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Study for Enhanced Skin Penetration of Cosmetics
by Plasma-Sono Stimuli
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Abstract: The demand for skincare has increased due to the end of the COVID-19 pandemic, leading to a focus on
skincare devices and technologies designed to improve the delivery of cosmetics. Among these technologies, skin-
care medical devices that utilize plasma therapy (Plasma) and sonophoresis (Sono) are commonly used in derma-
tology clinics. However, there is still a lack of quantitative analysis for transdermal absorption effects of Plasma and
Sono skincare medical devices. In this study, we quantified enhanced transdermal absorption effects of Plasma and
Sono devices through in-silico and ex-vivo studies. The Sono treatment demonstrated an increased transdermal
absorption effect, showing a 10~13% difference in penetration compared to the control group in the in-silico exper-
iment, and 159% and 184% increase in the ex-vivo experiment. The Plasma treatment revealed increased trans-
dermal absorption effects, with a 1.0~2.5% penetration difference in the in-silico experiment, and a 124% increase
in the ex-vivo experiment compared to the control group. We also observed a synergistic effect from the combined
treatment of Plasma and Sono, as indicated by the highest increases of 197% and 242% in penetration. Furthermore,
we have determined the optimal device settings and treatment conditions for Plasma-Sono skincare medical devices.
Notably, higher on/off durations (Intensity levels) and longer Sono treatments resulted in greater transdermal absorp-
tion effects.

Key words: Cold plasma, Sonophoresis, Skin care medical device, Transdermal absorption, Cosmetics penetration,
Skin permeability

LA £ sk o

o} /\61
AA w18 AP Q9] AR}, o BAIE A, 3 S| Bl A flsiA
Sazel B 5 gt olfE mEA sk dek].
s8], A2} FAo) W2 vhAZ o) SiAlel @ wRn]  wRi wu), A9, geel A Zow TAE] ok
of TiEF 7t feobd T AR A A MEA A 919 A apEe] 2% (Stratum corneum)e A%,
24 Mool chuoel Age (Kerating o2 TAE

*Corresponding Author : Jaehong Key 10~20 um FA9] mRAgHo|t}3]. Z4ES5S olF+= 724

Department of Biomedical Engineering, Yonsei University, A3z a2huto]=(Ceramide), A-3-<WAHFree fatty acid),
1 Yonseidae-gil, Wonju, Gangwon-do, 220-710, South Korea

=9
L
Tt
r o
y 2
Lol
L

oo

Tel: +82-33-760-2587 el 2 E (Cholesteroljo] 2gheof = Al A E=
E mail: jkey@yonsei.ac.kr ol3] Ayl 48 £A4S WHskar, giiEe i 4 &

X]?ﬂo Hho} 43 % o519 (No. 2022R1F1A1069516, 2022RIS-

A= 7| REALT B Sn o A0 2 AR ATARY 610 wo} olE W EFICH[4]
005). o]

275



276

Zejzntz gl A3o] o SEES W5 AR F4 AT - T8

l—o{n

1 AT

Fol Aol A FHA F=thb-7]. A4 SE
5§48 S7HI717) SIs) nAE o8Bk 271 9%
H (Electrophoresis), A¢|z}o] 2J3t ¢ldoa mE ZulE
S7HA71= o] %5 (lontophoresis), Zet=nl 7] 4|2k
5 Az o] AeshA] Hhg-2 o]-83t Sef=nt A7 (Plasma
therapy), Z31t5 o]83F =21} o(§‘5‘?j(Sonophores1s)
3} e T WvSe] BeET ook et B o
el g SI Wl st £ A e o

Clgs 7hset AR QlE) %
ool A 285t Aol OE PASo] vl b
Moz i edeld ARgE T 9lrHs-10].

Zgt=ul )&% (Plasma therapy, Plasma)2 40C 9|
ste] A& Bepxut ZAE AgSH WEoR L, L
sute] A5k 71719] S el A WA v Dielectric
Barrier Discharge, DBD) 25 22120} 71412} o]H A
= Alo]o] elob HhSS ol ok 7]dolci11,12), Eelzl
=1 A (Handpiece)ol| 23] A EAdAAZ(Reactive
Oxygen Species, ROS)E©0] 212 A|3EEle] Q127 o]&Z0
U= AEE AT o F AlshE ZAFo] A&siA 24
7| E2 vhg-sto] p4kst BEgo] dojufar EAE0]
Hom AxHel 71 TS 2ze] A1), Eat 73
A2z At Tl glArE (Desmosome)ys YA O R
%0 AAR 7153 B A9 F4e) B
%7} |Z1eH14,15].

