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Abstract 

Environmental aggressors such as UV radiation, visible light, infrared heat, and air pollutants constantly 

attack the human integumentary system, producing reactive oxygen species (ROS) that surpass endogenous 

antioxidant defences and hasten the ageing process of the skin.  The clinical manifestation of chronic 

oxidative stress and subsequent matrix metalloproteinase upregulation with collagen degradation is 

photoaging, which is typified by wrinkle formation, dyschromia, textural deterioration, and barrier 

dysfunction.  By neutralising free radicals, reducing inflammatory cascades, and maintaining dermal matrix 

integrity, antioxidant-based cosmeceuticals have become evidence-based treatments that enhance the skin’s 

natural defences.  For the main topical antioxidant classes, such as ascorbic acid and derivatives, 

tocopherols, polyphenolic compounds (catechins, resveratrol, curcuminoids), carotenoids, coenzyme Q10, 

niacinamide, and melatonin, this thorough review methodically assesses mechanistic underpinnings, 

preclinical studies, and human clinical evidence.A thorough analysis is conducted of the critical formulation 

factors that control stability, penetration, and clinical efficacy, such as pH optimisation, vehicle selection, 

encapsulation technologies, and synergistic combinations.  Well-formulated antioxidant products, especially 

synergistic combinations like vitamins C, E, and ferulic acid, have been shown to improve visible signs of 

photoaging, improve barrier function, and offer significant photoprotection when combined with broad-

spectrum sunscreens.  Nonetheless, translational issues like regulatory heterogeneity, formulation instability, 

and bioavailability restrictions continue to exist.  Advanced delivery systems, pollutant-specific 

formulations, microbiome-conscious designs, and customised strategies informed by unique phototype and 

exposome profiles are all part of future research trajectories. 

Keywords: Antioxidants, Cosmeceuticals, Photoprotection, Reactive Oxygen Species, Vitamin C, 

Photoaging. Polyphenols,  Skin Barrier, UV Radiation. 

INTRODUCTION 

The connection between dermatology and nutrition science has led to the development of cosmeceuticals, 

which are topical products containing bioactive ingredients that offer therapeutic benefits beyond basic 

cosmetic effects. Among various types of cosmeceuticals, antioxidants hold a well-supported position, 

backed by a solid understanding of their mechanisms and growing clinical evidence. In the context of skin 

health, antioxidants include a range of molecules that can neutralize reactive oxygen species, disrupting the 

oxidative processes that contribute to skin aging and inflammatory skin conditions.Todays understanding of 

skin aging identifies two main processes: intrinsic aging, which is influenced by the passage of time and 

genetics, and extrinsic aging, mainly caused by environmental factors, especially exposure to sunlight. 

Ultraviolet light creates an excess of reactive oxygen species that can overwhelm the skin’s natural 

antioxidant defenses, which include enzymes like superoxide dismutase, catalase, and glutathione 

http://www.ijcrt.org/


www.ijcrt.org                                                 © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRT2512137 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b74 
 

peroxidase, as well as non-enzymatic molecules such as vitamins C and E, carotenoids, and uric acid. This 

imbalance leads to lipid damage, protein alterations, DNA changes, and the activation of specific 

transcription factors, resulting in an increase in matrix metalloproteinases and collagen breakdown. 

In addition to sunlight, the modern environment exposes the skin to high-energy visible light, especially 

blue light in the range of 400-500 nm, infrared radiation, and pollutants like particulate matter and ozone, all 

of which add to oxidative stress. Research has shown links between long-term exposure to pollution and 

faster facial aging, the formation of age spots, and skin barrier issues. This complex array of environmental 

factors justifies the need for effective antioxidant protection strategies.The global market for cosmeceuticals 

was valued at about USD 60 billion in 2023 and continues to grow significantly, with antioxidant products 

being a key part of this increase due to rising consumer awareness of preventive skincare and scientific 

support for their effectiveness. However, translating the antioxidant activity observed in laboratory settings 

into real-world benefits for skin requires a deep understanding of how formulations work, how they 

penetrate the skin, and how stable they are when exposed to light.This review compiles the latest knowledge 

about the mechanisms and clinical evidence supporting antioxidant cosmeceuticals for skin protection from 

UV rays. It critically examines the main types of ingredients, formulation challenges, and issues related to 

translating research into practical use, providing guidance based on evidence for effective therapeutic 

application. 

