimelanogenesis and anticancer properties. 

26

27 Keywords: Curcumin; melanin; melanoma; skin pigmentation; Zingiberaceae

28

29

30 Implication for health policy/practice/research/medical education: 

31 This study may support the scientification and development of Curcuma longa rhizome as an active 

32 component of cosmetics. 

33



34 Please cite this paper as: Firmansyah D et al., Curcuma longa inhibits tyrosinase. J Herbmed 

35 Pharmacol. x;x(x):x-x.

36

37 Introduction

38 The pigmentation on the skin is influenced by tyrosinase, a copper-containing enzyme, which 

39 catalyzes the hydroxylation of L-tyrosine (the enzyme’s substrate) to L-DOPA, and eventually, the 

40 oxidation of L-DOPA to dopaquinone. Polymerization of these quinones results in the formation of 

41 melanin (1,2). It was evidenced that L-tyrosine and L-DOPA function as substrates and intermediates 

42 of melanin production (3). Alteration in melanin biosynthesis can lead to various skin diseases in 

43 humans (4). It has been known that plants with antioxidant properties might be utilized for the 

44 treatment of skin disorders. 

45 In Indonesia, the rhizomes of turmeric or Curcuma longa L. (synonym C. domestica Valeton), 

46 local name kunyit, have traditionally been used as lulur, to cleanse, soften, and whiten the skins of 

47 Javanese princesses. The major active compounds contained in C. longa rhizomes are curcumin, 

48 demethoxycurcumin, and bisdemethoxycurcumin (5). In vitro studies on curcumin, a known 

49 polyphenol compound contained in C. domestica, reported its activity in reducing the melanin content 

50 and tyrosinase activity and blocking the expression of melanogenesis-related proteins in human 

51 melanocytes. Curcumin also activated phosphatidylinositol 3-kinase/Akt/glycogen synthase kinase-3β 

52 (PI3K/Akt/GSK-3β), extracellular-signal-regulated kinase (ERK), and p38 mitogen-activated protein 

53 kinase (p38 MAPK) pathway (6). Curcumin decreased melanin levels and blocked the tyrosinase 

54 activity in alpha-melanocyte stimulating hormone-stimulated B16F10 cells (7). Nonetheless, curcumin 

55 is notable for its antioxidant property indicating high reactivity in scavenging peroxyl radicals (8).

56 In fact, clinical trials in several countries have reported the safety of (mostly) curcumin 

57 prepared as a pharmaceutical dosage form in healthy subjects.

58 An open-label, prospective clinical study of a standardized C. longa extract has been 

59 performed on 12 healthy adult Indian ethnicity participants for 90 days and revealed that the liver 

60 function and other hematological parameters were not significantly altered, which proved the safety of 

61 the extract (9). Another clinical study of a low dose of curcumin on healthy middle-aged males and 

62 females in Ohio, USA, resulted in a significant decrease in plasma triglyceride, plasma beta-amyloid, 

63 plasma alanine aminotransferase, salivary amylase, and an increase in plasma catalase, plasma 

64 myeloperoxidase, and plasma nitric oxide (10). A randomized-control double-blind prospective trial 

65 on 59 healthy non-smoking adults in Texas, USA, treated with 200 mg oral curcumin for 8 weeks 

66 resulted in a clinically significant rectification in endothelial function thus reducing the risk of 

67 cardiovascular diseases (11). An hour after treatment with 400 mg oral curcumin, healthy elderly 



68 participants (n=60, aged 60-85 years) significantly improved performance on sustained attention and 

69 working memory tasks (12).

70 Previous studies had reported the advantage of curcumin in maintaining human health and its 

71 mechanism in blocking the melanogenesis process. However, there is limited study on the activity of 

72 the plant extract in melanogenesis, thus, our work aimed to explore the inhibitory activity of C. longa 

73 extract towards mushroom tyrosinase as well as its effect on the survival rate of murine skin cancer 

74 B16F10 cells.

75

76 Materials and Methods

77 Plant materials and identification. Turmeric rhizomes were obtained from the Experimental Plantation 

78 of the Research Institute for Spices and Medicinal Plants (BALITTRO) Manoko, Cikahuripan, 

79 Lembang, West Java, Indonesia. The plants were taxonomy identified by a certified botanist at the 

80 Laboratory of Identification and Determination, School of Life Sciences and Technology, Bandung 

81 Institute of Technology, and based on characteristics described by Newman et al. (2004) (13) and two 

82 older references, the sample was confirmed as Curcuma longa L. (Letter No. 

