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Abstract: The pigment melanin is the gift of nature that protects the skin from damage to DNA caused by
ultraviolet (UV) rays. The biochemistry of the process is exciting and individuals whose skin have this pigment
should cherish and protect it. This article explains how melanin is produced in the body, its types and the
biochemical activities that show how it shields individuals from developing skin cancer. As this knowledge is
provided; the article posits that skin bleaching is an uninformed act. An expository presentation of the topic is
done which is aimed at enhancing understanding of it. There is a plethora of scientific knowledge available on
the beneficial properties of melanin; however, this knowledge has regrettably not benefitted a good number of
individuals in the public health community. Thus, this piece will hopefully raise awareness on the priceless
importance of melanin and discourage acts like skin bleaching that distort its benefits.
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INTRODUCTION

Melanin is a term used to describe a large group of related molecules responsible for many biological functions,
including pigmentation of skin and hair and photoprotection of skin and eye (1,2,3). In humans, melanin exists in
three forms: eumelanin (which is subdivided further into black and brown forms), pheomelanin, and
neuromelanin. The ability of melanin to protect the skin from the effects of harmful radiations has been
scientifically proven.

MELANIN SYNTHESIS

At the cellular level, eumelanin and pheomelanin are produced in various amounts in the basal layer of the
epidermis within cells called melanocytes. Melanocytes are the mature forms of melanoblasts, which migrate
from the neural crest following neural tube closure. As melanin is produced within melanocytes, it is packaged in
small, round membrane- bound organelles called melanosomes. Melanosomes are transported from melanocytes
to neighboring keratinocytes via tentacle-like dendritic processes. Melanosomes arriving in keratinocytes are
positioned superficially to cell nuclei, which serves to protect from incoming ultraviolet (UV) radiation. (4).

In the process of skin pigmentation, melanosomes are transferred from melanocytes in the basal layer of the
epidermis to overlying keratinocytes. The transfer involves a unique biological process involving organelle
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donation from one cell to another and is a crucial step in skin pigmentation. Individuals with defects in transfer
can have markedly reduced skin melanin content. Melanosome transfer begins with attachment of melanocyte
dendrites to keratinocytes followed by transfer of melanosomes through the melanocyte dendrites into the
keratinocytes and finally trafficking of the melanin within keratinocytes to the supra-nuclear area of the cell (5).
Thus, human skin colour stems from the outermost layer of the skin, the epidermis where the pigment-producing
cells melanocytes are localized to produce melanin.

MELANIN AND PROTECTION FROM SKIN CANCER

Exposure to terrestrial solar UV radiation (UVR) causes skin cancer (6), including malignant melanoma (MM)
and keratinocyte cancers [KCs; basal cell carcinoma (BCC) and squamous cell carcinoma (SCC)]. These cancers
are less prevalent in people with deeply pigmented skin than in white individuals, although their prognosis is
worse (7). In the United States, those with white skin are 70 times more likely to develop any skin cancer than
those with black skin (8). Recent data from South Africa demonstrated a 60- and 20-fold higher incidence of BCC
and SCC, respectively, in individuals with white skin compared with those with black skin (9, 10). Skin color is
primarily determined by epidermal melanin. HPLC has identified 9-fold more melanin content in black skin than
in white skin (11). The rarity of cutaneous malignancy in black skin has been assumed to be a result of
photoprotection by epidermal melanin, which has been reported to have a UVR absorption factor of at least 4 ex
vivo (12).

