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Figure 1. Skin Structural Illustration And Oil Base(OB) Serum &
Water Base(WB) Serum’ s Absorption Mechanism on The Skin.



< 3}(Sound Wave, SW)
£ 3HSound Wave, SW)¢] 7 2 E4

=30 Hol= Ee7 SHoA A9ITd, FUCZRE YA
b o d HellA dEEE Aolet Bojd 4+ U A
+ BE5& SWet ok Aq7)A ufE S o] d dF S HAESA He uisiA o]
H, 3714 & &2 Aol 1 o & 5 Ao SWe 0.1Hz~20Hz H % 9
A S 3H(Infrasound Wave), 20Hz~20kHz 7}% F3b<= 219 ASW, 20kHz ©]
T HeY USWE 728 5 AT, Agaet 1o A3 Fa4 I9
o] SWe ofz g At A& F8&3HA SE&HVETGE HE VA= A
7t B o2 YA AT, Hw A bHE Ao w A ASWe o8
2o} ool A w2 AT F JiEe] JdqyHI o, USWe H|-& F32 9
okl A Bo] AFrF WFHAL USWE d¥Ha o & 20kHz~100kHz F35= H
f1e] LUSW, 100kHz~1000kHz 34 WHeo] F3F F3 X5 9KIntermediate

T

kl
w
S
w
=
o
W
ol

1 Ho

Fl

frequency Ultrasound Wave), 1 MHz °]’¢
0%, SWe ¢4 T332 Ay, fdS thuid 7= S50 32 A
e Faago] wel I HJF Zolrp EEpmh. SWe 9 FasrdsE

A% o7t AL, B FRFYFE AT Qo|7} Lol T,

30) Sataloff, R. Thayer, Voice science, 2nd ed, CA: Plural publishing, 2017.

3D J. B. Martinl, R. P. Michael, M. Nicole, H. Sara, The Handbook of Clinical Linguistic,.CA:
Blackwell Publishing, 2008..

32) AR, &8 =gt 71E A, i3 A 0193 A], 22(2), pp. 99-102, 2011.

33 &R, AFoo] Bt AAF8E] A, 13(6), pp. 537-542, 1986.

34) /bid, pp.537-542.

35 A. T. H. Bui, D. Cozzolino, B. Zisu and J. Chandrapala, Effects of high and low
frequency ultrasound on the production of volatile compounds in milk and milk products
- a review. Journal of Dairy Research, 87(4), pp. 501-512, 2020.

36) 2494, op. cit.

37) WA W, op. cit.,, pp. 99-102.
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3.2. 7}4 <S3H(Audible Sound Wave, ASW)

ol
A, 1A=z FEHAE 2SS Wy dFE= FE0 F9E AJAAY HALd
K

7 shEol We JAdA AWHT Figure 2>olA HolFo] ASWE 3

4 5 dAE A gbol 8% BES AU AH AgFoEA A o

Muscles and nerve cells Bones, ankles and blood Nerve cell and organ
stimulation treatment treatment

i
s

, ASWE T3 Al #3 d7= 79 ol FAAA I AH FF
AR ASW 7€ Sge 2dst 9 i 28 ZolE A Alofsi &2

1B
)
flo
do

37 o]&3], HEF mdoAY 23 GHEX T FF8A A, A =E, AA
g, A€, 2002.

38 4R, &8 EHEY 7E A, dadSHAdAYE3] =], 222), pp. 99-102, 2011

39) L, Bartel and A. Mosabbir, Possible Mechanisms for the Effects of Sound Vibration on
Human Health, Healthcare, 9(5), p. 597, 2021.

40) G. Patrick, The effects of vibroacoustic music on symptom reduction, IEEE, 18(2), pp.
97-100, 1999.
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AEEol Hls| H
AROE FPE G258 de ZoE dEion, 20009t 2 o] ASWE o]&
3 2F 23 X859 ulo|H&E o] FAE|(Vibroacoustic Sound Therapy) 5 A Z-&

AL oMb, ==L USWe Bhehz|, ]2 adtel FARE d/gol
1kHz~10kHz F4<] ASWOlA = UERdo] BIEITH2,

FoT7t 255 o] FobAa, FHe RS 22 oA t wEA
NHAE ALstar, o &2 ZololA F 5= Aol Atk mEbA, ASWe
2 52 Fr4o USWe ASWRT ¢ &2 Zolz &3,

AAZ ¥ F #YE ERZ = HUSW 717171 8] AHgE e, H2
& 5%2 10 MHz~20 MHz F3t I97MAE £3st= A7 b5 =
s} #2]7]7](Local Dynamic Micro wave)7} Ab&% 31 9lth HUSW+
o

3’_—‘}_
}HEE B IR PSS FHOHD 4A A 2 BT S

41) P. Ellis, Vibroacoustic sound therapy: Case studies with children with profound and
multiple learning difficulties and the elderly in long-term residential care, Studies in
Health Technology and Informatics, 103(1), pp. 36-42, 2004.

42) H. Freundlich and D. W. Gillings, A comparison of the influence of audible sound and
of ultrasonic waves on colloidal and two-phase systems, Transactions of the Faraday
Society, 35, p. 319, 1939.

43) Cho, N. J., Kyoo, J. S., Jun, J. E,, Choi, K. J., Park, S. J., An, H. J., Ahn, S. K., & Lese,
S. H. (2005). The Effect of Ultrasound on Epidermal Permeability Barrier and Lipid
Synthesis. Korean Journal of Dermatology, 43(5), pp. 619-629.

44) Roper, J. A., Williamson, R. C., Bally, B., Cowell, C. A. M., Brooks, R., Stephens, P.,
Harrison, A. J., & Bass, M. D. (2015). Ultrasonic Stimulation of Mouse Skin Reverses the
Healing Delays in Diabetes and Aging by Activation of Racl. The Journal of investigative
dermatology, 135(11), pp. 2842-2851. https://doi.org/10.1038/jid.2015.224
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<Figure 3>o A Ho]%o] USW& dA7IA 714 &S 93-S o) &3] o2a

g5 X3S Ffol AFT ool tid As P IR} A 5] A

& 852 2ol IMHz ©/4de] Fa4 WS 7HAE HUSW, 2HY Ao

o2 71 BAE ol &3 THoly wE AE X5 P Ok ofE Y 2 A

Aok W ZAY XHE ZFZ8HE dlo] 2o]E 100kHz ~ IMHz F3k+ M9 ¢
4

A+ 20kHz~100kHz =3} wH¢je] LUSW
7F ARSI o0, USWeE HAl] 2 1A vjde vA] JE5s doA Exo] &
T AUAE S7HA7IH vAM 2de JAAF 35 F JHcavitation phenomenon)
7)3o] v 2 =4S ZHEITHe). USW ¥]Hu)g 7]&e SWE o] 83fe] u]ilo)
e T 4 dEsta s I3 dubdgow ARgske USW+= 1IMHz,
3MHz, 10MHzo|™ Z}zte] FE3t Zlol:= 3cm, lcm, 0.3cm HAEZE F347) =old
T5 T3 ol fopA AL o|AIE JHd B HFAE 5 Aok T SWe

SW shse] Fow 2la) &to] FART

Shredding treatment Bone, Muscle and Ankle Cell Diagnostic and Skincare
(Kidney, Urinary absence) Therapeutics (Adjacent to the Skin)
20 kHz ~ 100 kHz 100 kHz ~ 1 MHz 1 MHz ~ 20 MHz

(g

Figure 3. HUSW Treatment’ s Essential Roles on The Human Body

45) S. Mitragotri, Healing sound: the use of ultrasound in drug delivery and other
therapeutic applications, Nature Reviews Drug Discovery, 4, pp. 255-260, 2005.