83 5727/I1.CO2.2/PL/2019). 

84 The rhizomes were washed under tap water to remove soil and dirt and oven-dried at a 

85 temperature of a maximum of 40 oC for 2 d. The dried rhizomes were ground to powder and sieved 

86 using a sieve mesh-16. 

87

88 Preparation of the extract. The rhizome powder (1.0 kg) was extracted with ethanol 70% (10 l) for 5 

89 days at 25‑26˚C. The extract was filtered the solvent was removed by a vacuum rotary evaporator at 

90 45-50 ˚C. The yield of the viscous ethanol extract of C. longa (ECL) was 15.3% w/w. 

91

92 HPLC analysis to determine curcumin in ECL. Determination of curcumin in ECL was carried out by 

93 employing reversed-phase high-performance liquid chromatography (RP-HPLC) (Waters Alliance 

94 2695) following a procedure described elsewhere (14), with a few modifications. Samples (20 μl) were 

95 injected into the C18 column (Merck LiChroCART 250 mm x 4.6 mm) and were eluted in a mixture 

96 of water-acetonitrile in a gradient-elution mobile phase, with an initial of 60% acetonitrile increased to 

97 80% acetonitrile in 12 min, maintained for 5 min, increased to 90% acetonitrile in 17 min. with a flow 

98 rate of 0.5 ml/min. Detection (Waters 2489 UV-visible detector) was set at 425 nm. The 

99 chromatogram of ECL was compared to that of standard curcumin.

100



101 Chemicals, cells, and cell culture. Tyrosinase inhibitor screening kit (colorimetric) (Sigma-Aldrich 

102 product number MAK257), kojic acid K3125 (Sigma-Aldrich CAS number 501-30-4), murine 

103 melanoma cell lines B16F10 (ATCC® CRL-6475™) (a collection of the Cell and Molecular Biology 

104 Laboratory, Faculty of Pharmacy, Universitas Padjadjaran). B16F10 is a cell line exhibiting a 

105 morphology of spindle-shaped and epithelial-like cells that were isolated from the skin tissue of a 

106 mouse with melanoma (https://www.atcc.org/products/crl-6475). 

107 The cells were grown at 37°C with 5% CO2 in the Dulbecco’s Modified Eagle Medium 

108 (DMEM) produced by ATCC, added with 10% fetal bovine serum (FBS) (GIBCO), and 1% of 

109 penicillin-streptomycin (10,000 U penicillin and 10 mg streptomycin/ml) (Sigma-Aldrich). After the 

110 cells reached a confluency of 80%, they were subcultured in 0.05% of TrypLE enzymes (GIBCO).

111

112 Cytotoxicity assay. The cytotoxicity of ECL against the B16F10 cells (8,000 cells/well) was assessed 

113 using the water-soluble WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-

114 2H tetrazolium/Cell Counting Kit-8. ECL solutions were prepared by dissolving the extract in 1% 

115 DMSO in a culture medium. The solution was serial-diluted to final concentrations of 31.25 μg/ml, 

116 62.5 μg/ml, 125 μg/ml, 250 μg/ml, and 500 μg/ml, and incubated at 37ºC for 48 h. The absorbance of 

117 the formazan product was measured using a microplate reader (Infinite M200 Pro, Nano Quant 

118 TECAN). The IC50 was calculated using GraphPad Prism 8.4.2. Furthermore, the cytotoxicity of kojic 

119 acid was also assessed using the same procedure. Kojic acid solutions were prepared to final 

120 concentrations of 7.813 μg/ml, 15.625 μg/ml, 31.25 μg/ml, 62.5 μg/ml, and 125 μg/ml. The 

121 morphology of the cells was observed by using ZEISS Axio Vert A1 Bio inverted microscope in 100x 

122 magnification.

