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Introduction

The destruction of the structural integrity of the skin’s 
extracellular matrix is the major cause of wrinkles in 
photo-aged skin. Type I collagen, which is the most abun-
dant structural protein in skin and connective tissue, is 
synthesized and secreted in a soluble form by dermal fibro-
blasts. Type I collagen provides strength and elasticity to 
skin. UV exposure leads to the inhibition of type I procolla-
gen production via the transforming growth factor‑β1/Smad 
and mitogen-activated protein kinase signaling pathways, 
resulting in the degradation of type I collagen [2, 9].

Skin pigmentation is the result of melanin synthesis in 
the melanosomes of melanocytes followed by the progres-
sive transfer of this melanin to keratinocytes. Melanin is the 
pigment responsible for skin color and plays normal physi-
ological roles within the skin. However, UV exposure can 
cause an abnormal increase in the skin’s melanin content, 
resulting in age spots and melasma.

The modulation of melanogenesis and collagen synthe-
sis is an important objective in the development of cosmet-
ics, and many cosmetic companies have developed skin 
whitening and anti-wrinkle agents. L-ascorbic acid (vita-
min C), a water-soluble antioxidant in extracellular fluids 
is an important ingredient in these cosmetic products. It is 
involved in multiple cellular processes, including the stimu-
lation of collagen biosynthesis and inhibition of skin dam-
age by free radicals [3, 17, 18, 20]. However, the unstable 
structure and low skin penetration of L-ascorbic acid have 
limited its application in the cosmetic industry. The suscep-
tibility of L-ascorbic acid to oxidative degradation has led 
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to an interest in using derivatives of L-ascorbic acid that 
shows increased stability in  vitro. In particular, studies 
have described the chemical modification of the hydroxyl 
group at the C-2 position to produce stable derivatives such 
as 2-O-α-D-glucopyranosyl-L-ascorbic acid (ascorbic acid 
2-glucoside, AA-2G) [7, 12, 21].

To address this problem, we synthesized various 
L-ascorbic acid and peptide conjugates, and determined 
the effects of the conjugated form of palmitoyl-KVK and 
ascorbic acid on the stimulation of type I procollagen syn-
thesis and inhibition of melanin content in  vitro. These 
novel L-ascorbic acid derivatives, using palmitoyl-KVK, 
improve the stability and skin penetration of L-ascorbic 
acid [3, 13].

In this study, our aim was to investigate the effects of 
palmitoyl-KVK-L-ascorbic acid (palmitoyl-KVK amino-
propyl ascorbyl phosphate, Palm-KVK-AA) on collagen 
synthesis in human dermal fibroblasts and on melanogen-
esis in B16F1 cells. Moreover, we wanted to confirm the 
anti-wrinkle and depigmentation effects of Palm-KVK-AA 
cream in an in vivo study.

Materials and methods

Preparation of palm‑KVK‑AA

Palm-KVK-AA was synthesized at Celltrion Chemical 
Research Institute (Yongin, Korea). Palm-KVK-AA was 
synthesized from commercially available palmitoyl trip-
eptide-5 (Pal-KVK) by coupling with an ascorbic acid 
derivative, Vitagen (3-aminopropyl [(2R)-2-[(1  S)-1,2-
dihydroxyethyl]-3-hydroxy-5-oxo-2H-furan-4-yl] hydrogen 
phosphate) (Fig.  1a). BOC-Pal-KVK (30.0 g, 36.9 mmol) 
was dissolved in N,N-dimethylformamide (400 mL), with 
N,N′-dicyclohexylcarbodiimide (7.98  g, 38.8  mmol) and 

N-hydroxysuccinimide (4.45  g, 38.8  mmol) added to the 
solution. The solution was stirred at room temperature 
for 15  h. The solid byproduct, N,N’-dicyclohexylurea 
was removed after filtration of the solution. Subsequently, 
Vitagen (12.7  g, 40.6  mmol) and N,N-diisopropylethyl-
amine (16  mL, 92  mmol) were added to the filtrate. The 
mixture was stirred at room temperature for 3 h and then 
concentrated. The residue was purified by recrystallization 
with methanol and isopropyl ether to yield compound (1) 
(36.5 g, 89%), which was a light pink solid with the follow-
ing electrochemical/electrospray mass spectrometry (ES_
MS) properties (ES-MS m/z = 1107 [M + H]+). The value 
of ES-MS m/z represents mass-to-charge ratio.