Melanin is historically known to offer protection to the skin against harmful radiation. Direct sun exposure is one
of the most aggressive factors for human skin. Sun radiation contains a range of the electromagnetic spectrum
including UV light. In addition to the stratospheric ozone layer filtering the most harmful UVC, human skin
contains a photoprotective pigment called melanin to protect from UVB, UVA, and blue visible light. This
pigment is a redox UV-absorbing agent and functions as a shield to prevent direct UV action on the DNA of
epidermal cells. In addition, melanin indirectly scavenges reactive oxygen species (ROS) formed during the UV-
inducing oxidative stress on the skin (13). Skin is an important barrier to protect the human body from
environmental stress. One of the more important factors causing this stress is sun exposure, due to the energy and
free radical generating capacity of sunlight. The solar radiation on the surface of our planet comprises an ample
range of electromagnetic radiation (14). The ultraviolet (UV) radiation is part of this electromagnetic radiation.
UV radiation constitutes about 10% of the total energetic output of the sun. The biologically active composition
of the UV radiation reaching the earth has suffered some changes in the last decades due to chemical
contamination and atmospheric factors (14). This radiation is usually subdivided into three regions (UVA, UVB,
and UVC). UVA comprises the longest wavelengths (320-380 nm), partially overlapping with the accompanying
visible light, while UVB wavelengths are in the middle span (280-320 nm) and UVC comprises the shortest
wavelengths (180-280 nm) with the highest energy. Fortunately, UVC rays do not penetrate through the
stratosphere since the ozone layer acts as an efficient filter to deter the very harmful effects of such radiation.
(13).

It is noteworthy that long term exposure to UV radiations can damage the skin. Included in this potential damage
to the skin are mutations that can lead to different types of skin cancer. To simplify the complexity of the
mechanisms involved in these effects, UV light damages DNA by two different ways. The first one is produced
through direct DNA absorption of mutagenic radiations, thereby increasing lesions called the UV “signature”
(pyrimidine dimers or 6-4 photoproducts). The second mechanism is indirect, through interaction with other
biochromes generating reactive oxygen species (ROS) which produce harmful cellular effects and can reach the
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nucleus causing oxidative DNA modifications and strand breaks (15,16,17). In both cases, accumulative damage

of DNA can finally induce apoptosis or lead to cancer appearance [16,18).

There is little doubt that melanin provides the skin with protection against UV radiation and this is supported by

both in vitro and in vivo studies (19,20,21,22,23,24). It is well recognised that dark-skinned individuals tolerate

sunlight better than those with lighter skin and show a lower risk of skin cancer (25). One possibility is that

melanin acts to remove reactive oxygen species (ROS). ROS, including hydroxyl radical, superoxide anion and

hydrogen peroxide which are generated in the skin in response to UV radiation, are capable of inducing lipid

peroxidation, protein modifications and DNA damage (26). Melanin is known to be a scavenger of radicals and

reactive oxygen species (27, 28, 29) and it has been suggested that it possesses superoxide dismutase activity (30,

31). The synthesis of melanin may, in addition, serve as a free radical trap and this is supported by findings that

the preferred substrate for tyrosinase, the rate limiting enzyme in the melanin pathway, is the superoxide anion

rather than molecular oxygen (32, 33).

Another property of melanin is its capacity to bind Ca*" (34, 35, 36). There are indications that the melanosome

is actively involved in regulating Ca®" homeostasis by taking up and releasing Ca®* (37). This could have many

important consequences in the melanocyte including effects on antioxidant defence. Ca*" is known to have a role

in antioxidant defence and there are reports that in lymphocytes and Jurkat cells, low intracellular Ca®*

concentrations protect against H>O»induced DNA strand breaks, whereas high Ca®" concentrations facilitate this

type of DNA damage (38, 39)

MELANIN AND SKIN BLEACHING

Skin-bleaching practices, such as using skin creams and soaps to achieve a lighter skin tone, are common

throughout the world and are triggered by cosmetic reasons that oftentimes have deep historical, economic,

sociocultural, and psychosocial roots (40). It has been scientifically proven that skin bleaching or whitening

agents mainly work by interfering with melanin production. For instance, hydroquinone (a commonly used agent

in skin whiteners), works by decreasing melanin production (41).

Skin whitening agents work by reducing the presence of melanin pigment in the skin. To accomplish this, there

are several possible mechanisms of action (42):

« Inhibition of the activity of tyrosinase: The catalytic action of tyrosinase is inhibited by the skin whitening
agent.