123

124 Mushroom tyrosinase inhibition assay. Tyrosinase inhibition assays were carried out by strictly 

125 following the protocol in the kit that employs mushroom tyrosinase. Mushroom tyrosinase was chosen 

126 because it possesses high similarity and homology to human tyrosinase (15). L-DOPA was used as the 

127 enzyme’s substrate. The reaction mixture (1000 μl) contained 685 μL of phosphate buffer (50 mM, 

128 pH 6.5), 50 μL of mushroom tyrosinase (333 U/ml in phosphate buffer), 20 μL of ECL dissolved in 

129 DMSO, and 100 μl of 5 mM L-DOPA. After the addition of L-DOPA, the reaction was immediately 

130 measured at 510 nm for the formation of the product (dopachrome). Kojic acid (concentration range of 

131 12.5-200 μg/ml) was used as a positive control. The concentration range of ECL used for the 

132 mushroom tyrosinase inhibition assay was 125-2000 μg/ml. Each measurement was made in triplicate. 

133 The IC50 value, a concentration giving 50 % inhibition of tyrosinase activity, was determined by 

134 interpolating the logarithmic concentration against the % inhibition of tyrosinase activity (16):

https://www.atcc.org/products/crl-6475


135

136 The inhibition of tyrosinase activity (%) = [(A - B)/A] × 100 % 

137 where A is the absorbance of the control with the enzyme at 510 nm; B is the absorbance of the test 

138 sample with the enzyme at 510 nm

139

140 Results

141 Determination of curcumin in ECL. RP-HPLC chromatogram revealed that curcumin was positively 

142 contained in ECL as a curcuminoid triplet with demethoxycurcumin and bisdemethoxycurcumin. The 

143 level of bisdemethoxycurcumin is 6.3306%, eluted at 12.646 min; demethoxycurcumin is 3.1414%, 

144 eluted at 13.675 min; and curcumin is 8.3754%, eluted at 14.802 min (Figure 1).

145

146

147 Figure 1. Reversed-phase high-performance liquid chromatography chromatogram of ECL using a 
148 gradient-elution system of water and acetonitrile revealing triplet peaks of bisdemethoxycurcumin at 
149 retention time 12.646 min; demethoxycurcumin at retention time 13.675 min; and curcumin at 
150 retention time 14.802 min. 
151

152

153 The effect of ECL on mushroom tyrosinase activity was depicted as a plot between the logarithmic 

154 concentration of ECL or kojic acid against % tyrosinase activity.  ECL has a weak inhibitory activity 

155 towards mushroom tyrosinase (IC50 = 564.8 µg/ml) (Figure 2A) compared to that of kojic acid (IC50 = 

156 55.70 µg/ml) (Figure 2B). By increasing the concentration of ECL or kojic acid, the % inhibition of 

157 mushroom tyrosinase activity is also elevated in a sigmoidal pattern curve. 

158



159

160 Figure 2. Effect of (A) ECL (IC50 = 564.8 µg/ml) and (B) kojic acid (IC50 = 55.70 µg/ml) on 
161 mushroom tyrosinase activity
162

163

164 The effect of ECL on murine skin cancer B16F10 cells. The ECL exhibited a weak inhibitory on 

165 mushroom tyrosinase activity, therefore its ability to influence the survival growth rate of murine skin 

166 cancer B16F10 cells was also assayed. The cells were treated with ECL at concentrations ranging from 

167 31.25 μg/ml to 500 μg/ml for 48 h at 37 °C and were examined using WST-8/CCK-8. The results 

168 revealed that ECL started inhibiting the survival growth rate of the murine skin cancer cells at 62.5 

169 μg/mL with a survival growth rate of 60.13 %, while concentrations of 125, 250, and 500 μg/ml 

170 resulted in a survival growth rate of 31.56 %, 1.69 %, and 0.65 % respectively. The cytotoxicity is 

171 depicted as a plot between the logarithmic concentration of ECL against the % survival growth rate of 

172 the cells. ECL is confirmed as moderate cytotoxicity to murine skin cancer B16F10 cells with IC50 of 

173 98.06 µg/ml (Figure 3A), whereas curcumin is categorized as a compound with high cytotoxicity with 

174 IC50 of 14.42 µg/ml (Figure 3B). Kojic acid is similar to ECL of moderate cytotoxicity with IC50 of 

175 65.54 µg/ml (Figure 3C). 

176



177

178

179
180 Figure 3. The effect of (A) ECL, (B) curcumin, and (C) kojic acid on the survival growth rate of 
181 B16F10 cells.
182
183
184
185
186
187 The microscopic examination of the cells treated with ECL or curcumin or kojic acid is depicted in 

188 Figure 4. Normal murine skin cancer B16F10 cells (Figure 4A) reveal high-density cells while treating 



189 the cells with ECL (Figure 4B) and/or curcumin (Figure 4C) and/or kojic acid (Figure 4D) shows 

190 shrunken cells and low-density.