46) M. J. Bok, Z. J. Zhao, S. H. Jeon, J H. Jeong and E. J. Lim, Ultrasonically and
lontophoretically Enhanced Drug-Delivery System Based on Dissolving Microneedle
Patches, Scientific Reports, 10, No. 2027, 2020.
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4. vlo] A2 E (Microneedle, MN)

MN ¢F 100-700ume&] Zeol&E 71zl wlo]a = =7]¢] HlsolH, HIFFHO
2 SCE EgFog FEs JHE B FE AL 83 =o|7] Hsl 7
e An k& WG 7]<o|tMD, <(Figure 4>9]4 Ho]%o] MNol|E ZHE

<8 = nlo]Z2YE(Solid Microneedles, SMN), &&& nmlo]Z22UE (Hollow
Microneedles, HMN), ZE]= wrlo] 221 E(Coated Microneedles, CMN), DMN
SOl UMY, <Figure 4> SMN2 3§ Ho| 54 A= A2E MNS 5
3 ¥ F-o] Z(Hole)s A oF&Eo e §2E FAsFa, HMNLS 7|Eql
ARESEE FALZI 9 W23 FEjE E R0 AJPA ] ARE Ao =S MN

L=k |

FYro Y FYTE T GBS YHHoT FYPTh CMNE UwH o
2 9 5, mEA FEL 3

WB 714€ 7HA1 gt okES MN E®o] =

H

SMN HMN CMN DMN
T
8°s { s n l ‘| ¥ ,’ .vo . s .
‘--..‘._f»"'"“-.'..-’,,". ----- "'~-.<""= »‘--"'3"-- “~-:-~"’ P )
. el e 0% o hd S

° ® . ' .
o ® ° L]

Figure 4. Four types of MN and MN’ s Application Mechanisms

47) Y. C. Ryu, D. L. Kim, S. H. Kim, HM. D. Wang and B. H. Hwang, Synergistic
Transdermal Delivery ofBiomacromolecules Using Sonophoresis after Microneedle
Treatment, Biotechnology and Bioprocess Engineering, 23, pp. 286-292, 2018.

48) WA 3 HFH, o)<, vlolAZYE A 2HS o] &3 5%5FH Ay GE A, =AY
=337, 22D, pp. 73-78, 2015.
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npAlE e 2 DMN2 MN ApAlol] & 55 gAsta, 35 4]
S B3 FES ALE3t. <Figure 4>9A4 Ro]xo] IHEAY T A
2o 2 AZE DMNS] MN2 I35 WiellA Aol ofa &ai=w MN
of i3k ofEo] Fitste WS o]&3ta Atk SMN, HMN, CMN 5 7]
o] MN2 SMNS 7Hto 2 sl =54 Hygd Jeo IS B2 ol
=4 D AA oA g8livt Bk &A2 A ZE e gkt o9 2] DMN2
AEfE FEE ARHER o5 #Hr|Eo] B Fi fHolge &

e 7HA @A 7HE Bel ARSEAL Utk

]_

ol
rlr
oz
ok

Hm
%
oX
i

=

N

rlo

4.1. DMCS

DMCSE= DMN9 gt F/E, 7|& DMNY ®2lef <Figure 5. (A), BDAA &
F ARl 9% A de =YsH MNel §A EE =98 E Sdw
g% oy Fele) B P BA AT F Yu Axdolth 9% Ay
L A HAEGHDE ATshe FEe] ol AVHIAW 71 DMNY I
AE ZESI 23 o B B A9Y 5 Joks AL HofFUTHY),

DMN3# mpz7bAl &= &8 HA 4415 AH8-38hH, <Figure 5. (C), Dol X

=

o= MN X Uzl ¢ F& B3l 9% Ae FAFoA ok AD
F4HE AABE HFF 4Y FoRIME 0§ h5HE Holm qrko, 1

9} DMCSE 712 DMN#} Hlms] o Be of2e d9% 4 QA HAA,
of 2-3 W] A% EFHWL YE o e Rl QTE T YT,

49) G. W. Kang, S. Y. Kim, H, S, Yang, M. G. Jang, L. Chiang, J. H. Baek, J. H. Ryu, G. W. Choi and
H. L. Jung, Combinatorial application of dissolving microneedle patch and cream for improvement of
skin wrinkles, dermal density, elasticity, and hydration. Journal of Cosmetic Dermatology, 18(4), pp.
1083-1091, 2019.

50) J. H. Sim, S. D. Gong, G. W. Kang, M. G. Jang, H. S. Yang, J. S. Park, Y. C. Kim, H. K. Lee, H. 1.
Jung, Y. S. Kim, C. S. Jeon, H. R. Ahn, M. K. Kim, J. B. Choi, H. Lee and H. 1. Jung, Enhanced
Micro-Channeling System via Dissolving Microneedle to Improve Transdermal Serum Delivery for
Various Clinical Skincare Treatments. Pharmaceutics, 14(12), p. 2804, 2022.
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(A) B) ©
Dropper

D)

i Infusion of
| Insertion of | external serum

B & E TR
Micro-channeling Delivery of serum

Figure 5. DMCS’ s Application Mechanism

(A) 71 DMNell Hal &4 95 A4S 53 DMCS A" & A&
48 Bl A =724 DMCS Alz=®lel 7t H9E Yepd 19
(DMCS %], 95 H4 T2, 5 A4 dropper’t ZHE o] a1, X o
IR A okEe My =809 I8 o W), B) A R &
2] == dropper; (C) dropper$} £&l® DMCS = x]; (D) DMCSe] AA| =%
g Al oFEo] HEHE WA HAXMY =AM etE gE B AFoA
+ MNo| A& F"st] Agsteg, 408 FEE Ads #3)

51) /Ibid, p. 2804.
52) J. H. Sim et al., op. cit., p. 20.
53) bid, p. 2804.
54) [bid, p. 2804.
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5. ufo]ZZ2YE HAF ¥A Microneedle-Like Particles, MLP)

MLP+ <Figure 6>oA Hole ZAHY mlo]la2YUE FAF dAE AAT H
= Zte HAHEY &ujo EFE 2FolE FTE& AESY AHAAFES T
P&to gx £712he] tE(Finger’ s force) 3 USW 59 =
H(Plate” s Pressure)S &8st dFo Aa F4 AEdS FA ST DMNH
SHA ks A Qe Rokql MLPE <Figure 604 Ho]%o] A Ra|A
nAl AAE FEAAES T8 dAd AL EEY AFoz ALHL Q)

)55, DMN# rpa7kx 2 A EA HA 242 AF431H, TP A8 7]dlo]n=g

—

]
TH
#g, 79 #Y T odz=HY W EA ] oo fHsiTh
a8y MLPE= 7] DMNeoly SW 7l & 7179 7]« tib] & zolg X
o] E3sta Aok =3, <F1gure 6. EDet 2

rlo
by
O
fu
i)
ol
i)
o
u
n
o
T

55) A. R.. Tadros, A. Romanyuk, 1. C. Miller, A. Santiago, R. K. Noel, L. O. Farrell, G. A.
Kwong and M. R. Prausnitz, STAR particles for enhanced topical drug and vaccine
delivery. Nature Medicine, 26, pp. 341-347, 2020.

