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ABSTRACT

Sunscreens are widely used cosmetic products designed to protect the skin from harmful
ultraviolet (UV) radiation emitted by the sun. Continuous and excessive exposure to sunlight
is associated with various adverse effects on the skin, including sunburn, premature aging
(photoaging), hyperpigmentation, immune suppression, and an increased risk of skin cancers
such as melanoma and non-melanoma skin cancers. To minimize these harmful effects,
sunscreen formulations have become an essential component of modern skincare routines.
These products function by absorbing, reflecting, or scattering ultraviolet radiation before it
penetrates the deeper layers of the skin, thereby reducing cellular damage and maintaining
skin integrity.

Sunscreens are broadly classified into chemical (organic) sunscreens, which absorb UV
radiation, and physical (inorganic or mineral) sunscreens, which reflect and scatter UV rays.
Many modern formulations combine both types to provide broad-spectrum protection against
UVA and UVB radiation. The effectiveness of sunscreen products depends on several factors,
including the sun protection factor (SPF), formulation type, photostability of active

ingredients, and proper application by the user. Various dosage forms such as creams, lotions,
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gels, sprays, sticks, and emulsions are developed to enhance user compliance and suit

different skin types.

INTRODUCTION

Cosmetic products are substances applied externally to enhance appearance, maintain
hygiene, and protect the body. Among these, sunscreen is one of the most important
protective cosmetic products used to prevent damage caused by solar radiation. Sunlight
contains ultraviolet radiation, visible light, and infrared radiation. Ultraviolet radiation is
further classified into UVA, UVB, and UVC. UVC radiation is absorbed by the ozone layer
and does not reach the earth's surface, while UVA and UVB penetrate the atmosphere and
affect human skin. UVA radiation penetrates deeper into the dermis and is responsible for
photoaging, wrinkles, and loss of elasticity. UVB radiation mainly affects the epidermis and
causes sunburn, erythema, and DNA damage. Continuous exposure to UV radiation may also
lead to immunosuppression and skin cancer.

Sunscreens are formulated to protect the skin by minimizing UV penetration. These products
are available in various forms such as creams, lotions, gels, sprays, sticks, and powders. The
effectiveness of sunscreen depends on the type of UV filters used, formulation design, and
proper application. Modern sunscreen formulations aim to provide broad-spectrum protection
against both UVA and UVB radiation while maintaining cosmetic acceptability and skin

compatibility.

Classification of Sunscreens

Sunscreens are broadly classified into physical sunscreens and chemical sunscreens based on
their mechanism of action. Physical sunscreens, also known as inorganic sunscreens, act by
reflecting and scattering UV radiation away from the skin surface. These formulations
commonly contain mineral ingredients such as zinc oxide and titanium dioxide. Physical
sunscreens provide broad-spectrum protection and are suitable for sensitive skin. They are
generally photostable and less likely to cause skin irritation. However, they may leave a white
residue on the skin, which affects cosmetic appearance.

Chemical sunscreens, also called organic sunscreens, absorb UV radiation and convert it into
harmless heat energy. These formulations include compounds such as avobenzone,
oxybenzone, octinoxate, octocrylene, and homosalate. Chemical sunscreens are lightweight,
easy to apply, and cosmetically elegant. However, some ingredients may cause allergic

reactions or skin sensitivity in certain individuals.
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Hybrid sunscreens combine both physical and chemical UV filters to enhance protection and
improve cosmetic properties. These formulations offer broad-spectrum coverage and better
user acceptability. The selection of sunscreen type depends on skin type, environmental

exposure, and formulation requirements.

Types of Ultraviolet Radiation

Ultraviolet radiation is divided into three types based on wavelength:

UVA radiation ranges from 320-400 nm and penetrates deep into the skin. It is responsible
for photoaging, wrinkles, and long-term skin damage. UVA rays are present throughout the
day and can penetrate glass and clouds.

UVB radiation ranges from 290-320 nm and mainly affects the outer layer of the skin. It
causes sunburn, erythema, and DNA damage. UVB intensity varies depending on the time of
day and geographic location.

UVC radiation ranges from 100-290 nm and is highly dangerous, but it is absorbed by the
ozone layer and does not reach the earth.

An effective sunscreen should provide broad-spectrum protection against both UVA and

UVB radiation. Broad-spectrum sunscreens help reduce the risk of sunburn and skin cancer.

Limitations and Safety Concerns

Despite their benefits, sunscreens have some limitations. Chemical sunscreens may cause
skin irritation in sensitive individuals. Some ingredients may degrade upon sunlight exposure
and lose effectiveness.

Improper application and insufficient quantity reduce protection. Many users do not apply
sunscreen evenly, leading to incomplete coverage.

Environmental concerns have also been raised regarding certain sunscreen ingredients
affecting marine life. Therefore, eco-friendly and biodegradable sunscreens are being

developed.

