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Abstract:

Millions of people around the world are exposed daily to ultraviolet (UV) radiation, which leads to numerous
skin problems such as sunburn, premature aging, hyperpigmentation, and even skin cancer. In an era where
synthetic sunscreens raise safety and environmental concerns, the exploration of natural, herbal alternatives
is gaining significant momentum. Aloe vera (Aloe barbadensis Miller) is a medicinal plant traditionally
celebrated for its healing, soothing, and skin-repairing properties. This review aims to provide a
comprehensive summary of Aloe vera's sunscreen potential, emphasizing its use as a natural, effective
alternative to conventional sunscreen products. We thoroughly discuss Aloe vera’s pharmacological
properties, phytochemical constituents, and recent research supporting its role as a photoprotective agent.
Owing to its anti-inflammatory, antioxidant, and moisturizing characteristics, Aloe vera offers substantial
protection against UV-induced skin damage. Scientific studies have shown that compounds such as aloin,
aloesin, acemannan, and polysaccharides contribute to its ability to absorb UV radiation, neutralize free
radicals, and promote the repair of damaged skin cells. In addition, Aloe vera enhances collagen production,
reduces oxidative stress, and soothes sun-induced erythema, making it highly suitable for daily sun protection.
The bioactive components of Aloe vera are promising candidates for the development of herbal sunscreen
formulations due to their high biocompatibility and minimal adverse effects. Furthermore, Aloe vera gel
exhibits the ability to form a natural barrier over the skin, retaining moisture while protecting against
environmental aggressors. Recent research highlights that Aloe vera-based formulations can significantly
decrease the severity of sunburn, reduce the risk of long-term photodamage, and contribute to overall skin
health. The potential of Aloe vera as a safe, affordable, and eco-friendly alternative to synthetic sunscreens is
emphasized in this review. However, further scientific validation, standardization of extraction methods, and
clinical trials are needed to fully establish Aloe vera's efficacy as a broad-spectrum sunscreen agent and to
develop commercially viable products for global use.
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Introduction:

Exposure to the sun is an inevitable part of daily life, but excessive exposure can cause serious skin issues.
Redness, irritation, sunburn, premature aging, and even the risk of skin cancer are linked to prolonged
ultraviolet (UV) radiation. The skin, being the most exposed organ, suffers both acute and long-term damage,
affecting millions of people globally. While synthetic sunscreens are commonly used to prevent these effects,
there is an increasing demand for herbal and safer alternatives, among which Aloe vera has emerged as a
leading option.
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Aloe vera (Aloe barbadensis Miller) has been historically revered for its healing and skin-protective properties
(6). It contains a wide array of bioactive compounds, including polysaccharides like acemannan, phenolic
substances like aloin and aloesin, essential vitamins (A, C, E), and antioxidant enzymes such as catalase and
superoxide dismutase (7, 8, 12). These natural components contribute to Aloe vera’s ability to provide
photoprotection, enhance hydration, and promote skin healing after UV exposure.

Scientific studies suggest that Aloe vera helps to form a protective barrier on the skin surface, retaining
moisture and shielding the skin from environmental aggressors (1, 8). Additionally, compounds like aloin and
aloe-emodin can absorb harmful UVB radiation, helping to reduce the formation of sunburn cells and limiting
skin damage (5, 6). Aloe vera’s antioxidant molecules actively neutralize reactive oxygen species generated
by UV rays, thus reducing oxidative stress and delaying skin aging (8, 20).

Moreover, Aloe vera exhibits notable anti-inflammatory effects by inhibiting the release of pro-inflammatory
cytokines, thereby reducing redness, swelling, and pain associated with sunburn (4, 5). Chromones like aloesin
not only act as antioxidants but also help prevent hyperpigmentation caused by UV exposure by inhibiting
tyrosinase enzyme activity (3).

Besides offering protection, Aloe vera plays a crucial role in skin repair and regeneration. The gel supports
collagen production, improves skin elasticity, and accelerates the healing process of sun-damaged tissues. Its
moisturizing nature prevents dryness and enhances the overall texture of the skin, making it a popular choice
in cosmetic formulations. Aloe vera-based products are generally well-tolerated, even by individuals with
sensitive skin, and are favored for their natural, soothing touch.

