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Abstract

~

Context: Vitamin C and its derivatives are extensively incorporated into cosmetic formulations owing to their antioxidant
properties, stimulation of collagen synthesis, and capacity to improve hyperpigmentation. Although numerous experimental
and formulation-oriented studies have assessed the performance of various vitamin C derivatives, current evidence reveals
considerable variability in their stability, penetration, and enzymatic conversion. However, comprehensive overviews that
systematically summarize and compare these characteristics remain scarce. Although these derivatives share similar biological
functions, their topical efficacy varies significantly because differences in molecular structure affect stability, solubility, dermal
absorption, and overall biological activity.

Evidence Acquisition: This review presents a concise comparison of commonly used topical vitamin C derivatives to facilitate
more informed formulation decisions in cosmetic products. The extracted information includes physicochemical stability,
enzymatic conversion to L-ascorbic acid (L-AA), antioxidant capacity, collagen-stimulating potential, and anti-melanogenic
effects.

Results: The findings indicate that L-AA demonstrates the most potent direct biological activity but is constrained by poor
stability and limited skin penetration. Water-soluble derivatives, such as magnesium ascorbyl phosphate (MAP) and sodium
ascorbyl phosphate (SAP), offer enhanced stability and lower irritation potential but require enzymatic activation. Lipophilic
derivatives, including ascorbyl tetraisopalmitate, provide superior skin permeability and sustained antioxidant or brightening
activity, whereas glucoside-based and amphiphilic derivatives exhibit moderate penetration with notable photoprotective and
anti-inflammatory effects.

Conclusions: Overall, no single derivative is universally superior; optimal selection depends on aligning each derivative’s
physicochemical profile with the intended formulation objectives and desired cosmetic outcomes.

Keywords: Vitamin C Derivatives, L-Ascorbic Acid, Cosmeceutical, Formulation, Skin Health

-

J

1. Context

Vitamin C is synthesized by most animals and plants;
however, humans lack the enzyme L-gulono gamma-
lactone oxidase, which is required for its endogenous
production. Consequently, humans must obtain this
vitamin through dietary sources (1). Clinical data
suggest that, despite high-dose oral supplementation,
the concentration of vitamin C in the skin remains low.
The only effective method to increase skin
concentration is by topical application of L-ascorbic acid
(L-AA), which has led to the widespread use of vitamin C

in cosmeceutical products (1). The L-AA, also known as
vitamin C, is a hydrophilic molecule with multiple
functions in skin health. It acts as the most potent
antioxidant in the skin, serves as a cofactor in collagen
synthesis, enhances fibroblast proliferation, and
inhibits tyrosinase. Vitamin C has the potential to
mitigate the damage caused by oxidative stress, reduce
the appearance of lines and wrinkles, and diminish
hyperpigmentation (1, 2). Beyond its cutaneous
functions, vitamin C also exhibits systemic antioxidant
activity, with evidence supporting its protective effects
against oxidative stress and its ability to modulate
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muscle-damage biomarkers such as creatine kinase and
myoglobin, underscoring its broad biological
significance beyond dermatologic application (3, 4).
Vitamin C possesses several derivatives with distinct
physical and chemical properties, which enable the
enhancement of its functions in cosmetic products.

2. Evidence Acquisition

This article was developed as a structured review
designed to synthesize current evidence on the
physicochemical properties, biological activities, and
cosmetic relevance of topical vitamin C derivatives. A
targeted search was conducted in PubMed, Scopus, and
Web of Science using controlled terms and keywords
related to “vitamin C derivatives, dermal delivery,
stability, and cosmetic formulation”. Additional sources
were identified through manual screening of reference
lists. Extracted information focused on stability profiles,
solubility, enzymatic conversion, antioxidant effects,
collagen stimulation, and anti-pigmentation activity.
Although formal bias-assessment tools were not applied
due to the heterogeneity of study designs, all included
studies were qualitatively evaluated for methodological
soundness and relevance.

3.Results

3.1. L-Ascorbic Acid

Vitamin C exists in various active forms, but L-AA is
recognized as the most biologically active based on both
in vitro data and clinical evaluations (5). In vivo studies
on pig skin have shown that cutaneous L-AA
concentration increases at pH <3.5 (6). The L-AA carries a
negative charge and is unstable at natural pH (5). As a
hydrophilic molecule, it was expected to have poor skin
penetration; however, one study demonstrated good
levels of cutaneous L-AA concentration when applied
topically (7). A pivotal in vivo study by Pinnell et al. on
pig skin demonstrated that the greatest increase in skin
concentration of L-AA occurs at pH = 2.0 when a 15%
solution is applied at pH levels between 2.0 to 5.0 (6).
This study further showed that the highest cutaneous
concentration was achieved with a 20% solution, but, for
unknown reasons, the concentration decreased when
levels exceeded 20%. Cutaneous concentrations of L-AA
reached saturation after only three days of application,
and the halflife of L-AA is approximately 4 days (6).
Several strategies have been proposed, both clinically
and in vitro, to enhance delivery of L-AA and its
derivatives, including microdermabrasion,
sonophoresis, and laser skin treatments (7). In vitro
studies on human dermal fibroblasts confirm that L-AA

enhances collagen synthesis, acts as an antioxidant,
promotes fibroblast proliferation, and inhibits
melanogenesis, which contributes to anti-aging effects
(8). The L-AA is an essential cofactor for collagen
synthesis through its effects on lysyl hydroxylase and
prolyl hydroxylase, enzymes involved in the post-
translational modification of collagen types I and IIL
This effect has been demonstrated in vitro by promoting
fibroblast activity and collagen gene expression (7). The
L-AA also enhances metalloproteinase-I inhibitor
synthesis and reduces degeneration of collagen caused
by ultraviolet exposure (7). However, the potent
antioxidant effect of L-AA makes it unstable. Stability can
be improved by omitting oxygen during formulation,
using a low pH and opaque packaging, minimizing or
avoiding water in the formulation, employing
encapsulation methods, and adding electrolytes or
other antioxidants (6). A clinical trial demonstrated that
topical application of 10% L-AA combined with zinc
sulfate and tyrosine significantly reduced CO, laser-
induced erythema (9).

