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Abstract: The perception of white skin as a standard of beauty has led to a significant consumer demand for skin
whitening agent products, contributing to the ongoing expansion of cosmeceuticals market. In this market, hundreds of
businesses have created and introduced products. Skin whitening refers to the process of lightening skin complexion
through artificial methods, including creams, lotions, soaps, and injections. Among the many uses for skin care cosmetics
are anti-oxidants, anti-inflammatory, anti-microbial, and antiseptic properties. Vitamins are also included in the
formulation of skin care cosmetics. Melanin, the pigment that gives skin, hair, and eyes color, is produced by body cells,
which can be damaged, causing skin to become darker or lighter. The essential enzyme for the formation of melanin is
tyrosinase. Skin whitening is caused by tyrosine inhibitors, which decrease or prevent the formation of melanin. Many
strong tyrosinase inhibitors come from natural, semi-natural, and synthetic sources. The natural cosmetics industry is
expanding, and it is manufacturing skin whitening products that replace harsh chemicals with natural plant extracts. This
study objectives were to analyze recent findings on natural skin-whitening treatments and investigate its constituents.
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l. INTRODUCTION conditions, sun damage (UV radiation and ionizing

radiation), drug reactions (chemicals), hormonal changes,

In many Asian cultures, lighter skin tones have long
been linked to youth and beauty. The Asian markets,
particularly those in China, India, and Japan, are driving an
annual increase in investment in skin-whitening products
[1]. Skin-whitening products have been extensively used in
the cosmetic field and clinic therapy. These products are
designed to either lighten or depigment skin for individuals
with abnormally high pigmentation, such as those with
melasma, freckles, or senile lentigines. In a number of hyper
pigmentary  conditions, whitening treatments such
hydroquinone, kojic acid, and ascorbic acid derivatives have
demonstrated effectiveness [2].The main causes of skin
darkening (skin hyper pigmentation) are auto immune
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genetic factors, medications, hormonal therapy or birth
control pills resulting in the hyper secretion of melanin from
melanocytes [3]. However, these agents often cause adverse
effects like prickling sensation, contact dermatitis, irritation,
high toxicity, and sensitivity. Recent research in cosmetics
and medicine focuses on developing natural skin whitening
agents that selectively suppress tyrosinase activity to reduce
hyperpigmentation without cytotoxicity. As a result, the
cosmetic and medical industries are paying close attention to
natural skin whitening substances An outline of
melanogenesis, the biosynthesis process, and the regulatory
signaling pathways involved are given in this review. The
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effectiveness of natural skin-whitening products, as well as
their compound classification, are also reviewed [4].

» Skin pigmentation

Melanin is generated by dendritic cells (melanocytes)
in the basal epidermal layer. UV light and the melanocyte-
stimulating hormone released by the anterior pituitary gland
both promote the production of melanin pigment.

» Disorders of Pigmentations

o Freckles

e Melasma or chloasma

e Solar lentigines

o Post inflammatory: acne, burns, and friction.

e This type of pigmentation leads to tan, brown or black
colour to skin [5].

1. BIOCHEMICAL PATHWAYS FOR
MELANOGENESIS

Melanin is produced by melanocytes, stored in
melanosomes and transferred to keratinocytes. Melanocytes
increase intracellular nitric acid production, triggering
Melanogenesis through tyrosinase enzyme. The main
enzyme, tyrosinase, initiates the melanogenesis process by
oxidizing L-tyrosine to dopaquinone. The resultant Quinone

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25may031

will act as a substrate for the production of eumelanin and
pheomelanin. The formation of dopaquinone is a rate-
limiting stage in synthesis. It undergoes intramolecular
cyclization to yield indoline and leukodopachrome
(cyclodopa). The redox exchange between leukodopachrome
and dopaquinone produces dopachrome and L-3,4-
dihydroxyphenylalanine (L-DOPA), which is also a
substrate for TYR and is oxidized to dopaquinone again by
the enzyme. Dopachrome eventually decomposes into
dihydroxyindole (DHI) and dihydroxyindole-2-carboxylic
acid (DHICA). The latter process is catalyzed by TRP-2,
also known as dopachrome tautomerase. subsequently these
dihydroxyindoles are oxidized to eumelanin. TRP-1
enhances the process of DHICA oxidation eumelanin. DQ is
also converted to 5-S-cysteinyl dopa or glutothionyldopa in
the presence of cysteine or glutathione. Subsequent
oxidation produces benzothiazine intermediates, which are
then converted into pheomelanin. [6-8].