CUTANEOUS OXIDATIVE STRESS: SOURCES AND PATHOPHYSIOLOGY  

  PLANT-DERIVED NUTRACEUTICALS:  

Solar ultraviolet radiation is the main environmental factor that causes oxidative stress in human skin. UVB 

radiation (280-320 nm) makes up only 5% of terrestrial UV but causes direct DNA damage by forming 

cyclobutane pyrimidine dimers. It also produces a significant amount of reactive oxygen species (ROS) 

through excitation of chromophores (10). UVA radiation (320-400 nm) penetrates deeper into the skin and 

accounts for 95% of terrestrial UV. It mainly works through indirect photochemical processes, exciting 

natural photosensitizers and producing singlet oxygen, superoxide anion, hydrogen peroxide, and hydroxyl 

radicals . 

This oxidative process starts lipid peroxidation in cell membranes. This results in reactive aldehydes such as 

malondialdehyde and 4-hydroxynonenal, which further increase oxidative damage and create protein 

adducts . Oxidative modifications to DNA, especially the formation of 8-hydroxy-2’-deoxyguanosine, build 

up with long-term exposure and contribute to photocarcinogenesis . At the same time, ROS activate 

mitogen-activated protein kinase pathways. These pathways boost AP-1 transcriptional activity, which 

raises levels of matrix metalloproteinases-1, -3, and -9 while lowering procollagen production. This 

imbalance disrupts the stability of the dermal matrix . 

  High-Energy Visible Light and Infrared Radiation :    

Recent studies suggest that visible light, especially blue wavelengths (400-500 nm), causes oxidative stress 

and pigmentation in the skin, with more noticeable effects in higher Fitzpatrick skin types (15). Visible light 

goes deeper into the skin than UV radiation, creating reactive oxygen species (ROS) by exciting 

mitochondrial chromophores. This process can lead to prolonged melanogenesis through oxidative ways 

(16). Infrared-A radiation (760-1440 nm) causes thermal stress and produces mitochondrial ROS. It can also 

increase matrix metalloproteinase-1 expression without relying on traditional UV pathways (17). 

 Atmospheric Pollutants :  

Urban pollutants, such as particulate matter (PM2.5, PM10), polycyclic aromatic hydrocarbons, volatile 

organic compounds, and ground-level ozone, are becoming more recognized as sources of skin stress 

(18). Particulate matter settles on the skin, and smaller particles may penetrate the stratum corneum. 

Here, organic chemicals and transition metals can generate ROS and activate aryl hydrocarbon receptor 

signaling (19). Studies link long-term exposure to pollution with more facial lentigines, wrinkles, and 

reduced skin firmness (20). Ozone ex rapidly decreases nts in the stum corneum, especially vi and ae, 

leadind peroxidation (21). 
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ENDOGENOUS CUTANEOUS ANTIOXIDANT NETWORK   

Healthy skin has a complex network of antioxidants spread across the epidermis and dermis. The stratum 

corneum has high levels of water-soluble antioxidants like ascorbic acid, uric acid, and glutathione. It also 

contains lipophilic molecules such as -tocopherol, ubiquinol, and carotenoids. Together, these substances 

neutralize reactive oxygen species (ROS) before they penetrate deeper tissues. The viable epidermis and 

dermis have enzymatic defenses, including superoxide dismutase (which converts superoxide to hydrogen 

peroxide), catalase, glutathione peroxidase (which detoxifies hydrogen peroxide), and thioredoxin reductase 

systems.This network of antioxidants works together. Ascorbate helps regenerate oxidized -tocopherol, 

protecting membrane lipids, while glutathione reduces oxidized ascorbate, forming a unified defense 

system. However, continuous environmental exposure gradually depletes these reserves, and studies show 

that antioxidant capacity in skin declines with age. This depletion supports the need for topical antioxidant 

supplements.   

 

MAJOR ANTIOXIDANT COSMECEUTICAL CATEGORIES   

  Vitamin C: L-Ascorbic Acid and Derivatives   

L-ascorbic acid (vitamin C) is the most researched topical antioxidant. It scavenges ROS in water, acts as an 

enzymatic cofactor for collagen production, and modulates melanogenesis. Ascorbate directly neutralizes 

superoxide, hydroxyl radicals, and singlet oxygen while regenerating membrane-bound -tocopherol from its 

oxidized form. As a necessary co-factor for prolyl and lysyl hydroxylases, ascorbate stabilizes the collagen 

triple helix, supporting the dermal matrix. Additionally, ascorbate inhibits melanogenesis by interfering with 

tyrosinase copper binding and reducing dopaquinone to dopa, which helps decrease post-inflammatory 

hyperpigmentation.  Clinical studies show that topical L-ascorbic acid at concentrations of 10-20% in pH 

<3.5 vehicles penetrates the stratum corneum and accumulates in the viable epidermis. This provides 

measurable photoprotective effects, such as reduced UV-induced erythema and sunburn cell formation. 

