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Abstract: Lactic acid is the most widely occurring natural organic acid in nature. It not only exhibits mild and safe properties but also 
possesses multiple physiological activities, such as antibacterial effects, immune regulation, and promotion of wound healing, making 
it one of the most popular chemical peeling agents. Chemical peels are commonly used in the field of aesthetic dermatology as a non- 
invasive therapeutic approach. This research aims to provide valuable references for clinical dermatologists by summarizing the 
characteristics of lactic acid, elucidating its mechanism of action in peeling, and investigating the clinical applications of this 
compound. Furthermore, it anticipates the potential for lactic acid to be the most suitable chemical peeling agent for Chinese skin. 
Keywords: lactic acid, physiological activities, clinical applications, Chinese skin

Introduction
Lactic acid (LA) is the most widely found natural organic acid. The historical use of lactic acid in chemical peels can be traced 
back to ancient Egypt, where Queen Cleopatra was known to use yogurt for bathing, resulting in brighter and smoother skin.1 

However, it was not until 1780 that the Swedish chemist Carl Wilhelm Scheele first extracted lactic acid from milk, identifying it 
as the crucial effective component in yogurt skincare.2 The first documented application of lactic acid for addressing skin 
conditions dates back to 1943 when Stern et al utilized lactic acid to treat ichthyosis, achieving significant results.3 Since then, an 
increasing number of scholars have conducted research on the moisturizing effects of lactic acid and its ability to alleviate skin 
dryness.4,5 Today, with continued research into the application of lactic acid in skincare, it is widely applied in chemical peels.

Chemical peel refers to the application of chemical agents on the skin to induce varying degrees of controlled damage 
in the epidermis or dermis, resulting in exfoliation, the removal of superficial lesions, and subsequent regeneration of 
both the epidermis and dermis.6 In the past few years, chemical peels have gained widespread use in dermatology and 
related cosmetic departments due to their simple and cost-effective procedures and minimal side effects, consistently 
ranking high among minimally invasive cosmetic treatment techniques.7

As chemical peels continue to evolve and improve, an increasing number of chemical agents are being applied in 
clinical treatment. Lactic acid, as a natural alpha-hydroxy acid, not only exhibits gentle and safe properties but also 
possesses multiple physiological activities, making it one of the most popular chemical peeling agents.8 Therefore, we 
provide an overview of the characteristics of lactic acid, its mechanism of action in chemical peels, and its clinical 
applications. This review anticipates the possibility that lactic acid may be the most suitable chemical peeling agent for 
Chinese skin, aiming to offer valuable references for clinical dermatologists.

Characteristics of Lactic Acid
Lactic acid, CH3CHOHCOOH, is a natural α-hydroxy acid (AHA) with a molecular weight of 90.08, slightly higher than 
that of glycolic acid (76.05). The lactic acid molecule contains one hydroxyl group and one carboxyl group and can 
ionize as a weak acid in aqueous solutions with a pKa value of 3.86. Lactic acid has two isomers: L-lactic acid and 
D-lactic acid, with L-lactic acid being the common form found in the skin and biological organisms. It exhibits some 
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hygroscopic and moisturizing properties.9 Due to its mild, safe, and effective nature, lactic acid can promote cell renewal 
and skin hydration, making it widely used in chemical peels.

Gentleness
While ensuring the effectiveness of chemical peels, one important characteristic of lactic acid is its low level of irritation. The 
effects of various alpha-hydroxy acids, including glycolic acid, L-lactic acid, D-lactic acid, citric acid, hydroxybutyric acid, 
and malic acid, were assessed on different properties such as cell renewal rate, anti-wrinkle ability, and irritation. This 
evaluation was conducted under the same molar concentration and pH conditions.10 The results showed that, in terms of 
efficacy, L-lactic acid and glycolic acid had the best effects. In terms of gentleness, L-lactic acid exhibited significantly lower 
irritation compared to other acids, indicating that lactic acid is a chemical peeling agent that balances efficacy with 
gentleness. It’s worth noting that the mildness of lactic acid may be related to its self-esterification properties. Research 
has shown that lactic acid solutions with concentrations exceeding 18% undergo self-esterification reactions, forming dimers 
(including lactide, propyl lactate, methyl lactate) or polymers, and the conversion between them is reversible.11 This might be 
a significant reason why lactic acid can slowly penetrate the skin and reduce skin irritation.