Given its wide spectrum of beneficial activities, Aloe vera holds immense potential as a natural sunscreen
agent. However, to fully establish its efficacy as a reliable sun-protective solution, more clinical studies and
advanced formulation strategies are necessary. With growing emphasis on herbal and eco-friendly products,
Aloe vera is well-positioned to become a significant component in the next generation of sun care innovations.

Examples:

1. Photoprotective activity: Aloe vera gel has been shown to absorb UVB rays and reduce sunburn cells in
the skin.

2. Anti-inflammatory activity: Aloe vera's polysaccharides help reduce skin redness and swelling after UV
exposure.

Fig 1. Aloe vera sunscreen gel
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Pharmacological Account:

Kingdom — Plantae
Division — Angiosperms
Class — Monocots

Order — Asparagales
Family — Asphodelaceae
Genus — Aloe

Species — Aloe vera

Vernacular Names:
English — Aloe vera
Hindi — Ghritkumari
Sanskrit — Kumari

Tamil — Katrazhai
Malayalam — Kattarvazha

Synonyms:

1. Aloe barbadensis

2. Aloe indica Royle

3. Aloe perfoliata var. vera

Biological Source:
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Aloe vera gel extracted from the inner leaf pulp.

Geographical Source:
Africa (native)

Asia (widely cultivated in India, China)
America (Mexico, USA southern regions)

Chemical Constituents:

1. Polysaccharides:

e Acemannan: A B-(1—4)-linked mannose polymer with acetyl groups; responsible for
moisturization and immunomodulation.
e Glucomannan: A mannose—glucose copolymer that aids in water retention and film-forming on the

skin.

2. Anthraquinones:

« Aloin A/B: C-glycoside anthraquinones chiefly in the latex, contributing antioxidant and

antimicrobial effects.

o Aloe-emodin: An aglycone anthragquinone with UV-scavenging and anti-inflammatory properties.

3. Chromones:
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Aloesin: A C-glycosyl chromone that inhibits tyrosinase, prevents UV-induced hyperpigmentation,

and exhibits antioxidant activity.

Aloeresin A/E: Phenolic chromones enhancing free-radical scavenging and skin-lightening effects.

4. Vitamins & Phenolics:

Vitamin C (Ascorbic acid): Supports collagen synthesis and neutralizes reactive oxygen species.
Vitamin E (Tocopherols): Lipid-soluble antioxidant protecting cell membranes from peroxidation.
Polyphenols: Flavonoids and phenolic acids (e.g., caffeic acid) that add antioxidant and anti-

inflammatory action.

5. Enzymes:

Catalase: Decomposes hydrogen peroxide, reducing oxidative stress.
Superoxide dismutase (SOD): Converts superoxide radicals to hydrogen peroxide, complementing

catalase.

Peroxidase & Amylase: Aid in reactive oxygen species neutralization and mild exfoliation.

6. Minerals & Others:

Zinc, Copper, Selenium: Cofactors for antioxidant enzymes and skin-repair processes.
Salicylic acid: BHA that promotes gentle exfoliation and pore-clearing.
Lignin & Saponins: Enhance barrier function and penetration of active compounds.

Chemical Composition:
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Fig 2. Chemical Composition of Aloe Vera Gel in Sunscreen Formulations
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Microscopical Characters:
Leaf epidermis: Covered with a thick cuticle.
Gel: Composed of mucilaginous, translucent parenchyma cells.
Vascular bundles: Surrounded by parenchymatous sheath.

Chemical Tests:
Polysaccharide detection: Molisch's test
Anthraguinone detection: Borntrager's test

Identification Tests:
Macroscopic and Microscopic Examination, Chemical Analysis (HPLC for aloin and acemannan).

Pharmacological Uses:
Photoprotective, Antioxidant, Anti-inflammatory, Wound healing, Antimicrobial activities.