3.1.1. Cosmetic Approach

The principal form of vitamin C, L-AA, offers the
greatest biological effects and is suitable for
formulations intended to deliver rapid action to the
skin. The L-AA’s sensitivity to light and air can be
managed by microencapsulation or by combining it
with other antioxidants and stabilizers. Waterless
formulations are preferable to protect L-AA from
oxidation. At pH = 3.5 and a concentration of 20%, the
greatest effects and penetration may be achieved (5).
The L-AA is used in serums, lotions, and creams for skin
lightening and anti-aging purposes.

3.2. Magnesium Ascorbyl Phosphate

Magnesium ascorbyl phosphate (MAP) is an esterified
derivative of vitamin C with improved stability, as
supported by both clinical and review-based studies (5,
10). In vitro and in vivo studies have demonstrated that
MAP is converted into L-AA by phosphatase enzymes
present in the skin (11). As an ascorbyl phosphate salt,
MAP exhibits greater stability than L-AA due to the
addition of a phosphate group to the L-AA ring, which
protects against oxidation (6, 12). It maintains good
stability and is stable at pH = 7 (5). Due to its charged
structure, MAP shows lower transdermal absorption in
vivo compared to L-AA (6). Despite some in vitro and in
vivo data, the skin penetration profile of MAP remains
inconsistent and warrants further investigation. In vivo
evidence suggests that MAP is absorbed into the skin
and converted intracellularly into L-AA (6). Both in vitro
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and in vivo studies support the use of MAP in reducing
melanogenesis, supporting its application in skin-
lightening products (13). The MAP demonstrates greater
antioxidant activity in vitro compared to in vivo;
although it is not easily absorbed through the skin, high
levels of activity are observed inside the cell (7, 14). In
vitro studies on human dermal fibroblasts indicate that
MAP can enhance collagen synthesis with efficacy
comparable to L-AA (14). In vitro experiments on UVB-
irradiated mouse keratinocytes found that MAP more
effectively reduced cell death than L-AA (15).

3.2.1. Cosmetic Approach

The MAP is considered the stable form of vitamin C.
While L-AA may cause irritation in sensitive skin due to
its acidic pH, MAP is recognized as a less irritating
alternative (2). The primary concern with MAP is its rate
of conversion to the active form in the skin and its
duration of action.

3.3. Sodium Ascorbyl Phosphate

Sodium ascorbyl phosphate (SAP), also known as SAP,
is another phosphate salt of L-AA and shares similar
properties with MAP (5-7). The SAP demonstrates
superior oxidative stability at neutral pH (around 7.0),
as validated by formulation-based in vitro studies (7).
Like MAP, SAP is a hydrophilic molecule. Due to the
presence of a phosphate group at the carbon-2 position
of the ascorbic acid ring, both SAP and MAP exhibit
limited direct antioxidant activity in vitro until they are
enzymatically converted to L-AA. Ex vivo and in vitro
data confirm that SAP can be enzymatically converted to
L-AA upon skin absorption (2, 7). In vitro studies using
human dermal fibroblasts have shown that SAP
stimulates collagen synthesis, although MAP appears to
be more potent in this regard (14, 16). The SAP exhibits
antioxidant activity following enzymatic conversion to
L-AA, as demonstrated in in vitro UVB-irradiation
models. However, L-AA displays superior antioxidant
efficacy. In vitro studies using cultured mouse skin
suggest that SAP is less effective than L-AA in reducing
UVB-induced oxidative stress (16).

3.3.1. Cosmetic Approach

Due to its stability and compatibility with neutral pH,
SAP is suitable for formulations intended for sensitive
skin. However, its delayed conversion to active L-AA may
result in reduced immediate clinical effects.

3.4. Disodium Isostearyl 2-O-L-Ascorbyl Phosphate

] Skin Stem Cell. 2025;12(4): 163798

Disodium isostearyl 2-O-L-ascorbyl phosphate (DI-
LAAP) is another vitamin C derivative produced through
esterification (17). Ex vivo experiments using
reconstructed human skin models indicate that DI-LAAP
is structurally similar to MAP and SAP but offers superior
oxidative stability (17). Its lipophilic profile allows for
improved transdermal penetration compared to L-AA, as
demonstrated in ex vivo skin permeation studies (17). An
in vitro study using human fibroblasts revealed that DI-

LAAP more effectively inhibits matrix
metalloproteinase-1 (MMP-1), enhances fibroblast
proliferation, and stimulates collagen synthesis

compared to L-AA and SAP (11). The DI-LAAP has
demonstrated skin-lightening properties in in vitro and
ex vivo experiments. Studies of normal human
melanocytes and cultured human melanoma cells have
shown that DI-LAAP reduces melanin synthesis
effectively (17). Application of DI-LAAP to human skin
cells resulted in a reduction in melanin synthesis to just
21% of the level observed in the control group. Notably,
these experiments did not observe inhibition of
melanin synthesis or tyrosine kinase activity by ascorbic
acid or SAP in the cells (5, 17).

3.4.1. Cosmetic Approach

Due to its amphiphilic nature, DI-LAAP can be
incorporated into both aqueous and lipid-based
formulations. Its thermal stability makes it suitable for
high-temperature processing and for use in post-
cleansing products such as sprays and lotions.

