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Abstract

Background: With the steadily increasing trend of functional cosmetics consumption, the public is increasingly
expecting the efficacy of cosmetics, and in order to meet these consumer needs, the development of various
effective raw materials, as well as products through technical convergence research, has been activating focusing
on dermatology. In the Republic of Korea, much attention was paid to cosmetic raw materials using human stem
cells as a new growth engine at the end of the 2000s. Accordingly, the Ministry of Food and Drug Safety
implemented the Regulations on Cosmetic Safety Standards, etc., which contains the safety standards of human-
derived cell and tissue culture as raw materials for cosmetics.

Methods: Twice a day, morning and evening, for 28 days, 3 mL of the sample provided for each subject was
applied onto the entire face using an airbrush. The subjects were divided into a control group (C), an experimental
group 1 (ADSC-CM 5% group, E1) and an experimental group 2 (polymersome-containing of ADSC-CM 5% group,
E2), and there were 20 subjects in each group.

Results: Moisture content on the U-zone, melanin and erythema of lid-cheek, overall size and depth of eye
wrinkles, and skin roughness of the items showed significant differences among all three groups. More specifically,
E1 had a higher rate of skin improvement than C, and E2 had the highest skin improvement rate in all items: skin
moisture content, transepidermal water loss (TEWL), melanin and erythema of lid-cheek, eye wrinkles, and skin
roughness of lid-cheek.

Conclusions: The effectiveness of ADSC-CM was verified in all items: increases in moisture content, decrease in
TEWL, and improvements of whitening and wrinkles. Moreover, the effectiveness of ADSC-CM was observed as
higher in samples of polymersome-containing ADSC-CM than those of raw material ADSC-CM. Furthermore,
percutaneous absorption was improved compared with previous studies on formulations in relation to
polymersome at the same concentration of ADSC-CM, thereby resulting in higher effectiveness.

Trial registration: Korea National Institute for Bioethics Policy, P01–201809–13-001, Registered 06 September 2018,
http://public.irb.or.kr/.

Keywords: Adipose-derived stem cell-conditioned medium, Human stem cell-conditioned media, Airbrush, Skincare
device, Polymersome
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Background
With the steadily increasing trend of functional cosmetics
consumption, the public is increasingly expecting the effi-
cacy of cosmetics, and in order to meet these consumer
needs, the development of various effective raw materials,
as well as products through technical convergence re-
search, has been activating focusing on dermatology. The
number of cosmetic ingredients has reached approxi-
mately 10,000, and the development of cosmetic materials
has steadily increased raw material-related technology in
combination with biotechnology, composite technology,
and nanotechnology. The evolution of biotechnology has
also led to the development of new cosmetic ingredients
and a new paradigm in cosmetic development in combin-
ation with biotechnology by Kim et al. (2019). In South
Korea, much attention was paid to cosmetic raw materials
using human stem cells as a new growth engine at the end
of the 2000s. Accordingly, the Ministry of Food and Drug
Safety implemented the Regulations on Cosmetic Safety
Standards, etc., which contains the safety standards of
human-derived cell and tissue culture as raw materials for
cosmetics.
In the world of medical and pharmacy, medicines for in-

tractable diseases have been continuously developed using
human stem cells by Park (2013). Academically, studies on
the cytotherapy effect and skin regeneration using human
stem cell-derived releasing factors have been performed.
For example, a study by Kim reveals that a human three-
dimensional (3D) skin organoid generated using induced
pluripotent stem cells (iPSCs) has great potential for allo-
genic regenerative medicine (Kim, 2019), and a study by
Lee verified the human umbilical cord blood-derived mes-
enchymal stem cell (hUCB-MSC) has effect on impaired
wound regeneration and healing through enhanced angio-
genesis (Lee, 2018). In addition, studies on the efficacy of
human stem cell culture media with cosmetic materials
have been steadily performed. For example, Lee conducted
a study on the derivation of exosome-mimetic nanovesicles
(EMNs) from human iPSCs and exploring the protective ef-
fect of EMNs on aged dermal fibroblasts (Lee, 2019), and
Kim et al. performed a study on the inhibitory effects of 3D
adipose tissue-derived mesenchymal stem cell-conditioned
medium on immune response and an efficacy evaluation of
its cream (Kim et al., 2019). Shim also conducted a study
on human dermal stem/progenitor cell-derived conditioned
medium ameliorates ultraviolet A-induced damage of nor-
mal human epidermal keratinocytes (Shim, 2018).
Based on the above previous studies, cosmetics con-

taining human stem cell culture medium are cosmetic
products based on the main ingredients are obtained
through human stem cell culture, and can be defined as
having the effect of recovering skin health, skin regener-
ation, and delaying aging of skin cells. Stem cells are
present in various tissues in the human body, but

technically, the stem cells that are being used are ex-
tracted umbilical cord blood, bone marrow, adipose tis-
sue, etc. among adult stem cells. Among them, bone
marrow stem cells have a limitation on clinical applica-
tion due to low yield rate, whereas adipose tissue stem
cells have relatively characterization of safe extraction,
high yield of stem cells, with easy separation (Lin et al.,
2005; Rodríguez et al., 2006; Tsai et al., 2004; Zuk et al.,
2002, 2001). Aust et al. verified the high yield rate of hu-
man adipose-derived adult stem cells from liposuction
aspirates and it demonstrated a significant negative cor-
relation between body mass index but not the age of the
donor (Aust et al., 2004). Adipose-derived stem cells
conditioned medium (ADSC-CM) contains various
growth factors, cytokines, bioactive components of pro-
teins, so it is proposed as a potential ingredient for func-
tional cosmetic products (Hibino & Nishiyama, 2004;
Krause & Foitzik, 2006).
This study aimed at verifying the effectiveness of ADSC-

CM directly on the skin, and also suggested countermea-
sures for the effectiveness and improvement of the ADSC-
CM. Through this, it expects to contribute greatly to the
development and activation of cosmetic products contain-
ing ADSC-CM in the cosmetics industry.