Compound (1) (36.5 g, 33.0 mmol) was then dissolved 
in 1,4-dioxane (200 mL) with the addition of 4 M HCl in 
1,4-dioxane (99 mL, 396 mmol). The mixture was stirred 
at room temperature for 4 h. The mixture was then concen-
trated and the residue was purified by trituration using ace-
tone and isopropyl alcohol to yield compound (2) (13.5 g, 
43%), which had an off-white color and the following 
ultraviolet visible spectroscopy(methanol, λmax 238  nm) 
and ES-MS properties (ES-MS m/z = 907 [M + H]+ (free 
amine)) (Fig. 1b).

In vitro study

Human neonatal dermal fibroblasts (HDFn) and B16F1 
cells were obtained from the Korean Cell Line Bank 
(Seoul, Korea) and the American Type Culture Collection 
(VA, USA), respectively. The cells were cultured at 37 °C 
in a humidified incubator containing 5% CO2 and 95% air, 
in Dulbecco’s Modified Eagle’s Medium supplemented 
with 10% fetal bovine serum and 1% antibiotics (100 U/mL 
penicillin and 100  μg/mL streptomycin). The aforemen-
tioned medium, serum, antibiotics and 0.5% trypsin–EDTA 
were purchased from Gibco (CA, USA).

Fig. 1   Synthesis of palmitoyl-KVK-L-ascorbic acid. Palmitoyl-
KVK-L-ascorbic acid (Palm-KVK-AA) was synthesized from com-
mercially available Palmitoyl Tripeptide-5 (Pal-KVK) by coupling 

with ascorbic acid derivative (Vitagen). Chemical structure (a); 
scheme for the synthesis of palmitoyl-KVK-L-ascorbic acid (b)
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HDFn cells were seeded onto a 24-well plate at a density 
of 5 × 104 cells per well and cultured for 24 h, and then the 
medium was replaced with the serum-free medium. After 
24h, HDFn cells were treated with Palm-KVK-AA at vari-
ous concentrations (0.1, 0.5, 1, 2 and 4 µg/mL) and culture 
supernatants were collected at 48h. Type I procollagen 
concentration was determined using culture supernatants 
by Procollagen Type I C-Peptide EIA Kit (Takara, Shiga, 
Japan) according to the manufacturer’s instructions.

B16F1 cells were seeded onto a 6-well plate at a density 
of 2 × 105 cells per well. Following overnight incubation, 
the medium was replaced with a medium containing only 
alpha-melanocyte stimulating hormone (α-MSH; 10 nM) 
or α-MSH (10 nM) and Palm-KVK-AA at various concen-
trations (10, 20 and 50 μg/mL). The cells were incubated 
for a further 72 h. The cells were washed twice with phos-
phate-buffered saline and harvested by trypsinization using 
0.0125% trypsin-ethylenediaminetetraacetic acid. The har-
vested cells were pelleted and dried in an oven. The pel-
let was extracted in 1 N sodium hydroxide with 10% dime-
thyl sulfoxide for 1 h at 60 °C. The extracts (200 μL) were 
then transferred to individual wells of a 96-well microplate 
and the optical density was measured at 490  nm using a 
microplate reader. The melanin content in each well was 
calculated and expressed as a percentage of the α-MSH 
concentration.