Safety
Lactic acid is a highly safe chemical peeling agent, and its safety is mainly evident in the following aspects: ①Lactic 
acid has low skin irritation, and it does not lead to severe adverse reactions or persistent erythema. Stinging tests with 
a 10% lactic acid solution have demonstrated its excellent safety for sensitive skin.12 ②Lactic acid is a crucial natural 
moisturizing factor in the skin, being an endogenous substance, which makes it highly skin-compatible and unlikely to 
cause allergic reactions.13 ③Lactic acid is a major recyclable carbohydrate and serves as a universal fuel for the 
tricarboxylic acid cycle. Its end metabolic products are carbon dioxide and water, which are safely excreted from the 
body through urine and sweat, ensuring safety and non-toxicity.14 As a result, lactic acid can be safely used on sensitive 
skin and patients with rosacea, making it an ideal choice for individuals undergoing their first chemical peel.8

Highly Effective
Lactic acid serves as an energy substrate for muscle contraction, initially considered an inert product of glycolysis under 
anaerobic conditions. However, increasing evidence indicates that lactic acid, derived from glycolysis, is not only an inert 
energy donor but also a signaling molecule that plays a crucial role in various cellular processes through its transporters 
(MCTs) and receptors (GPR81). It possesses multiple physiological activities, including antibacterial effects, immune 
regulation, wound repair, and barrier protection.15,16

Bacteriostatic
Lactic acid is a widely utilized antibacterial agent that inhibits the growth of crucial microbial pathogens. The 
antibacterial mechanism of lactic acid was investigated, revealing that 0.5% lactic acid could completely inhibit 
the growth of Salmonella Enteritidis, Escherichia coli, and Listeria monocytogenes.15 The final results indicated 
that the antibacterial mechanism of lactic acid primarily involves damaging the bacterial cell membrane, resulting 
in damage to the intracellular structure and inhibiting the normal growth of the bacteria. In a separate study, lactic 
acid can penetrate the periplasmic space through bacterial outer membrane channels.17 It protonates the carboxyl 
and phosphate groups of lipopolysaccharide, thereby weakening the interactions among various components in the 
outer membrane. This process leads to the release of lipopolysaccharide and glycerophospholipids from the 
bacterial outer membrane, disrupting cell membrane integrity. Consequently, the leakage of internal substances 
induces sublethal damage to the bacteria, thereby achieving the antibacterial effect.

Immune Regulation
Lactic acid possesses anti-inflammatory and immune-regulating effects, contributing to the reduction of skin inflammation 
and sensitivity issues. High lactate concentrations with low pH can decrease the production of tumor necrosis factor-alpha 
(TNF-α) and interleukin-1β (IL-1β) by macrophages/monocytes.18 Moreover, studies have reported that lactic acid may 
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inhibit the secretion of TNF by interfering with the glycolysis of human monocytes and suppress the differentiation of 
monocytes into dendritic cells, as well as the activation of T cells.19–22 For a more in-depth exploration of the immuno
modulatory mechanisms of lactic acid, Peter K et al conducted a comprehensive analysis of its impact on gene expression 
during monocyte activation.23 The results revealed that lactic acid significantly delays the LPS-induced gene expression of 
monocyte effector proteins, including cytokines (eg TNF and IL-23) and chemokines (eg CCL2 and CCL7). Further 
analysis showed that lactic acid attenuates the phosphorylation of Protein Kinase B (PKB) and the degradation of IκBα, 
decreasing the expression of Nuclear Factor-Kappa B (NF-κB), thus exerting immune regulatory effects.