Sun Protection Factor (SPF) and Broad-Spectrum Protection

Sun Protection Factor (SPF) is a measure of sunscreen effectiveness against UVB radiation. It
indicates how long the sunscreen protects the skin compared to unprotected exposure. For
example, SPF 15 blocks approximately 93% of UVB radiation, SPF 30 blocks about 97%,
and SPF 50 blocks nearly 98%. Although higher SPF values provide greater protection, the
difference becomes minimal beyond SPF 50. Therefore, dermatologists recommend using

sunscreen with SPF 30 or higher for daily use.
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SPF primarily measures UVB protection and does not indicate UVA protection. Broad-
spectrum sunscreens provide protection against both UVA and UVB radiation. These
formulations are essential for preventing photoaging and skin cancer. The inclusion of UVA
filters such as avobenzone and zinc oxide improves overall protection.

Water resistance is another important factor in sunscreen performance. Water-resistant
sunscreens maintain effectiveness during sweating or swimming. However, reapplication is
still necessary for prolonged protection.

Formulation Components of Sunscreen Products

Sunscreen formulations contain active ingredients and excipients that enhance stability and
performance. Active ingredients include UV filters that provide photoprotection. Physical
filters such as zinc oxide and titanium dioxide reflect UV radiation, while chemical filters
absorb UV energy.

Emollients are added to improve skin feel and spreadability. These include mineral oils,
silicones, and fatty alcohols. Emulsifiers stabilize oil-in-water or water-in-oil formulations
and ensure uniform distribution of ingredients. Preservatives such as parabens and
phenoxyethanol prevent microbial growth and increase shelf life.

Antioxidants such as vitamin C, vitamin E, and green tea extract are added to neutralize free
radicals produced by UV exposure. Thickening agents like carbomers improve viscosity and
consistency. Humectants such as glycerin and hyaluronic acid enhance skin hydration.
Fragrances and colorants may be added to improve consumer appeal, although fragrance-free

formulations are preferred for sensitive skin.
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Mechanism of Action

Sunscreens protect the skin through multiple mechanisms. Physical sunscreens form a
protective layer on the skin surface that reflects and scatters UV radiation. Chemical
sunscreens absorb UV photons and convert them into less harmful heat energy. Some
formulations include antioxidants that reduce oxidative stress caused by UV-induced free
radicals.

Modern sunscreens also incorporate photostabilizers that prevent degradation of UV filters
under sunlight. Film-forming agents improve adherence to the skin and increase water
resistance. This combination of protective mechanisms enhances sunscreen efficacy and

provides long-lasting protection.

Evaluation of Sunscreen Products

Sunscreen products are evaluated for safety, efficacy, and stability. SPF determination is
performed using in vivo or in vitro methods. In vivo testing involves measuring erythema
response on human skin, while in vitro methods use spectrophotometric analysis.

Water resistance testing evaluates sunscreen performance during water exposure.
Photostability studies determine whether active ingredients remain effective after sunlight
exposure. Spreadability and viscosity measurements ensure uniform application.

Skin irritation tests are conducted to assess compatibility. Patch testing is commonly used to
detect allergic reactions. Stability studies evaluate physical and chemical stability under
different temperature conditions. These evaluations ensure product safety and effectiveness.
Benefits of Sunscreen Cosmetic Products

Regular use of sunscreen provides multiple benefits. Sunscreens prevent sunburn and reduce
skin redness caused by UV exposure. They help prevent premature aging by reducing
wrinkles, fine lines, and loss of elasticity. Sunscreens also reduce hyperpigmentation and
maintain even skin tone.

Long-term use of sunscreen reduces the risk of skin cancer by minimizing DNA damage.
Sunscreens protect against environmental pollutants and oxidative stress. Many cosmetic
products such as moisturizers, foundations, and lip balms now include sunscreen for
additional protection.

Daily sunscreen application is recommended for all skin types, including oily, dry, and
sensitive skin. Proper application and reapplication ensure maximum effectiveness.

Safety and Regulatory Aspects
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Sunscreen products are regulated by various authorities to ensure safety and efficacy.
Regulatory agencies specify approved UV filters and maximum concentration limits. Safety
assessments include toxicity testing, irritation testing, and phototoxicity evaluation.

Some chemical UV filters have raised concerns regarding environmental impact, particularly
on marine ecosystems. As a result, eco-friendly and reef-safe sunscreens are gaining
popularity. Mineral sunscreens are considered environmentally safer alternatives.

Recent Advances in Sunscreen Technology

Recent advancements in sunscreen technology include nano-formulations that improve UV
protection and reduce whitening effect. Nanoparticles of zinc oxide and titanium dioxide
provide transparent coverage and enhanced efficacy.

Gel-based sunscreens are suitable for oily and acne-prone skin. Spray sunscreens offer

convenient application. Tinted sunscreens provide cosmetic coverage while protecting against

UV radiations.
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CONCLUSION

Sunscreens are essential cosmetic products that protect the skin from harmful UV radiation.
They prevent sunburn, photoaging, hyperpigmentation, and skin cancer. Advances in
formulation technology have improved efficacy, stability, and cosmetic acceptability. Broad-
spectrum sunscreens with SPF 30 or higher are recommended for daily use. Regular

application and reapplication are necessary for optimal protection. With increasing awareness
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about skin health, sunscreen products continue to evolve and remain an integral part of

modern skincare routines.
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