Methods
This study was approved by the Institutional Review
Board of the Korea National Institute for Bioethics Pol-
icy following a comprehensive review of study-related
procedures (Approval number: P01–201809–13-001).

Study subjects
This study involved middle-aged women in their
30s~50s, who showed symptoms of hyperpigmentation
(e.g., stains, freckles) and wrinkles around the eyes. They
were divided into a control group (C), an experimental
group 1 (ADSC-CM 5% group, E1), and an experimental
group 2 (polymersome-containing ADSC-CM 5% group,
E2), and there were 20 subjects in each group. The sub-
jects were selected based on the guideline for efficacy
evaluation of functional cosmetics suggested by the Min-
istry of Food and Drug Safety (MFDS) and the results of
a study conducted by Lee et al. (2013). Exclusion criteria
were as follows: (1) those who showed abnormal symp-
toms such as acute and chronic physical diseases involv-
ing the face, including facial skin diseases; (2) those with
at least a 1-month history of facial application of a skin-
care product containing steroids; (3) those with medical
histories of contact or photoallergic dermatitis caused by
a topical ointment; and (4) those with sensitive or hyper-
sensitive skin. In addition, the subjects were randomly
divided into different clinical groups so as to minimize
any variations in the experimental results.
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The study was conducted from September 10 to No-
vember 23, 2018. The subjects were provided with a 3-
mL research sample and instructed to apply it to their
skin twice a day, once in the morning and once in the
evening, over a 28-day period. They were instructed to
wash their faces, smooth out their skin with a toner, and
then apply the research samples on their faces. All group
(C, E1, and E2) subjects applied the research samples
using an airbrush left it to be absorbed without using
their hands. All study subjects were monitored by the re-
searchers and were instructed to record the daily appli-
cations in a self-care chart that was later submitted to
ensure compliance with test procedures. Moreover, the
subjects were fully informed that they should not use
cosmetics and treatments that contained whitening or
anti-wrinkle functional ingredients that could change
their facial skin conditions during the research period,
and they consented to do so. In addition, based on a
study conducted by Han et al., the subjects were allowed
to use sunblock when going outside and wear light
makeup and maintain their usual skincare cosmetics or
makeup habits (Han et al., 2015). However, they were
instructed to not make any changes in their daily living
patterns, such as exercise, because changes in living pat-
terns could affect their skin conditions.
Regarding the measurement of facial skin conditions, a

study conducted by Kim reported that at least 30 min of
skin stabilization is necessary to measure all selected
variables for the skin surface: temperature, color lumi-
nosity, transepidermal water loss (TEWL), and sebum.
The study also reported that consistent measurement
values could be obtained through skin stabilization re-
gardless of environmental effects (Kim, 2007). Accord-
ingly, skin stabilization was induced to all subjects in the
present study for 30 min after facial wash, and all sub-
jects underwent skin measurement. Nonetheless, skin
measurement was performed at indoor temperatures be-
tween 20 and 24 °C and relative humidity levels between
40 and 60% to minimize any environmental effect based
on a study conducted by Kim and Kang (2017). Add-
itionally, the researcher instructed the subjects on how
to use and manage the airbrush with hands-on training
at the first visit to facilitate its use, and the spraying
method was based on the principle of lymphatic
massage.

Research materials
Research samples were used for this study as follows. To
minimize the change in skin physiology that can be
expressed according to the cosmetic formulations, the
same cosmetic formulations were applied to all three
groups, and only the ingredients necessary to complete
the cosmetic formulations were used. The cosmetic in-
gredients applied to C, E1, and E2 groups are described

in Table 1. The undiluted solution of ADSC-CM applied
to E1 and E2 purchased from company D to prepare the
research samples. The purchased ingredient listed as
“human stem cell-conditioned media” in the Cosmetic
Ingredient Dictionary, and the ADSC-CM was con-
firmed as compliant with the ‘safety standards of
human-derived cell and tissue culture media’ published
by the Ministry of Food and Drug Safety. The
polymersome-containing ADSC-CM applied to the E2 is
the raw material shown in Table 2, which was prepared
as a polymersome by stabilizing a high content of
ADSC-CM. To prepare the polymersome, acrylate/C10–
30 alkyl acrylate crosspolymer and acrylate beheneth-25
methacrylate copolymer were dissolved into purified
water, and then ADSC-CM (phase A), 1,2-hexanediol
(phase B), and acrylate/C10–30 alkyl acrylate crosspoly-
mer (phase C) were added in sequence and stirred using
an AGI-mixer. After stirring, homogeneous mixing was
performed using a homo-mixer to prepare a polymer-
some through high-pressure emulsification homogenizer
(Microfluidizer). The research sample was manufactured
as 6 mL ampules and was provided to the subjects to en-
sure easier use, which is to apply one ampule each day.
The main goal of the experiment was to have the sub-
jects use accurate volumes of the research sample.