3.5. Ascorbyl Tetraisopalmitate (Tetrahexyldecyl Ascorbate)

Ascorbyl  tetraisopalmitate, also known as
tetrahexyldecyl ascorbate (THDA), is a vitamin C
derivative that remains stable at pH values greater than
5. This compound is esterified and features long fatty
acid branches (5, 7). Owing to its high lipophilicity,
THDA exhibits enhanced transdermal permeability, as
shown in ex vivo and in vitro skin absorption studies (7,
18, 19). In vitro studies suggest that THDA may exert
effects on collagen synthesis and antioxidant activity
comparable to those of L-AA, indicating that ascorbyl
tetraisopalmitate is likely transformed into L-AA after
penetrating the outer layers of human skin (7). Ex vivo
studies have demonstrated that THDA achieves
transdermal absorption rates up to four times higher
than those of MAP, supporting the theory of its effective
skin penetration (7, 18, 19). Although THDA promotes
collagen synthesis in vitro, its efficacy appears to be
lower than that of L-AA (20). An in vitro study
demonstrated that ascorbyl tetraisopalmitate can
protect the skin against UVA radiation. In vitro
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experiments revealed that THDA pre-treatment inhibits
UVA-induced upregulation of p53 and MMP-1 while
preserving mitochondrial membrane potential (19).
Another in vitro study found that ascorbyl
tetraisopalmitate decreased intracellular peroxidation
following UVB exposure and improved cellular
resistance to UVB radiation and oxidative stress. It also
reduced levels of certain prostaglandins and
interleukins and inhibited the growth of melanocytes in
cultured cells exposed to UVB radiation. In a clinical
investigation, researchers applied a cream containing
3% THDA topically to human skin for three weeks,
finding that ascorbyl tetraisopalmitate effectively
inhibited  the  development of UVB-induced
hyperpigmentation due to its antioxidative properties
(18). In vitro results revealed that THDA increases
intracellular ascorbic acid levels and inhibits MMP-1
more effectively than L-AA (19). Several studies have
examined ascorbyl tetraisopalmitate’s effects on skin
moisturization and flexibility (2). Clinical formulations
combining THDA with hyaluronic acid have
demonstrated reductions in hyperpigmentation,
improvements in skin hydration, and enhanced
elasticity (2). The L-AA has demonstrated superior anti-
aging benefits compared to THDA; however, it is limited
by its sensitivity to light and instability, which lead to
reduced efficacy over time (20). In a 12-week randomized
clinical trial, a night serum containing THDA,
melatonin, and bakuchiol reduced wrinkles by 11%, skin
redness by 70%, and improved firmness by 8% (21).
Findings indicated that regular use of formulations
containing ascorbyl tetraisopalmitate increased dermal
echogenicity, enhanced skin hydration, promoted
epidermal cell renewal, and decreased
hyperpigmentation (22). A double-blind clinical trial
also demonstrated that THDA combined with rice
peptides improved dermal echogenicity, hydration,
epidermal renewal, and pigmentation (2). Topical co-
application of 10% L-AA with 7% THDA significantly
reduced photoaging symptoms compared to placebo in
a clinical setting (5, 23). Another clinical trial reported
improved pigmentation, firmness, and wrinkle
reduction using a combination of THDA, vitamin E,
ubiquinone, and retinol; however, due to potential
conflicts of interest, these findings should be
interpreted with caution (24). Because THDA has been
studied in combination with retinol, and due to the
presence of potential conflicts of interest, these research
findings should be regarded with caution.

3.5.1. Cosmetic Approach

Due to its lipophilicity, THDA is ideal for oil-based
formulations and sunscreens. Its demonstrated
antioxidant, photoprotective, and moisturizing effects
make it suitable for anti-aging and UV-protection
serums.

3.6. Ascorbyl 2-Glucoside

Ascorbyl 2-glucoside is a chemically stabilized
vitamin C derivative featuring a glucose moiety at the
carbon-2 position of the L-AA ring, which contributes to
its resistance to oxidation (2). Despite its stability, the
relatively low lipophilicity of ascorbyl 2-glucoside raises
concerns regarding its dermal penetration, as noted in
animal and pharmacokinetic studies (7, 23, 24). In vitro
studies have demonstrated that ascorbyl 2-glucoside
exerts antioxidant effects, which can be potentiated
when co-formulated with agents such as vitamin E (25).
However, the same in vitro experiments reported that its
standalone antioxidant capacity was lower than that of
L-AA or vitamin E (25). In vitro studies on human dermal
fibroblasts indicate that ascorbyl 2-glucoside stimulates
collagen synthesis with efficacy comparable to L-AA,
though with a slower onset (8). Moreover, its collagen-
promoting effect was less pronounced than that
observed with SAP or MAP in the same in vitro models
(8). Clinical evidence suggests that ascorbyl 2-glucoside
may be more effective than SAP or MAP in suppressing
melanogenesis and improving melasma symptoms (26).
A double-blind clinical study found that a formulation
containing ascorbyl 2-glucoside and an NFkB inhibitor
significantly reduced wrinkle depth after 8 weeks of use;
however, due to the confounding effect of the NFkB
inhibitor, the isolated contribution of ascorbyl 2-
glucoside remains inconclusive (27). Ascorbyl 2-
glucoside also demonstrates photoprotective properties
against UVB damage. In vitro studies revealed that
ascorbyl 2-glucoside reduced UVB-induced
inflammation and cytotoxicity more effectively than L-
AA, likely due to its superior reactive oxygen species
(ROS)-scavenging potential. These studies confirm that
ascorbyl  2-glucoside  exhibits  stronger  anti-
inflammatory and antioxidant activity than SAP and
MAP under oxidative stress conditions (25, 28).

3.6.1. Cosmetic Approach

Ascorbyl 2-glucoside can be added during the water
phase of formulation due to its hydrophilicity. It is
particularly effective in treating hyperpigmentation,
especially at higher doses. It can be incorporated into
products designed for skin brightening, such as eye
creams and sheet masks. Ascorbyl 2-glucoside is also
suitable for sunscreen formulations due to its UV-
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protective and antioxidant properties. Its anti-
inflammatory, healing, and photoprotective effects
make it a promising addition to sunburn creams and
post-procedure lotions (25, 28).

3.7. Trisodium Ascorbyl 2-Phosphate 6-Palmitate

Trisodium ascorbyl 2-phosphate 6-palmitate (APPS) is
a dualmodified vitamin C derivative featuring a
phosphate group at carbon-2 and a palmitate chain at
carbon-6, which imparts enhanced stability and
lipophilicity (2, 7). The phosphate moiety confers
oxidative stability, while the lipophilic palmitate side
chain improves transdermal delivery (12). According to
ex vivo and in vitro models, APPS penetrates the skin
efficiently and is subsequently hydrolyzed to L-AA (7). In
vitro studies using oxidative stress models suggest that
APPS exhibits greater ROS scavenging potency than L-AA,
likely due to improved cellular uptake (29). Additional
in vitro research indicates that APPS mitigates ROS-
induced skin cell damage and supports the restoration
of physiological skin functions (30). One study
demonstrated that APPS reduces ROS

levels more effectively than L-AA (29). A randomized
clinical study found that topical APPS significantly
reduced perifollicular pigmentation, resulting in visibly
lighter facial pores (31).

