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Abstract. The global aging trend has made skin aging a key topic in public health and cosmetic care. Skin 
aging involves oxidative stress which is driven by intrinsic senescence and extrinsic factors such as 
ultraviolet radiation. Accumulation of reactive oxygen species reduces skin antioxidant capacity and impairs 
extracellular matrix remodeling. Antioxidant vitamins have drawn wide research attention for their ability 
to regulate oxidative balance and reduce reactive oxygen damage. This paper reviews research advances of 
vitamin A, vitamin C, vitamin E and their synergistic effects in anti-aging. Vitamin A improves aging signs 
by regulating epidermal turnover and collagen synthesis. Vitamin E exerts anti-wrinkle and anti-aging 
effects by protecting cell membrane integrity and inhibiting lipid peroxidation. Current studies face 
challenges such as strong irritation of some active ingredients and low stability of plant-derived molecules. 
Future research should expand study populations, explore safer alternatives and stable delivery systems. 
This paper reviews skin aging mechanisms and applications of vitamin A and vitamin E, which provides 
comprehensive references for anti-aging research.  

1 Introduction 
Anti-aging has become a public health issue rather than 
only a cosmetic concern with global population aging. 
Skin structure and cell function gradually deteriorate 
with age, which leads to aggravated skin aging 
symptoms. The dermis and epidermis both undergo 
changes such as dryness, thinning and collagen loss. The 
body’s antioxidant capacity weakens at the same time. 
Skin, the largest and most complex human organ, is 
affected by intrinsic and extrinsic factors. Reactive 
oxygen species (ROS) increase gradually and cause 
oxidative stress, which breaks the balance between 
oxidation and antioxidation in skin. Regulating this 
imbalance is therefore critical for anti-aging. 
Antioxidant vitamins have become a research hotspot. 
Studies show that antioxidants enhance skin antioxidant 
capacity and reduce ROS-induced damage. Among 
natural antioxidant vitamins, vitamin A, C and E show 
strong activity. Their synergistic effects further boost 
skin antioxidation and lower ROS harm. The main 
forms of vitamin A include β-carotene and retinol, 
which promote collagen synthesis. Vitamin C is water-
soluble and shields skin from free radical damage. 
Alpha-tocopherol, the active form of vitamin E, 
provides antioxidant effects and minimizes lipid 
peroxidation. This paper reviews the anti-aging effects 
of vitamin A, C, E and their combinations to offer 
comprehensive references for researchers [1,2]. 
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2 Mechanisms of skin aging 
Aging is a progressive process which causes complex 
damage to cells and body tissues. Skin, a widely 
distributed organ, suffers from natural senescence and 
environmental harm over time. Ultraviolet radiation is a 
common external damage source. Skin aging is divided 
into intrinsic aging which is a natural time-dependent 
process and extrinsic aging which is mostly photoaging 
caused by UV radiation. Long-term exposure to blue 
light, pollution, smoking and drinking also accelerates 
cell aging and harms skin [1,2]. Oxidative stress occurs 
in this process and ROS accumulate gradually. These 
events reduce skin antioxidant capacity and damage 
cells, which alter skin structure and function. Skin 
consists of two main layers, the epidermis and dermis. 
The epidermis is mainly composed of keratinocytes. The 
dermis has a fibrous structure which is mostly made of 
extracellular matrix (ECM) proteins. These proteins 
mainly include collagen, elastin and proteoglycans. 
Damage to epidermal stem cells reduces self-renewal 
ability. Collagen degradation and elastin destruction 
disrupt ECM remodeling [3]. Most skin becomes thinner 
with age, which weakens the skin barrier against 
external harm [2]. Wrinkles and sagging appear as final 
outcomes. Visible skin aging affects mental health as 
well as medical needs. Relieving oxidative stress and 
reducing ROS to regulate ECM balance have become 
popular anti-aging strategies. Studies confirm that 
vitamin A, C and E interventions effectively improve 
skin condition (see Table 1). 
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3 Application of vitamin A in skin anti-
aging 
Vitamin A is a natural anti-aging vitamin which 
supports epidermal turnover and basic skin metabolism. 
It is stored as retinyl esters to maintain epidermal 
vitamin A reserves. Retinyl esters can be converted to 
retinol which is widely used in topical skincare. The 
biologically active form is retinoic acid, which binds to 
RAR and RXR receptors and regulates gene expression. 
Photoaging is the major extrinsic factor which 
accelerates skin aging besides uncontrollable intrinsic 
factors. Clinical trials show that UV radiation changes 
the skin’s molecular environment and induces oxidative 
stress [4]. UVB exposure at different doses reduces 
retinol and retinyl ester levels in mouse, rabbit and 
human skin. Functional epidermal vitamin A is depleted, 
which lowers antioxidant capacity and speeds up aging. 
Topical application is needed to restore vitamin A levels 
and strengthen innate skin antioxidation. Data indicate 
that topical vitamin A analogs significantly increase 
endogenous vitamin A levels in mouse and human skin 
[4]. Topical retinyl esters, retinol and retinoic acid raise 
epidermal retinol by 4 to 7 times in mice. Similar effects 
are observed in humans, and retinoic acid shows better 
skin penetration. Retinoic acid is the first choice for skin 
aging treatment due to its natural activity. Topical 
retinol and retinal are converted to retinoic acid, which 
activates RAR/RXR gene regulation. This process 
boosts collagen production and reduces skin oxidative 
stress. Retinoic acid effectively improves aging signs 
but causes notable skin irritation. “Soft” retinoids with 
better tolerance are selected to enhance antioxidation 
and photoprotection for photoaging prevention. Retinol 
is much less irritating than retinoic acid, but a 
randomized double-blind trial compares retinol and 
bakuchiol [5]. Some patients report burning, stinging 
and scaling on the face. Bakuchiol shows similar anti-
photoaging efficacy and stronger tolerance compared 
with retinol. Bakuchiol is expected to replace retinol as 
an effective option for photoaging treatment. Current 
results are limited to generally healthy populations, so 
expanding study groups is a key future direction. 