Research tools
The airbrush (M66, Dasan C&Tech, Korea) used for this
study consisted of a spray gun, air compressor, air hose,
and adapter. The configuration of the airbrush is ex-
plained in a previous study by Kim et al. (2018).

Skin measurement tools
The skin measurement tools used in this study were as fol-
lows. The SKIN-O-MAT (Corneometer, Cosmomed,
Germany) was used to measure skin moisture. The Derma-
Lab® USB test system with TEWL probe (Cortex

Table 1 Cosmetic ingredients applied to the group

Ingredient C group E1 group E2 group

Base Water 89.40 84.40 84.40

Glycerin 3.00 3.00 3.00

Butylene Glycol 5.00 5.00 5.00

PEG-60 Hydrogenated Castor Oil 0.50 0.50 0.50

Isopropyl Myristate 0.10 0.10 0.10

1,2-Hexanediol 2.00 2.00 2.00

Active ADSC-CM - 5.00 -

Polymersome containing of
ADSC-CM

- - 5.00

Total Unit (%) 100 100 100

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome
containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells
Conditioned Medium
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Technology, Denmark) was used for TEWL. Finally, Antera
3D CS (Antera 3D CS, Miravex Limited, Ireland) used for
capturing images of melanin and erythema of lid-cheek, and
the deepest eye wrinkles as well as for measuring the length,
depth and width of wrinkles, and skin roughness.

Data analysis methods
For data analysis, SPSS 24.0 for Windows was used, and
a one-way analysis of variance (ANOVA) was conducted
to verify the homogeneity among the groups of study
subjects before the experiment. In addition, a paired t
test was conducted to analyze the skin condition before
and after the experiment, and a one-way ANOVA was
conducted to verify significance differences of skin con-
ditions among the groups.

Results
Verification of homogeneity between groups
Subject’s baseline facial skin conditions are presented in
Table 3. Because these results did not show statistically
significant differences in any items, the homogeneity of

the facial skin conditions among C, E1, and E2 groups
was confirmed (p > .05).
Subject’s general characteristics are presented in

Table 4. There were no significant differences between
groups C, E1, and E2 for age and job (p > .05). All sub-
jects were limited to women living in Seoul, South
Korea, the homogeneity of the subject’s general charac-
teristics was confirmed.

Changes in skin moisture level in each group
Skin moisture level changes for C, E1, and E2 groups are
presented in Table 5. In the T-zone, group C showed a de-
crease of 1.42(M) in mean moisture content, from
68.69(M) to 67.26(M), whereas group E1 showed an in-
crease of 1.98(M) in mean moisture content, from
67.62(M) to 69.61(M) and group E2 showed an increase of
2.51(M) in mean moisture content, from 66.51(M) to
69.03(M). In the U-zone, group C showed a mean moisture
decrease of 2.61(M), from 75.11(M) to 72.49(M) post-
treatment (p < .05). Group E1 showed an increase of
0.13(M), from 72.55(M) to 72.68(M), and group E2 showed
an increase of 2.96(M), from 72.96(M) to 75.93(M). This
showed a statistically significant differences between
groups (p < .05). The moisture content of group C was de-
creased in the whole face, whereas group E1 showed an
increase of moisture content in the whole face, and group
E2 showed an increase of moisture content higher than
E1. Moreover, there were statistically significant differ-
ences in the moisture content of U-zone between groups.
Thus, it is interpreted that there is a higher increase of
moisture content in the polymersome-containing ADSC-

Table 2 Cosmetic ingredients applied to polymersome
containing of ADSC-CM (E2)

Ingredient

A ADSC-CM

B 1,2-Hexanediol

C Acrylates/C10-30 Alkyl Acrylate Crosspolymer

Acrylates/Beheneth-25 Methacrylate Copolymer

Water

Table 3 Verification of homogeneity between C and E1, E2 group

Variable M±SD F p

C(n=20) E1(n=20) E2 (n=20)

Moisture T-zone 68.69 ± 5.11 67.62 ± 6.38 66.51 ± 6.62 .641 .530

U-zone 75.11 ± 5.73 72.55 ± 4.62 72.96 ± 5.38 1.360 .265

TEWL T-zone 12.21 ± 4.26 11.84 ± 2.87 13.47 ± 5.65 .751 .476

U-zone 9.50±3.94 9.64 ± 2.69 11.49 ± 4.23 1.815 .172

Melanin Lid Cheek 34.53 ± 2.93 34.53 ± 3. 11 33.29 ± 1.37 1.514 .229

Erythema Lid Cheek 14.12 ± 1.99 14.7 5± 1.41 14.56 ± 1.57 .739 .482

Wrinkle Rt. Overall size 14.52 ± 3.86 13.84 ± 4.11 16.39 ± 3.79 2.239 .116

Depth 0.048 ± 0.011 0.042 ± 0.013 0.053 ± 0.014 2.269 .113

Width 1.26 ± 0.10 1.25 ± 0.10 1.29 ± 0.21 1.992 .146

Lt. Overall size 14.20 ± 5.63 14.29 ± 4.30 16.89 ± 3.53 3.246 .056

Depth 0.048 ± 0.018 0.044 ± 0.013 0.053 ± 0.011 .184 .832

Width 1.26 ± 0.09 1.24 ± 0.09 1.24 ± 0.12 .269 .765

Roughness Rt. Lid Cheek 5.55 ± 0.86 6.30 ± 1.39 5.59 ± 1. 17 2.597 .083

Lt. Lid Cheek 5.63 ± 0.73 5.96 ± 0.87 5.59 ± 1. 16 .917 .406

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
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CM than in the case of containing the undiluted solution
of ADSC-CM.