Wound Repair
Lactic acid or lactate not only serves as a signal for collagen synthesis and regeneration but also as a pro-angiogenic 
agent to accelerate wound healing.24 As early as 1964, observations have indicated that lactate stimulates collagen 
synthesis in fibroblasts.25 Subsequent research has clarified that this stimulation occurs through the activation of prolyl 
hydroxylase, an enzyme critical for collagen hydroxylation and maturation in fibroblasts.26 Some evidence suggests that 
lactate not only stimulates the production and release of various cytokines (eg vascular endothelial growth factor, basic 
fibroblast growth factor, interleukin-8) but also promotes endothelial cell migration and the recruitment of vascular 
precursor cells. These actions collectively promote angiogenesis, facilitating wound repair.27,28 Furthermore, 
Experiments confirmed that lactate is indeed a pro-angiogenic agent, enhancing the deposition of extracellular matrix 
in the skin and thereby promoting the healing process of ischemic and excisional wounds in mice.24

Barrier Protection
Lactic acid can stimulate the biosynthesis and increase the levels of ceramide in the stratum corneum, thereby enhancing 
the lipid barrier. The impact of different lactic acid isomers on ceramide synthesis in keratinocytes, as well as stratum 
corneum lipid levels and barrier function, was explored both in vitro and vivo.29 The results of cell experiments in vitro 
indicated that L-lactic acid significantly increased the levels of ceramide in keratinocytes (a 300% increase). D-lactic acid 
showed no statistically significant effect. Radiolabeling experiments confirmed that lactic acid can be metabolized and 
then employed as a carbon source for lipid biosynthesis. Additionally, it was also demonstrated that lactic acid elevated 
ceramide levels in the stratum corneum in vivo (L-lactic acid treatment resulted in a 38% increase and D, L-lactic acid 
resulted in a 25% increase, while D-lactic acid showed no statistically significant effect). Furthermore, the topical 
application of 4% lactic acid for one month not only significantly alleviated the damage caused by sodium lauryl sulfate 
(SLS) to the skin barrier but also provided additional evidence that lactic acid effectively improves the skin barrier, 
enhances barrier protection, and boosts skin resilience.

The Mechanism of Lactic Acid Peeling
The mechanism of lactic acid peeling is similar to that of glycolic acid and all Alpha-Hydroxy Acids (AHAs). Although 
the exact mechanism is not entirely clear, it has been established that AHAs improve skin conditions by exfoliating the 
stratum corneum, promoting epidermal desquamation, dispersing basal layer melanin, and increasing collagen synthesis 
in the dermal layer.30 Through the study of the structure and properties of AHAs, we further summarize and refine their 
possible mechanisms, as illustrated in Figure 1.

Promoting Desquamation
The acidic properties of AHAs reduce the pH of the epidermis, increase the activity of desquamation-related enzymes, 
accelerate desmosomal degradation, and promote desquamation. The effects of AHAs on desmosomal proteins in the 
stratum corneum were investigated to understand their mechanisms of action.31 They found that AHAs act in at least two 
different ways in the stratum corneum: ①The acidic properties of AHAs induce acidification of the stratum corneum, 
leading to the immediate activation of Cathepsin D-like (CD), a desmosomal protein with an optimal pH of approxi
mately 2.8. This enhances desmosomal degradation, thereby weakening of cell-cell adhesion in the stratum corneum. 
②In the two weeks following AHA treatment, the expression of CD in the stratum corneum gradually increases, which 
may be associated with the long-term promotion of stratum corneum desquamation. It was suggested that the chelating 
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ability of AHAs directly interferes with the calcium ion concentration gradient in the epidermis, disrupting the conjugate 
structure of desmosomes (calcium ions can form conjugate structures with desmoglein, shielding it from degradation), 
making desmosomes more prone to degradation.32