In vivo clinical study

To evaluate the anti-wrinkle effect of Palm-KVK-AA, 
21 healthy Korean women aged between 41 and 55 years 
(50.1 ± 3.9  years) were enrolled in the study. The cream 
with 0.075% (0.75  mg/mL) of Palm-KVK-AA or without 
Palm-KVK-AA was applied to each half of the participant’s 
face, twice daily for 12 weeks. The allocation of the cream 
was based on a double-blind randomized method. Skin rep-
lica images were evaluated using a visiometer (Skin-Visi-
ometer SV 700; Courage-Khazaka Electronic, Germany). 
Visual assessment was performed using the global photo-
damage score (visual wrinkle assessment) [5], and dermal 
density was measured using Dermascan-C (Cortex Tech-
nology, Denmark) at baseline, 4, 8 and 12 weeks after the 
application of the cream.

To evaluate the depigmentation effects of Palm-KVK-
AA, 23 healthy Korean women aged between 36 and 
53 years (45.8 ± 5.2 years) were enrolled in the study. The 
cream with 0.075% (0.75  mg/mL) of Palm-KVK-AA or 
without Palm-KVK-AA was applied to each half of the 
participant’s face, twice daily for 8 weeks. The allocation 
of the cream was based on a double-blind randomized 
method. Skin pigmentation was evaluated using a chroma-
meter (CR-400; Minolta, Japan), and visual assessment was 
performed using Ellead Skin and Bio Research center SOP 

at baseline, 4, 6 and 8  weeks after the application of the 
cream.

This clinical study was approved by the relevant institu-
tional review boards of the Ellead Skin and Bio Research 
Center (Seongnam, Korea). The risks and benefits of the 
study were explained to the participants, and all participants 
provided informed consent and participated voluntarily.

Statistical analysis

All experiments were performed in triplicate. Descriptive 
statistics and means ± standard deviation were calculated 
for all data. The Wilcoxon matched-pairs signed-ranks test 
and repeated measures analysis of variance were used for 
all between- and within-group comparisons. Depending 
on the dataset, p-values of <0.05*, <0.01** or <0.001*** 
were considered to be statistically significant.

Results

Anti‑wrinkle effect of Palm‑KVK‑AA

The effects of Palm-KVK-AA (0.1, 0.5, 1, 2 and 4 µg/mL) 
on the expression of type I procollagen in HDFn cells are 
shown in Fig. 2a. A dose-dependent increase in type I pro-
collagen secretion was observed. A concentration of 4.0 μg/
mL Palm-KVK-AA had a better effect on the expression 
of type I procollagen than transforming growth factor-β1 
(10 ng/mL) as a positive control. Cells treated with 1, 2 and 
4 μg/mL of Palm-KVK-AA exhibited significant increases 
in their Type I procollagen levels.

The in vivo assessment of the anti-wrinkle effects of the 
Palm-KVK-AA cream is shown in Fig.  2b–f. Data from 
visual assessment using the global photodamage score (vis-
ual wrinkle assessment), and visiometer and Dermascan-
C analyses indicate that compared to the placebo cream, 
the application of Palm-KVK-AA cream for 12  weeks 
improved the global photodamage score (visual wrinkle 
assessment), skin roughness (R1), maximum roughness 
(R2), average roughness (R3), and dermal density (%). 
These results indicate that a cream containing 0.075% 
Palm-KVK-AA reduces facial wrinkles and has an anti-
wrinkle effect.

Anti‑pigmentation effects of Palm‑KVK‑AA

To determine the effects of Palm-KVK-AA on melanin 
synthesis, B16F1 cells were treated with Palm-KVK-
AA at various concentrations (10, 20 and 50  µg/mL). 
Palm-KVK-AA, over a concentration range of 20  μg/
mL, showed a significant decrease in melanin content by 
approximately 20% on α-MSH-induced melanogenesis 
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in B16F1 cells compared to the α-MSH control group. 
Inhibitory effect of Palm-KVK-AA on melanin synthesis 
was showed at a much lower effective concentration for 
Palm-KVK-AA (20 µg/mL) than for kojic acid (200 μg/
mL) as a positive control (Fig. 3a).