Changes in TEWL in each group
TEWL changes for groups C, E1, and E2 are shown in
Table 6. In the T-zone, TEWL was significantly in-
creased from 12.21(M) to 15.57(M) by 3.35(M) in C
(p < .05) and from 11.84(M) to 13.58(M) by 1.74(M) in
E1, whereas it was decreased from 13.47(M) to 12.49(M)
by 0.98(M) in E2. In the U-zone, TEWL was significantly

increased from 9.50(M) to 12.04(M) by 2.54(M) in C
(p < .05) and from 9.64(M) to 10.01(M) by 0.37(M) in
E1, whereas it decreased from 11.49(M) to 11.09(M) by
0.40(M) in E2. TEWL was significantly increased in the
whole face in C as well as E1, whereas it was decreased
in the entire face in E2. In summary, TEWL was de-
creased more when subjects applied the undiluted solu-
tion of ADSC-CM than the control sample, and it was
decreased even more when subjects applied the
polymersome-containing ADSC-CM.

Changes in skin color luminosity in each group
Changes in melanin of the right and left lid-cheek for
groups C, E1, and E2 are presented in Table 7. Group C
showed a decrease of 0.68(M), from 34.53(M) to
33.84(M), and group E1 showed a significant decrease of
2.39(M), from 34.53(M) to 32.13(M) (p < .001), and
group E2 significantly decreased by 2.42(M), from
33.29(M) to 30.87(M) (p < .001). In addition, the changes
in melanin of the right and left lid-cheek showed a sig-
nificant difference between groups (p < .001). Although
the melanin of the right and left lid-cheek was decreased
in all groups, melanin was decreased significantly more
when subjects applied the undiluted solution of ADSC-
CM than the control sample and even more when sub-
jects applied the polymersome-containing ADSC-CM.
Changes in erythema of the right and left lid-cheek for

groups C, E1, and E2 are presented in Table 8. Erythema

Table 4 Research Subject’s general characteristics

Variable Group χ2 p

C (n=20) E1 (n=20) E2 (n=20) Total (n=60)

Age 30s Frequency 0 2 0 2 9.511 .051

% of group 0.0 10.0 0.0 3.3

40s Frequency 6 5 12 23

% of group 30.0 25.0 60.0 38.3

50s Frequency 14 13 8 35

% of group 70.0 65.0 40.0 58.3

Job Office worker Frequency 0 1 0 1 8.604 .570

% of group 0.0 5.0 0.0 1.7

Service sector Frequency 1 1 0 2

% of group 5.0 5.0 0.0 3.3

Professions Frequency 0 1 0 1

% of group 0.0 5.0 0.0 1.7

Self-employed Frequency 0 1 1 2

% of group 0.0 5.0 5.0 3.3

Housewife Frequency 19 15 19 53

% of group 95.0 75.0 95.0 88.3

Others Frequency 0 1 0 1

% of group 0.0 5.0 0.0 1.7

Table 5 Comparison of facial Moisture (Index: AU)

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2(n=20)

T-zone Before 68.69 ± 5.11 67.62 ± 6.38 66.51 ± 6.62 2.016 .143

After 67.26 ± 5.32 69.61 ± 7.68 69.03 ± 4.69

tl-t2 1.42 ± 6.15 -1.98 ± 7.64 -2.51 ± 6.30

t(p) 1.036 (.313) -1.161 (.260) -1.782 (.091)

U-zone Before 75.11 ± 5.73 72.55 ± 4.62 72.96 ± 5.38 4.543 .015*

After 72.49 ± 3.92 72.68 ± 5.88 75.93 ± 4.78

tl-t2 2.61 ± 5.42 -0.13 ± 5.32 -2.96 ± 6.71

t(p) 2.154 (.044*) -.114 (.910) -1.977 (.063)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome
containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells
Conditioned Medium, M Mean, SD Standard Deviation
*p<.05
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significantly increased from 14.12(M) to 14.63(M) by
0.51(M) in C (p < .05), decreased from 14.75(M) to
14.32(M) by 0.43(M) in E1, and significantly decreased
from 14.56(M) to 13.93(M) by 0.62(M) in E2 (p < .05). In
addition, the changes in erythema of the right and left
lid-cheek showed a significant difference between groups
(p < .01). A significant increase in erythema of the right
and left lid-cheeks was exhibited when subjects applied
the control sample, whereas erythema was decreased sig-
nificantly more when subjects applied the polymersome-
containing ADSC-CM than the undiluted solution of
ADSC-CM.

