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SUMMARY:  25 
We describe three experimental methods for evaluating the hypopigmentation activity of 26 
chemicals in vitro: quantification of 1) cellular tyrosinase activity and 2) melanin content, and 3) 27 
measurement of melanin by cellular melanin staining and image analysis.  28 
 29 
ABSTRACT:  30 
This study presents laboratory methods for the quantification of hypopigmentation activity in 31 
vitro. Melanin, the major pigment in melanocytes, is synthesized in response to multiple cellular 32 
and environmental factors. Melanin protects skin cells from ultraviolet damage, but also has 33 
biophysical and biochemical functions. Excessive production or accumulation of melanin in 34 
melanocytes can cause dermatological problems, such as freckles, dark spots, melasma, and 35 
moles. Therefore, the control of melanogenesis with hypopigmentation agents is important in 36 
individuals with clinical or cosmetic needs. Melanin is primarily synthesized in the melanosomes 37 
of melanocytes in a complex biochemical process called melanogenesis, which is influenced by 38 
extrinsic and intrinsic factors, such as hormones, inflammation, age, and ultraviolet light 39 
exposure. We describe three methods to determine the hypopigmentation activity of chemicals 40 
or natural substances in melanocytes: measurement of the 1) cellular tyrosinase activity and 2) 41 
melanin content, and 3) staining and quantifying cellular melanin with image analysis. 42 
 43 
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In melanogenesis, tyrosinase catalyzes the rate-limiting step that converts L-tyrosine into 3,4-44 
dihydroxyphenylalanine (L-DOPA) and then into dopaquinone. Therefore, the inhibition of 45 
tyrosinase is a primary hypopigmentation mechanism. In cultured melanocytes, tyrosinase 46 
activity can be quantified by adding L-DOPA as a substrate and measuring dopaquinone 47 
production by spectrophotometry. Melanogenesis can also be measured by quantifying the 48 
melanin content. The melanin-containing cellular fraction is extracted with NaOH and melanin is 49 
quantified spectrophotometrically. Finally, the melanin content can be quantified by image 50 
analysis following Fontana–Masson staining of melanin. Although the results of these in vitro 51 
assays may not always be reproduced in human skin, these methods are widely used in 52 
melanogenesis research, especially as the initial step to identify potential hypopigmentation 53 
activity. These methods can also be used to assess melanocyte activity, growth, and 54 
differentiation. Consistent results with the three different methods ensure the validity of the 55 
effects. 56 
 57 
INTRODUCTION: 58 
Melanin plays a critical role in the physiology, pathology, and toxicology of several organs 59 
including the skin, eyes, and brain1. Major functions of melanin are photo-screening and 60 
biochemical effects. Melanin absorbs near-infrared and visible light as well as ultraviolet (UV) 61 
radiation, with increased absorption rates at shorter wavelengths of light; thus, melanin 62 
protects tissues from damage caused by visible light or UV radiation2. Melanin is an antioxidant 63 
and has an affinity for metals and other toxic chemicals; therefore, it can protect tissues from 64 
oxidative and chemical stress3. However, the excessive production of melanin causes 65 
dermatological issues. 66 
 67 
The quantity and quality of melanin in the skin and iris are the most important determinants of 68 
the color of the iris and skin. Individuals may have different skin color preferences; some favor 69 
tanned skin, while others favor lighter skin colors. Depending on these consumer profiles, 70 
hypopigmentation cosmetics have been developed to satisfy individual markets for favored skin 71 
colors4. Accordingly, studies of hypopigmentation and anti-melanogenic activity are important 72 
both scientifically and practically. 73 
 74 
Melanogenesis is the complex process of melanin biosynthesis through a series of enzymatic 75 
and spontaneous chemical reactions in melanocytes. One melanocyte is surrounded by 76 
approximately 36 keratinocytes and melanocytes are the melanin synthesis factories that 77 
distribute their product to neighboring keratinocytes. In skin, the melanin produced and stored 78 
in the melanosomal compartment of melanocytes is transported to neighboring keratinocytes 79 
in the epidermis via dendrites. 80 
 81 
L-Tyrosine serves as the initial substrate for melanogenesis and the enzyme tyrosinase catalyzes 82 
two consecutive reactions that convert L-tyrosine into 3,4-dihydroxyphenylalanine (DOPA) and 83 
then into dopaquinone. These reactions are the rate-limiting step in melanogenesis5,6. 84 
Accordingly, hypopigmentation activity can first be measured by assessing cellular tyrosinase 85 
activity directly. To do so, melanocyte extracts containing tyrosinase are incubated with DOPA 86 
and the dopaquinone produced in the samples can be measured by spectrophotometry at 475 87 