191

192
193
194 Figure 4. The morphology of (A) normal B16F10 cells, (B) ECL-treated B16F10 cells, (C) curcumin-
195 treated B16F10 cells, and (D) kojic acid-treated B16F10 cells 
196
197
198

199

200

201 Discussion

202 Discovering a novel plant-based antimelanogenesis is challenging. In particular, our country was 

203 gifted with mega biodiversities of plants and inherited jamu as indigenous medicines, thus, the chance 

204 to further explore these herbs is very fascinating. 

A B

C  D



205 In an earlier study, curcuminoids extracted from nine places were determined by UV 

206 spectrophotometry and resulted in a maximum absorbance at the wavelength of 420 nm (17). In our 

207 work, curcumin was analyzed using an RP-HPLC using a gradient-elution system of water–acetonitrile 

208 as a mobile phase. The RP-HPLC chromatogram revealed that curcumin was positively contained in 

209 ECL as a curcuminoid triplet with demethoxycurcumin and bisdemethoxycurcumin. The level of 

210 bisdemethoxycurcumin is 6.3306%, eluted at 12.646 min; demethoxycurcumin is 3.1414%, eluted at 

211 13.675 min; and curcumin is 8.3754%, eluted at 14.802 min (Figure 1). The level of curcumin is the 

212 highest of the three curcuminoids. The presence of triplets in the HPLC chromatogram was also 

213 reported by previous studies (14,18).

214 Our work revealed that ECL weakly inhibits the activity of mushroom tyrosinase (IC50 = 564.8 

215 µg/ml) (Figure 2A). The methanol extract, instead of ethanol extract, of C. longa rhizome, 

216 demonstrated an inhibition towards tyrosinase activity (19). However, a previous study on curcumin 

217 by Athipornchai and colleagues also reported similar results to ours. In their work, it was confirmed 

218 that curcumin exhibited moderate inhibition against the monophenolase activity of tyrosinase with an 

219 IC50 of 326.5 µM (20). The activity of curcumin is attributed to its two phenyl structures, each with -

220 OH and -OCH3 groups attached in the orto position (21), which the other two curcuminoids lack.

221 The cytotoxicity of drugs or compounds is categorized as high if IC50 is less than 20 μg/mL, 

222 moderate if IC50 ranges between 21-200 μg/mL, weak if IC50 ranges between 201-500 μg/mL, and no 

223 cytotoxicity if IC50 exceeds 500 μg/mL (22). ECL is confirmed as moderate cytotoxicity to murine 

224 skin cancer B16F10 cells and curcumin exhibits high cytotoxicity. These findings suggest that ECL 

225 and curcumin might possess anticancer properties on murine skin cancer B16F10 cells.

226 Kojic acid inhibits the activity of mushroom tyrosinase (IC50 = 55.70 µg/ml) (Figure 2B). 

227 Phenolic compounds, e.g., kojic acid and curcumin, may be utilized as antimelanogenesis due to their 

228 similarity in structure to tyrosine, the substrate of tyrosinase (19). A previous study reported that kojic 

229 acid was observed bound at the opening of the active site of tyrosinase, implicating a competitive 

230 inhibition to the substrate (tyrosine). Two residues, Arg209 and Val218, located in the second outer 

231 layer of the active site, function a role in the binding of tyrosine (23). Our preliminary in silico study 

232 visualized that curcumin and other phenolic constituents of C. longa bind to tyrosinase and tyrosinase-

233 related protein-1 with binding modes similar to those of kojic acid (24). 

234

235 Conclusion

236 The inhibitory activity of the ethanol extract of C. longa (ECL) on the activity of mushroom tyrosinase 

237 and the cytotoxicity of the extract towards murine skin cancer B16F10 cells have been evaluated. ECL 

238 weakly inhibits the activity of mushroom tyrosinase and is of moderate cytotoxicity to murine skin 



239 cancer B16F10 cells as proven by its ability to reduce the survival growth rate of the cells. Curcumin, 

240 a major constituent contained in C. longa rhizome, has shown high cytotoxicity. Taken together, ECL 

241 which positively contains curcumin, bisdemethoxycurcumin, and demethoxycurcumin, might be able 

242 to prevent melanogenesis via the inhibition of tyrosinase activity, and interestingly, it could inhibit the 

243 growth of murine skin cancer B16F10 cells. Considering this, ECL is prospective to be developed as 

244 an active component in cosmetics. However, further studies are needed to verify its antimelanogenesis 

245 and anticancer properties. 