Changes in main wrinkles and skin roughness in each
group
The main wrinkles were selected by the researcher
from thick wrinkles around the eyes of the research
subjects, and the automatic setting function (that
reads the same wrinkle data before and after the ex-
periment) of the software was utilized in selecting the
wrinkles through the images. The changes in the
main eye wrinkles for groups C, E1, and E2 are pre-
sented in Table 9. The wrinkles around the right eye
for group C significantly increased by 1.17(M), from
14.52(M) to 15.70(M) (p < .05), group E1 showed a
significant decrease of 1.82(M), from 13.84(M) to

12.01(M) (p < .05), and group E2 showed a statistically
significant decrease of 2.45(M), from 16.39(M) to
13.93(M) (p < .001). In addition, the wrinkles around
the left eye for group C significantly increased by
1.06(M), from 14.20(M) to 15.26(M), group E1
showed a significant decrease of 1.47(M), from
14.29(M) to 12.82(M) (p < .05), and group E2 showed
a statistically significant decrease of 2.67(M), from
16.89(M) to 14.22(M) (p < .001). In addition, the
changes showed a significant difference between
groups (p < .001). All main eye wrinkles in the right
and left lid-cheek were increased when subjects ap-
plied the control sample, whereas they were signifi-
cantly decreased in both the right and left lid-cheek
when subjects applied the undiluted solution of
ADSC-CM and even more significantly decreased
when subjects applied the polymersome-containing
ADSC-CM.
The changes in eye wrinkle depth for groups C, E1,

and E2 are presented in Table 10. The depth in wrinkles
around the right eye for group C showed an increase of
0.003(M), from 0.048(M) to 0.051(M), group E1 showed
a significant decrease of 0.005(M), from 0.042(M) to
0.036(M) (p < .05), and group E2 showed a statistically
decrease of 0.007(M), from 0.053(M) to 0.046(M)
(p < .001). In addition, the changes showed a significant
difference between groups (p < .001). The depth in wrin-
kles around the left eye for group C showed an increase
of 0.002(M), from 0.048(M) to 0.050(M), group E1
showed a significant decrease of 0.005(M), from
0.044(M) to 0.039(M) (p < .05), and group E2 showed a
statistically decrease of 0.007(M), from 0.053(M) to
0.046(M) (p < .001). In addition, the changes showed a
significant difference between groups (p < .01). All eye
wrinkle depths in the right and left lid-cheek were in-
creased when subjects applied the control sample,
whereas they were decreased in both the right and left
lid-cheek when subjects applied the undiluted solution
of ADSC-CM and decreased, even more, when subjects
applied the polymersome-containing ADSC-CM.
The changes in eye wrinkle width for groups C, E1, and

E2 are presented in Table 11. The width in wrinkles
around the right eye for group C showed an increase of

Table 6 Comparison of facial TEWL (Index: AU)

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2(n=20)

T-zone Before 12.21 ± 4.26 11.84 ± 2.87 13.47 ± 5.65 2.179 .122

After 15.57 ± 6.22 13.58 ± 8.37 12.49 ± 4.92

t1-t2 -3.35 ± 5.97 -1.74 ± 9.24 0.98 ± 3.32

t(p) -2.510 (.021*) -.843 (.410) 1.319 (.203)

U-zone Before 9.50 ± 3.94 9.64 ± 2.69 11.49 ± 4.23 2.967 .059

After 12.04 ± 3.49 10.01 ± 3.01 11.09 ± 4.32

t1-t2 -2.54 ± 5.33 -0.37 ± 4.03 0.40 ± 1.51

t(p) -2.128 (.047*) -.410 (.686) 1.188 (.250)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome
containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells
Conditioned Medium, M Mean, SD Standard Deviation
*p<.05

Table 7 Comparison Melanin of Lid Cheek

Variable Group Measurement (M±SD) F p

C (n=20) E1(n=20) E2 (n=20)

Melanin Before 34.53 ± 2.93 34.53 ± 3.11 33.29 ± 1.37

After 33.84 ± 2.47 32.13 ± 2.74 30.87 ± 1.33 10.223 .000***

t1-t2 0.68 ± 0.40 2.39 ± 1.16 2.42 ± 1.09

t(p) 1.711 (.103) 9.188 (.000***) 9.867 (.000***)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
***p<.001

Kim et al. Biomedical Dermatology             (2020) 4:9 Page 6 of 11



0.02(M), from 1.26(M) to 1.29(M), group E1 showed a de-
crease of 0.03(M), from 1.25(M) to 1.22(M), and group E2
showed a decrease of 0.04(M), from 1.29(M) to 1.24(M).
The width in wrinkles around the left eye for group C
showed an increase of 0.03(M), from 1.26(M) to 1.30(M),
group E1 showed a decrease of 0.02(M), from 1.24(M) to
1.21(M), and group E2 showed a decrease of 0.03(M),
from 1.24(M) to 1.20(M). Although significant changes
were not exhibited in all items, all eye wrinkle width in
the right and left lid-cheek were increased in C. However,
the wrinkle width were decreased in both the right and left
lid-cheek when subjects applied the undiluted solution of
ADSC-CM and decreased, even more, when subjects ap-
plied the polymersome-containing ADSC-CM.
The changes in skin roughness for groups C, E1, and

E2 are presented in Table 12. Skin roughness refers to
an uneven surface level in the skin, which is a represent-
ing factor in the degree of skin elasticity. Group C
showed a significant increase of roughness in the right
cheekbone of 0.54(M), from 5.55(M) to 6.09(M)
(p < .001), group E1 showed a significant decrease of
0.30(M), from 6.30(M) to 6.00(M) (p < .05), and group
E2 showed a statistically significant decrease of 0.47(M),
from 5.59(M) to 5.12(M) (p < .001). In addition, the
changes showed a significant difference between groups
(p < .001). Group C showed a significant increase of
roughness in the left cheekbone of 0.52(M), from

5.63(M) to 6.15(M) (p < .001), group E1 showed a signifi-
cant decrease of 0.09(M), from 5.96(M) to 5.86(M)
(p < .001), and group E2 showed a statistically significant
decrease of 0.52(M), from 5.59(M) to 5.07(M) (p < .001).
In addition, the changes showed a significant difference
between groups (p < .001). Skin roughness in the right
and left cheekbone was significantly increased when sub-
jects applied the control sample, whereas it was de-
creased when subjects applied the undiluted solution of
ADSC-CM and decreased, even more, when subjects ap-
plied the polymersome-containing ADSC-CM.