4 Application of vitamin E in skin anti-
aging 
Serum vitamin E levels are closely related to skin 
condition [6]. Vitamin E is widely used in skincare and 
cosmetic products, which is highly popular in the beauty 
industry. The vital role of this fat-soluble vitamin in the 
human body was confirmed as early as the 1920s [7]. It 
supports the health of all human organs. Unprotected 
UV exposure disrupts the overall structure of the ECM 
with age, which reduces skin support. The integrity of 
cell membrane structure and function is damaged. 
Keratinocyte proliferation declines gradually, which 
impairs the epidermal barrier. Skin becomes stiff and 
fragile, which raises the risk of infectious skin diseases 
[8]. A key driver of these effects is increased ROS levels 
which activate MMPs and break down the ECM skin 
support structure. Basic moisturization remains 

important for aging skin to prevent ROS damage to 
membrane lipids. Vitamin E maximizes ROS 
scavenging and reduces DNA oxidative damage, which 
fights skin oxidative stress. It protects cell membranes 
from disruption and reduces transepidermal water loss. 
Li Fu-min and colleagues established a UVB-induced 
mouse skin photodamage model [9]. The model proves 
that vitamin E liposomes repair skin photodamage. A 
0.2% topical vitamin E liposome intervention is applied 
with model and liposome control groups. Experimental 
data show significant decreases in MMP-13 levels and 
Ki-67 cell proliferation. These changes reduce ECM 
damage caused by MMPs and repair abnormal UVB-
induced epidermal hyperplasia. The skin support 
structure is strengthened, which slows collagen loss and 
achieves anti-wrinkle and anti-aging goals. Vitamin E 
thus plays a vital role in skin protection. Researchers 
continue to explore natural antioxidants for daily skin 
management [10]. This fat-soluble vitamin exists only 
in food. Alpha-tocopherol is its most active form, which 
is rich in nuts, seeds, green leafy vegetables and 
avocados [7]. Dietary intake is not the only choice. 
Vitamin E supplements are also suitable for daily use by 
most people. Daily vitamin E supplementation 
effectively improves skin antioxidant capacity. It helps 
repair the skin barrier and retain moisture, which 
relieves inflammation and delays aging. Many active 
molecules in plant extracts remain undiscovered, and 
their stability needs further research. This will be a 
major challenge for future studies. 

5 Application of vitamin C in skin anti-
aging 
Vitamin C is a trace element and one of the most 
abundant antioxidants in healthy skin. It inhibits 
tyrosinase activity, which prevents free radical-induced 
melanin production [11]. It effectively treats skin 
photoaging and pigmentary disorders such as melasma 
and freckles. These conditions are mostly caused by 
long-term direct UV exposure. Large amounts of ROS 
are generated in this process, which break collagen 
bonds and damage the dermal structure. Excessive 
melanin production leads to rough skin texture and 
uneven pigmentation. Vitamin C is water-soluble, and 
its charged molecules repel the lipid stratum corneum. 
Native vitamin C oxidizes easily. It remains stable and 
can penetrate skin only when it exists as ascorbic acid at 
pH < 4 [11]. Most skincare products use vitamin C 
derivatives. Vitamin C supplements use pure L-ascorbic 
acid or sustained-release composite formulas. 
Iontophoresis has been adopted in skin management to 
overcome transdermal barriers [12]. This iontophoresis 
method uses low electric current to improve the 
absorption of transdermal vitamin C. Trials show that 
handheld iontophoresis significantly improves skin 
hydration and tightens pores. Many subjects report no 
obvious further improvement in the final trial stage, 
which is called a “plateau phase”. The combination of 
vitamin C and iontophoresis does raise vitamin C 
concentration in skin. The weakened later effect may 
result from low device current, insufficient frequency or 
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short treatment duration. Vitamin C causes far fewer 
side effects than retinol. It is safe for use during 
pregnancy and suitable for long-term application. The 
efficacy of vitamin C depends on both concentration and 
transdermal efficiency. Iontophoresis-assisted treatment 
effectively improves delivery efficiency. Studies show 
that combined use of antioxidant vitamins also enhances 
skin antioxidation. 