246

247 Acknowledgements

248 The authors thank the Rector of Universitas Padjadjaran via the Directorate of Research and 

249 Community Engagement for funding both the research project and the publication fee in the scheme of 

250 Academic-Leadership Research Grant No. 1959/UN6.3.1/PT.00/2021 and 1959/UN6.3.1/PT.00/2022.

251

252 Ethics approval and consent to participate

253 Not applicable.

254

255 Patient consent for publication

256 Not applicable.

257

258 Conflict of interest

259 None.

260

261 Funding

262 Academic-Leadership Research Grant No. 1959/UN6.3.1/PT.00/2021 and 1959/UN6.3.1/PT.00/2022.

263

264 Availability of data and materials

265 The datasets used and/or analyzed during the present study are available from the first author upon 

266 reasonable request.

267

268 Author contribution

269 JL was responsible for the study design and methodology. SAS and JL contributed to the data 

270 interpretation. DF contributed to the investigation, data collection, data validity, and statistical 

271 analysis. JL, SAS, and NMS contributed equally to the supervision of the project. JL and DF 



272 contributed to manuscript preparation and revision. All authors have read and approved the final 

273 manuscript. 

274

275 References

2761. Gillbro JM, Olsson MJ. The melanogenesis and mechanisms of skin-lightening agents--existing and 

277 new approaches. Int J Cosmet Sci. 2011; 33(3): 210-221. DOI: 10.1111/j.1468-2494.2010.00616.x. 

2782. Deri B, Kanteev M, Goldfeder M, Lecina D, Guallar V, Adir N, et al. The unraveling of the complex 

279 pattern of tyrosinase inhibition. Sci Rep. 2016; 6: 34993. DOI: https://doi.org/10.1038/srep34993

2803. Slominski A, Zmijewski MA, Pawelek J. L-tyrosine and L-dihydroxyphenylalanine as hormone-like 

281 regulators of melanocyte functions. Pigment Cell Melanoma Res. 2011; 25: 14-27. DOI: 

282 https://doi.org/10.1111/j.1755-148X.2011.00898.x

2834. Rao AR, Sindhuja HN, Dharmesh SM, Sankar KU, Sarada R, Ravishankar GA. Effective inhibition of 

284 skin cancer, tyrosinase, and antioxidative properties by astaxanthin and astaxanthin esters from the 

285 green alga Haematococcus pluvialis. J Agric Food Chem. 2013; 61(16): 3842-3851. DOI: 

286 10.1021/jf304609j. 

2875. Shabana MH, Shahy EM, Taha MM, Mahdy GM, Mahmoud MH. Phytoconstituents from Curcuma 

288 longa L. aqueous ethanol extract and its immunomodulatory effect on diabetic infected rats. Egypt 

289 Pharmaceut J. 2015; 14: 36-43.

2906. Tu CX, Lin M, Lu SS, Qi XY, Zhang RX, Zhang YY. Curcumin inhibits melanogenesis in human 

291 melanocytes. Phytother Res. 2012; 26(2): 174-179. DOI: 10.1002/ptr.3517. 

2927. Lee JH, Jang JY, Park C, Kim BW, Choi YH, Choi BT. Curcumin suppresses alpha-melanocyte-

293 stimulating hormone-stimulated melanogenesis in B16F10 cells. Int J Mol Med. 2010; 26(1): 101-106. 

2948. Marchiani A, Rozzo C, Fadda A, Delogu G, Ruzza P. Curcumin and curcumin-like molecules: from 

295 spice to drugs. Curr Med Chem. 2014; 21(2): 204-222. DOI: 10.2174/092986732102131206115810. 

2969. Sudeep HV, Thomas JV, Vasavi HS, Shyamprasad K. An open-label, single-arm, prospective clinical 

297 study to evaluate liver safety and tolerability of PUREMERIC™ (standardized extract from Curcuma 

298 longa) in healthy subjects. Toxicol Rep. 2021; 8: 1955-1959. DOI: 10.1016/j.toxrep.2021.11.022. 