Preliminary Phytochemical Analysis:
Positive for polysaccharides, flavonoids, anthraquinones, and glycoproteins.

Phytochemistry:
Rich in acemannan and aloesin. Prevents hyperpigmentation and hydrates the skin.

Pharmacological Effects:
Antioxidant, Anti-inflammatory, Photoprotective activities.

Role of Aloe vera in Herbal Sunscreen and Mechanism:
Mechanisms include UV absorption, antioxidant defense, DNA protection.
Benefits: Reduces sunburn severity, prevents photoaging, hydrates skin.

Potential Applications:
Natural Sunscreen formulations, After-sun care products, Cosmeceuticals.

Advantages and Disadvantages of Aloe Vera-Based Sunscreen

Advantages:

1. Natural Sun Protection: Aloe vera provides a natural alternative to synthetic sunscreen ingredients,
offering mild UV protection with fewer chemicals.

2. Moisturization & Hydration: Aloe vera’s high water content and polysaccharides like acemannan
help keep the skin hydrated, preventing dryness and enhancing its moisture barrier.

3. Anti-inflammatory Properties: Aloe vera has well-documented anti-inflammatory effects that can
soothe sunburned skin, reduce redness, and alleviate the pain of overexposure to UV rays.

4. Antioxidant Benefits: Aloe vera contains antioxidants such as vitamin C and vitamin E, which help
neutralize free radicals and prevent oxidative stress caused by UV radiation.
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5. Skin Healing & Regeneration: Aloe vera promotes collagen production, accelerates wound healing,
and helps repair UV-induced skin damage, supporting long-term skin health.
6. Eco-friendly and Safe: Aloe vera is a natural, biodegradable option that is less likely to harm the
environment or cause skin irritation when used properly.

Disadvantages:

1. Lower SPF Compared to Chemical Sunscreens: While Aloe vera provides some degree of sun
protection, its SPF rating is generally lower than that of chemical sunscreens, requiring more frequent
reapplication.

2. Limited Broad-spectrum Protection: Aloe vera is primarily effective against UVB rays but may not
offer complete protection against UV A rays, which can also damage the skin and cause aging.

3. Potential Sensitivity or Allergic Reactions: Although rare, some individuals may experience
irritation or allergic reactions to Aloe vera gel, especially those with sensitive skin or existing plant
allergies.

4. Efficacy Variability: The effectiveness of Aloe vera as a sunscreen can vary depending on the
formulation, extraction method, and concentration in the product.

5. Lack of Comprehensive Clinical Trials: While Aloe vera has demonstrated sun-protective
properties, more extensive, peer-reviewed clinical studies are needed to fully establish its efficacy and
safety in sunscreen formulations.

6. Dependency on Consistent Use: Aloe vera-based sunscreens may need to be applied regularly for
optimal results, as their protective benefits are most effective when continuously used, unlike chemical
sunscreens with longer-lasting protection.

Conclusion:

In conclusion, Aloe vera gel—rich in polysaccharides like acemannan, antioxidant phenolics (aloesin, aloin),
and skin-soothing enzymes—demonstrates clear potential as a natural sunscreen agent. Its ability to absorb
UVB rays, scavenge reactive oxygen species, reduce UV-induced inflammation, and promote skin repair
positions it as a biocompatible and eco-friendly alternative to many chemical filters. Beyond photoprotection,
Aloe vera’s high water content and film-forming properties ensure excellent moisturization and barrier
support, enhancing overall skin health.

However, while preclinical and in vitro studies highlight Aloe vera’s promise, its intrinsic SPF is generally
lower than that of conventional sunscreens, and its broad-spectrum (UVA + UVB) efficacy can vary with
formulation. To translate these benefits into reliable commercial products, further work is needed—
standardizing extraction methods, optimizing synergistic blends with other natural or chemical filters, and
conducting rigorous clinical trials to confirm safety and sun-protection metrics. With such development, Aloe
vera—based sunscreens could offer a safe, effective, and sustainable solution for daily UV defense worldwide.
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