Pigment Lightening
The antioxidant properties of AHAs can directly inhibit the activity of tyrosinase, resulting in a reduction in melanin 
synthesis and, consequently, lightening of pigmentation. The effects of AHAs on melanin formation were studied, 
revealing that both glycolic acid and lactic acid directly inhibit tyrosinase activity in a dose-dependent manner.33 This 
effect was shown to be independent of their acidic properties. Furthermore, AHAs promote epidermal desquamation, 
dispersing melanin in the basal layer, which is another crucial mechanism for lightening pigmentation. This is achieved 
through the chelation of calcium ions by AHAs, which not only affects the structure and function of desmosomes but also 
disrupts the tight junctions between epidermal cells. This disruption decreases cell adhesion and facilitates epidermal 
desquamation, thereby dispersing melanin accumulated in the basal layer of the epidermis.32

Shortening the Epidermal Renewal Cycle
The acidic properties of AHAs induce acidification within epidermal cells, speeding up the processes of cell keratiniza
tion and apoptosis, thereby shortening the epidermal renewal cycle. The investigation into their impact on epidermal 
keratinization unveiled that AHAs acidify intracellular environments, dependent on concentration and extracellular pH.34 

This process effectively triggers the activation of transient receptor potential vanilloid 3 (TRPV3) channels in keratino
cytes, leading to an influx of calcium ions and accelerating keratinization and apoptosis processes. This mechanism may 
contribute to explaining the role of mild acidity in promoting skin renewal. Additionally, calcium ions in the skin act 
as second messengers and play a crucial role in regulating cell proliferation and differentiation processes. Exploring the 
effects of different calcium ion concentrations on keratinocytes revealed that reduced levels of calcium ions could 
accelerate cell proliferation.35 Importantly, AHAs possess chelating properties that effectively reduce the calcium ion 
concentration in the epidermis, thereby promoting the proliferation of basal layer cells.

Injury Reconstruction of Dermal Tissues
AHAs can stimulate epidermal cells to release cytokines that mediate collagen synthesis by dermal fibroblasts, resulting 
in the reshaping of dermal tissues. Investigating the effects of AHAs on keratinocytes and the metabolism of the dermal 

Figure 1 Mechanism of Action of AHAs peel.
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matrix by fibroblasts revealed that AHAs not only directly accelerate collagen synthesis in fibroblasts but also indirectly 
regulate the degradation of the extracellular matrix and collagen synthesis.36 This indirect regulation occurs through the 
release of cell cytokines, such as interleukin-1α (IL-1α), by activating keratinocytes. Furthermore, AHAs may increase 
collagen synthesis by functional activation or proliferation of fibroblasts through the regulation of the transforming 
growth factor-β (TGF-β) signaling pathway, while simultaneously increasing the biosynthesis and secretion of extra
cellular matrix components, such as hyaluronic acid and glycosaminoglycans.37

Clinical Applications of Lactic Acid Peels
Lactic acid, a natural acidic substance, gently exfoliates dead skin cells from the skin surface, fostering cell turnover and 
collagen production. This process contributes to smoother, softer, and more elastic skin. The numerous benefits of lactic 
acid include skin whitening, moisturization, and pigmentation reduction. Consequently, lactic acid peels find common 
application in clinical practice for both cosmetic purposes and skin disorders.

Acne
Lin Cong conducted a clinical study to evaluate the effectiveness and adverse reactions of 40% lactic acid in the 
treatment of mild-moderate acne.38 Using a self-control method, 30 patients were observed, with treatment administered 
every two weeks for three peels. Before and after each treatment, the researchers recorded the number of inflammatory 
and non-inflammatory acne lesions and observed the occurrence of adverse reactions. The results indicated a significant 
decrease in both non-inflammatory and inflammatory acne lesions after each treatment compared to before treatment (P < 
0.01). No severe adverse reactions were observed during the treatment, indicating that lactic acid treatment for mild- 
moderate acne is safe and effective.