nm. The values are normalized by the protein concentrations of the samples, and substances 88 
with hypopigmentation activity result in less dopaquinone formation compared with controls. 89 
 90 
Secondly, hypopigmentation activity can be quantified by measuring melanin in cultured 91 
melanocytes directly. After treating cells with the test material, melanin is extracted under 92 
alkaline conditions and the melanin content is quantified by spectrophotometry at 400 nm. A 93 
hypopigmentation agent will result in a lower melanin content than the controls7.  94 
 95 
Finally, the hypopigmentation activity can be quantified by Fontana–Masson melanin staining 96 
and subsequent image analysis. In Fontana–Masson staining, melanin granules reduce 97 
ammonia-silver nitrate to a visible black metallic state and the black areas of cells in 98 
microscopic images represent the amount of melanin. 99 
 100 
A hypopigmentation agent usually gives consistent and comparable results with these three 101 
methods, which confirms that the activity of the substance is valid. Alternatively, it may be 102 
useful to measure the expression of key genes and proteins in melanogenesis in response to a 103 
test substance to examine hypopigmentation activity. In addition to tyrosinase, tyrosinase-104 
related proteins (TRP-1) and dopachrome tautomerase (TRP-2) are critical enzymes in 105 
melanogenesis8. The transcription factor microphthalmia-associated transcription factor (MITF) 106 
is a master regulator in melanogenesis and quantification of its gene/protein expression levels 107 
or a promoter activity assay can also be used to assess hypopigmentation activity. 108 
 109 
PROTOCOL:  110 
 111 
1. Preparation of Medium, Compounds, and Reagents 112 
 113 
1.1. Prepare B16F10 growth complete medium. Supplement Dulbecco’s modified Eagle’s 114 
medium (DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (PEST).  115 
 116 
1.1.1. To make 500 mL of complete medium, mix 445 mL of Dulbecco’s modified Eagle’s 117 
medium (DMEM) with 50 mL of FBS and 5 mL of PEST in a 1 L sterilized glass bottle. After mixing 118 
gently, filter the medium through a 0.2-µm bottle-top filter to a new sterilized glass bottle and 119 
then store at 4 °C. 120 
 121 
CAUTION: All cell culture techniques should be undertaken in microbiological safety cabinet 122 
using aseptic technique to ensure sterility. 123 
 124 
1.2. Prepare lysis buffer: 20 mM Tris (hydroxymethyl) aminomethane containing 0.1% Triton 125 
X-100 (v/v) buffer at pH 7.5 (pH adjusted with HCl). This buffer can be used for 3 months when 126 
stored at room temperature (RT). Add protease inhibitors to the lysis buffer right before use.  127 
 128 
1.3. Prepare tyrosinase inhibitor assay buffer. Prepare 1 M NaH2PO4 (monobasic) and 1 M 129 
Na2HPO4 (dibasic) stock solutions. Mix 46.3 mL of Na2HPO4 and 53.7 mL of NaH2PO4 to prepare 130 
a final volume of 0.1 M sodium phosphate buffer (pH 6.8).  131 