Discussion
In a study by Kim, an undiluted solution of ADSC-CM ap-
plied a hairless mouse for 4 weeks after skin aging by a
UVB irradiation-induced hairless mouse, and skin mois-
ture content was about 23.0% higher than that of the con-
trol group, and TEWL was about 26.6% significantly lower
than that of the control group (p < .05) (Kim, 2010). In a
study by Park, applying ADSC-CM when the microneedle
therapy system (MTS) was conducted 2 cm from the
outside corners of the eyes of subjects and the experi-
mental group significantly increased in the moisture
content compared to the control group (p < .05) (Park,
2013). A study by Moon reported that the moisture
content increased by 11.1% before and after the ex-
periment in a control group where a spicule moisture

Table 8 Comparison Erythema of Lid Cheek

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2 (n=20)

Erythema Before 14.12 ± 1.99 14.75 ± 1.41 14.56 ± 1.57 7.997 .001**

After 14.63 ± 1.77 14.32 ± 1.65 13.93 ± 1.41

t1-t2 -0.51 ± 0.89 0.43 ± 1.02 0.62 ± 0.97

t(p) -2.562 (.019*) 1.901 (.073) 2.883 (.010*)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
*p<.05, **p<.01

Table 9 Comparison Overall size of facial wrinkle (Index: AU)

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2 (n=20)

Overall size Rt. Before 14.52 ± 3.86 13.84 ± 4.11 16.39 ± 3.79 11.213 .000***

After 15.70 ± 4.69 12.01 ± 3.59 13.93 ± 3.41

t1-t2 -1.17 ± 2.12 1.82 ± 3.77 2.45 ± 1.18

t(p) -2.482 (.023*) 2.161 (.044*) 9.257 (.000***)

Lt. Before 14.20 ± 5.63 14.29 ± 4.30 16.89 ± 3.53 10.178 .000***

After 15.26 ± 5.98 12.82 ± 3.65 14.22 ± 3.26

t1-t2 -1.06 ± 2.99 1.47 ± 3.11 2.67 ± 1.66

t(p) -1.585 (.129) 2.115 (.048*) 7.195 (.000***)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
*p<.05, ***p<.001
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serum was applied to the lower cheekbone of middle-
aged women for 4 weeks increased by 11.1%., while
the moisture content significantly increased by 13.5%
in an experiment group where ADSC-CM was applied
(p < .05). The significant increase around the eye of
12.3% compared to increase of 2.5% in the control
group (p < .05) (Moon, 2018). The increase in mois-
ture content and the decrease in TEWL in the experi-
mental groups in comparison to the control group in
the present study, as shown in Tables 5 and 6, are
consistent with those in the previous studies cited.
These results verified that ADSC-CM effectively in-
creased skin moisture content and decreased TEWL.
In the study by Park in which MTS was conducted 2

cm from the outside corners of the eyes of subjects
followed by applying ADSC-CM, the levels of melanin
and erythema significantly decreased in comparison to a
control group (p < .05) (Park, 2013). In a study by Kim
et al., the level of melanin was significantly decreased in
a concentration-dependent manner at ADSC-CM 10%,

50%, and 100% (p < .01), and the suppression effect of
ADSC-CM on melanin synthesis was shown to be medi-
ated by the downregulation of tyrosinase and tyrosinase-
related protein 1 (TRP1) (Kim et al., 2008). Furthermore,
a similar level of transforming growth factor-β1 (TGF-
β1), which is known to suppress melanin synthesis, was
detected in ADSC-CM (Kim et al., 2007; Martínez-
Esparza et al., 1997). A study by Lee reported that
ADSC-CM suppressed the melanin synthesis of cells and
significantly decreased the level of melanin at the con-
centrations of 50% and 100% (p < .01) (Lee, 2008). It is
also reported that ADSC-CM decreased the activity of
tyrosinase and significantly decreased the activity of
tyrosinase at 10%, 50%, and 100% concentrations
(p < .05, p < .01, and p < .01, respectively). In addition, it
is suggested that TGF-β1 plays an important role in the
suppression of the melanin synthesis of ADSC. The de-
creases in melanin level and erythema level in the E1
and E2 in comparison to the C, shown in Tables 7 and 8,
of this study are consistent with the results of the above
previous studies. These results have verified that ADSC-
CM is effective in skin whitening.
In a study by Lee, UVB was irradiated onto hairless mice

to induce skin aging, followed by intradermal injection of
ADSC-CM for 5 weeks, showed that a significant decrease
in the number of wrinkles in the ADSC-CM-treated group
(p < .05) and derived the results on recovery of regular col-
lagen structure and elastin network regarding histological
change in the dermis in the ADSC-CM-treated group in
comparison to the control group (Lee, 2009). Another
study by Park reported that ADSCs were cultured to verify
the presence of elastin in the cells and culture medium,
and a higher elastin concentration was found in the cul-
ture supernatant than in the inside of the cells (Park,
2016). Elastin is one of the main components in the der-
mal extracellular matrix that provides skin tension and
elasticity along with collagen so the elastin of ADSC-CM
would contribute to skin elasticity recovery through