3.7.1. Cosmetic Approach

Given its amphiphilic nature, APPS is compatible
with both aqueous and lipid-based formulations and is
particularly well-suited for rejuvenation products
targeting oxidative stress and uneven skin tone (7, 30). It
can be used in products claiming rejuvenation benefits
due to its antioxidant effects, favorable absorption, and
its ability to enhance collagen synthesis, similar to other
vitamin C derivatives.

3.8. Ascorbyl 6-Palmitate

Ascorbyl 6-palmitate (6-O-palmitoyl ascorbic acid) is
a lipophilic esterified derivative of vitamin C,
structurally modified at the carbon-6 hydroxyl group
(5). The palmitoylation at the sixth carbon increases its
lipophilicity while maintaining its redox capacity (7).
Despite its lipophilic nature, ascorbyl 6-palmitate is
relatively less stable against oxidation than other
derivatives due to limited protection of its enediol
structure (2); however, it can be made more stable when
incorporated into an appropriate formulation.
Although the lipophilic moiety is intended to enhance
skin permeation, studies — including in vivo and in vitro
models — report no significant increase in cutaneous L-
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AA concentrations following topical application of
ascorbyl 6-palmitate (6, 7). In vitro studies on human
dermal fibroblasts indicated that ascorbyl 6-palmitate
may exhibit cytotoxic effects at concentrations near
physiological levels of L-AA (2). However, other in vitro
experiments suggest that ascorbyl 6-palmitate enhances
collagen mRNA expression in smooth muscle cells more
effectively than L-AA (7, 32). Research indicates that
ascorbyl 6-palmitate has biological activity independent
of conversion to L-AA (2). Nevertheless, ascorbyl 6-
palmitate demonstrates free radical scavenging activity
and may provide prolonged antioxidative benefits in
lipid-based topical formulations. Topical application of
15% ascorbyl 6-palmitate significantly reduced UVB-
induced erythema in animal skin models (2). Further in
vitro studies on keratinocytes demonstrated that
ascorbyl 6-palmitate reduced intracellular ROS levels
after UVB exposure, although it can be harmful to
keratinocytes under UVB radiation (33). Ascorbyl 6-
palmitate functions as an antioxidant because it is a
vitamin C derivative; however, concerns have been
raised about the potential formation of lipid
peroxidation  byproducts under UV exposure,
necessitating cautious formulation (2). Preliminary data
suggest that ascorbyl 6-palmitate may exhibit anti-
inflammatory activity, making it potentially useful in
conditions such as psoriasis or eczema, especially in
formulations that combine it with SAP for enhanced
moisturizing and sebostatic effects (34, 35). However, the
uncertain findings indicate a need for further
investigation to determine the potential advantages or
disadvantages of using ascorbyl 6-palmitate topically.

3.8.1. Cosmetic Approach

Due to its lipophilicity, ascorbyl 6-palmitate is best
suited for oil-based cosmetic formulations and may act
synergistically with other antioxidants to improve skin
elasticity and barrier function. It has good skin
absorption and may improve skin texture.

3.9. Ethylated Ascorbic Acid

3-O-ethyl ascorbic acid is a water-soluble and
chemically stable etherified derivative of vitamin C,
formed by attaching an ethyl group to the third carbon
of the ascorbic acid ring (2, 5, 7). It exhibits higher heat
resistance and improved stability in water-based
solutions compared to L-AA (7). However, due to the lack
of protection on the second carbon of the ascorbic acid
ring, it remains uncertain whether ethylated ascorbic
acid has greater stability against oxidants than L-AA (7).
One study indicated that ethylated ascorbic acid
possesses greater lipophilicity and better skin
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absorption compared to ascorbyl 2-glucoside (36).
Another study found that when ethylated ascorbic acid
was combined with solvents such as propylene glycol,
glycerol, and 1,2-hexanediol, it exhibited improved skin
absorption in vitro. The optimal pH for its use is 5.46,
with an ideal temperature of 36.3°C for cosmetic
formulation (36). Additionally, ethylated ascorbic acid
has demonstrated the potential to scavenge free radicals
and lighten the skin due to its antioxidant effects and its
ability to suppress tyrosinase (36). Studies have shown
that the antioxidant property of ethylated ascorbic acid
is greater and longer-lasting compared to L-AA, as
evidenced by DPPH free radical scavenging experiments
in fibroblasts (37). It is important to note that
concentrations of ascorbic acid above 2.5% and ethylated
ascorbic acid above 10% were shown to be harmful to
fibroblasts (36). These investigations indicate that L-AA
is more potent than ethylated ascorbic acid.

3.9.1. Cosmetic Approach

Ethylated ascorbic acid is well-suited for addition to
formulations during the water phase. It can be
incorporated into brightening serums, rejuvenating
serums, and after-shower products due to its heat
resistance. This derivative also provides excellent
antioxidant effects in cosmetic formulations.

4.Discussion

The successful incorporation of vitamin C derivatives
into topical cosmetic products requires a strategic
balance among physicochemical properties, biological
efficacy, and formulation compatibility. Although the
antioxidant and collagen-stimulating capabilities of
these derivatives are well documented, their behavior
within formulations and clinical effectiveness vary
considerably, depending on factors such as solubility,
stability, enzymatic activation, and skin permeability.
Thus, understanding the structure-function
relationships of these compounds is essential for
optimizing dermal delivery and achieving sustained
therapeutic outcomes.

The I-AA is recognized for its potent biological
activity in promoting collagen synthesis and inhibiting
melanogenesis (5-7). However, its chemical instability
and hydrophilicity restrict its use in many formulations.
Techniques such as lowering pH and removing oxygen
can enhance its stability (6), but these strategies often
decrease skin tolerability and limit the types of
formulations in which it can be used. The dependence of
L-AA on water-free and low-pH systems makes it most
suitable for anhydrous serums or post-procedure

treatments where immediate efficacy is a priority (6, 7,
9).

Derivatives such as MAP and SAP have been developed
to improve stability in neutral pH and aqueous
formulations (5, 7, 13). However, their lower permeability
and reliance on intracellular enzymatic conversion may
delay their action, limiting their effectiveness in short-
contact products. In vitro data suggest that MAP exhibits
stronger antioxidant effects than SAP under oxidative
conditions, particularly in UVB-damaged keratinocytes
(11, 15). Both derivatives are best suited for sensitive skin
or for long-term maintenance formulations, where low
irritation and gradual efficacy are desired.