 132 
1.3.1. Dilute the resulting mixture to 1 L (final volume) with H2O. Adjust the pH of the final 133 
solution to 6.8. This buffer can be used for 1 month when stored at 4 °C. 134 
 135 
1.4. Prepare tyrosinase substrate solution: 0.1% 3,4-dihydroxy-L-phenylalanine (DOPA, w/v) 136 
dissolved in tyrosinase inhibitor assay buffer (refer to Step 1.3). 137 
 138 
CAUTION: Keep on ice while in use. 139 
 140 
1.5. Optionally, prepare 100 U/mL mushroom tyrosinase. Dissolve the lyophilized mushroom 141 
tyrosinase in tyrosinase inhibitor assay buffer. This solution can be used for 2 months when 142 
stored at –20 °C. The mushroom tyrosinase activity as well as cellular tyrosinase activity are 143 
calculated in the presence of cell materials. 144 
 145 
CAUTION: The solution is aliquoted before freezing thus repeated freezing-and-thawing can be 146 
avoided. Keep the solution on ice while in use. 147 
 148 
1.6. Prepare 1 N NaOH solution. Weigh 4 g of NaOH in a volumetric flask and dissolve it in 149 
distilled water to make 100 mL. 150 
 151 
1.7. Prepare fixation solution (10% formalin). Dilute 27 mL of 37% formaldehyde (10% 152 
formalin) with 73 mL of distilled water. Prepare fresh daily. 153 
 154 
1.8. Prepare ammoniacal silver stock solution. Prepare 5 mL of 10% silver nitrate solution in 155 
a volumetric flask. Add ammonium hydroxide solution dropwise, until the precipitate is 156 
completely dissolved. Add 200 μL of silver nitrate solution (10%). The solution will become 157 
slightly cloudy. 158 
 159 
 CAUTION: Avoid contact and inhalation. Use a fume hood. 160 
 161 
1.9. Prepare ammoniacal silver working solution. Dilute 2.5 mL of ammoniacal silver stock 162 
solution with 7.5 mL of distilled water. Use once and then discard. 163 
 164 
 CAUTION: Avoid contact and inhalation. Use a fume hood. 165 
 166 
1.10. Prepare 0.1% gold chloride. Prepare 1 mL of 10% gold chloride and add 99 mL of 167 
distilled water in a volumetric flask. Prepare fresh daily. 168 
 169 
1.11. Prepare phosphate buffer saline (PBS). Add 8 g of NaCl, 0.2 g of KCl, 1.44 g of Na2HPO4 170 
and 0.24 g of KH2PO4 in 800 mL of distilled water. Adjust the pH to 7.4 with HCl. Dilute the 171 
resulting mixture to 1 L (final volume) with distilled water. 172 
 173 
1.12. Prepare 5% (w/v) sodium thiosulfate solution dissolved in distilled water. 174 
 175 



2. Cell Culture and Treatment 176 
 177 
2.1. Use commercially available B16F10 cells. Maintain the B16F10 cells in complete 178 
medium. Keep the cell culture flask in a humidified, 5% CO2 atmosphere incubator at 37 °C. 179 
 180 
2.2. Prepare test compounds, inhibitor positive control, and negative control samples. 181 
 182 
2.2.1. Dissolve the test compounds in the appropriate solvents. Dissolve water soluble 183 
compounds in double-distilled water. Dissolve water insoluble compounds in appropriate 184 
organic solvent, e.g., DMSO.  185 
 186 
2.2.2. Here, use arbutin dissolved in double-distilled water (125 μg/mL) as a positive control 187 
to assess the hypopigmentation activity compared with test compounds or a negative control. 188 
As a negative control (vehicle-treated control), use the solutions or buffers used in the test 189 
sample, e.g., double-distilled water, DMSO, ethanol.  190 
 191 
2.3. Cell seeding and treatment 192 
 193 
2.3.1. Seed B16F10 cells at 5 × 104 cells/well in 24-well culture plates using complete medium 194 
and incubate in a CO2 incubator for 24 h. After incubation, aspirate the complete medium. 195 
 196 
2.3.2. Incubate cells with DMEM medium (without FBS and 1% penicillin/streptomycin) 197 
containing either test compounds, an inhibitor control, or a negative control.  198 
 199 
2.3.3. Add test compounds at the desired concentration for 72 h. Check cells every 24 hours 200 
under the microscope. After this step, go to Steps 3-5 for further experiments. 201 
 202 
CAUTION: The mixture of the test substance and DMEM medium should be filtered through a 203 
0.2 μm filter.  204 
 205 
3. Measuring Cellular Tyrosinase Activity 206 
 207 
3.1. Using the method described in Step 2, remove media and rinse cells twice with 300 μL 208 
of cold PBS. Then aspirate the PBS on a clean bench. 209 
 210 
3.2. Place the cell culture plate on ice. Add 300 μL of lysis buffer and incubate for 5 min. 211 
Then collect the cell lysate using a cell scraper and transfer the cell lysate to a 1.5-mL 212 
microcentrifuge tube.  213 
 214 
3.3. Homogenize the cell lysate with a cell homogenizer at 14,500 rpm for 2 s, 3 times on ice 215 
to obtain intracellular tyrosinase. Use the optimum condition specific for the homogenizer. 216 
 217 
3.4. Centrifuge for 10 min at 12,000 × g at 4 °C and transfer the cell supernatant to a 1.5-mL 218 
microcentrifuge tube. Keep on ice while in use. 219 