Long-term use improves signs of photoaging, including fine wrinkles, roughness, and uneven pigmentation. 

Combinations with vitamin E and ferulic acid enhance stability and photoprotective effects compared to 

using them alone.   

However, L-ascorbic acid faces significant formulation challenges due to its instability in water and 

sensitivity to degradation from air, light, and metal ions. This has led to the development of more stable 

derivatives like ascorbyl-6-palmitate, magnesium ascorbyl phosphate, sodium ascorbyl phosphate, and 3-O-

ethyl ascorbic acid. These derivatives are more stable but require the body to convert them to active 

ascorbate, with varying conversion efficiency affecting clinical effectiveness.   

 Vitamin E: Tocopherols and Tocotrienols   

ɑ-Tocopherol is the main vitamin E form found in human skin. It acts as a primary lipophilic 

antioxidant, stopping lipid peroxidation in cell membranes. Tocopherol reacts with lipid peroxyl 

radicals, producing stable tocopheroxyl radicals that ascorbate can then reduce to regenerate active 

tocopherol. Beyond its antioxidant effects, -tocopherol also shows anti-inflammatory properties by 

inhibiting protein kinase C signaling and modulating gene expression.  Topical -tocopherol increases 

levels of vitamin E in the skin, reduces biomarkers of UV-induced lipid peroxidation, and decreases 

erythema responses. Clinical photoprotection improves when combined with ascorbic acid, utilizing 

their cooperative chemistry for regeneration. Tocopheryl acetate, a common ester derivative, offers 

better stability but requires skin enzymes to become active, which may limit immediate antioxidant 

effects.   
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  Ferulic Acid   

Ferulic acid is a common plant phenolic compound that acts as both an antioxidant and a stabilizer for 

vitamins C and E. Its structure allows it to effectively neutralize free radicals, while its modest UV 

absorption between 290-330 nm provides extra photoprotection. Importantly, adding ferulic acid to vitamin 

C/E formulations greatly enhances photostability and extends shelf life by scavenging radicals that would 

otherwise oxidize these vitamins.   

A landmark formulation that combines 15% L-ascorbic acid, 1% -tocopherol, and 0.5% ferulic acid 

shows synergistic photoprotection, nearly doubling UV protection compared to using the vitamins 

alone. It also reduces thymine dimer formation, sunburn cell production, and erythema in human 

subjects. This combination has gained significant acceptance in clinical settings and serves as a model 

for antioxidant synergy.   

 

 Polyphenolic Compounds   

Green Tea Polyphenols: Catechins from Camellia sinensis, especially (-)-epigallocatechin-3-gallate 

(EGCG), have strong antioxidant, anti-inflammatory, and photoprotective qualities. EGCG can directly 

scavenge ROS, inhibit UV-induced AP-1 activation,, and enhance DNA repair while inducing apoptosis 

in damaged keratinocytes, thus lowering the risk of skin cancer. Topical green tea preparations reduce 

UV-induced erythema, DNA damage, and inflammation in human studies. However, catechin 

formulations often struggle with stability, requiring specialized delivery methods.   

 

Resveratrol: 

 This stilbene polyphenol (trans-3,5,4’-trihydroxystilbene) found in grape skins and Polygonum 

cuspidatum shows a range of biological activities, including direct ROS scavenging and activating 

sirtuin-1 and AMP-activated protein kinase. Topical applications of resveratrol show photoprotective 

effects, reducing UV-induced oxidative damage and inflammation. Studies in humans indicate 

improvements in skin texture and radiance, but large-scale clinical trials are still limited. Poor aqueous 

solubility and photochemical instability complicate formulation development.   