The DI-LAAP offers an attractive profile, combining
high chemical stability with improved skin permeation
due to its amphiphilic nature (17). Its superior inhibition
of MMP-1 and melanin synthesis compared to L-AA and
SAP, as demonstrated in fibroblast and melanocyte
cultures, supports its use as an active brightening and
anti-aging ingredient (11, 17). These features place DI-
LAAP among the most promising candidates for
multifunctional formulations that require both barrier
penetration and oxidative resilience. However, clinical
evidence for DI-LAAP remains limited, and further
human studies are needed to confirm its efficacy.

Ascorbyl tetraisopalmitate, due to its lipid solubility,
demonstrates efficient dermal absorption and provides
long-lasting antioxidant protection in both in vitro and
in vivo settings (18, 19). Clinical trials have shown
benefits in reducing photoaging signs, improving
dermal echogenicity, and enhancing skin hydration (21,
22). Although its collagen-stimulating ability appears to
be less than that of L-AA in fibroblast assays (20), its
stability in emulsions and oil-based systems makes it
highly suitable for daily-use sunscreens and night
treatments.

Ascorbyl 2-glucoside and APPS, while less permeable,
demonstrate  notable  antioxidant and  anti-
inflammatory effects in stressed skin environments (25,
30). Ascorbyl 2-glucoside, in particular, has shown
superiority over SAP and MAP in inhibiting UVB-induced
inflammation and oxidative stress, suggesting its utility
for skin with compromised barrier function (25, 28).
Clinical improvements in melasma symptoms have also
been observed with this derivative (26). The APPS
combines the benefits of aqueous and lipid solubility,
allowing for more efficient cellular uptake and ROS
scavenging (29, 30). A placebo-controlled clinical study
reported its efficacy in reducing perifollicular
pigmentation, indicating both its penetration efficiency
and biological activity in vivo (31).
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glucoside soluble e e, data antioxidant, masks, after-sun
gradual products
brightening
Stable in Eal;nceﬁi_l_ Anti-aging
APPS Yes Water/oil- emulsions Hich Yes Not Yes liy oroé)ililc lcl-ofile serums, tone-
soluble  and lipid-rich g determined bp’ l;t cp ’  evening
systems rightening, emulsions
antioxidant
Stable at pH7 Lipid-soluble
. but may antioxidant, Night balms,
Asclclz::‘il:y ltG' ngll;‘ect Oil-soluble produce Low Yes \L(jes (ngtixtt' Yes texture barrier repair
pa SRS S Cence peroxides ependent) improvement, creams
under UV barrier repair
Highly stable Long-lgstlng Brightening
Ethylated No direct Water- in aqueous . Not clearl antioxidant, . SEIums,
. . High Yes - y Yes photostable, skin  lightweight
ascorbic acid evidence soluble  and thermal defined brighteni Is. hot
ditions rightening, ge's, ot
con heat-tolerant climate use

Abbreviations: L-AA, L-ascorbic acid; MAP, magnesium ascorbyl phosphate; SAP, sodium ascorbyl phosphate; DI-LAAP, disodium isostearyl 2-O-L-ascorbyl phosphate; APPS,

trisodium ascorbyl 2-phosphate 6-palmitate.

Conversely, ascorbyl 6-palmitate presents a more
controversial profile. While it can enhance collagen
mRNA expression in smooth muscle cells (32), its
oxidative byproducts under UV exposure raise safety
concerns (33). Reported cytotoxicity in keratinocytes
and uncertain bioconversion warrant cautious
formulation, especially in products intended for
daytime use or UV-exposed skin (2, 33).

Ethylated ascorbic acid, a newer etherified derivative,
provides good thermal stability and moderate
lipophilicity. Studies show it outperforms ascorbyl 2-
glucoside in dermal absorption and antioxidant
longevity in fibroblast models (36, 37). Although slightly
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less potent than L-AA, its favorable water solubility and
ability to function at higher pH expand its applicability
in modern multi-phase formulations.

In summary, while no single derivative is universally
superior across all parameters, certain molecules align
more closely with specific formulation objectives. The
DI-LAAP and ascorbyl tetraisopalmitate offer a robust
combination of stability, penetration, and biological
activity, making them promising candidates for broad-
spectrum anti-aging and brightening products —
although insufficient clinical validation remains a
limitation. The L-AA, though highly effective, is best
reserved for controlled-use systems requiring rapid
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onset. Water-soluble phosphates remain viable for low-
irritation products, but their clinical impact is often
more gradual and formulation-dependent. As
formulation technology advances, the key challenge is
not identifying the most potent derivative in vitro, but
selecting the one that delivers optimal performance in
context, balancing efficacy, stability, skin tolerance, and
sensory attributes within a cohesive delivery system.
The comparative physicochemical and biological
characteristics of these vitamin C derivatives are
summarized in Table 1.

4.1. Conclusions

Although all vitamin C derivatives share
fundamental antioxidant and collagen-promoting
activities, their effectiveness in cosmetic formulations is
determined by nuanced differences in solubility,
enzymatic conversion, chemical stability, and skin
permeability. These distinctions directly impact their
suitability for various formulation types and
therapeutic objectives. Formulators must evaluate not
only the biochemical potency of each derivative but also
its compatibility with the intended product
architecture. Strategic selection — guided by clinical
evidence and principles of delivery science — is essential
for achieving optimal skin outcomes while ensuring
product stability and user compliance.

Acknowledgements

The authors would like to express their sincere
gratitude to Vesta Darou Salamat, a knowledge
enterprise company specializing in pharmaceutical,
cosmetic, and health products, for its valuable scientific
and technical support throughout the preparation of
this article.

Footnotes

Authors' Contribution: Study concept and design: M.
E.; Acquisition of data: M. E.; Analysis and interpretation
of data: M. E.; Drafting of the manuscript: M. E.; Critical
revision of the manuscript for important intellectual
content: H. R. A. A;; Writing and editing: M. E.; Study
supervision: H.R. A A.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Funding/Support: The present study was supported
by Vesta Darou Salamat, a knowledge enterprise
company.