« Inhibition of the expression or activation of tyrosinase: The anti melanogenic agent causes less tyrosinase to be
generated or prevents tyrosinase from being activated to its functional form.

« Scavenging of the intermediate products of melanin synthesis.

« Preventing the transfer of melanosomes to keratinocytes. * Directly destroying existing melanin ¢ Destroying
melanocytes.

CONCLUSION

This article establishes the role of melanin in skin pigmentation. The pigment is responsible for dark colouration

of the skin and has many benecial effects; including shielding the skin from harmful effects of UV radiation. One

of such deleterious effects of UV radiation on the skin is its ability to cause different types of skin cancer on

prolonged exposure.

Hence, one can rightfully conclude that melanin is nature’s gift to humans to protect them from skin cancer. So,

the dark skin should be seen as a priceless gift and cherished by all that have it.

FOOTNOTE
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This article is a sincere attempt to present the benefits of melanin pigment which is responsible for dark

colouration of the skin. The author recognizes the uniqueness and benefits of all skin colours and has no intention

of promoting any against the other.

REFERENCES

Maranduca, M. A., Branisteanu, D., Serban, D. N., Branisteanu, D. C., Stoleriu, G., Manolache, N., & Serban, .
L. (2019). Synthesis and physiological implications of melanic pigments. Oncology Letters, 17(5), 4183-
4187. https://doi.org/10.3892/01.2019.10047

Fernandez-Flores, A., Saeb-Lima, M., & Cassarino, D. S. (2019). Histopathology of aging of the hair follicle.
Journal of Cutanous Pathology, 46(7), 508-519. https://doi.org/10.1111/cup.13470

Starace, M., Alessandrini, A., Brandi, N., & Piraccsini, B. M. (2019). Use of nail dermoscopy in the management
of melanonychia: A review. Dermatology Practical & Conceptual, 9(1), 38-43.
https://doi.org/10.5826/dpc.0901a07

D'Alba, L., & Shawkey, M. D. (2019). Melanosomes: Biogenesis, properties, and evolution of an ancient
organelle. Physiological Reviews, 99(1), 1-19. https://doi.org/10.1152/physrev.00012.2018

LaBerge, G. S., Duvall, E., Grasmick, Z., Haedicke, K., Galan, A., Leverett, J., Baswan, S., Yim, S., & Pawelek,
J. (2020). Recent advances in studies of skin color and skin cancer. Journal of Biological Medicine, 93(1),
69-80. https://doi.org/10.1002/jbiomed.2020.93.1.69

Pfeifer, G. P., & Besaratinia, A. (2012). UV wavelength-dependent DNA damage and human non-melanoma and
melanoma  skin  cancer. Photochemical &  Photobiological Sciences, 11(1), 90-97.
https://doi.org/10.1039/c1pp05158f

Cestari, T., & Buster, K. (2017). Photoprotection in specific populations: Children and people of color. Journal
of the American Academy of Dermatology, 76(3S1), S110-S121.
https://doi.org/10.1016/j.jaad.2016.09.016

Gloster, H. M. J., Jr., & Neal, K. (2006). Skin cancer in skin of color. Journal of the American Academy of
Dermatology, 55(5), 741-760. https://doi.org/10.1016/].jaad.2006.03.051

National Institute for Communicable Diseases. (n.d.). National cancer registry.
http://www.nicd.ac.za/index.php/centres/national-cancer-registry/

Norval, M., Kellett, P., & Wright, C. Y. (2014). The incidence and body site of skin cancers in the population
groups of South Africa. Photodermatology, Photoimmunology & Photomedicine, 30(5), 262-265.
https://doi.org/10.1111/phpp.12105

Del Bino, S., Ito, S., Sok, J., Nakanishi, Y., Bastien, P., Wakamatsu, K., & Bernerd, F. (2015). Chemical analysis
of constitutive pigmentation of human epidermis reveals constant eumelanin to pheomelanin ratio.
Pigment Cell & Melanoma Research, 28(6), 707-717. https://doi.org/10.1111/pcmr.12414