The depigmentation effects of Palm-KVK-AA cream 
are shown in Fig.  3b–c. The application of Palm-KVK-
AA cream for 8 weeks resulted in an improvement in the 
clinical score (clinical pigmentation grades) and L*-values 
(brightness parameter) in the test group compared to values 

Fig. 2   Effect of palmitoyl-KVK-L-ascorbic acid (Palm-KVK-AA) on 
skin wrinkles. a Effect of Palm-KVK-AA on the stimulation of pro-
collagen type I synthesis in human neonatal dermal fibroblasts meas-
ured using a Procollagen Type I C-Peptide EIA Kit is shown. The 
anti-wrinkle effects of Palm-KVK-AA cream were evaluated at 0, 4, 

8 and 12  weeks by visual wrinkle assessment, visiometer, and Der-
mascan-C analysis. The average global photodamage score (b); skin 
roughness, R1 (c); maximum skin roughness, R2 (d); average rough-
ness, R3 (e); dermal density (f)
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in the control group. These results indicate that a cream 
containing 0.075% Palm-KVK-AA improves skin lightness 
and has an anti-pigmentation effect.

Discussion

Palmitoyl-oligopeptides such as palmitoyl tripeptide-5 
(palmitoyl-KVK) are among the most commonly used 
ingredients in cosmetics. Palmitoyl-KVK is a small peptide 
that mimics thrombospondin I and a peptide transduction 
domain (PTD) conjugate. Palmitoyl-KVK has been shown 
to increase skin penetration and to modulate various bio-
logical processes in the epidermis and dermis [6, 19]. As 
a mimic of thrombospondin I [4, 8, 14], palmitoyl-KVK 
promotes collagen formation through phosphorylation of 
Smad and MAPK molecules [1, 2, 9], and inhibits melano-
genesis by reducing tyrosinase and TRP1 expression [10, 
11, 15] by activation of TGF-β [16, 22].

In this study, we synthesized Palm-KVK-AA using 
palmitoyl-KVK to improve the stability and skin penetra-
tion of L-ascorbic acid. We confirmed that the expression 
of type I procollagen increased in a dose-dependent man-
ner, and the expression of type I procollagen in HDFn cells 
at a concentration of 4  µg/mL was two times higher than 
the expression at a concentration of 0.1  µg/mL. We con-
firmed that the melanin content in B16F1 cells decreased 
by approximately 20% after treatment with Palm-KVK-AA, 
over a concentration of 20 µg/mL, compared to the control 
treatment with α-MSH alone. The effective concentration 
for inhibition of melanin synthesis was much lower for 
Palm-KVK-AA (20  µg/mL) than for kojic acid (200  μg/
mL), which is an established effective melanogenesis 
inhibitor and cosmetic agent. We also identified anti-aging 
effects of a cream containing 0.075% Palm-KVK-AA in an 
in vivo study that showed a reduction in facial wrinkles and 
improvement in skin lightness.

In conclusion, our data confirmed that Palm-KVK-AA 
has beneficial effects in stimulating collagen synthesis and 
inhibiting melanin synthesis in  vitro. We also confirmed 
the anti-wrinkle and depigmentation effects of Palm-KVK-
AA by in vivo testing of a Palm-KVK-AA cream. However, 
differences in the levels of stability and skin penetration 
of Palm-KVK-AA compared to those of L-ascorbic acid 
remain to be confirmed. We expect synergistic effects in 
stimulating collagen synthesis or inhibiting melanin syn-
thesis by palmitoyl-KVK and L-ascorbic acid, respectively. 
Thus, Palm-KVK-AA is a potent anti-wrinkle and anti-
melanogenic agent that will help in expanding the use of 
palmitoyl-oligopeptides in the cosmetic field.
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