 

 

 

 

 

Curcumin:  

The main compound from Curcuma longa (turmeric) has strong anti-inflammatory and antioxidant 

properties. It works through various mechanisms, including directly neutralizing ROS and inhibiting the 

NF-B pathway while activating the Nrf2 antioxidant response element. While curcumin has been 

studied for its anti-inflammatory effects on skin, its very low bioavailability (due to poor water 

solubility, fast metabolism, and limited skin penetration) restricts its effectiveness unless advanced 

formulation techniques like nanoparticles or liposomes are used.   
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 Carotenoids: 

Carotenoids are lipophilic tetraterpenoid pigments such as -carotene, lycopene, lutein, zeaxanthin, and 

astaxanthin. They have a remarkable ability to quench singlet oxygen, which makes them particularly 

effective against oxidative stress caused by UVA rays. Astaxanthin, a type of xanthophyll carotenoid, 

shows stronger antioxidant power than other carotenoids and tocopherol in lab studies. Research on 

topical astaxanthin in humans shows improvements in skin moisture, elasticity, and wrinkles, along 

with reduced oxidative markers. Lycopene supplementation, whether taken orally or applied to the skin, 

boosts cutaneous carotenoid levels and increases resistance to UV-induced redness.   

 

Coenzyme Q10 (Ubiquinone) : 

Ubiquinone, also known as coenzyme Q10, is a crucial part of the mitochondrial electron transport 

chain. It acts as a strong lipophilic antioxidant that protects against lipid peroxidation and oxidative 

protein damage. As people age and face UV exposure, their skins ubiquinone levels decrease, which is 

why topical supplementation can be beneficial. Clinical studies show that applying CoQ10 formulations 

on the skin raises epidermal ubiquinone levels, lowers oxidative stress markers, and reduces wrinkle 

depth with regular use. However, because CoQ10 is a large lipophilic molecule, it faces penetration 

challenges, which can be solved by using nanoemulsions or liposomal delivery systems.   

 

 

 

 

 

 

 

 

 

Niacinamide (Nicotinamide) : 

Niacinamide, also known as vitamin B3, offers various benefits for the skin. It helps enhance the skin 

barrier, reduces inflammation, and regulates pigmentation. Its role in supporting antioxidants is starting 

to gain recognition. As a precursor to nicotinamide adenine dinucleotide (NAD+), niacinamide aids 

cellular energy metabolism and DNA repair, indirectly improving resilience against oxidative stress.  

 It also promotes the production of ceramides, which strengthens the skin barrier and decreases water 

loss. Clinical trials have shown that formulations containing 2-5% niacinamide can improve fine 

wrinkles, hyperpigmentation, redness, and skin elasticity.   
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Melatonin : 

Melatonin, or N-acetyl-5-methoxytryptamine, is known for regulating circadian rhythms, but it also has 

strong antioxidant properties. It works by directly scavenging reactive oxygen species (ROS) andectly 

boosting the expression of antioxidant enzymes. Melatonin can effectively neuydroxyl radicals and 

undergoes reactions that produce multiple metabolites with ongoing antioxidant effects. The skin can 

produce melatonin locally, and studies suggest that it follows a circadian pattern for antioxidant defense. 

Topical applications of melatonin help reduce UV-induced redness, oxidative damage, and DNA lesions 

in experiments. It shows the best results when applied in the evening, which aligns with the skin’s 

natural repair processes. 

FORMULATION SCIENCE AND BIOAVAILABILITY OPTIMIZATION   

  Critical Formulation Parameters   

The effectiveness of antioxidant cosmeceuticals largely relies on formulation design, which affects 

stability, skin penetration, and lasting activity. For L-ascorbic acid, an acidic pH of around 2.5-3.5 is 

necessary for good penetration into the stratum corneum since only the un-ionized form can pass 

through lipophilic barriers. However, such a low pH can cause irritation, making careful vehicle 

selection and gradual introduction essential. Using anhydrous formulations or adding chelating agents 

like EDTA and stabilizers such as ferulic acid can greatly increase the stability of L-ascorbic acid.  

 

The choice of vehicle has a significant impact on how well the antioxidants penetrate the skin. 

Lipophilic antioxidants like tocopherol, carotenoids, and CoQ10 need suitable lipid carriers. In contrast, 

hydrophilic molecules require aqueous or hydroalcoholic bases. Advanced delivery systems such as 

liposomes, solid lipid nanoparticles, nanoemulsions, and polymeric nanocarriers improve both stability 

and bioavailability. They protect sensitive molecules from environmental damage, manage release rates, 

and help with penetration by reducing size and enhancing compatibility with lipids. 