Table 1. Comparison of Three Antioxidant Vitamins in Skin 
Anti-Aging 

Vitamin 
Type 

Core 
Mechanism 

Main Anti-Aging 
Effects Limitations Ref. 

Vitamin A 

Activates 
RAR/RXR 
receptors, 

regulates gene 
expression and 

promotes 
collagen 
synthesis 

Accelerates 
epidermal 

turnover, improves 
photoaging and 
enhances skin 

antioxidant 
capacity 

Retinoic acid 
is highly 
irritating; 

retinol still 
causes mild 

irritation 

[4,5] 

Vitamin E 

Scavenges 
ROS, inhibits 

lipid 
peroxidation 

and 
downregulates 

MMP 
expression 

Protects cell 
membranes, repairs 

skin barrier and 
reduces collagen 

loss 

Plant-derived 
active 

molecules 
have 

insufficient 
stability 

[6,8,9] 

Vitamin C 

Inhibits 
tyrosinase 
activity, 
scavenges free 
radicals and 
promotes 
collagen 
synthesis 

Improves 
pigmentation, 
brightens skin tone 
and enhances skin 
hydration 

Native 
vitamin C 
oxidizes 

easily and has 
low 

transdermal 
absorption 
efficiency 

[11,12] 

6 Combined use of multiple antioxidant 
vitamins 
Numerous studies confirm that vitamins A, C and E 
improve skin aging and prevent photoaging. Single 
antioxidant vitamins have certain limitations. Their 
mechanisms are relatively simple, which target only 
specific free radicals or function under limited 
conditions. Skin oxidative stress is caused by multiple 
factors and ROS come from complex sources. 
Combined antioxidant use effectively boosts antioxidant 
efficiency and prolongs action time [13]. Jared Jagdeo 
MD MS, Alana Kurtti BS and colleagues conducted a 
12-week clinical trial. The trial first confirms the 
combined antioxidant effects of vitamin C, E and green 
tea polyphenols (GTP). Results show significant skin 
improvement in most subjects. Facial wrinkles and fine 
lines are reduced, and skin radiance and elasticity are 
enhanced. Dermal and epidermal thickness increases. 
All in-trial data show consistent skin condition 
improvement and good tolerance. Continuous use brings 
long-term benefits. The combined use of vitamin A and 
E in film-forming systems also brings positive effects in 
the same lipid environment. Studies show that vitamin 
A acts inside cell membranes. Lipid peroxyl radicals 
attack the membrane surface first, which greatly reduces 
the standalone antioxidant capacity of vitamin A [1]. 
Combined vitamin E slows the depletion rate of vitamin 
A. Vitamin E scavenges free radicals on the cell 
membrane surface first, which protects vitamin A and 
lowers lipid peroxidation. Combined antioxidants that 

act on different skin layers can partially reverse aging 
by improving skin structure. Retinol promotes 
epidermal stratum corneum turnover. Vitamin C boosts 
collagen synthesis. The two ingredients target different 
sites, and their combined use improves multiple skin 
layers at the same time. 