56) /bid, pp. 341-347.

57) ibid, pp. 341-347.
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Micro-channeling Delivery of serum

Figure 6. MLP Mixed with Serum’ s Application Method Description
(A) MLP i7ket &uf Ald; (B) A3 A590A BEAME MLPS Al (C) MLP
PAE 7 Sl w1 a2 ZA71E A st AL (D) Ad A9 A
BARE MLP @w7d Azl (BE) MLP &3 Alg A8 w2 2 Aadg BAL

58) /bid, pp. 341-347.
59) /bid, pp. 341-347.
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I 4345 2 ¥

1. 8] A
otol Fgelu] 3o} 2] ]
ASW 714 &5 Audible Sound Wave
CMN FEE mlo]lmEYE Coated Microneedle

&34 volazYy s

DMCS Dissolving Microneedle Channeling
Adw A" System

DMN g3 molaz2YE Dissolving Microneedle
HMN T35y molaA2YE Hollow Microneedle
HUSW 1FI 2539 High frequency Ultrasound Wave
LUSW Aea 229 Low frequency Ultrasound Wave
MLP nfol| A2 YE A YA Microneedle-Like Particles
MN nfol A2 Y& Microneedle

OB A& "ol Oil Base

SC AT Stratum Corneum

SMN £ volmaZYE Solid Microneedle

SW =3 Sound Wave

TP == Topical
USwW Z53 Ultrasonic Sound Wave

WB T84 Hlolx

Water Base
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2. A¥A R
2.1. &34 nlo]a 2 AdY A" (Dissolving Microneedle Channeling System, DMCS)

DMN 7= 3 FR/< DMCS 7l&9 AdS sl A-&"d DMCS (JUVIC
Inc., Seoul, Korea)= 94 A% 7|H0o =2 A2 lom, MNo| 24 & =
= Z8HE FEAE 9o 5 AF iEdS =A8 o= AR SRS B

T Zlseltt. DMCS 71«3 ASW % HUSW7F A3 ® A3 AlxH<l
ASW Z3 DMCS (DMCS-ASW), HUSW ZA3% DMCS (DMCS-HUSW)E A &9l
AR T DMCS 32 9] Al Abd2 7F=, AZ 2cmolal tizhs 7HRAEE
2719 v 25 71 Z2 g ":(Polystyrene) AHzE x| flo F-ztE e}
zu} Agld 4719 A4y SPU 2~E]AUUVIC Inc., Seoul, Korea)o} 1 ¢ A3
H Z 7270 MN wiE& x33th 7 MN2 Zo] oF 650um, 2A& F oF
umth MNo| Wi d-& ARAE sfz] f 4708 Eek=nt Add 449 |
1870¢] MNeo] A& HJ. MNS AFstz] A% Aldd HA 60% A4
(Hyaluronic Acid 60% w/v solution, HA solution)& t©j 23 A{(Musashi

Engineering, Tokyo, Japan)ol| ¢l ZF Z® WHol| HEFH A DMCS+= e st

03: ﬂmﬂl
l

w
(]

0

o 77}

I~

60) H. S. Yang, S. Y. Kim, G. W. Kang, S. F. Lahiji, M. G. Jang, Y. M. Kim, J. M. Kim, S. N. Cho and
H L Jung, Centrifugal Lithography: Self-Shaping of Polymer Microstructures Encapsulating
Biopharmaceutics by Centrifuging Polymer Drops, Advanced Healthcare Materials, 6(19), No. 1700326,
2017.
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2.2. o]l a2 YE HAF Y AHMicroneedle-Like Particle, MLP)

MLP 719 Ade s A&E MLPE 3= 29 7|Hog Azd MLP
(JUVIC Inc., Seoul, Korea)E AF&3th MLP 7|&& EBH4YUS JA] 5L
23 EgFog ¥ AW ZEEE= DMNG e Ay &4 AdS A

s TP A4 7]wke] 71&olth MLPS] Al AFge o] oF 600, ¥ % o
300ime] ¥h AW Fejoltk DMCSS mha7bA & HA £4S AH&s) Azt
Y] 2L AYATVE Fd MLP 54%Ww/v) EFAS AL om,
& e s+ S wgtorslr] Qe 33 Av| AL ALLste] A zbskElth

€]

A
oX,

2.3. OB-DMCS

OB Al5-& DMCSel A &-3t7] <&l DMCSY 7]#ol] ZE3te] AR&31% o,
OB-DMCS=Z W wgith. OB AlH-2 DMCSS MNej 50uL Iolzlo =z g &
10uL® & 52, 50uL Hojmy =go] iuiylel 1¢ AFdo. AZd
OB-DMCS®| gejstz] 542 Fst dnd<s AHgste] A4t 4, 49

al7)o] okA OB Aldo] =EH DMCSe] MNo| 3o 4tele dlol £417}
e elsly] Sls) AzPEE OB Alde] ZuE DMNE #3 @vg o3
sho] Wejeta bgA AT

61) A. R.. Tadros et al., op. cit., pp. 341-347.
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2.4. OB-MLP

MLP 7]%& %3] OB A& H&3t7] fla) A A6 we} &ulQl OB
Aol 5.4%w/v) Hl&= E43) A&t oH, olHA A= MLP E3H-&
< OB-MLPZ wwglon, Az OB-MLP &H& 338 Av)4 S ALY
AZkstgitt. =g, MLPE OB Aol & AH8E o <Al OB-DMCS2}
7R 2 m e TPE A8 o FE FAS=A lsty] S8 Azt
W2 OB Algel E3d MLP f4AE 33 dvwid #Este] sty b4

< Ao

2.5. WB-MLP

MLP 7l&& 53l WB Ald<s 2&3st7] fle) AdyA769 wet gojel WB
Aol 5.4%w/v) Hl&2 T3 Agstgon, o]2A A x3 MLP &8
S WB-MLPZ ®Hth =3, MLPE WB Al EFsiA A& o A
OB-DMCS¢} wlz7hA| & w3o] TP2 24 o Fe& Fx3H=x gels]
M AER WB Aol &3hd MLP fas #Este] Fejsts ddd<
glstazr ok, WB Alfol MLP A7F &5 A5 SA &5 0] At

Ae AL AT, BEe BT, 1¥EE WB-MLPS Hejstd oA
2 BRY & QoY) WEo WB A B AE Aol MP AD A

=
o

A <] ot

62) A. R.. Tadros et al., op. cit., pp. 341-347.
63) /bid, pp. 341-347.
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3. A3 Aok

3.1. OB A ¥

(Leica, Wetzlar, Germany) 3#3st7] falld XF4 FFEZEQ Nie red
(Sigma-Aldrich, St. Louis, MO, USA)E 0.01%(w/v)Z 3]4J3F &<H4(Nile red 0.01
%(w/v) OB Al 8)& A&t

3.2. WB A9

b EHEAZ 4R Perfluoro-decalin 7.5%5 X33+ WB Al®de WB
SPAFCEZA AR TP AP A 2PodA AHERen, DMCS 7<= A
A AFFoA QR Aoz A&t WB Al W Perfluoro-decalin A &
7] F Atast ddtste] AR HE Al IF Qto| A ojqlstek A9l w et
a7 om6e), LS we EH0E s o|itEeas) A 3 FE vtro

64) N. Pazyar, G. Houshmand, R. Yaghoobi, A. A. Hemmati, Z. Zeineli and B. Ghorbanzadeh, Wound
healing effects of topical Vitamin K: A randomized controlled trial, Indian Journal of Pharmacology,
51(2), pp. 88-92, 2019.