. OTHER MECHANISM FOR SKIN
WHITENING AGENTS

Skin-whitening agents reduce pigmentation or inhibit
the production of melanin by a range of mechanisms. The
alternative mechanisms for skin-whitening agents are shown
in table no.1 [9].

Table 1 Other Mechanism for Skin Whitening Agents

Mechanism of action

Chemical components

Inhibition of tyrosinase transcription

Tretinoin ,Glucosamine ,Retinol, Retinaldehyde ,N-Acetyl Glucosamine

Tyrosinase inhibition

Hydroquinone ,Mequinol, Arbutin, Azelaic Acid , Kojic Acid Ellagic Acid,

Resveratrol

Epidermal turnover accelerant

Vitamin C, Vitamin E ,Thioctic Acid ,Retinoids ,Lactic Acid , Glycolic Acid,

Salicylic Acid , Liquiritin

Inhibition of melanosome transfer

Linoleic Acid

Anti-inflammation action

Niacinamide ,Soya Milk

Free radical trapping agent

Topical Steroids ,Glycyrrhetinic Acid
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V. CLASSIFICATION
Modern science has significantly increased the range of skin-whitening agents found on the market today. In order to allow
for effective and responsible use of these agents, it is essential to comprehend their mechanisms, classifications, and their safety

concerns. They are utilized in everything from clinical treatments to cosmetic treatments, and they include both natural extracts
and highly complex synthetic compounds [10,11].

Table 2 Classification of Skin Whitening Agent

l Classification
|
| |
Local skin whitening agents J Sb'“cmﬂcas ’:::s whitening
1 1 !
Competitive tyrosinase inhibitors 1. Glutathione (oral, IV)
Non-plant extracts Plant extracts 2. Tramexanuc acid [EXA) (ol
AV)
1. Hydroquinone 1. Azelaic acid (15-20%) 3. Vitamin C (Oral, IV)
2. Glutathione (thiol) 2. Arbutin (3%) 4. Alpha lipoic acid (Oral, IV)
3. Epicatechin 3. Alpha arbutin! 5. N-Acetylcysteine (NAC)
gallates 4. Deoxyarbutin (Oral)
5. Aloesin Kojic acid (oral IV topical)
6. Kojic acid (2-4%) 7. Polpodium leucotomos
7. Flavonoids extract [PLE] (oral)
8. Saponin 8. Cysteine peptide (oral)
9. Oregonin
10. Yohimbine
2. Non-competitive tyrosinase inhibitors:
Non-plant extracts Plant extracts
1. Haginin A 1. Glabirdin (10-40%)
2. N-acetyl 2. Hydroxystilbenes:
glucosamine 2.1 resveratol,
2.2 oxvresveratol,
2.3.ginetol
3. Piceatannol
4. Mulberry (mulberroside)
5. Polyphenols(procyanidins)
IJISRT25MAY031 WwWW.ijisrt.com 169
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» Insights on Skin Whitening agents
Skin-whitening agents aim at melanin synthesis and skin rejuvenation to decrease skin pigmentation and target
pigmentation-related problems, but understanding their mechanisms, benefits, and risks is crucial for safe use.

International Journal of Innovative Science and Research Technology
https://doi.org/10.38124/ijisrt/25may031