 220 
3.5. Transfer 70 μL of the supernatant to a 96-well clear polystyrene microplate.  221 
 222 
3.6. Add 140 μL of a solution containing tyrosinase substrate (DOPA) to a 96-well clear 223 
polystyrene microplate, shake gently, and incubate for 2 h at 37 °C. 224 
 225 
3.7. Optional, add 70 μL of 100 U/mL mushroom tyrosinase solution to each well and 226 
incubate for 2 h at 37 °C. 227 
 228 
3.8. Measure the tyrosinase activity at a wavelength of 475 nm using microplate reader.  229 
 230 
3.9. Normalize the tyrosinase activity to the protein concentration of each sample. Measure 231 
the protein concentration of each sample by a Bradford assay. 232 
 233 
4. Measuring Melanin Content 234 
 235 
4.1. Using the method described in the Step 2, remove media and rinse cells twice with 300 236 
μL of cold PBS. Then aspirate the PBS on a clean bench. 237 
 238 
4.2. Place the cell culture plate on ice. Add 300 μL of lysis buffer and incubate for 5 min. 239 
Then collect the cell lysate using a cell scraper and transfer the cell lysate to a 1.5-mL 240 
microcentrifuge tube. 241 
 242 
4.3. Centrifuge for 10 min at 12,000 × g at 4 °C. 243 
 244 
4.4. Transfer the supernatant to a new tube and measure total protein concentration for 245 
normalization. Measure the protein concentration of each sample by a Bradford assay. 246 
 247 
4.5. Add 300 μL of 1 N NaOH to each pellet and incubate at 60 °C for 1 h. 248 
 249 
4.6. Centrifuge the dissolved solution for 5 min at 12,000 × g at 4 °C. 250 
 251 
4.7. Transfer 200 μL of the supernatant to a 96-well microplate. 252 
 253 
4.8. Measure the melanin contents at a wavelength of 400 nm. 254 
 255 
4.9. Normalize the melanin contents to the protein concentration. 256 
 257 
5. Fontana–Masson staining 258 
 259 
5.1. Fontana–Masson staining 260 
 261 
5.1.1. Wash cells twice with 300 μL of cold PBS. 262 
 263 



5.1.2. Add 200 μL of 10% formalin to each well and incubate for 1 h at 4 °C. 264 
 265 
5.1.3. Rinse with distilled water. 266 
 267 
5.1.4. Add 200 μL of pre-warmed ammoniacal silver working solution and incubate for 1 h at 268 
37 °C or until the cells become yellow/brown in color. 269 
 270 
CAUTION: Place freshly mixed ammoniacal silver working solution in a 58–60°C water bath and 271 
allow adequate time for the temperature to equilibrate. 272 
 273 
5.1.5. Remove ammoniacal silver working solution and rinse for 2 min with distilled water. 274 
 275 
5.1.6. Remove distilled water. Add 200 μL of 0.1% gold chloride and incubate for 2 min at RT. 276 
 277 
5.1.7. Remove 0.1% gold chloride solution and rinse for 2 min with distilled water. 278 
 279 
5.1.8. Remove distilled water. Add 200 μL of sodium thiosulfate solution (5%, w/v) and 280 
incubate for 2 min. 281 
 282 
5.1.9. Remove sodium thiosulfate solution and rinse with distilled water. 283 
 284 
5.1.10. Remove distilled water and add 200 μL of Nuclear Fast Red for 5 min. 285 
 286 
5.1.11. Remove Nuclear Fast Red and rinse for 2 min with tap water. 287 
 288 
5.1.12. Remove tap water and observe the stained cells under a microscope. 289 
 290 
5.2. Fontana–Masson staining (Threshold Analysis Using ImageJ) 291 
 292 
Note: An example of the image analysis procedure using ImageJ software is shown in the 293 
Supplemental Materials. 294 
 295 
5.2.1. Open the program ImageJ. 296 
 297 
5.2.2. Select File |Open |Microscope Image. 298 
 299 
5.2.3. Select Image | Adjust | Color Threshold. 300 
 301 
5.2.4. To measure the area stained with Fontana–Masson, set the brightness parameter bar to 302 
zero and adjust the brightness bar to find the point at which all stained cells (black or dark 303 
brown) are included. 304 
 305 
5.2.5. Select Analyze | Analyze Particles. Check the summarize box in the analyze particles 306 
window and press OK. Obtain the summary result and paste into a spreadsheet.  307 