65) P. J. Gupta, P. S. Heda, S. Kalaskar and V. P. Tamaskar, Topical sucralfate decreases pain after
hemorrhoidectomy and improves healing: a randomized, blinded, controlled study, Diseases of the
Colon & Rectum, 51(2), pp. 231-234, 2007.

66) C. Chubb and P. Draper, Efficacy of perfluorodecalin as an oxygen carrier for mouse and rat testes
perfused in witro, Experimental Biology and Medicine, 184(4), pp. 489-494, 1987.
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3 AE v BFA37] A Al F3E2 QA Calcein (Sigma-Aldrich,
St. Louis, MO, USA)E 0.01%(w/v)Z 343 & H(Calcein 0.01%(w/v) WB A=)

< AR
3.3. Two-dyed Al

2 ATE A APoEZNe OB Alda &4 AdozEne] WB AH
< SAldl AMg3t7] 918l DMCS9F MLP § 7]&<& ASW, HUSW ~|&3 A3t
Fdo=x OB 2 WB FaEAES A IAF LS Zssted F40] ok
A o5 APS A4 A AP AF
WB MEE A A3 AdPoxe A9A WssteA % AF VA S
3l Alztststsdty. OB Aldat WB AldS 242 b8 33S we 33 Ao
o8 AzxstFoH, F AR BF 3 APS Fa 2AE S AHEITH
OB M#2 x1#4 Nile red ¥3E2ES A& Nile red 0.01%(w/v) OB AlF
G Ao 2 Azxstdon, WB AlHS 44 Calcein F3&EdS ARS3)

Calcein 0.01%(w/v) WB A& d33 AlFo =z Az}
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4, AIHH
4.1. OB-DMCS #eEd AAA A

OB-DMCSell A= OB Al®o] MNeo] Azt vt~z fjo I EHH, 7o
DMCS 2§ A OB A"} MNo| 3 Fo 34 H=sA Evh. MNo| 37 &

HE 2o R S5 AaiMs A5 4bdlel EeHol=w OB Al 3
7l ARl HE3 MNe| e A7 a8ttt weks OB Ald o] MNel H=
Hol A<= wW MNo| FHE FAst=A &Qlstr] HslA ol& AME=E B3
drjd 29SS Tl Z® AFERE 1Y A3 A7HA #3148 aEedd.
W, 2" OB AlHe &3 A d76ne] el wet G AIE Alddl=
30, 50, 100uLE <2tz o2 Adste Axzxo=w 100uL Z® Al H2== A

E ATES v 28y 2 A7 5o m2d 240 gE F AEE
AbEst7l WEel OB Aol 238 & Ao IAEE lod ofFf a4

oz FFH WB Aldo] g =&FE = & 7Aool EAEA Hh 1
Bz 48 28-S 93 OB Alde DMCS 4 =& 24z 100ule] dukel
S0uL= ZAstd ZE . A2E OB-DMCS+=
3 33 AnA-s AE3ste] AlZskth

Ir
okt
fuj
1o
)
J{m
ox
ftlo
“
2
ol
N
do

67) J. H. Sim, S. D. Gong, G. W. Kang, M. G. Jang, H. S. Yang, J. S. Park, Y. C. Kim, H. K. Lee, H. .
Jung, Y. S. Kim, C. S. Jeon, H. R. Ahn, M. K. Kim, J. B. Choi, H. Lee and H. 1. Jung, Enhanced
Micro-Channeling System via Dissolving Microneedle to Improve Transdermal Serum Delivery for
Various Clinical Skincare Treatments. Pharmaceutics, 14(12), p. 2804, 2022.
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4.2. OB-MLP ¥deist3 A4 A

OB-MLPo| A= OB Mol MLP 9x}7} E3o] 8890z AgsA ¢
o MLP7F % e Badom Fus] Nt UAe) WE Aol
Qzolne OB A Easlel = MP 4ae Fu #4071 223k
u2lA OB Al MLP

galA ols AEE B @A 2
AR Fd BEe AWSAT. W, EHE MLP] & M AT we
gulel OB Aol S4%Cwiy) Mz Es) Azdch 23 Aee A

OB-MLP &<4e] TP A2 DMCS A3 =749 dAHS 7ML FHE

vl wskr] $13) 13] A4 A 50uLE AEs7]|2 st AZE OB-MLPE 8
Bstd SA4& vefstr] sl Fst dvld& Akl AlAEETh

4.3. WB-MLP ¢AA A&

wjo] IE HAE oS Hr] 5] WB-MLP 3 OB-MLPe} 22 HFHo g A2+
BHoz Fus) ANAE 0% A8

g
ZA7A o] MNe] e FA17F Fe3tth 22y WB AlE &3 A WB AlE U

o[/l WB Aled Ule] MLP 4#+e] e7} &2 A= F AlRELE &, JAISTE Wl
o]~Z A3 WB AHl#Eo] HA solution©. 2 A2tE MLP RS =odx -S4
7} ¢kElo] WB A8 AdojA= WB-MLP 23S AMS E712 A9glth

68) A. R.. Tadros, A. Romanyuk, I. C. Miller, A. Santiago, R. K. Noel, L. O. Farrell, G. A.
Kwong and M. R. Prausnitz, STAR particles for enhanced topical drug and vaccine
delivery. Nature Medicine, 26, pp. 341-347, 2020.
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4.4. In vitro HA X AF

m vitro ¢ QA 359 HI=FE g0l Ao OB Al 2 WB Al el &
S vwsly] Yafl A" =R ARA] 3 5(Cronex, Hwasung, Korea)= <14k
21 d4+PBS, Life Technologies, Eugene, OR, USA)ol 204 1083t &3 &
H EHS Hol E71E AASAT =HA 97 4PS OB AlE &5 ARE(n=H),
WB Aled @5 AR&(n=h), OB2} WB M =5 ARE3H Two dyed Al A&
(n=5) & 33| AQct & AT Ao we} SW 7]&o] 2 | Al2=do] du}
U FEAES 58FoE IR YR Adste A& &<lstr] s TP, DMCS,
MLP 37ME tizTe2 Jtt ZF x2S ASW, HUSW Z3A| 28l AdF =
2

met RS AASIL 5EXF ¢ WASk F 15% A& SW A8 AT
IMHz, 3MHz, 10MHz, 17MHz HUSW ~]~7](Ctrl Z Facial, COIZ.Co.,Ltd., Seoul,
Korea)¢} 110Hz ASW ~17](Dr. Spa, Evosonics, Wonju, Korea)& Al&-3om, 247+
< R 7o AREHE AXA 4 Ao E AL 168 F A &% SWE
A g3t} TP-ASW, TP-HUSW, MLP-ASW, MLP-HUSW A&+ SW A& 5&0]
Ed £ 1023 FxE F 158 ALty DMCS-ASW, DMCS-HUSW A3+
DMCS #-& 2% ASWe} HUSWE 5% 283k, 5&xt WAg & & AAT
H F7IE2 5EXE o WA F 158 AL ol¥A tixza 37, ASW A A
AT 370, HUSW 2§ 23T 342 = 9l AdF 534 1
2g 9 BFo] 489 APT S AlES FHohdl £ AR 5 ¥ET v RES