&= (Sonophoresis, Sono)> ThofFsl Ya| 7]wke]
o] X|qt Z-Zuto]| o3 3-8/ (Cavitation)o]

2 okelA gIth16]. 283} 9= 3]0} 4
of w7t oz e slmrh AERA o
Al Fek. ot 5o ol At g-o]

TR AT Ajole] o] UAH o Sl
tol&2 o] SrEHA N7 EEshA
HTH17-20]. 019} 37 BEAAFo 2 AAE SRHE QXIS
Aet 7|57} 2 e ANEA e $ AT
ek, o) ola) SEo] U ARHoR FaE

o} wAgRieh21].

lo

IS
ol
o)

).
i :EL =

I
%J
é‘]q'#

W

4 C N
iy
o

N
_—111

E o ox I N o
_?L oot
o = foir to
& oo o K
= . l‘J o o

4z
o H{M
ol ik

mIov
fr

AUt Zelzol @ 2Sw} ulRo|g o779 A=
A9 g4 ZohaTl tht HAQ B0l o}y naw

1. Z2zu}, 285} 735u]8 o|R7]7](Plasmapro)e] 22 Al

ggo|tt. et w3t FeE|YolA] Agete EekRnt 9 =
St T Fu)g omr|7]e] A4 9 A7 oA
27 F4 S7HENE UehleAls ofF] BarEx] gkl

webs] 2 A= In-silico?] 3D ZHE wREAHES
o] &3t sHE Filg 54 AP Ex-vivoo] HjA] mjRu
4 Ol%‘i Rhodamine-Be] Fi& 54 AdS B3l &

M
IN

)

WE

l-‘l
ru

5} wj3n)g o|v7lv|e) A F4 SHETE
Q19ch. R, 71719 A onloff 2|44k A
whg wlmet Eerzntet 28k Ae) Aol
v} of g sfetsle], of A4 W He] 2
g4 F7HTE UehieA) Bk

-ﬁ?i nlo

232

o,
oft
»
lo

> o
T o
>
o
LJ‘m
1;

in)
I
lo
o
o

Il 27 2

1. E2t=0} & =Z0} O|F0|S

Zetznt 9 239 g71eg owr)v|e Eefzniie
(Plasmapro, TjeFel 276, KOR)E AlL3lon, 77| =
gtznl oAt 2oat AcaAag FLAE S 9Tt A7)
Aol gy Wz Z+ =T A9 on/off 2HE X L5A|7F
(duration)g ZAs}= X472 = (Intensity level)S A4 sk
gt Bepan), 2o Wowlso B2 AFS 19
2t

ol=717|

2. 3D=EIE m|FZAME HZ

Z]Z-0] 70.60 mm, =9°]7} 8.50 mm?l ¥E3& EA= 3D
2elel S ol galo] Ao, o] 6.00 mm, H4EoA
F¥ 2]7d0o] 15.00 mmofA 10.35 mmZ FopR|= IS
Vol AARE. E8 47 200 mme) U Brto e o
30 g oS P50} 4-gole] £9), 22& Rolsi) T
4= 9% 3D gl AxEY o9} ZHE (3D printer, 3D
System, USAYE o]ga A|zF3ct.
3. S22k 248 I8 SIEE S4 24

SIARE (L-ascorbic 25% topical serum, Censil, KOR)2] &
I % (Absorbance) 242 €3] 100 mle] &S 28
ofleh-2(1:1)9] 48 (Deionized water-Ethanol)o] =2l
=3 899 FHE A2HERS FHE £47](Synergy

Table 1. Output specification of Plasma-Sono skin care medical device(Plasmapro)

Output specification

Intensity level [on ms / off ms]

Type Output Frequency [Hz
P P E y [He] Levell Level2 Level3
Plasma 10.5 [Vpp] 100k 25/75 50/ 50 Continuous
Sono 0.2 [W/m? 1M 65/35 75125 85/15
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Fig. 1. Experiment for measuring the penetration of cosmetics using a 3D printing skin mimicking phantom (A) Schematic

diagram, (B) Real image of the experiment
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Fig. 2. Experiment for measuring the penetration of Rhodamine-B using a porcine skin model: (A) Schematic diagram, (B)

Real image of the experiment
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solution, (B) Standard curve of absorbance based on cosmetics concentration
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Fig. 4. Penetration of cosmetics through the membrane with respect to the intensity levels of Plasma and Sono handpiece
(A) Penetration of cosmetics with respect to the intensity levels of Plasma handpiece, (B) Penetration of cosmetics with
respect to the intensity levels of Sono handpiece(n=>5, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001)
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Fig. 6. Porcine Skin Penetration of Rhodamine-B according to treatment duration and conditions: (A) Fluorescent images
of Rhodamine-B permeability into porcine skin, (B) Penetration of Rhodamine-B through porcine skin(I: Control, II: Plasma
5 min, III: Sono 5 min, IV: Sono 10 min, V: Plasma 5 min + Sono 5 min, VI: Plasma 5 min + Sono 10 min) (n=5, *p<0.05,

#%p<0.01, ***p<0.001, ****p<0.0001)
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