Another study assessed the efficacy and safety of 88% lactic acid in the treatment of acne vulgaris and post-acne 
scarring.39 It involved ten patients with acne vulgaris and 15 patients with acne scars were included in the study. Lactic 
acid peeling was performed three times at two-week intervals, and the severity of acne and the degree of scarring were 
evaluated before and after each patient’s treatment. The results demonstrated a remarkable 87.2% reduction in the 
number of papules after three sessions of lactic acid peeling (P = 0.0001), with a simultaneous significant improvement 
observed in post-acne scarring (P = 0.002). All patients expressed complete satisfaction with the effects of lactic acid 
peeling, indicating that it is an effective method for treating acne vulgaris and post-acne scarring.

Additionally, research has shown that the combined use of plant preparations, 5% lactic acid, and ultrasound is more 
effective in reducing skin eruptions and sebum levels in acne patients compared to ultrasound alone.40 This suggests that 
the combined application of plant preparations and lactic acid has a positive effect on acne. The efficacy of lactic acid 
relies on its various properties including antibacterial action and promotion of proliferation.

Photoaging
A study compared the effectiveness of a combination of lactic acid and Ferulic acid with the application of Ferulic acid 
alone in addressing the effects of photoaging.41 The study involved two groups, each with 30 patients. The first group 
received treatment with 30% lactic acid in combination with 12% Ferulic acid, while the second group received treatment 
with 12% Ferulic acid alone. Treatments were administered every 15 days, and the assessment of clinical improvement 
was conducted before and after six sessions using the ASRS and AFLS scoring. The results demonstrated a significant 
improvement in photoaging with the combination of lactic acid and Ferulic acid (42%), surpassing the efficacy of Ferulic 
acid alone (27%), and no complications were reported. Although this study did not exclusively focus on lactic acid 
treatment alone, its findings still suggest the beneficial effects of lactic acid on skin photoaging. Another report 
investigated the clinical efficacy of 85% lactic acid in improving periorbital fine lines.42 The experimental group 
comprised 9 patients who underwent lactic acid peels in conjunction with sunscreen, while the control group consisted 
of 9 patients who solely used sunscreen, administered once a month for a total of 3 sessions. The clinical efficacy was 
assessed by digitizing images before and after treatment using a CCD color microscope. The results revealed a notable 
enhancement in the experimental group, particularly following the third session on the lateral sides of the right eye (P < 
0.05). This suggests the efficacy of lactic acid peels in treating skin photoaging. Moreover, the clinical and histological 
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improvements observed following lactic acid peel treatment for photoaging, as revealed by immunohistochemistry and 
electron microscopy studies, may be associated with mast cell degranulation.43 This, in turn, triggers dendritic cell 
activation in the dermis and an increased expression of transglutaminase (TGase).

Melasma
A comparative investigation assessing the efficacy and safety of lactic acid and glycolic acid peels in treating melasma 
was conducted, involving 112 patients aged 18–40.44 Group A, comprising 56 patients, received 60% lactic acid peels, 
while Group B, with 56 patients, received 40% glycolic acid peels. Treatments were administered every four weeks for 
a total of six sessions. The Melasma Area and Severity Index (MASI) were employed to assess clinical improvement 
before and after treatments. The results indicated a higher treatment effective rate in Group A (80.4%) compared to 
Group B (67.5%). Group A also exhibited a lower incidence of adverse reactions, suggesting that 60% lactic acid was 
more effective and safer than 40% glycolic acid. Sandin and Singh, in their evaluations of 82% lactic acid peels for facial 
melasma, affirmed lactic acid peels as a significant approach for improving treatment-resistant melasma with good 
tolerability.45,46 Notably, while assessing the safety of lactic acid and glycolic acid peels for melasma, it was discovered 
that 92% lactic acid resulted in fewer side effects than 50% glycolic acid peels.47 This not only enhanced patient 
compliance but also underscored the potential of lactic acid in melasma treatment.