Table 3 Advantages and Disadvantages of skin whitening agents

Agents Advantages Disadvantages References
Mercury Reduces melanin by inhibiting the enzyme Photophobia, irritability, neurological [12]
tyrosinase, offering fast results. and renal impairment, acrodynia, and
acute and chronic toxicity
Hydroquinone Stable in combinations Mutagenic and cytotoxic Contact [13]
dermatitis, ochronosis, skin irritation,
redness, and burning
Corticosteroids Beneficial for inflammatory skin Skin thinning, acne, and potentially even [14]
adrenal insufficiency, and can lead to
long-term skin damage
Ascorbic acid Possess a preventive effect against UV- Highly unstable, low penetration, skin [15]
(vitamin C) induced skin damage irritation, redness, itching, and dryness
Tretinoin Beneficial for mild to moderate acne's It can lead to contact irritant dermatitis [16]
inflammatory and is highly irritating.
Azelaic acid Beneficial for post-inflammatory Therapeutic response is rather slow [17]
hyperpigmentation, rosacea, and
lentigines, a strong safety profile with
little adverse consequences.
Kojic acid Moderate antioxidant properties and a Skin irritation in sensitive individuals. [18]
natural tyrosinase inhibitor
Arbutin Natural alternative to hydroquinone; safer Less potent than hydroquinone. [19]
for prolonged use.
Licorice Extract Natural anti-inflammatory and melanin Slower results and mild consequences [20]
inhibitor.
Retinoids Promotes skin renewal and reduces Can cause dryness, peeling, and [21]
pigmentation sensitivity to sunlight.
Niacinamide Decreases pigmentation by regulating Possibly take longer to show visible [22]
melanin transfer, corrects skin barrier, and effects.
calms inflammation.
Alpha Hydroxy Acids Exfoliates the skin, revealing brighter Can cause irritation and sensitivity in [23]
(AHAS) layers underneath. some individuals.
Soy Extract Natural and gentle substance that inhibits Results may take longer time as [24]
melanin transfer compared to synthetic agents.
» Different Combinations used in skin whitening e 2% hydroquinone, 2% kojic acid, and 10% glycolic acid
The effectiveness of combination therapies is higher containing gel formulations.
than that of monotherapy. These are some of the key e Mequinol 2% combined with magnesium ascorbyl

combinations. phosphate and 0.01% tretinoin, which acts as a

penetration enhancer. An ethyl alcohol vehicle dissolves
these active ingredients [10].

e Glutathione: Glutathione is an antioxidant that can be
used topically or orally for skin whitening. Studies
suggest that combining topical and oral glutathione may
lead to superior outcomes compared to monotherapy
[25].

» Common Combinations:

e Hydroquinone 5%, Retinoids (e.g. tretinoin 0.1%), and
dexamethasone 0.1%, (Kligman's formula). In addition
to its synergistic therapeutic effect, dexamethasone
reduces the irritative effects of hydroguinone and causes
mild hypopigmentation through an antimetabolic action,
while tretinoin improves stratum corneum penetration >
and lessens the epidermal atrophy brought on by
corticosteroids. ~ Corticosteroids May help  reduce e Licorice Extract: Contains compounds like glabridin that
inflammation and further enhance the depigmenting can inhibit tyrosinase  activity and  reduce
effect. pigmentation.[26]

e Arbutin (deoxyarbutin) and aloesin, which work together
to inhibit melanin synthesis.

From natural origin

e 20% azelaic acid and 0.1% tretinoin.

NISRT25MAY031

Tretinoids (0.01%) and mequinol (2%), which penetrate
and improve the action of other agents.
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Ascorbic acid (magnesium ascorbyl phosphate), soy, and
licorice extract.
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o Kaojic acid, phytic acid, and buthyl methoxy dibenzoyl
methane for melisma [10]

» Medical Approaches to Skin Lightening

Medical skin lightening techniques, such as chemical
peels, laser therapy, microdermabrasion, and prescription
treatments, are used to address skin issues like melasma,
hyperpigmentation, and uneven skin tone under
dermatologist supervision, ensuring optimal results with
minimal risks.
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» Chemical peels

Chemical peeling, or chemical exfoliation, involves
applying a chemical substance to the skin, with the objective
of purposefully inducing controlled epidermal damage, with
or without harming the dermis. This controlled damage
prompts skin regeneration and remodeling, thereby
improving overall skin appearance and texture. Chemical
peels are commonly classified as light, medium, and deep,
depending on their depth of skin penetration [27].

Table 4 Types of chemical peels

Light peels

Medium peels

Deep peels

Solutions of a hydroxy acids, salicylic
acid, tretinoin, trichloroacetic acid [10%-
20%]

Solutions of pyruvic acid, trichloroacetic
acid [35%]

Phenol peel

Common adverse effects include blisters, keloids,
hypertrophic scars, post-inflammatory hyperpigmentation,
burning sensations, prolonged erythema, and the potential
for infection [28].

» Light emitting therapy treatments
Light therapy treatments include Certain light
wavelengths to address a various skin issues. include:

e Red Light Therapy - increases the production of
collagen, minimizes wrinkles, and promotes healing.

e Blue Light Therapy - helps with breakouts by targeting
bacteria that cause acne

e Near-Infrared Light - Penetrates deeper to reduce
inflammation and promote skin repair.

e LED Masks & Devices - Used at home or in clinic
treatments for anti-aging and skin brightening [29,30].