=

o
Ao
=
2~
ofo
ol
ol
3R
iy

2 AT od 9% de dvdes 29
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4.5. SW 717]

ASW A3 AdFo] Ag3 SW 7]7]= 110Hz8] ASWE ALgs] &8 =,
rRARA], B e, 7y 9 R dy 858 A8Ha = 71710r. Spa,
Evosonics, Wonju, Korea)E AF&-3th. £ dFoA = IF #Hg 2=(C BT)
€ 4% 5E Atk 9 HUSW 23 Aol A8 HUSW 7171+ 1,
3, 10, 17MHz¢] 17t = HUSWE AR&sf 97 v& &2 HFE&HI e 7
71(Ctrl Z Facial, COIZ.Co.,Ltd., Seoul, Korea)& A&ttt £ AdFNH= D =
T(1~17 MHz wx} )& A% 302 AR

4.6. ASW A3 DMCS Al2=H

DMCS= ¥+ AHs S22 55t Ay U2 sk Ad= I3l
e

< Agste Alz"olth A A f<

1
e

69) N. Pazyar, G. Houshmand, R. Yaghoobi, A. A. Hemmati, Z. Zeineli and B. Ghorbanzadeh, Wound
healing effects of topical Vitamin K: A randomized controlled trial, Indian Journal of Pharmacology,
51(2), pp. 88-92, 2019.

70) P. J. Gupta, P. S. Heda, S. Kalaskar and V. P. Tamaskar, Topical sucralfate decreases pain after
hemorrhoidectomy and improves healing: a randomized, blinded, controlled study, Diseases of the
Colon & Rectum, 51(2), pp. 231-234, 2007.

) A, AFY, AR 0 A7 F e N2E FART} AR vl E Gl B AT, FI3
F18-38+3) %], 3(2), pp. 133-143, 2013.

- 29 -



4.7. HUSW A3 DMCS A =H

DMN ~]<«2] 3 F/F< DMCSeF HUSW 7l<«9 #AHe Agsta, F 7«9
GHES Bstr] s A2 e HUSW ZAd DMCS Al 2=®lE A3
o 7€ F Ve dE2aY fa4E Aed HUSW A% DMCSe #a4d&E

A %S m wtro A 7 Serum FHLAHES T3 vl w3}

4.8. ASW A3 MLP A"

=

LP &8 Al TP A& 71E] TP AR @S S8 oz Hedsr
Reoem, ayxow ¥ie 3 AHes S5 Fy W=
a5 A Fees ALde Azdolr. A AFe W o435 g
3 JERoz 4zl OB Aldo]l MLP Y4AZ &3t TP A& 7]uke
AHEATI. N1E T 71&e] ofE AY &% ASW A MLP 7]&e
54 Bee m vtro BJ<e T3 FAAT. FEo] EFEH UA
¥ OB Algd<S MLP &5 A#e &= ARR(OB-MLP Al5)3 o™, MLPe}
ASW 719 Agt 2ol 7]& MLP9t nlaste] OBet WB A& drkt
ojugl 2ol & 7AW MdEet=A 7]E MLP thxa 3 ¥luwste] #23o.
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72) N. Pazyar, G. Houshmand, R. Yaghoobi, A. A. Hemmati, Z. Zeineli and B. Ghorbanzadeh, Wound
healing effects of topical Vitamin K: A randomized controlled trial, Indian Journal of Pharmacology,
51(2), pp. 88-92, 2019.

73) P. J. Gupta, P. S. Heda, S. Kalaskar and V. P. Tamaskar, Topical sucralfate decreases pain after
hemorrhoidectomy and improves healing: a randomized, blinded, controlled study, Diseases of the
Colon & Rectum, 51(2), pp. 231-234, 2007.
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4.9. HUSW A3 MLP Al &H

MLP¢} HUSW 7l<=9] #A3s ddst,
MLP 7]<¥ HUSW 7l&$& A

H
HUSW 71&9 A% =22 Joz af A S5 124 FEHES

)

AEAZL TP APAT E5He AP 58¢ HolnZ, J|E 5 7% o

E AY a%53 HUSW 2 MLP 7|&9 FaAdE AG 8% m wiro 2
S 53 AT FEo] EIE UA &S OB AlHdS MLP £ AH9

Guj 2 AHE(OB-MLP AM#)#c}. =3, MLPSF HUSW 71&e] Agt o] 7]
< MLP9} wlmste] OB&} WB AlH S dubvt {Fom|gk Aol & 7HAH Hest
=2 DMCS W& vlwste] #Fr)

4.10. ASW-DMCS¢} ASW-MLP ®H] 1

o] AR} FFol AT Ao 7|Hke F ZHEE(Transmission Coefficient)ol]
tete] AGE el F4e) et o2 TS A= ADYe 3E
o] A&, FaF, g, A A7), dA A F O addd dFe
=0 AZES 359 I1FE Yehie A, 3555 YEE o, A9 =2
718 YeilE a, 94A 34S JElle d 5% #-9E FAE Yl F
UATH AGES dutd o= 03 1 Atold #s 7HAIH, 19 7MteE A2Y
o] o= A& ofngth
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4.12. AA A& ANHATE

4.12.1 A HEAE N

b
ﬂ%

ol o
N mlo

1o

witro 238 GA A= DMCSS MLP 71&< SWe ZAdsle] &4 =T

B A ARHoF AP IFAE
A EE
DA ote A4, e A=F 2 <

of H ¥ i

o

&l
2

o3 AZE A olUd o4 e
30¢) 173, 40t) 8%, 50t) 1

& 49.6£5.6M 2 UEFRT

2
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le i)
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4.12.2 A HEAD B

2359tk AP OB-DMCS® HUSW 7]1&S 10837 A3 Zgsgon,
DMCS 3% A|A & HUSWE F7l= 587 8 & OB MHE& AFss
OxygenCeuticals Sukalming Serum3} uvlFg] PO 2= OxygenCeuticals
Sukalming Cream (OB Z#)<S <AU2 AL3A

o

4.12.3 AA HEANH FAHEW

BE N@WEAE AR 1Y
A EHE AAE AP & 3083 A5 SIS F = F ofefe 7]7]ol o
g ZAS T8 HrrE APsAT dANRE A% 38 Ve oS 2
ot 253 w7F Bojk A F9o s RAS E4387] fdsiA 3D olwA 7]
=S 83ty w7 9o aRAde AWstA £43sk= Antera 3D CS
(Miravex Ltd., IrelandE AH&stdth dH-9] 22 He JHE SAHs7] 94

A mine ¥ Fwe AREA ZHs e BE JUE Y

MoistureMeterD (Delfin Technologies Ltd., Finland& A-83tth 3% x4
S5 2437 fElA TR AUEE AFsste] g5 A% JHE Ad