29910. DiSilvestro RA, Joseph E, Zhao S, Bomser J. Diverse effects of a low dose supplement of lipidated 

300 curcumin in healthy middle-aged people. Nutr J. 2012; 11: 79. DOI: 10.1186/1475-2891-11-79. 

30111. Oliver JM, Stoner L, Rowlands DS, Caldwell AR, Sanders E, Kreutzer A, Mitchell JB, Purpura M, 

302 Jäger R. Novel form of curcumin improves endothelial function in young, healthy individuals: A 

303 double-blind placebo-controlled study. J Nutr Metab. 2016; 2016: 1089653. DOI: 

304 10.1155/2016/1089653. 



30512. Cox KH, Pipingas A, Scholey AB. Investigation of the effects of solid lipid curcumin on cognition and 

306 mood in a healthy older population. J Psychopharmacol. 2015; 29(5): 642-651. DOI: 

307 10.1177/0269881114552744. 

30813. Newman M, Lhuillier A, Poulsen AD. Checklist of the Zingiberaceae of Malesia. BLUMEA Suppl. 

309 2004; 16: 1-163.

31014. Chen BH, Chang HB. Inhibition of lung cancer cells A549 and H460 by curcuminoid extracts and 

311 nanoemulsions prepared from Curcuma longa Linnaeus. Int J Nanomed. 2015; 10: 5059. DOI: 

312 10.2147/IJN.S87225. 

31315. Vanitha M, Soundhari C. Isolation and characterisation of mushroom tyrosinase and screening of 

314 herbal extracts for anti-tyrosinase activity. Int J Chem Tech Res. 2017; 10:1156–1167.

31516. Momtaz S, Lall N, Basson A. Inhibitory activities of mushroom tyrosine and DOPA oxidation by plant 

316 extracts. South African J Bot. 2008; 74(4): 577–582. 

31717. Geethanjali A, Lalitha P, Jannathul Firdhouse M. Analysis of curcumin content of turmeric samples 

318 from various states of India. Int J Pharm Chem Res. 2016; 2(1): 55-62.

31918. Chao IC, Wang CM, Li SP, Lin LG, Ye WC, Zhang QW. Simultaneous quantification of three 

320 curcuminoids and three volatile components of Curcuma longa using pressurized liquid extraction and 

321 high-performance liquid chromatography. Molecules. 2018; 23(7): 1568. DOI: 

322 10.3390/molecules23071568. 

32319. Kim JA, Son JK, Chang HW, Jahng Y, Kim Y, Na MK, et al. Inhibition of mushroom tyrosinase and 

324 melanogenesis B16 mouse melanoma cells by components isolated from Curcuma longa. Nat Prod 

325 Comm. 2008; 3(10).

32620. Athipornchai A, Niyomtham N, Pabuprapap W, Ajavakom V, Duca M, Azoulay S, et al. Potent 

327 tyrosinase inhibitory activity of curcuminoid analogues and inhibition kinetics studies. Cosmetics 

328 2021; 8: 35. DOI: https://doi.org/10.3390/ cosmetics8020035  

32921. Priyadarsini KI, Maity DK, Naik GH, Kumar MS, Unnikrishnan MK, Satav JG, et al. Role of phenolic 

330 O-H and methylene hydrogen on the free radical reactions and antioxidant activity of curcumin. Free 

331 Radic Biol Med. 2003; 35(5): 475-484. DOI: 10.1016/s0891-5849(03)00325-3

33222. Sajjadi SE, Ghanadian M, Haghighi M, Mouhebat L. Cytotoxic effect of Cousiniaver bascifolia bunge 

333 against OVCAR-3 and HT-29 cancer cells. J Her Med Pharmacol. 2015; 4(1):15-19.

33423. Sendovski M, Kanteev M, Ben-Yosef VS, Adir N, Fishman A. First structures of an active bacterial 

335 tyrosinase reveal copper plasticity. J Mol Biol. 2011; 405(1): 227-237. DOI: 

336 10.1016/j.jmb.2010.10.048. 



33724. Firmansyah D, Sumiwi SA, Saptarini NM, Levita J. Molecular interaction of curcumin, 

338 demethoxycurcumin, bisdemethoxycurcumin, and turmerone of Curcuma longa with tyrosinase and 

339 tyrosinase-related protein-1. Rasayan J Chem. 2021; 14(4): 2298-2303. 

340