7 Conclusion 
This paper systematically summarizes current findings 
on core issues of skin aging. These issues include 
oxidative stress imbalance, extracellular matrix 
degradation and barrier dysfunction. It clarifies that 
intrinsic senescence and extrinsic photoaging jointly 
drive ROS accumulation. This accumulation reduces 
epidermal stem cell renewal, degrades dermal collagen 
and destroys elastic fibers, which provides key targets 
for antioxidant intervention. Research on vitamin A 
confirms that such ingredients regulate gene expression 
by activating nuclear receptors. They effectively 
promote collagen synthesis and restore endogenous 
epidermal vitamin A levels. Retinoic acid causes 
irritation, but retinol and bakuchiol improve tolerance 
while retaining efficacy. They offer better choices for 
photoaging prevention. As a fat-soluble antioxidant, 
vitamin E scavenges ROS, inhibits lipid peroxidation 
and downregulates matrix metalloproteinase expression. 
It maintains cell membrane integrity and protects ECM 
structure, which reduces water loss and delays wrinkle 
formation. Both dietary intake and topical 
supplementation enhance skin barrier function and 
antioxidant reserves. These findings systematically 
reveal the multi-level action network of antioxidant 
vitamins from molecular regulation to tissue repair. 
Future development of antioxidant vitamins in skin anti-
aging will focus on precision and synergy. Research 
should explore undiscovered active molecules from 
natural sources. Preparation technologies such as 
nanocarriers and targeted delivery should break 
bottlenecks of low stability, poor transdermal absorption 
and local irritation. These technologies balance efficacy 
and safety. Synergistic formulas combining multiple 
vitamins and plant-derived antioxidants will become 
mainstream based on individual differences and multi-
dimensional mechanisms of skin aging. Cutting-edge 
perspectives such as genomics and skin microbiome will 
promote the shift from single ingredient 
supplementation to personalized interventions. These 
strategies systematically regulate redox homeostasis and 
achieve dual goals of delaying aging and improving 
overall skin health. 
 

References 
1. J. Zhuang, H. Chen, X. Wu, et al. Research Progress 

of Vitamin and its Derivatives in Anti Photoaging 
of Skin. Chin. Toilet. Ind. 4, 77-83 (2021). 
https://doi.org/10.16054/j.cnki.cci.2021.04.010 

2. T. Quan. Molecular insights of human skin 
epidermal and dermal aging. J. Dermatol. Sci. 
112(2), 48-53 (2023).  

BIO Web of Conferences 240, 01014 (2026) https://doi.org/10.1051/bioconf/202624001014

ICBNB 2026

3

https://doi.org/10.16054/j.cnki.cci.2021.04.010


3. Y. Liu, et al. Targeting the stem cell niche: role of 
collagen XVII in skin aging and wound repair. 
Theranostics. 12(15), 6446 (2022).  

4. O. Sorg, J.-H. Saurat. Topical retinoids in skin 
ageing: a focused update with reference to sun-
induced epidermal vitamin A deficiency. 
Dermatology. 228(4), 314-325 (2014).  

5. S. Dhaliwal, et al. Prospective, randomized, double‐
blind assessment of topical bakuchiol and retinol 
for facial photoageing. Br. J. Dermatol. 180(2), 
289-296 (2019).  

6. X. Liu, G. Yang, M. Luo, et al. Serum vitamin E 
levels and chronic inflammatory skin diseases: A 
systematic review and meta-analysis. PLoS One. 
16(12), e0261259 (2021).  

7. V. Kumar, N. Tanwar, M. Goel, et al. Antioxidants 
for skin health. Recent Adv. Food Nutr. Agric. 
16(3), 250-265 (2025).  

8. H. Bonifant, S. Holloway. A review of the effects 
of ageing on skin integrity and wound healing. Br. 
J. Community Nurs. 24(Sup3), S28-S33 (2019).  

9. F.-M. Li, Y. Liu, J.-F. Liao, et al. Photoprotective 
effects of liposomal encapsulated vitamin E against 
dermal photodamage induced by ultraviolet B 
radiation. (5), 465-467 (2019).  

10. M. Michalak. Plant-derived antioxidants: 
Significance in skin health and the ageing process. 
Int. J. Mol. Sci. 23(2), 585 (2022).  

11. G. Correia, S. Magina. Efficacy of topical vitamin 
C in melasma and photoaging: A systematic review. 
J. Cosmet. Dermatol. 22(7), 1938-1945 (2023).  

12. C. Yan, J. N. C. Ng, R. Wanitphakdeedecha. 
Efficacy of handheld iontophoresis device in 
enhancing transdermal vitamin C delivery: A split‐
face clinical trial. J. Cosmet. Dermatol. 21(2), 698-
706 (2022).  

13. J. Jagdeo, A. Kurtti, S. Hernandez, et al. Novel 
Vitamin C and E and Green Tea Polyphenols 
Combination Serum Improves Photoaged Facial 
Skin. J. Drugs Dermatol. 20(9), 996-1003 (2021). 

BIO Web of Conferences 240, 01014 (2026) https://doi.org/10.1051/bioconf/202624001014

ICBNB 2026

4


	1 Introduction
	2 Mechanisms of skin aging
	3 Application of vitamin A in skin anti-aging
	4 Application of vitamin E in skin anti-aging
	5 Application of vitamin C in skin anti-aging
	6 Combined use of multiple antioxidant vitamins
	7 Conclusion
	References