3} Skin Scanner (Taberna pro medicum GmbH, Germany)E ©]-&3}$t}. 3
5o YWrE SAs7] HelA AR M WHIE E45te] d5o BrE #

7}8+= VISIA-CR (Canfield Scientific Inc., USA)E &85l
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4.12.3 AA HEAD 29

B hErT APBEOT hrel MN AN S Bolx 1087 253
S AASAY. AN A= DMN 3| A 9ol A FS TP & HUSW 10&3+
483 & AASY AAS T, HUSWE 587 14 Al s, 248
sate] b VM AEES 3B A8 s

& A AT
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1. SW 23t DMCSe} MLP A 2H

B Aol 4= DMCS9 MLPE SWe} Agg A 2~8lS & 284 OB AlHEH%

84 WB Aldo] 247zt BA3 a5 met 2 A82E F UsA FUstr] 9
3] DMCSe} MLP 7]<ol ASW, HUSW 7|71€ A% A& JFE2 ALt
<Figure 7. (A)><= DMCSe} ASW H HUSW 7|71 A A& HoFs Z4%
24, <Figure 7. BpolA g 2ol SW 717] AsA T4 Ae FATAA WB
AFE a8t <Figure 7. (CpollA] Hol= DMCS #j#] Fio OB AlH<S ¥
g A2 ALgFozN AFo OB Ald3 WB Alde s H&dtes 2l B
Ft}. ol9} o] AHEEHE SW ZAF DMCS Alxdle mXo] A& Al <(Figure 7.
OPo} 2 25 WAS 7hzh DMCS A #97F dA fo &5, WB
Aol FYUHHA o] F ASWe} HUSW F 7kA o2 Fa4 g9 7k3 SW 7]
717V Zsste]l 5 Ad e Asd 95 FFE =R Jdolth

ASWe 7H4 34 iy W] 110Hz= HUSWel mls] wpafo] dojA Q1A 2
< Fol =S, s Adolrt vl EA AAE WAEATE SWolth
u2kA <Figure 7. (D)>°ll A= DMCS-ASWell A MNo] =&
S FES T ASWY AFS Tl MN A2 AAE JAFAPOEZN FALRS
o a3A07 I Y2 AEANI = AL BoFr}, 3, HUSWE= USW S0l A
T 153 999 1-17MHz S35 7FA ASWol Hls) spako] ) wf ol I
g9 Fo & gy, g dolrt Hlzgk & 99 @A E JAEAA @

a2
r o]
oot
o
fr
=
-z
o
1%

76) L, Bartel and A. Mosabbir, Possible Mechanisms for the Effects of Sound Vibration on
Human Health, Healthcare, 9(5), p. 597, 2021.

77) G. Patrick, The effects of vibroacoustic music on symptom reduction, IEEE, 18(2), pp.
97-100, 1999.
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Figure 7. SW Combined DMCS System Mechanism Description
(A) SW Z3 DMCS A" =, B) SW 7|71 £ ©
OB-DMCS ## #9}; (D) SW Z3 DMCS Al2Hl 3R A&

%4 B4

78) o] &3], HER nd e =53 g EX #AI {384 A, HAEY=E, AA
istn, A€, 2002.

79 4R, &g EY 7R g, ddSAAdAE] =], 222), pp. 99-102, 2011.

80) o]-&3], op. cit.

81) A AW, op. cit.,, pp. 99-102.



T3, <Figure 8>3 o] MLP 7]&-2 DM
EFEA R TP WAL 7wk
Zgm < HAZ AAHAG. vol, dd 2 WB s4F4= A AL &
flom, OB &t Edownt X st = o 28 ==, <Figure 8.
(ADAM & F 1ol WA MLP §AE OB Aol &3Fste] OB-MLPEZH &
gtozH XA Zvd HAZ Alz" MLP dAE OB Alge] WB A9

u

o

ox Z
D =}
o
ok
R
L
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= o
=
acle-)
o
rots ol
=
4H =
X g

=)
=)
2
ol
o

02 RE Wojo g g3ty YA JHE FAY 5 UEF 4k ©]
23k I 5 Hg& Faf <Figure 8. BPoIAAH WB AldS OB-MLP9} &
Aol A48 4 AT <Figure 8. (B), (CPIME & &4 & F AH

of TA A& M A7) SWE ZAAFOEN oS0 IR AL A ofH
Ag&e oA HeA dEhial o

<Figure 8. (C>Z &3 OB-MLP2} WB AldS ¥io] "Hojmd ¥ F 71x F
g e SW 71718 B8 ol £22Fe EsS UEAT MLP A7t
Y F AdS A Ha, AFAH E 2

-
Hog & AYSA H& WB Aol A5 FF ALe B3l £Eo Be 743

TELE T4 d9Ad AEE do7la, sl MNel £33+
T 2 HA A0 YA E 7hel &elstes A HoEHssd). of& T3, MLP

o A=z o Faso F SWE 2] AgFo=n 7|E MLP 7eht &4

82) o]&3], op. cit.
83) AW, op. cit.,, pp. 99-102.
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Figure 8. SW Combined MLP System Mechanism Description

(A) OB-MLP Az BAL (B) 4] ©& OB-MLPe} WB AlH
FA AE 2L (C) SW 2% MLP A2 ¢ OB-MLP, WB Al
g 54 A 3 BA

m vitro @ ANAE ASWeF HUSWZF 23 A3 AE Al2'lS dxaQ

DMCS, MLP¢} Hlmale] DMCSeF MLP 7]1&d] ASW, HUSW <3 71715 2%

EA4o] b2 OB A3 WB Alde 47 AHg3e wet

A AERE W AT o] B GHA FFE m wiro A AF AE A&

A4de T3] vindrk TP, DMCS, MLP-TP A3d#& tx2T o2 st 24249
izl ASWe} HUSWE At A4d7& vagch
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L.1. OB-DMCS®] ¥ejghd HAH A3

DMCS+ <Figure 7>ollA] Hgkxo] dFo <okFo] §X
Aol MEe] o A4S taa U AR FHE
o & Az"Ho = ZEE OB Aldo] dFo Ade st MNF HET
T doug DMCS 3 x]e] MNo] OB Ao 2 I'E FedA %A &1 1
& A=A gelsloF k. MNo] OB Aol &aEo] HeE §x3}
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oo r dFd AqEdS ALY 5 vk ko= e F
Zr9l HAZ AZE MN OB Aol o3 Fejzt WatAY g5 @A
g AP Aaslr)o] oA o]E AAZ Blsly] 98 OB-DMCSe & e)st
4 S 2ot <Figure 99} o] MN 2o OB AlH& Hojx=
et Arde Tl 2W 1Y 34X #E3 23 MNe| Fele 28 A3
st adiE FAEAT. AF 9AS MNY FeshA gL g

A
oy, AFEE AdMe FF 15, 12 5 #F0 7 A= o A%
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w3, oAl FEjtd kg Aol el
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Before coating OB serum

OB serum

MN
DMCS patch

Coating OB serum

Scale bar: 1000um
Figure 9. OB-DMCS Morphological Stability Test

=3, DMCSE MNS Z3sle= t2= §Ho OB Alga o5 dygo=w
Y=+ WB AlFo] FAo HEEE Al&Hlo|BE U223 FW IHY
OB Al FUE+= WB Alde] g2=aE o Ao 29 Adzds 2
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Figure 10. OB Serum’ s DMCS Disk Occupying Area Test