24|Page

https://loganjournals.online | Volume 12 Issue 2 |



https://doi.org/10.3892/ol.2019.10047
https://doi.org/10.1111/cup.13470
https://doi.org/10.5826/dpc.0901a07
https://doi.org/10.1152/physrev.00012.2018
https://doi.org/10.1002/jbiomed.2020.93.1.69
https://doi.org/10.1039/c1pp05158f
https://doi.org/10.1016/j.jaad.2016.09.016
https://doi.org/10.1016/j.jaad.2006.03.051
http://www.nicd.ac.za/index.php/centres/national-cancer-registry/
https://doi.org/10.1111/phpp.12105
https://doi.org/10.1111/pcmr.12414

Multidisciplinary Journal of Advanced Materials, Physics and Bio Research.

Kaidbey, K. H., Agim, P. P, Sayre, R. M., & Kligman, A. M. (1979). Photoprotection by melanin—a comparison
of black and Caucasian skin. Journal of the American Academy of Dermatology, 1(4), 249-260.
https://doi.org/10.1016/S0190-9622(79)70060-2

Solano, F. (2020). Photoreception and skin pigmentation: Melanin-related molecules and other new agents
obtained from natural sources. Molecules, 25(7), 1537. https://doi.org/10.3390/molecules25071537

Madronich, S., McKenzie, R. L., Bjorn, L. O., & Caldwell, M. M. (1998). Changes in biologically active
ultraviolet radiation reaching the Earth’s surface. Journal of Photochemistry & Photobiology B, 46(1), 5—
19. https://doi.org/10.1016/S1011-1344(98)00134-9

D’Orazio, J., Jarrett, S., Amaro-Ortiz, A., & Scott, T. (2013). UV radiation and the skin. International Journal of
Molecular Sciences, 14(6), 12222-12248. https://doi.org/10.3390/ijms140612222

Premi, S., Wallisch, S., Mano, C. M., Weiner, A. B., Bacchiocchi, A., Wakamatsu, K., Bechara, E. J. H., Halaban,
R., Douki, T., & Brash, D. E. (2015). Photochemistry: Chemiexcitation of melanin derivatives induces
DNA  photoproducts long  after UV  exposure.  Science,  347(6225), 842-847.
https://doi.org/10.1126/science.1260389

Solano, F. (2016). Photoprotection versus photodamage: Updating an old but still unsolved controversy about
melanin. Polymer International, 65(11), 1276-1287. https://doi.org/10.1002/pi.5131

Fisher, J. M., & Fisher, D. E. (2008). From suntan to skin cancers: Molecular pathways and prevention strategies.
Targeted Oncology, 3(1), 41-44. https://doi.org/10.1007/s11523-008-0053-3

Korytowski, W., & Dombrowski, F. (1986). Reaction of superoxide anions with melanin: Electron spin resonance
and spin trapping studies. Biochimica et Biophysica Acta, 885(2), 212-218. https://doi.org/10.1016/0304-
4165(86)90032-3

Korytowski, W. (1985). Mechanism of dismutation of superoxide produced during autoxidation of melanin
pigments.  Biochemical and Biophysical Research Communications, 132(1), 81-86.
https://doi.org/10.1016/S0006-291X(85)80145-0

Wood, J. M., & Hetrick, M. (1991). Studies on the reactions between human tyrosinase, superoxide anion,
hydrogen peroxide, and thiols. Biochemical and Biophysical Acta, 1073(2), 230-236.
https://doi.org/10.1016/0304-4165(91)90163-K

Potts, A. M., & Fisher, A. (1976). The affinity of melanin for inorganic ions. Experimental Eye Research, 23(2),
135-145. https://doi.org/10.1016/0014-4835(76)90035-2