References

1. Manela-Azulay M, Bagatin E. Cosmeceuticals vitamins. Clin Dermatol.
2009;27(5):469-74. [PubMed ID: 19695478].
https:[/doi.org[10.1016/j.clindermatol.2009.05.010.

2. Enescu CD, Bedford LM, Potts G, Fahs F. A review of topical vitamin C
derivatives and their efficacy. ] Cosmet Dermatol. 2022;21(6):2349-59.
[PubMed ID: 34559950]. https:|/doi.org[10.1111/jocd.14465.

3. Dahi M, Moshari M, Dabir S, Vosoghian M, Tabashi S, Tavakoli N, et al.
Effect of Vitamin C Infusion on Cerebral Oximetry During General
Anesthesia for Carotid Endarterectomy in Diabetic Patients. Anesth
Pain Med. 2023;13(1). €134000. [PubMed ID: 37404261]. [PubMed
Central ID: PMC10317028]. https:|/doi.org/10.5812/aapm-134000.

4. Koohkan M, Vahidian-Rezazadeh M, Delavar R. The Effect of Short-
term Administration of High-dose Vitamins E and C on Serum
Creatine Kinase and Myoglobin in the Resting Phase of Elite Sanda
Athletes: A Randomized Trial. Asian | Sports Med. 2023;14(2).
https:[/doi.org[10.5812[asjsm-134047.

5. Al-Niaimi F, Chiang NYZ. Topical Vitamin C and the Skin: Mechanisms
of Action and Clinical Applications. | Clin Aesthet Dermatol.
2017;10(7):14-7. [PubMed ID: 29104718]. [PubMed Central ID:
PMC5605218].

6. Pinnell SR, Yang H, Omar M, Monteiro-Riviere N, DeBuys HV, Walker
LC, et al. Topical L-ascorbic acid: percutaneous absorption studies.
Dermatol ~ Surg.  2001;27(2)137-42. [PubMed ID: 11207686].
https://doi.org[10.1046(j.1524-4725.2001.00264 X.

7. Stamford NP. Stability, transdermal penetration, and cutaneous
effects of ascorbic acid and its derivatives. | Cosmet Dermatol.
2012;11(4):310-7. [PubMed ID: 23174055).
https://doi.org[10.1111/jocd.12006.

8. Boyera N, Galey I, Bernard BA. Effect of vitamin C and its derivatives
on collagen synthesis and crosslinking by normal human
fibroblasts. Int | Cosmet Sci. 1998;20(3):151-8. [PubMed ID: 18505499].
https://doi.org[10.1046/j.1467-2494.1998.171747 X.

9. Alster TS, West TB. Effect of topical vitamin C on postoperative carbon
dioxide laser resurfacing erythema. Dermatol Surg. 1998;24(3):331-4.
[PubMed ID: 9537007]. https://doi.org/10.1111/j.1524-
4725.1998.tb04163.X.

10. Farris PK. Topical vitamin C: a useful agent for treating photoaging
and other dermatologic conditions. Dermatol Surg. 2005;31(7 Pt
2):8147. [PubMed ID: 16029672]. https://doi.org/10.1111/j.1524-
4725.2005.31725.

1. Kobayashi S, Takehana M, Itoh S, Ogata E. Protective effect of
magnesium-L-ascorbyl-2 phosphate against skin damage induced by
UVB irradiation. Photochem Photobiol. 1996;64(1):224-8. [PubMed ID:
8787018]. https://doi.org[10.1111/j.1751-1097.1996.tb02447 .

12. Pullar JM, Carr AC, Vissers MCM. The Roles of Vitamin C in Skin
Health. Nutrients. 2017;9(8). [PubMed ID: 28805671]. [PubMed Central
ID: PMC5579659]. https://doi.org[10.3390/nu9080866.

13. Kameyama K, Sakai C, Kondoh S, Yonemoto K, Nishiyama S, Tagawa M,
et al. Inhibitory effect of magnesium L-ascorbyl-2-phosphate (VC-
PMG) on melanogenesis in vitro and in vivo. | Am Acad Dermatol.
1996;34(1):29-33. [PubMed ID: 8543691]. https://doi.org/10.1016/s0190-
9622(96)90830-0.

14. Geesin ]C, Gordon |S, Berg RA. Regulation of collagen synthesis in
human dermal fibroblasts by the sodium and magnesium salts of
ascorbyl-2-phosphate. Skin Pharmacol. 1993;6(1):65-71. [PubMed ID:
8489778]. https://doi.org/10.1159/000211089.

15. Raschke T, Koop U, Dusing HJ, Filbry A, Sauermann K, Jaspers S, et al.
Topical activity of ascorbic acid: from in vitro optimization to in vivo
efficacy. Skin Pharmacol Physiol. 2004;17(4):200-6. [PubMed ID:
15258452]. https://doi.org/10.1159/000078824.

] Skin Stem Cell. 2025;12(4): €163798


https://brieflands.com/journals/jssc/articles/163798
http://www.ncbi.nlm.nih.gov/pubmed/19695478
https://doi.org/10.1016/j.clindermatol.2009.05.010
http://www.ncbi.nlm.nih.gov/pubmed/34559950
https://doi.org/10.1111/jocd.14465
http://www.ncbi.nlm.nih.gov/pubmed/37404261
https://www.ncbi.nlm.nih.gov/pmc/PMC10317028
https://doi.org/10.5812/aapm-134000
https://doi.org/10.5812/asjsm-134047
http://www.ncbi.nlm.nih.gov/pubmed/29104718
https://www.ncbi.nlm.nih.gov/pmc/PMC5605218
http://www.ncbi.nlm.nih.gov/pubmed/11207686
https://doi.org/10.1046/j.1524-4725.2001.00264.x
http://www.ncbi.nlm.nih.gov/pubmed/23174055
https://doi.org/10.1111/jocd.12006
http://www.ncbi.nlm.nih.gov/pubmed/18505499
https://doi.org/10.1046/j.1467-2494.1998.171747.x
http://www.ncbi.nlm.nih.gov/pubmed/9537007
https://doi.org/10.1111/j.1524-4725.1998.tb04163.x
https://doi.org/10.1111/j.1524-4725.1998.tb04163.x
http://www.ncbi.nlm.nih.gov/pubmed/16029672
https://doi.org/10.1111/j.1524-4725.2005.31725
https://doi.org/10.1111/j.1524-4725.2005.31725
http://www.ncbi.nlm.nih.gov/pubmed/8787018
https://doi.org/10.1111/j.1751-1097.1996.tb02447.x
http://www.ncbi.nlm.nih.gov/pubmed/28805671
https://www.ncbi.nlm.nih.gov/pmc/PMC5579659
https://doi.org/10.3390/nu9080866
http://www.ncbi.nlm.nih.gov/pubmed/8543691
https://doi.org/10.1016/s0190-9622(96)90830-0
https://doi.org/10.1016/s0190-9622(96)90830-0
http://www.ncbi.nlm.nih.gov/pubmed/8489778
https://doi.org/10.1159/000211089
http://www.ncbi.nlm.nih.gov/pubmed/15258452
https://doi.org/10.1159/000078824