Table 10 Comparison Depth of facial wrinkle (Index: mm)

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2 (n=20)

Depth Rt. Before 0.048±0.011 0.042 ± 0.013 0.053 ± 0.014 5.990 .004***

After 0.051 ± 0.015 0.036 ± 0.009 0.046 ± 0.012

tl-t2 -0.003 ± 0.008 0.005 ± 0.011 0.007 ± 0.007

t(p) -1.604 (.125) 2.222 (.039*) 4.273 (.000***)

Lt. Before 0.048 ± 0.018 0.044 ± 0.013 0.053 ± 0.011 7.749 .001**

After 0.050 ± 0.017 0.039 ± 0.011 0.046 ± 0.008

t1-t2 -0.002 ± 0.008 0.005 ± 0.011 0.007 ± 0.005

t(p) -1.205 (.243) 1.901 (0.73) 5.607 (.000***)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
*p<.05, **p<.01, ***p<.001

Table 11 Comparison Width of facial wrinkle (Index: mm)

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2 (n=20)

Width Rt. Before 1.26±0.10 1.25 ± 0.10 1.29 ± 0.21 2.214 .119

After 1.29 ± 0.10 1.22 ± 0.10 1.24 ± 0.27

t1-t2 -0.02 ± 0.09 0.03 ± 0.11 0.04 ± 0.14

t(p) -1.262 (.222) 1.206 (.243) 1.451 (.163)

Lt. Before 1.26 ± 0.09 1.24 ± 0.09 1.24 ± 0.12 2.739 .073

After 1.30 ± 0.10 1.21 ± 0.10 1.20 ± 0.16

t1-t2 -0.03 ± 0.09 0.02 ± 0.11 0.03 ± 0.11

t(p) -1.746 (.097) 1.114 (.279) 1.383 (.183)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome
containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells
Conditioned Medium, M Mean, SD Standard Deviation
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percutaneous absorption (Mecham & Heuser, 1991). An-
other study by Kim et al. reported that ADSC-CM facili-
tated the mRNA expression of proteins due to various
growth factors that ADSC-CM contained and further in-
creased collagen biosynthesis by increased fibroblast activ-
ity, resulting in wrinkle improvement (Kim et al., 2009).
As shown in Tables 9, 10, 11 and 12 of this study, the im-
provement of wrinkles and elasticity of the experimental
group is consistent with the results of the above previous
studies. As a result, ADSC-CM proved to be effective for
skin wrinkles and elasticity.
The skin of the human forms a dense structure to per-

form its function as an external barrier to the body, it is
difficult to expect the effect of cosmetics simply by apply-
ing (Lee et al., 2010; Jang et al., 2005). The skin structure
consisting of the stratum corneum, sebaceous membrane,
and rein membrane of the granular layer suppresses mois-
ture evaporation from the inside of the skin and prevents
foreign matter from infiltrating the skin. However, these
functions also suppress the absorption of active ingredi-
ents, Thus, mechanical methods should be used or easy
chemical infiltration should be easy to do the absorption
of active ingredients (Kim et al., 2018; Yoo & Lee, 2010).
Accordingly, a method to stabilize active ingredients in-
side the cosmetic formulation through a mixture of bio-
active ingredients with lipids and the manufacturing
polymer particles has been widely used in recent years
(Hwang et al., 2017). Furthermore, studies on formula-
tions using polymers, lipids, and various other materials,
including nano/microencapsulation, self-assembly, and li-
posomes, have been conducted to achieve stabilization of
various active ingredients, controlled release, and conveni-
ence of formulation and prescription. In this respect, for-
mulations have functions of protecting active ingredients
from the surrounding environment, enabling the active in-
gredients to be active under actual usage conditions, or re-
leasing them at a controlled rate under specific conditions
(Lim et al., 2013; Kim & Jung, 2004; Yoo et al., 2011). The

sizes of particles are manufactured through formulation
studies vary widely according to experimental conditions,
ranging from nanometers to tens to hundreds of micro-
meters (Hwang et al., 2008; Opanasopit et al., 2008).
The skin permeation of substances is largely divided

into two types: absorption through skin appendages (e.g.,
eccrine glands, apocrine glands, sebaceous glands, and
hair follicles) and absorption through the epidermis.
However, skin appendages only amount to 0.1% of the
total skin area, so it may be regarded as not significantly
affecting the skin absorption of the substance. The ab-
sorption of substances through skin appendages ac-
counts for 0.1% to 0.5%, which is mainly an absorption
path of water-soluble components and has the advantage
of offering more rapid absorption than other types (Yoo
& Lee, 2010). Most of the substance absorption occurs
through the epidermis, and the stratum corneum plays a
role as a major barrier to skin permeation. Studies have
proved that absorption through the skin is passive trans-
port rather than active and that the stratum corneum’s
unique role as a selective barrier is attributed to the
complex structure of α-keratin and lipids (Choi, 1999;
Yang, 2003). The substance absorption through the epi-
dermis is then divided into two types: highly polar
hydrophilic substances are the transcellular that pass dir-
ectly through the cells of the stratum corneum and the
lipophilic material is absorbed by a intercellular through
the nonpolar fat layer. However, percutaneous absorp-
tion occurs through both paths in general.
The present study fabricated a polymer matrix that ef-

fectively stabilized ADSC-CM, which was an active in-
gredient, and applied a polymersome to E2. As a result,
E2 had higher effectiveness in all items (i.e., moisture
content of the skin, TEWL, melanin and erythema, and
wrinkles and roughness) than E1 to which an undiluted
solution of ADSC-CM was applied. In addition, E2
showed better improvements than E1 in melanin and
erythema of cheekbone, wrinkles, and elasticity by 0.4%,