Salceda, R., & Gonzalez, A. (2000). Calcium uptake, release, and ryanodine binding in melanosomes from retinal
pigment epithelium. Cell Calcium, 27(2), 107-114. https://doi.org/10.1054/ceca.2000.0162

25|Page

https://loganjournals.online | Volume 12 Issue 2



https://doi.org/10.1016/S0190-9622(79)70060-2
https://doi.org/10.3390/molecules25071537
https://doi.org/10.1016/S1011-1344(98)00134-9
https://doi.org/10.3390/ijms140612222
https://doi.org/10.1126/science.1260389
https://doi.org/10.1002/pi.5131
https://doi.org/10.1007/s11523-008-0053-3
https://doi.org/10.1016/0304-4165(86)90032-3
https://doi.org/10.1016/0304-4165(86)90032-3
https://doi.org/10.1016/S0006-291X(85)80145-0
https://doi.org/10.1016/0304-4165(91)90163-K
https://doi.org/10.1016/0014-4835(76)90035-2
https://doi.org/10.1054/ceca.2000.0162

Multidisciplinary Journal of Advanced Materials, Physics and Bio Research.

Panayiotidis, M., & Satyaprasad, P. (1999). Glucose oxidase-produced H202 induces Ca2+-dependent DNA
damage in human peripheral blood lymphocytes. Free Radical Biology & Medicine, 26(9), 1227-1236.
https://doi.org/10.1016/S0891-5849(99)00094-1

Barbouti, A., & Tapper, A. (2001). Intracellular iron, but not copper, plays a critical role in hydrogen peroxide-
induced DNA damage. Free Radical Biology & Medicine, 31(11), 1421-1431.
https://doi.org/10.1016/S0891-5849(01)00790-6

Tang, J., & Billings, J. (2000). Mechanisms of [Ca2+]i elevation by H202 in islets of rats. Life Sciences, 67(8),
941-950. https://doi.org/10.1016/S0024-3205(00)00419-7

Ancans, J., & Wakamatsu, K. (2001). Melanosomal pH, pink locus protein and their roles in melanogenesis.
Journal ~ of Investigative Dermatology, 116(5), 840-847. https://doi.org/10.1046/].0022-
202x.2001.01349.x

Singh, N. P., & Mu, Q. (1998). A simple technique for quantitation of low levels of DNA damage in individual
cells. Experimental Cell Research, 234(2), 214-221. https://doi.org/10.1006/excr.1997.3983

Furukawa, F., & Okamoto, N. (1988). Characterization and practical benefits of keratinocytes cultured in
strontium-containing serum-free medium. Journal of Investigative Dermatology, 91(3), 323-330.
https://doi.org/10.1111/1523-1747.ep12496045

Wenczl, E., & Miyashita, Y. (1998). (Pheo)melanin photosensitizes UVA-induced DNA damage in cultured
human melanocytes. Journal of Investigative Dermatology, 110(5), 805-810.
https://doi.org/10.1046/].1523-1747.1998.00310.x

Ancans, J., & Wakamatsu, K. (2001). Melanosomal pH controls rate of melanogenesis, eumelanin/phaeomelanin
ratio and melanosome maturation in melanocytes and melanoma cells. Experimental Cell Research,
267(2), 105-113. https://doi.org/10.1006/excr.2000.5062

Schallreuter, K. U., & Panske, A. (1986). The role of calcium in the regulation of free radical reduction by
thioredoxin reductase at the surface of the skin. Journal of Inorganic Biochemistry, 29(3), 315-325.
https://doi.org/10.1016/S0022-1902(86)80005-X

Schallreuter, K. U., & Panske, A. (1989). EF-hands calcium binding regulates the thioredoxin
reductase/thioredoxin electron transfer in human keratinocytes. Biochemical and Biophysical Research
Communications, 161(3), 1161-1167. https://doi.org/10.1016/0006-291X(89)91443-4