Esfandiyari M and Ahmadi Ashtiani HR

Brieflands

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Nayama S, Takehana M, Kanke M, Itoh S, Ogata E, Kobayashi S.
Protective effects of sodium-L-ascorbyl2 phosphate on the
development of UVB-induced damage in cultured mouse skin. Biol
Pharm  Bull.  1999;22(12):1301-5.  [PubMed ID: 10746160].
https://doi.org/10.1248/bpb.22.1301.

Shibayama H, Hisama M, Matsuda S, Ohtsuki M. Permeation and
metabolism of a novel ascorbic acid derivative, disodium isostearyl
2-O-L-ascorbyl phosphate, in human living skin equivalent models.
Skin Pharmacol Physiol. 2008;21(4):235-43. [PubMed ID: 18552525].
https://doi.org[10.1159/000139128.

Ochiai Y, Kaburagi S, Obayashi K, Ujiie N, Hashimoto S, Okano Y, et al.
A new lipophilic pro-vitamin C, tetra-isopalmitoyl ascorbic acid (VC-
IP), prevents UV-induced skin pigmentation through its anti-
oxidative properties. ] Dermatol Sci. 2006;44(1):37-44. [PubMed ID:
16935471]. https:|/doi.org/10.1016/j.jdermsci.2006.07.001.

Xiao L, Kaneyasu K, Saitoh Y, Terashima Y, Kowata Y, Miwa N.
Cytoprotective effects of the lipoidic-liquiform pro-vitamin C tetra-
isopalmitoyl-ascorbate (VC-IP) against ultraviolet-A ray-induced
injuries in human skin cells together with collagen retention, MMP
inhibition and p53 gene repression. J Cell Biochem. 2009;106(4):589-
98. [PubMed ID:19165821]. https://doi.org/10.1002/jcb.22032.

Dulinska-Molak I, Pasikowska-Piwko M, Debowska R, Swieszkowski
W, Rogiewicz K, Eris I. Determining the effectiveness of vitamin C in
skin care by atomic force microscope. Microsc Res Tech.
2019;82(9):1430-7. [PubMed ID: 31099952].
https://doi.org/10.1002/jemt.23295.

Goldberg D], Robinson DM, Granger C. Clinical evidence of the
efficacy and safety of a new 3-in-1 anti-aging topical night serum-in-
oil containing melatonin, bakuchiol, and ascorbyl tetraisopalmitate:
103 females treated from 28 to 84 days. | Cosmet Dermatol.
2019;18(3):806-14. [PubMed ID: 30924254].
https://doi.org/10.111/jocd.12896.

Fossa Shirata MM, Maia Campos P. Sunscreens and Cosmetic
Formulations Containing Ascorbyl Tetraisopalmitate and Rice
Peptides for the Improvement of Skin Photoaging: A Double-blind,
Randomized Placebo-controlled Clinical Study. Photochem Photobiol.
2021;97(4):805-15. [PubMed ID: 33529350]).
https://doi.org/10.1111/php.13390.

Yamamoto I, Muto N, Murakami K, Suga S, Yamaguchi H. L-ascorbic
acid alpha-glucoside formed by regioselective transglucosylation
with rat intestinal and rice seed alpha-glucosidases: its improved
stability and structure determination. Chem Pharm Bull (Tokyo).
1990;38(11):3020-3. [PubMed ID: 2085881].
https://doi.org/10.1248/cpb.38.3020.

Yamamoto I, Suga S, Mitoh Y, Tanaka M, Muto N. Antiscorbutic
activity of L-ascorbic acid 2-glucoside and its availability as a vitamin
C supplement in normal rats and guinea pigs. | Pharmacobiodyn.
1990;13(11):688-95. [PubMed ID: 2093127).
https://doi.org/10.1248/bpb1978.13.688.

Miyai E, Yanagida M, Akiyama |, Yamamoto I. Ascorbic acid 2-O-alpha-
glucoside-induced redox modulation in human keratinocyte cell
line, SCC: mechanisms of photoprotective effect against ultraviolet
light B. Biol Pharm Bull. 1997;20(6):632-6. [PubMed ID: 9212980].
https://doi.org/10.1248/bpb.20.632.

Taylor MB, Yanaki JS, Draper DO, Shurtz JC, Coglianese M. Successful
short-term and long-term treatment of melasma and

] Skin Stem Cell. 2025;12(4): 163798

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

postinflammatory hyperpigmentation using vitamin C with a full-
face iontophoresis mask and a mandelic/malic acid skin care
regimen. ] Drugs Dermatol. 2013;12(1):45-50. [PubMed ID: 23377327].

Roure R, Nollent V, Dayan L, Camel E, Bertin C. A Double-Blind, 12-
Week Study to Evaluate the Antiaging Efficacy of a Cream Containing
the NFkappaB Inhibitor 4-Hexyl-1, 3-Phenylenediol and Ascorbic Acid-
2 Glucoside in Adult Females. | Drugs Dermatol. 2016;15(6):750-8.
[PubMed ID: 27272084].