84) J. H. Sim, S. D. Gong, G. W. Kang, M. G. Jang, H. S. Yang, J. S. Park, Y. C. Kim, H. K. Lee, H. 1.
Jung, Y. S. Kim, C. S. Jeon, H. R. Ahn, M. K. Kim, J. B. Choi, H. Lee and H. 1. Jung, Enhanced
Micro-Channeling System via Dissolving Microneedle to Improve Transdermal Serum Delivery for
Various Clinical Skincare Treatments. Pharmaceutics, 14(12), p. 2804, 2022.
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1.2. OB-MLP9| ¥t AAd Ad

<Figure 8>3 o] MLP= ¥ &-of Ald &9 To Ed Fe= 2 &3t=
TP Alz="lo]2 2, MLPo| °J3 &g Aa F5 A2 IS fsis= MLP
7F AEd " §dolA 2 FEHE FAMF ok =3I, OB A€} WB
AFE SA AR2 HLsEd MLP 4A7F OB Aol EF5oidE 4
NA =2 &3 I FEE FAS=A Felafo h MLP ¢J#7} OB Al 4o
galHol FHE FASHA Xt afHor IR IS FHE 5 g7

Folth. drH oz A EFHE A MLP gAbs A 8421 OB Al
of ofs Fehrt WatAY &HA FAR, AA AFPNA ALE TS &

91317 918} <Figure 11>3} 7ol OB-MLPS Hejstz obgn Adg a3

ok OB-MLP Heistz AdAAN Age Ada 789 wel MLPS OB Alg ol
5.4 %W EFI} AgPor], A B AelR LYet] Feoty

94S HIHATh Figure 1DelA Boli whsh o] ¥e 9 Hd W 4
gulol MLP 947} 19744 $8stel Je18 fAshs e FAgch o
Y WA Festa gy e BRSO $F 139, 5 12 A=A

FES 9 frF DAY A &lo] Hastt

):]

o
o

85 A. R.. Tadros, A. Romanyuk, I. C. Miller, A. Santiago, R. K. Noel, L. O. Farrell, G. A.
Kwong and M. R. Prausnitz, STAR particles for enhanced topical drug and vaccine
delivery. Nature Medicine, 26, pp. 341-347, 2020.
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1 minute after mixing MLP
‘ with OB serum

MLP

e

\— 1

Scale bar: 250um
Figure 11. OB-MLP Morphological Stability Test

1.3. WB-MLP2] ¥ejstz AdAA AP

MLP= 3o Alg &9 Fol &€ MLPE TP W& 7|vte = a8 A

Hgshs Alzdolr] wEol A5 2§ Al MLP 4de 9 defe] FA71
Fostth a8y 144 Z8Wl HAZ A &E MLP dAkes dubzo=s 4

40 WB &M= FHE #AIskA Xsta g3l ol & AA Al A
& 7t

off

A Flstr] gl A <Figure 12>¢F #Zo] MLP7} WB &4} 97 A



22 w9 sty PP ES Flsk= WB-MLP HHA AdS WP
<Figure 12>4 & 4 A% MLP 9o WB A& Doz} FA| 5 wo] 2~
ol WB M#Ee B4 wjZo] 44 HAZ AZE MLP7l 132 kel &35 0]
Atgbsom, MLPS] HElE <ol & + (It MLP= WB Ald A Yell+= T
3 2, WB Alg &= A8ete Ad@dA= MLP

i

Ag AP AT F Qo Boakel A9,

Before mixing MLP with WB serum 1 minute after

. ) ~ Scale bar: 250um
Figure 12. WB-MLP morphological Stability Test

2. In vitro $§ A 3% OB, WB H &4 3

A9 Amse] FEsta A4 %) F OB ART WB MY A47e wm
o= Agdl APEiT 7 Ao FAol BE AT dolsh guAel e
WA Bela . ol F AW F APe 54 HgahE Two-dyed A A

|

o) A% Zolsh BHA £ OB, WB ©% A& Age] FAsh mshel
ol FA Ago] ASW, HUSWSF AFae o w5 A9 S W A}
g g4E A% dolo} AL HoleA ST,
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2.1. $1A W3 OB A8 AL439

CFigure 13>$h 7ol OB Ao AP#® AE Zolsh Bux Pys

Two-dyed AlH AFolAe]l OB Al HAF 3 vwstr] 9fs OB Ald o
= A AES WYY AHEE OB AEe gd 33 HE dug 29¢
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Figure 13. Completed OB Serum Porcine Skin ‘s Top View and Sectional

Fluorescence Detection
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87) H. Freundlich and D. W. Gillings, A comparison of the influence of audible sound and of ultrasonic
waves on colloidal and two-phase systems, Transactions of the Faraday Society, 35, p. 319, 1939.
88) A. R.. Tadros, A. Romanyuk, 1. C. Miller, A. Santiago, R. K. Noel, L. O. Farrell, G. A.
Kwong and M. R. Prausnitz, STAR particles for enhanced topical drug and vaccine
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Figure 17. WB serum Applied Porcine Skin ‘s Top View and Sectional
Fluorescence Detection
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2 AF Zo] gl Yetytth. TP, DMCS AlY =5 HUSW 2
ASW ZAjt Aol TP A= o fFovlstAl S7ksk A
E Zo]lE yehiitl <Figure 18. B>ollA= TP thx7(100%, n=5 meanz8%)
of Bla) TP ASW A &L 588.79um (211%, n=5, mean+7%)2 & Zo|&
Holm TP-HUSW<] 487.53um (174%, n=5, mean+6%)Rt+% 2|v|stAl 7}
St FE Zdolg RA{Y. upxrlA R, <Figure 18. (O>olA % DMCS oz
(100%, n=5, mean=*6%)°l HlS|AA= DMCS-ASW7} 790.45um (149%, n=5,
mean+7%)¢] HE Zo]E Kol DMCS-HUSW<e 610.17um (115%, n=b,
mean+18%) BT Fo| |3 & Zo] F7HE YET
ojglgh Al E nFe v Ao TP Ad7 A5 Ho] #of &
2 G A AIAE 7hek= HUSWIOZE ow] &2 =717 OB Al Hell Hl3)
doiF oz e WB Alge] A5 25de ALsi= WB Ald #2¢9] v
H ARolle ASW 23 Ad Hls) dojder & ¢S vAA X3 A
o= ®ogth ¥HA, ASW& HUSWoI ®ls] 71 9p9)s BFaf F5 FH 2pA ol
AHAE 7S A2 B}t =, OB ARl Hlsf o]n] x| 22 WB

Ao Ae FFole AlY EAE AsA7|= HUSWESGE I3 AAE 3
SAA EYFor EL WEo F ASWIE AUiFoer & An §FF X 2

olog #83 Aolth WA, <Figure 18. (D> TP, DMCS Ad A3
E zlo] AdA Hlmo A= <Figure 16. (ADollAl &213 OB A8 28430
Al YEbd TP, DMCS Alg A3Te] AFAET 2ol F Adol Yets 18

90) G. Salvia, N. Zerbinati, F. M. Margiotta, A. Michelucci, G. Granieri, C. Fidanzi, R.
Morganti, M. Romanelli and V. Dini, Ultra-High-Frequency Ultrasound as an Innovative
Imaging Evaluation of Hyaluronic Acid Filler in Nasolabial Folds, Diagnostics, 13(17), No.
2761, 2023.