 

Packaging and Stability Considerations   

Photochemical and oxidative instability poses a serious challenge for many antioxidants, especially 

ascorbic acid, catechins, and resveratrol. Opaque, airless pump dispensers reduce oxygen exposure 

better than standard jars or dropper bottles, significantly increasing product stability. Some formulations 

use stabilizing technologies like microencapsulation, cyclodextrin complexing, or pro-antioxidant 

methods where inactive ingredients become active on skin contact. 
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  Synergistic Combinations   

Mixing antioxidants often results in better effectiveness compared to using single agents due to their 

complementary functions and cooperative regeneration. The combination of vitamins C, E, and ferulic 

acid illustrates this idea; ferulic acid helps stabilize both vitamins while all three provide unique 

photoprotective benefits. Likewise, combining antioxidants with sunscreens adds extra protection. 

Antioxidants can neutralize reactive oxygen species generated despite sunscreen filters, while 

sunscreens minimize overall exposure to photons. 

 

CLINICAL EVIDENCE AND PHOTOPROTECTION   

Controlled clinical studies show that well-formulated topical antioxidants can provide real 

photoprotection. The vitamin C/E/ferulic acid mix reduces UV-induced redness by about four times and 

thymine dimer formation by 60-80% compared to vehicle controls. Green tea polyphenol formulations 

decrease UV-induced redness, DNA damage, and inflammation in a dose-dependent manner. 

Niacinamide applications lessen UV-induced immune suppression and DNA damage. 

Long-term clinical trials looking at signs of photoaging show that regular use of antioxidants improves 

fine wrinkles, uneven pigmentation, skin roughness, and overall photodamage scores. Instrumental 

evaluations show improvements in skin elasticity and reductions in biomarkers of oxidative stress. 

However, the overall effects are generally modest when compared to prescription retinoids, and 

achieving the best results requires consistent, long-term use along with comprehensive sun protection 

strategies. 

 

POLLUTION PROTECTION AND URBAN EXPOSOME   

Recent studies focus on antioxidant formulations designed to address oxidative stress caused by 

pollution. In vitro and ex vivo research shows that combinations of antioxidants including vitamins C 

and E, polyphenols, and specific ingredients like ectoin can lessen the generation of reactive oxygen 

species from particulate matter, reduce production of inflammatory cytokines, and improve barrier 

function. Clinical studies in polluted urban settings reveal that applying antioxidants daily can decrease 

pollution-related increases in sebum oxidation, skin aging biomarkers, and hyperpigmentation. 

 

SAFETY PROFILE AND TOLERABILITY   

Topical antioxidants usually have excellent safety records at recommended concentrations. The most 

common side effect is mild irritation, particularly with high-concentration L-ascorbic acid formulations 

at very low pH. Methods to improve tolerability include gradually introducing the products, starting 

with lower concentrations (like 10% ascorbic acid), using stable derivatives, or applying them every 

other day initially. Niacinamide is very well-tolerated at 2-5% concentrations with few reported side 

effects. 

There may be rare cases of contact sensitization to certain plant extracts, though this is uncommon with 

purified ingredients. Unlike systemic antioxidant supplements, topical applications do not pose 

theoretical risks of pro-oxidant effects at high concentrations. However, comprehensive long-term 

safety data for newer formulations and delivery methods is still somewhat limited. 

REGULATORY LANDSCAPE   

8. Most countries regulate antioxidant skincare products as cosmetics, including the United States 

(FDA) and European Union, as long as claims do not imply disease treatment. This classification allows 

marketing without proving effectiveness before sale, although safety evidence is required. The line 

between cosmetics and drugs creates challenges for evidence-based communication since strong 

efficacy claims need extensive clinical backing. 
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In some areas, products on the border between categories may be labeled as cosmeceuticals (a 

marketing term without a legal definition in most places), quasi-drugs (in Japan), or functional 

cosmetics (in South Korea), each with different regulatory standards. The standardization of plant 

extracts and quality control methods differ widely among manufacturers and across global markets, 

leading to inconsistencies in product quality. 

 

FUTURE DIRECTIONS AND EMERGING TECHNOLOGIES   

 Advanced Delivery Systems   

Using nanotechnology, including solid lipid nanoparticles, polymer-based carriers, niosomes, and 

ethosomes, shows enhanced antioxidant stability. These systems also allow controlled release and better 

skin penetration. Smart delivery systems that respond to environmental factors like UV exposure and 

reactive oxygen species levels are emerging concepts. Microencapsulation technologies help protect 

sensitive ingredients while enabling staged release. 