» Intense Pulsed Light (IPL)

Intense Pulsed Light systems are high-intensity,
polychromatic light emission sources used for skin
whitening. They emit a long millisecond pulse width over a
wide wavelength range of 515-1200 nm, with the second
generation IPL removing wavelengths from 900 to 1200 nm.
This method enhances absorption of glutathione through the
skin and reduces its unpleasant smell. Hyaluronic acid, a
biopolymer with high biocompatibility and deodorizing
properties, is ideal for infused microneedles. IPLs are
approved by the FDA for treating benign pigmented and
vascular lesions, and are effective in photodamaged
pigmented lesions like solar lentigo and generalized
dyspigmentation. It is recommended for fair-skinned
individuals [28].
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> Dermabrasion

Dermabrasion involves the use of abrasive materials to
induce epidermal and dermal injury, resulting in the
improvement of the appearance of the skin following wound
healing. Dermabrasion is a surgical method used to
performed scars, rhytides, and lentigines to improve the
appearance of the skin. Portable hand-held dermabraders
with a diamond fraise, wire brush, or serrated wheel
attached are most frequently used for dermabrasion. During
dermabrasion, local or general anesthesia may be used to
optimize patient comfort [31]. Treatment side effects are
keloids and milia formation, loss of skin texture, enlarged
pores, pruritus, and post-inflammatory hyperpigmentation
and color changes [32].

» Microneedling

Microneedling is a minimally invasive dermatological
technique that utilizes tiny needles to create controlled
micro-injuries in the skin. This method's efficacy in treating
a range of skin issues, such as wrinkles, scars, and general
skin rejuvenation. The dermis is the primary target of
microneedling, which produces tiny wounds that promote
the body's natural healing mechanisms without seriously
harming the epidermis. Because this specific injury
encourages the production of collagen and skin remodeling,
microneedling is a successful treatment for a number of
dermatological conditions [33].

A promising microneedling method involves the use of
a patch with hyaluronic acid microneedles infused with
reduced glutathione , which gradually dissolve as the patch
is applied to the skin. The goal of using these patches is to
reduce pain by releasing chemicals transdermally over an
extended period of time [34].
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Common or Minor Side Effects:
Skin Irritation and Reactions:
Local redness, burnung,

stinging, itching

Dirying, scaling,

crusting of skin.

Contact dermatitis

Other Skin Diseases:
Skin Thinness
Striae (stretch marks)

Telangiectasias (fine, broken
capillanes).

Acne and perioral dermatitis.
Hirsutism (abnormal hair growth).

Steroid rozacea.

Folliculitis (inflammation of hair
follicles).

Skin Color Changes -

Hydroquinone-induced blue-gray
hyperpigmentation (exogenous ochronosis).

Darkening of skin when use was discontinued
(paradoxical).

Bleach panda effect” (puffing around the eyes).

Svstemic Complications

Cushing's syndrome (due to corticosteroid).
Diabetes mellitus.

Hypertension.

Immunosuppression, leading to infections.
Ocular changes (cataracts and glancoma)).
Nephrotic syndrome (kidney disease).
Penipheral neuropathy.

Fish odor syndrome.

Fetal growth retardation.

Mercury poisoning.

V. CONCLUSION

The search for beauty through fairness has given rise
to the application of chemicals such as bleaching substances
in order to deepen skin tones. Skin-lightening agents offer
effective solutions for managing hyperpigmentation and
achieving a more even complexion.  Skin-lightening
substances have become increasingly available, with the
discovery of more and more such substances. Their
advantages, however, must be balanced against any
drawbacks, such as skin damage and health risks,
particularly when using dangerous substances like mercury.
To guarantee safe and efficient use, safer substitutes and
expert advice are necessary. The skin whitening market has
changed immensely with a move away from toxic
ingredients to safer and more natural alternatives. Safety,
efficacy, and sustainability, however, should take center
stage when producing and using such products. The efficacy
of skin whitening products is influenced by formulation,
concentration, and individual skin type future efforts should
aim at creating safer, more environmentally friendly, and
clinically proven alternatives to capture consumer demand
while maintaining skin health. Further studies should focus

NISRT25MAY031

on developing safer, more effective and evidence-based
treatments.
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