Table 12 Comparison Skin Roughness of Lid Cheek

Variable Group Measurement (M±SD) F p

C (n=20) E1 (n=20) E2 (n=20)

Roughness Rt. Before 5.55 ± 0.86 6.30 ± 1.39 5.59 ± 1. 17 29.341 .000***

After 6.09 ± 0.84 6.00 ± 1.20 5.12 ± 1.15

t1-t2 -0.54 ± 0.49 0.30 ± 0.49 0.47 ± 0.34

t(p) -4.909 (.000***) 2.711 (.014*) 6.261 (.000***)

Lt. Before 5.63 ± 0.73 5.96 ± 0.87 5.59 ± 1. 16 16.656 .000***

After 6.15 ± 0.83 5.86 ± 1.01 5.07 ± 1.18

t1-t2 -0.52 ± 0.50 0.09 ± 0.77 0.52 ± 0.37

t(p) -4.632 (.000***) .532 (.601) 6.302 (.000***)

Abbreviations: C Control group, E1 ADSC-CM 5% group, E2 Polymersome containing of ADSC-CM 5% group, ADSC-CM Adipose-derived Stem Cells Conditioned
Medium, M Mean, SD Standard Deviation
*p<.05, ***p<.001
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1.4%, 3.7%, and 5.8%, respectively. Despite the same con-
tent of ADSC-CM in the E1 and E2, the difference in ef-
fectiveness can be logically attributed to the difference in
formulations. Furthermore, the difference in higher ef-
fectiveness in wrinkles and elasticity than in melanin
and erythema is interpreted as having greater effective-
ness in the dermis at E2.

Conclusion
This study aimed at verifying the effectiveness of ADSC-
CM directly on the skin and also suggested countermea-
sures for effectiveness and improvement of the ADSC-
CM. This study involved middle-aged women in their
30s~50s, who showed symptoms of hyperpigmentation
(e.g., stains, freckles) and wrinkles around the eyes, and
the researcher provided them with research samples and
let them applied 3mL portion of the sample over the
whole face of the subjects with an airbrush for 28 days,
twice a day, once in the morning and once in the evening.
They were divided into a control group C, an experimen-
tal group E1 using ADSC-CM 5%, and an experimental
group E2 using polymersome-containing of ADSC-CM
5%, and there were 20 subjects in each group.
The results showed that moisture content in the skin was

decreased in C, whereas it was increased in E1 and increased
even more in E2. Compared to C, where TEWL was signifi-
cantly increased, TEWL tended to decrease in E2.
Melanin of lid-cheek showed an increase in C, a signifi-

cant decrease in E1 (p < .001), and a more significant de-
crease in E2 (p < .001), it showed a significant difference
between the groups (p < .001). Erythema of lid-cheek
showed a significant increase in C (p < .05), a decrease in E1,
and a more significant decrease in E2 (p < .05), it showed a
significant difference between the groups (p < .01).
Main wrinkles around the eyes were increased in C on

both the right and left sides, whereas E1 showed a significant
decrease (p < .05), and E2 showed a more significant de-
crease (p < .001) and it showed a significant difference be-
tween the groups (p < .001). The depth of wrinkles was
increased in C on both the right and left sides, whereas E1
showed a decrease, and E2 showed a more significant de-
crease (p < .001), it showed a significant difference between
the groups (rt., p < .001; lt., p < .01). The width of wrinkles
was increased in C on both the right and left sides, whereas
E1 showed a decrease, and E2 showed a more significant de-
crease. Skin roughness was significantly increased in C on
both the right and left sides (p < .001), whereas E1 showed a
decrease, and E2 showed a more significant decrease
(p < .001), it showed a significant difference between the
groups (p < .001).
Consequently, the effectiveness of ADSC-CM was veri-

fied in all items: increases in moisture content, decrease
in TEWL, and improvements of whitening and wrinkles.
Moreover, the effectiveness of ADSC-CM was observed

as higher in samples of polymersome-containing ADSC-
CM than those of raw material ADSC-CM. Furthermore,
percutaneous absorption was improved compared with
previous studies on formulations in relation to polymer-
some at the same concentration of ADSC-CM, thereby
resulting in higher effectiveness.
Until now, most studies on ADSC-CM have focused

on the possible effectiveness of skin improvement by
ADSC-CM through in vitro and animal tests. However,
this study is significant as the effectiveness of ADSC-CM
was verified through direct clinical skin tests. This study
also concerns formulation methods to improve the per-
cutaneous absorption rate in addition to the concept of
the effectiveness of raw materials for skin improvements.
This results of the study will contribute to more active

follow-up clinical studies to verify the effectiveness of
ADSC-CM, and further suggest follow-up formulation re-
searches to improvement and effectiveness of ADSC-CM.
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