 308 
Note: The description of the resulting box parameters are as follows: 309 
Slice: Name of each image 310 
Count: Number of stained cells 311 
Total Area: Total area of the counted cells 312 
Average Size: Total Area/Count 313 
% Area: Stained Area/Total Area × 100%; total area is calculated automatically. 314 
 315 
5.2.6. Calculate the relative area stained with melanin using the value of Total Area. 316 
 317 
Relative melanin stained area (%) = Value of total cellular area of test sample/average total area 318 
of control × 100, i.e., 319 
 320 
REPRESENTATIVE RESULTS: 321 
Representative results for the hypopigmentation activity of arbutin, an anti-melanogenic 322 
compound, in B16F10 melanocytes are shown below. Figure 1A shows that arbutin significantly 323 
suppressed the cellular tyrosinase activity compared with the vehicle-treated control. Similarly, 324 
the melanin content of cells stimulated with arbutin was significantly reduced compared with 325 
the controls (Figure 1B). Microscopic images of cells stained with Fontana–Masson stain are 326 
shown in Figure 1C. Arbutin treatment decreased the area of black pigment compared with the 327 
control. 328 
 329 
FIGURE AND TABLE LEGENDS: 330 
Figure 1: Arbutin suppressed melanogenesis in melanocytes. B16F10 cells were treated with 331 
arbutin (125 μg/mL) for 72 h. A. Cellular tyrosinase activity. B. Melanin content. C. Melanin was 332 
visualized with Fontana–Masson stain. Data are the means ± SEM (n = 4). Statistical comparisons 333 
were performed using Student's t-test (p values<0.05 were considered to be statistically 334 
significant). 335 
 336 
DISCUSSION:  337 
We presented protocols for evaluating the hypopigmentation activity of test compounds using 338 
cultured melanocytes. The representative results showed the hypopigmentation effect of 339 
arbutin, a tyrosinase inhibitor that inhibited tyrosinase activity and cellular melanin content. 340 
These methods are widely used in anti-melanogenic activity research. Using these assays, we 341 
have also successfully identified several bioactive compounds that have melanogenesis 342 
inhibitory effects on B16F10 cells in the past decade9–14.  343 
 344 
Melanin is produced by melanosomes in various pigment cells, including melanocytes in skin. In 345 
this study, we used B16F10 melanoma cells that produce melanin, which causes the culture 346 
medium to become dark brown or black15. Primary melanocytes might be biologically important 347 
tools for studying in vivo effects, but due to their limited proliferative capacity and the 348 
variability in phenotypes generated, cultured melanocytes are considered a reliable in vitro 349 
model16. Melanogenesis of this cell line is comparable with those of primary melanocytes. This 350 
method better represents the cellular environment than the mushroom tyrosinase activity 351 



assay, in which the enzyme is directly incubated with the substrate and hypopigmentation test 352 
compound. 353 
 354 
Before performing these experiments, it might be necessary to perform the 3-[4,5-355 
dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay or comparable assays, 356 
such as the cell violet assay, with the test compound(s). If a test substance affects cell 357 
proliferation or exhibits cytotoxicity, then melanocyte growth could be affected, and the results 358 
might not correctly represent the cellular tyrosinase activity. Chemicals or natural substances 359 
often have some cytotoxicity at high concentrations and this is particularly important for 360 
substances with mild activity. It is also not uncommon for substances and natural extracts to 361 
promote cell proliferation and differentiation. Consequently, the potential for additional 362 
bioactivity causing cell growth should be examined, although these effects on cell growth could 363 
be adjusted by normalizing the activity with the protein concentration. 364 
 365 
Various mechanisms could result in hypopigmentation independent of tyrosinase activity. 366 
Melanogenesis is a complex biosynthetic pathway that involves multiple signal transduction 367 
pathways and transcription factor activities17. Therefore, the expression of key genes and 368 
proteins and melanogenic signal transduction pathways could be examined for an in-depth 369 
study of hypopigmentation. MITF is an important transcription factor in melanogenesis and α-370 
melanocyte-stimulating hormone (α-MSH) can stimulate melanogenic signal transduction 371 
pathways18,19. Depending on their known biological characteristics, related signal transduction 372 
pathways could be studied further. 373 
 374 
When measuring melanin content, the obtained values should also be normalized by the 375 
protein concentration, so that the results correctly represent the melanin content per cell or 376 
per culture area20. Additionally, phenol-red-free medium is recommended in the compound 377 
treatment step to avoid the negative effects of phenol red on absorbance. 378 
 379 
For melanin staining, we used the Fontana–Masson stain, which detects argentaffin substances, 380 
such as melanin and argentaffin cells21. This technique is also used for paraffin or frozen section 381 
samples following the deparaffinization step. The reagents used in this experiment are harmful; 382 
contact and inhalation should be avoided, and the reagents should be used only in a fume hood 383 
whenever possible. After staining, ImageJ is used to calculate the stained area. With Fontana–384 
Masson staining, it can be difficult to interpret faint staining in sparsely positive cells; however, 385 
this may not be an issue for melanin-rich melanocytes. The silver nitrate, ammoniacal silver, 386 
sodium thiosulfate, and ammonium hydroxide used in the experiments should be handled with 387 
care due to their toxicity. 388 
 389 
These are widely used are methods in the field of melanogenesis and hypopigmentation 390 
because they are rapid, handy, cost-effective, and reliable. These methods may be useful for 391 
investigators who want to identify novel compounds or extracts with anti-melanogenic or pro-392 
melanogenic activities. They could also be used to assess melanocyte cell growth or cellular 393 
activity. One limitation is the reproducibility of the results on human skin, which is a complex 394 
organ in which homeostasis is maintained in response to various environmental, chemical, and 395 