Other Skin Disorders
Periorbital melanosis (POM), commonly referred to as dark circles, can impart a fatigued and lackluster appearance, 
thereby significantly impacting an individual’s quality of life and emerging as a major cosmetic concern. Among the 
various treatment modalities available, chemical peeling stands out as an effective and safe approach to reduce pigmenta
tion issues around the eyes while enhancing skin texture and mitigating wrinkles. In a study, the clinical effectiveness and 
safety of lactic acid and glycolic acid peels in treating POM were compared.48 The study encompassed 56 participants, with 
27 individuals undergoing 20% glycolic acid treatment and 29 subjects opting for 30% lactic acid treatment. Treatments 
were administered every three weeks for three sessions. Assessment parameters included clinical improvement using POM 
grading, overall patient evaluation and satisfaction, as well as overall physician satisfaction.

The results showed that both lactic acid and glycolic acid demonstrated significant improvement (p < 0.0001), with 
lactic acid showing better improvement (p = 0.008) and higher patient satisfaction, coupled with good tolerability.

Ichthyosis is a genetic skin disease characterized by skin dryness and scaling resembling fish scales. The current 
management of this condition involves alleviating symptoms by maintaining skin moisture through the application of 
topical emollients. A study explored the clinical effectiveness of lactic acid and vaseline (petroleum jelly) in the 
treatment of Ichthyosis.49 The research comprised 30 patients with moderate-to-severe Ichthyosis, divided into two 
groups. One group applied 12% lactic acid, while the other used vaseline. The treatment protocol involved applying the 
treatment twice daily for four weeks, with weekly evaluations during treatment and two weeks post-treatment cessation. 
The findings indicated that 12% lactic acid exhibited significantly greater efficacy compared to vaseline. These findings 
suggest that the biological effects of lactic acid on the skin, including moisturizing and exfoliation, play a crucial role in 
its effectiveness for Ichthyosis treatment.

Acanthosis nigricans (AN) is a dermatological condition characterized by pigment deposition and excessive skin 
keratinization. To date, no satisfactory local treatment method has been identified. Nevertheless, it was discovered that 
a combined therapy involving 12% ammonium lactate and 0.05% tretinoin leads to a significant improvement in 
Acanthosis nigricans symptoms. The exfoliating effect and desmosomal degradation of lactic acid are deemed crucial 
for mitigating excessive skin keratinization and treating Acanthosis nigricans.50

Conclusion
The modern era of chemical peels began with dermatologist Mackee G, who pioneered the use of phenol to address facial 
scars, achieving notable therapeutic outcomes.51 Essentially, the initial adoption of chemical peels in China drew inspiration 
from foreign practices and was subsequently refined and customized to align with the unique characteristics of Chinese 
skin. Research indicates that Chinese skin, characterized by a thinner stratum corneum, higher sweat gland density, and 
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a weaker mechanical barrier function, tends to be more sensitive to external chemical substances.52,53 Considering these 
factors, the meticulous selection of clinical peeling agents becomes crucial to ensure both safety and efficacy in chemical 
peel procedures. Lactic acid emerges as an exemplary choice for a gentle, safe, and efficient chemical peeling agent, well- 
suited to the particularities of Chinese skin. Furthermore, lactic acid, as a chemical peeling agent suitable for Chinese skin, 
offers several advantages: ①Suitable for various skin types: Lactic acid has minimal skin irritation and side effects, making 
it suitable for various skin types, including dry and sensitive skin. ②Applicable to different body areas: Lactic acid exhibits 
good adaptability and safety, allowing it to be used for chemical peels on various body areas such as the face, neck, chest, 
arms, and legs, improving skin texture and overall appearance. ③Short recovery period after peeling: Lactic acid’s 
progressive skin improvement does not cause severe damage to the skin barrier and even promotes the recovery of the 
lipid barrier. As a result, the recovery period after peeling is relatively short, and patients can typically resume their normal 
daily skincare routine as soon as the second day following the chemical peel.

In summary, lactic acid, as a mild, safe, and effective chemical peeling agent, not only has general applicability but is 
also highly suitable for Chinese skin. Therefore, lactic acid peels have become an essential tool in the field of chemical 
peeling in China and are gradually gaining recognition from clinicians and patients alike.
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