 Pollution-Specific and HEV Protection   

As knowledge grows regarding the effects of pollution and high-energy visible light, formulations 

specifically targeting these stressors are becoming available. Ingredients like specialized algae extracts, 

specific flavonoids, and anti-glycation agents show potential for protecting against pollution. Tinted 

sunscreens with iron oxide that contain antioxidants can tackle both UV and visible light exposure. 

  Microbiome-Considerate Formulations   

Recognizing the significance of the skin microbiome in barrier function and immune response is 

shaping formulation development. New methods aim to deliver antioxidants without disturbing 

beneficial microbial communities or include prebiotic components that support healthy microbiota.  

PRACTICAL INTEGRATION INTO SKINCARE REGIMENS   

9. Using well-supported antioxidants in daily skincare usually involves applying an antioxidant serum 

in the morning, followed by a broad-spectrum sunscreen (SPF 30 or higher). This combination provides 

added protection from both products. Evening routines might include different antioxidants or retinoids 

for additional anti-aging effects. Consistency is key since the advantages of antioxidants accumulate 

over time rather than offering immediate results.When choosing products, factors like skin type, 

tolerance, and quality of evidence should be taken into account. For instance, the combination of 

vitamins C, E, and ferulic acid has strong clinical backing, while niacinamide is suitable for sensitive 

skin with various benefits. Newer plant-based antioxidants may offer advantages but should be 

evaluated closely based on supporting data. 
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TABLE: Major Topical Antioxidants for Skin Photoprotection 

Abbreviations: ROS: Reactive Oxygen Species; MMP: Matrix Metalloproteinase; EGCG: 

Epigallocatechin-3-gallate; AMPK: AMP-Activated Protein Kinase; NAD+: Nicotinamide Adenine 

Dinucleotide 

 

CONCLUSION   

Antioxidant-based cosmeceuticals are a scientifically supported way to enhance skin defenses against 

environmental oxidative stress and promote healthy aging. Extensive research on mechanisms and 

growing clinical evidence show that properly formulated antioxidant products, especially synergistic 

combinations like vitamins C, E, and ferulic acid, provide effective photoprotection, improve barrier 

function, and reduce visible signs of photoaging when integrated with thorough skincare routines that 

include sun protection. Although antioxidants do not replace sunscreens, they complement their action 

by addressing oxidative damage that sunscreens cannot fully prevent.To achieve the best therapeutic 

outcomes, attention must be given to formulation science. This includes optimizing pH, enhancing 

stability, facilitating penetration with advanced delivery systems, and combining synergistic ingredients. 

As we learn more about the skin exposome, including pollution and high-energy visible light alongside 

UV radiation, antioxidant formulas are evolving to meet these environmental challenges. Future 

advancements in delivery technology, personalized applications, and considerations for the microbiome 

will likely boost the effectiveness of these evidence-based strategies, helping to support long-term skin 

health and delay visible aging. 

 

 

 

ANTIOXIDANT PRIMARLY MACHENISM TYPICAL CONCENTRATION 

L-Ascorbic Acid 

(Vitamin C) 

 ROS scavenging; Collagen 

cofactor; Vitamin E regeneration; 

Anti-melanogenic 

10-20% 

α-Tocopherol 

(Vitamin E) 

Lipid peroxidation inhibition; 

Membrane protection; Anti-

inflammatory 

0.5-1% 

Ferulic Acid 
 ROS scavenging; UV 

absorption; Stabilizes vitamins C & E 
0.5-1% 

Green Tea 

Polyphenols (EGCG) 

ROS scavenging; MMP inhibition; 

DNA repair enhancement; Anti-

inflammatory 

2-5% extract  

Resveratrol 

ROS scavenging; Sirtuin-1 activation; 

Anti-inflammatory; AMPK 

stimulation 

0.1- 1% 

Niacinamide (Vitamin 

B3) 

NAD+ precursor; Barrier 

enhancement; Anti-inflammatory; 

Melanogenesis modulation 

2-5% 

Coenzyme Q10 

(Ubiquinone) 

 Mitochondrial antioxidant; 

Lipid protection; Cellular energetics 

support 

0.3-1% 

Carotenoids 

(Astaxanthin/Lycopen

e 

Singlet oxygen quenching; Lipid 

protection; Anti-inflammatory 
0.01-0.1% 
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