biological factors. Therefore, hypopigmentation agents confirmed by these methods in vitro 396 
might not have significant effects on human skin in vivo. 397 
 398 
In summary, these protocols are an important initial step in screening test compounds for their 399 
inhibitory effects on melanogenesis. We suggest that these methods can explain not only the 400 
inhibitory effects on melanogenesis but also the mechanism involved. After bioactive candidate 401 
compounds are identified, further testing may lead to studies of the biological mechanisms or 402 
commercial applications, followed by in vivo use. 403 
 404 
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Name of Material/ Equipment Company Catalog Number Comments/Description

3,4-Dihydroxy-l-phenylalanine Sigma D9628

Ammonium hydroxide solution Sigma #320145

Arbutin Fluka #10960

DMEM HyClone SH30243.01

FBS HyClone SH30084.03

Formalin Yakuri Pure Chemicals #16223 37%

Gold chloride American MasterTech AHG0226 0.10%

HCl Samchun chemical H0255

KCl Bio basic Canada Inc. PB0440

KH2PO4 Sigma #60218

Na2HPO4 J.T.Baker #3817-01

NaCl Duksan pure chemicals #81

NaOH Sigma 655104

Nuclear fast red Merck 100121 Nuclear fast red 0.1% in 

5% aluminum sulfate. 
Penicillin and streptomycin 

solution

HyClone SV30010

Silver nitrate Duksan Pure Chemicals #900

Sodium phosphate dibasic 

(Na2HPO4)

J.T. Baker #3817-01

Sodium phosphate monobasic 

(Na2HPO4)

Sigma S5011

Sodium thiosulfate pentahydrate Duksan Pure Chemicals #2163

Tris(hydroxymethyl)aminomethan

e

Bio Basic Canada TB0196

Triton X-100 Union Carbide T8787

Tyrosinase from mushroom Sigma T3824 25 KU
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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ARTICLE AND VIDEO LICENSE AGREEMENT 

full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. Indemnification.  The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 

12. Fees.  To cover the cost incurred for publication, JoVE
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 

13. Transfer, Governing Law.  This Agreement may be
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

CORRESPONDING AUTHOR: 

Name:  

Department:  

Institution: 

Article Title: 

Signature:   Date: 

Please submit a signed and dated copy of this license by one of the following three methods: 
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Fax the document to +1.866.381.2236;
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051 
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Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

Response: We carefully reviewed the manuscript. Thanks. 

 

2. Unfortunately, there are a few sections of the manuscript that show overlap with previously 

published work. Though there may be a limited number of ways to describe a technique, 

please use original language throughout the manuscript. Please revise lines: 62-69, 71-75, 

Response: We revised the manuscript comply with editor’s comments. 

 

3. Please define the error bars in all of the figures: SD, SEM, etc. 

Response: all data were expressed as the mean ± SEM.  

 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. 

All commercial products should be sufficiently referenced in the Table of Materials and 

Reagents. 

Response: We revised 3.2 section in text. Eppendorf tube to microcentrifuge tube. 

 

5. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. 

Response: We revised the manuscript in response to the reviewer’s comment. 