Kumano Y, Sakamoto T, Egawa M, Iwai I, Tanaka M, Yamamoto I. In
vitro and in vivo prolonged biological activities of novel vitamin C
derivative, 2-O-alpha-D-glucopyranosyl-L-ascorbic acid (AA-2G), in
cosmetic fields. | Nutr Sci Vitaminol (Tokyo). 1998;44(3):345-59.
[PubMed ID: 9742456]. https://doi.org/10.3177/jnsv.44.345.

Du CB, Liu JW, Su W, Ren YH, Wei DZ. The protective effect of ascorbic
acid derivative on PCi12 cells: involvement of its ROS scavenging
ability. Life Sci. 2003;74(6):771-80. [PubMed ID: 14654169].
https://doi.org/10.1016/j.1fs.2003.07.014.

Shibuya S, Sakaguchi [, Ito S, Kato E, Watanabe K, Izuo N, et al. Topical
Application of Trisodium Ascorbyl 6-Palmitate 2-Phosphate Actively
Supplies Ascorbate to Skin Cells in an Ascorbate Transporter-
Independent Manner. Nutrients. 2017;9(7). [PubMed ID: 28640219].
[PubMed Central ID: PMC5537765].
https://doi.org/10.3390/nu9070645.

Inui S, Itami S. Perifollicular pigmentation is the first target for
topical vitamin C derivative ascorbyl 2-phosphate 6-palmitate (APPS):
randomized, single-blinded, placebo-controlled study. J Dermatol.
2007;34(3):2213. [PubMed ID: 17291309]. https://doi.org[10.1111/j.1346-
8138.2007.00256.X.

Rosenblat G, Willey A, Zhu YN, Jonas A, Diegelmann RF, Neeman I, et
al. Palmitoyl ascorbate: selective augmentation of procollagen
mRNA expression compared with L-ascorbate in human intestinal
smooth muscle cells. | Cell Biochem. 1999;73(3):312-20. [PubMed ID:
10321831].

Meves A, Stock SN, Beyerle A, Pittelkow MR, Peus D. Vitamin C
derivative ascorbyl palmitate promotes ultraviolet-B-induced lipid
peroxidation and cytotoxicity in keratinocytes. | Invest Dermatol.
2002;119(5):1103-8. [PubMed ID: 12445199].
https://doi.org/10.1046/.1523-1747.2002.19521..

Gonullu U, Yener G, Uner M, Incegul T. Moisturizing potentials of
ascorbyl palmitate and calcium ascorbate in various topical
formulations. Int | Cosmet Sci. 2004;26(1):31-6. [PubMed ID: 18494922].
https://doi.org/10.1111/j.0142-5463.2004.00202.X.

Khan H, Akhtar N, Ali A. Assessment of Combined Ascorbyl Palmitate
(AP) and Sodium Ascorbyl Phosphate (SAP) on Facial Skin Sebum
Control in Female Healthy Volunteers. Drug Res (Stuttg). 2017;67(1):52-
8. [PubMed ID: 27756097]. https://doi.org/10.1055[s-0042-118171.

Liao WC, Huang YT, Lu LP, Huang WY. Antioxidant Ability and Stability
Studies of 3-O-Ethyl Ascorbic Acid, a Cosmetic Tyrosinase Inhibitor. |
Cosmet Sci. 2018;69(4):233-43. [PubMed ID: 30311899].

Golonka I, Oleksy M, Junka A, Matera-Witkiewicz A, Bartoszewicz M,
Musial W. Selected Physicochemical and Biological Properties of
Ethyl Ascorbic Acid Compared to Ascorbic Acid. Biol Pharm Bull.
2017;40(8):1199-206. [PubMed ID: 28769001].
https://doi.org/10.1248/bpb.b16-00967.


https://brieflands.com/journals/jssc/articles/163798
http://www.ncbi.nlm.nih.gov/pubmed/10746160
https://doi.org/10.1248/bpb.22.1301
http://www.ncbi.nlm.nih.gov/pubmed/18552525
https://doi.org/10.1159/000139128
http://www.ncbi.nlm.nih.gov/pubmed/16935471
https://doi.org/10.1016/j.jdermsci.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19165821
https://doi.org/10.1002/jcb.22032
http://www.ncbi.nlm.nih.gov/pubmed/31099952
https://doi.org/10.1002/jemt.23295
http://www.ncbi.nlm.nih.gov/pubmed/30924254
https://doi.org/10.1111/jocd.12896
http://www.ncbi.nlm.nih.gov/pubmed/33529350
https://doi.org/10.1111/php.13390
http://www.ncbi.nlm.nih.gov/pubmed/2085881
https://doi.org/10.1248/cpb.38.3020
http://www.ncbi.nlm.nih.gov/pubmed/2093127
https://doi.org/10.1248/bpb1978.13.688
http://www.ncbi.nlm.nih.gov/pubmed/9212980
https://doi.org/10.1248/bpb.20.632
http://www.ncbi.nlm.nih.gov/pubmed/23377327
http://www.ncbi.nlm.nih.gov/pubmed/23377327
http://www.ncbi.nlm.nih.gov/pubmed/27272084
http://www.ncbi.nlm.nih.gov/pubmed/9742456
https://doi.org/10.3177/jnsv.44.345
http://www.ncbi.nlm.nih.gov/pubmed/14654169
https://doi.org/10.1016/j.lfs.2003.07.014
http://www.ncbi.nlm.nih.gov/pubmed/28640219
https://www.ncbi.nlm.nih.gov/pmc/PMC5537765
https://doi.org/10.3390/nu9070645
http://www.ncbi.nlm.nih.gov/pubmed/17291309
https://doi.org/10.1111/j.1346-8138.2007.00256.x
https://doi.org/10.1111/j.1346-8138.2007.00256.x
http://www.ncbi.nlm.nih.gov/pubmed/10321831
http://www.ncbi.nlm.nih.gov/pubmed/12445199
https://doi.org/10.1046/j.1523-1747.2002.19521.x
http://www.ncbi.nlm.nih.gov/pubmed/18494922
https://doi.org/10.1111/j.0142-5463.2004.00202.x
http://www.ncbi.nlm.nih.gov/pubmed/27756097
https://doi.org/10.1055/s-0042-118171
http://www.ncbi.nlm.nih.gov/pubmed/30311899
http://www.ncbi.nlm.nih.gov/pubmed/28769001
https://doi.org/10.1248/bpb.b16-00967