Gitler, C., & Scheinberg, M. (2002). Calcium-dependent oxidation of thioredoxin during cellular growth
initiation.  Biochemical and Biophysical Research Communications, 298(4), 739-746.
https://doi.org/10.1016/S0006-291X(02)02502-7

26|Page

https://loganjournals.online Volume 12 Issue 2



https://doi.org/10.1016/S0891-5849(99)00094-1
https://doi.org/10.1016/S0891-5849(01)00790-6
https://doi.org/10.1016/S0024-3205(00)00419-7
https://doi.org/10.1046/j.0022-202x.2001.01349.x
https://doi.org/10.1046/j.0022-202x.2001.01349.x
https://doi.org/10.1006/excr.1997.3983
https://doi.org/10.1111/1523-1747.ep12496045
https://doi.org/10.1046/j.1523-1747.1998.00310.x
https://doi.org/10.1006/excr.2000.5062
https://doi.org/10.1016/S0022-1902(86)80005-X
https://doi.org/10.1016/0006-291X(89)91443-4
https://doi.org/10.1016/S0006-291X(02)02502-7

Multidisciplinary Journal of Advanced Materials, Physics and Bio Research.

Schallreuter, K. U., & Panske, A. (2001). Thioredoxin reductase—Its role in epidermal redox status. Journal of
Photochemistry & Photobiology B: Biology, 65(2), 116-128. https://doi.org/10.1016/S1011-
1344(01)00248-0

Scoltock, A. B., & Farrer, J. (2000). A selective requirement for elevated calcium in DNA degradation, but not
early events in anti-Fas-induced apoptosis. Journal of Biological Chemistry, 275(19), 14448-14455.
https://doi.org/10.1074/jbc.275.19.14448

Ermak, G., & Davies, K. (2002). Calcium and oxidative stress: From cell signaling to cell death. Molecular
Immunology, 38(8), 583-594. https://doi.org/10.1016/S0161-5890(02)00122-7

Schallreuter, K. U., & Mdller, L. (1999). The importance of L-phenylalanine transport and its autocrine turnover
to L-tyrosine for melanogenesis in human epidermal melanocytes. Biochemical and Biophysical Research
Communications, 259(1), 117-124. https://doi.org/10.1006/bbrc.1999.0717

Comparative transcriptome elucidates key genes and pathways related to golden phenotype of Crassostrea gigas.
(2024). Comparative Biochemistry and Physiology - Part D: Genomics and Proteomics.
https://doi.org/10.1016/j.cbpd.2024.100209

Benn, E. K. T., Alexis, A., Mohamed, N., Wang, Y. H., Khan, I. A., & Liu, B. (2016). Skin bleaching and
dermatologic health of African and Afro-Caribbean populations in the US: New directions for
methodologically rigorous, multidisciplinary and culturally sensitive research. Dermatology and Therapy,
6(11), 53. https://doi.org/10.1007/s13555-016-0160-3

Tse, T. W. (2010). Hydroquinone for skin lightening: Safety profile, duration of use, and when should we stop?
The Journal of Dermatological Treatment, 21(5), 272-275. https://doi.org/10.3109/09546631003641182

Ebanks, J. P., Wickett, R. R., & Raymond, B. E. (2009). Mechanisms regulating skin pigmentation: The rise and
fall of complexion coloration. International Journal of Molecular Sciences, 10(9), 4066-4087.
https://doi.org/10.3390/ijms10094066

27|Page

https://loganjournals.online Volume 12 Issue 2



https://doi.org/10.1016/S1011-1344(01)00248-0
https://doi.org/10.1016/S1011-1344(01)00248-0
https://doi.org/10.1074/jbc.275.19.14448
https://doi.org/10.1016/S0161-5890(02)00122-7
https://doi.org/10.1006/bbrc.1999.0717
https://doi.org/10.1016/j.cbpd.2024.100209
https://doi.org/10.1007/s13555-016-0160-3
https://doi.org/10.3109/09546631003641182
https://doi.org/10.3390/ijms10094066