 

6. 2.2: What test compounds are used and at what concentrations? We need specific examples. 

Response: We used arbutin (125 μg/mL) for inhibitor control. And we revised 2.2 section in 

text.  

 

7. 2.3: How is the treatment done? 

Response: We revised 2.3 section in text.  

 

8. Please provide the composition of all solutions used. 

Response: We added 1.11 and 1.12 section in text.  

Rebuttal Letter Click here to access/download;Rebuttal Letter;0827_Editorial
comments.docx
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Reviewers' comments: 

 

Reviewer #1:  

Manuscript Summary: 

In the summary author must add the usefulness of these protocol over other available 

protocols 

Response: We added brief information in the text (line 366-369).  

There are several  

 

Major Concerns: 

In the discussion section authors must compare the protocols with other protocols available 

before claiming that these protocols are more reliable, cost effective ,handy and rapid. 

Precautions must be incorporated at the end of each protocol. 

Response: The method described in the manuscript is very common and widely used method 

in this field, which is also cost effective, handy, and rapid. We added this information in the 

manuscript (line 366-369). 

 

Minor Concerns: 

In the manuscript there is repetition of some paragraphs (Line 27 to 29 and 78 to 81 ) that 

should be removed. 

Response: We revised lines 80-81 in the text. 

 

In the protocols section language should be more clear and understandable (Lines 

119,123,127,129,146) 

Response: We revised methods in the text (please see sentences in yellow highlights). 

 

Legend of figure should be more informative 

Response: We revised the figure legends.  

 

  



Reviewer #2:  

Manuscript Summary: 

Three standard methods for evaluating the hypopigmentation activity of chemicals are clearly 

described in this manuscript. Biochemical procedures and image analysis, which are both 

researcher-friendly methods, are shown here. I believe this manuscript is useful for 

researchers. 

 

Minor Concerns: 

-Line 88-91 should be revised to correctly refer Cooksey et al (5). Because it suggests that an 

immediate metabolite of L-tyrosine produced by tyrosinase-catalyzed oxidation is dopa-

quinone. 

Response: According to Cooksey et al., they mentioned that there has been some controversy 

in the literature regarding the method of generation of DOPA. DOPA is formed directly by the 

hydroxylation of tyrosine, whereas DOPA is formed indirectly.  

 

According to the indirect theory, dihydroxy derivatives involve formation by nucleophilic 

attack on dopaquinone, either by external nucleophiles (e.g. thiols such as cysteine) or by 

nucleophilic groups attached to the quinone as in the case of DOPA, where the side chain 

amino group acts as an intramolecular nucleophile. The nucleophilic property of the amino 

group is due to the lone pair electrons on the nitrogen, and attack on the ring by the amino 

group is followed by re-aromatization, involving hydrogen transfer to give the corresponding 

catechol as shown in Reaction 1. Evidence from pulse radiolysis experiments (5) indicates that 

5,6-dihydroxyindolene (cyclodopa) reacts rapidly with dopaquinone to give rise to two 

products, DOPA and dopachrome (Reaction 2). Thus, according to this scheme, DOPA in 

essence arises by disproportionation of dopaquinone (DQ), i.e. 2 DQ3DOPA 1 dopachrome, 

and is not a direct product of tyrosine hydroxylation by tyrosinase. If Reaction 2 is correct, it 

should be possible 

 

-Procedure written in line 163 does not give 0.1 % solution. 

Response: We revised 1.10 section in text. 

 

-Line 179 Reason why FBS and 1 % P/S is removed should be described. 

Response: There are several ways to treat cell. In this protocol, we tried to exclude unexpected 

effect of treatment. The presence of undefined constituents in serum may enhance or 

suppress the effect of the tested drug or toxins. In addition, antibiotics can occur competition 

effects to test compound. So we routinely used serum free medium without antibiotics for 

cell treatment.  

 

-Line 181 Method for measuring cellular tyrosinase activity written here will cause 



misunderstanding. The effect of tested materials on the down-regulation of tyrosinase 

expression cannot be excluded based on this method. Direct inhibition of tyrosinase enzyme 

should be clearly separated from it. 

Response: We changed the title as in vitro assay. 

 

-Line 198 The optional procedure is performed to what? Addition of the enzyme will hide the 

contribution of intracellular tyrosinase. 

Response: We agree with your opinion but B16F10 cells are unstable to produce melanin 

when cells are confluent.   
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