91 H. Freundlich and D. W. Gillings, A comparison of the influence of audible sound and
of ultrasonic waves on colloidal and two-phase systems, Transactions of the Faraday
Society, 35, p. 319, 1939.
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92) G. Salvia, N. Zerbinati, F. M. Margiotta, A. Michelucci, G. Granieri, C. Fidanzi, R.
Morganti, M. Romanelli and V. Dini, op.cit.
93) H. Freundlich and D. W. Gillings, op.cit., p. 319.
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o4 OB M¥E2 563.39um (100%, n=5, mean+8%), WB A& 991.98um
(176%, n=5, mean=*=17%)¢] HAF zZlo|& Holm ¢F 76%° zlol& HA{T.
3], MLP-HUSW A&l A= OB Alde] 439.37um (100%, n=5, mean=+15%),
WB Al®o] 911.33um (207%, n=5, mean+8%)¢] AT ZolZ Holw <F 107%
o] AE Zo] zo]E BAUTh A, <Figure 21. D)X= ol#g MLP AL
AAT OB Ald, WB AlE T o] 3 BAFAES vlwstr] 9 ol&
Ao agzE A <Figure 21. (D> MLP-ASW A& oA = OB Al
Hel AT o7t B A8 Aole AMIAst oF 500ume XEE FAE
Rew, WB Al JA FF A8 Zolo] A3HIst oF 1000um)ol] W=7
AE BAT ol= MLP 71&9 45 ASWe A& o x£3 o3t x3F
29 Hgo gk AR 1 BRAFS AAME

¥ 22, MLP-HUSW= F A8 A& o7t 5 58 A& Zolef 4
gtol] 747k 4*|(n=5, OB A ¥ mean+15%, WB AlH mean+8%)€ E T}
AyfA o8, DMCS AdoAe F 7FA SW A Aol =F A+ F39
F3st AT ZolE Holn AFsld SW A% An AG Ayl JMEAE Al

AFgal, MLP Aol A= MLP-HUSW A dTo] SW 2% Ad+ 5 714 ol
ARl AFE o] FA5 Heoln Astd SW Z2F §A A& A" M 53

-0l -



of &3 AHE HoAFrh MLP

faAY AAEAA AFY FeAe woln UA Al

e a7k Hes) Helth

-ASW

(A)
%k %k k %k

= 800 I 1

g *k 1
Z 700 —

=

&

g 600

s

E= 500 —

[y}

g

S 200 1

3

Q

€ 300 —

2

& 200 -

o

g

) 100 —

°

3 0

DMCS DMCSASW  DMCS HUSW
B o6 serum ] weserum

©

T 800

Y

= 700 -

-]

&

g 600

s

B 500 —

o

@

2 400 E___H

U

(=

€ 300

2

& 200 -
E - oB Sserum
'g 100 —A— WB Serum
2 0

DMCS DMCSASW  DMCS HUSW
*X.05,

(A) DMCS Ald A3+
a; (C) DMCS Ald A3+

RS LI

A3

o =] E = =
ddwe A S AF Lolg £
28 A A
(B)
*

<= 1200 —

E i *%

2 1

< 1000 —

Q.

(7]

©

5 800 —

]

4 *

g 600 - (|

a

g 400 —

@

]

T 200 -

il

=]

3 0

MLP TP MLP ASW MLP HUSW
. OB Serum D WB Serum

(D)
T 1200 -

SN
£ 1000 -

Q

@
©

H 800
=]

s

@

2 600

U

Qo

g 400 —

I~

]
n
B 200 — -8 oB Serum
>
'g —A— WB Serum
3 0
= MLP TP MLP ASW MLP HUSW

** .01, ***p<0.001. n.s.=non-significant
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<Figure 21>014 z+ Mg b HAEF Zo] vuwE T3l Z43std A F84 o
= A= 18y, <Figure 22004 & &% JAAIFL 23Y3H= dlol 9l
AT 7HAE E FHo FEiste YEAE tixzeds AASH] A F

| Az"oe] 71E Az" Blas) 24 Alde) HF zolrp ofEA st

mw 2 ez
>

]

== Stk DMCS AE A+ vlnolAE <Figure 22. (ADolA Ho]%
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DMCS-ASW mean+10%) L34 43 ow, £3), DMCS-HUSW A& 7o A
°F 51%(n=5, mean+8%) ZristH 7} Z F Ao WA, <Figure 22.
(CpollA Hol%o] DMCS A¥E AT Hlu WB A® HE o=
Two-dyed Ald AEME E= A& Aok FAS 52 JAF Aols B
th. DMCS, DMCS-HUSW A &tollA kb oF 12%(n=5, mean=®6%), 9%(n=>5,
mean=+7%) &7+ o™ DMCS-ASW A&7 olAx = ¢F 14%(n=5, mean+t7%) %
2Fn. <Figure 22. (C>AA detUx 25 fFolr it S7iet Zdas dey
A kskth. ole} Ze AL v 2ol ¥

OB A8 AT Zo] oA A JAFE Zole ATt dojd AL
DMCS®] DMNe] x4 g™l HAR A|Zd Zlo] 714 & HdRIe=E R’
th. DMNo] 3 Fo AdS FAT F FA3E 5o HA solutione 2 &af= =
A4 @5 Lol ofd OB, WB Al EFE 27 =HWHA OB MA@ it
WB Alda doix oz o ge ¢F AgstA HARS Aelth &, dAF o=
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94) G. Salvia, N. Zerbinati, F. M. Margiotta, A. Michelucci, G. Granieri, C. Fidanzi, R.
Morganti, M. Romanelli and V. Dini, Ultra-High-Frequency Ultrasound as an Innovative
Imaging Evaluation of Hyaluronic Acid Filler in Nasolabial Folds, Diagnostics, 13(17), No.
2761, 2023.
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A ew A2 FRAEA @eDol AYAE 7igit. wEbx DMNO &3 &
7hESHA HaL, @5 AR A S 2y 5 ARl @ 200A HHA WB Al
2 & ALE Ao <Figure 18>3} <Figure 19olM A" =3+ &3] Aol
HAPS Aoz Helth meka, WB Aol HUSWe} §H4 DMNe| &3 7}

&3k Zlo] OB Alde] A& AoZt v& & F FasiA & ddde= Hon

Y

e

H, T1gol= DMCS-HUSW A&l A WB MdEe] H&E Zol7t of 9% 57}
AL, ol A= g e AE Ay FF AL 4 HBeA
DMNoll =& ® OB Aldo] &4 F& XA Aoz HAY. ol Fdf,
5 ZolE 1HZ SW A =" ZlsddA= OB Alde AF o7t v
DMCS A€ A3 Hlals) zol7k A9 glar, WB Al A&7 o] =3 &
7}ek DMCS-HUSW A@ro] & A7-e] F2d] Fetak SW Z2dA2="d Ao
2 qZF3A. MLP Ald 27 HlwoA = <Figure 22. (B, D>ollA Ho]xo]
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i

12y <Figure 22. B)>2] DMCS-ASW A& oA <F 6%(n=5, mean=+8%)

£ Bt E3], <Figure 22. (B> MLP-TP A3 7& o5 3
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3. AA AEAH A

# AP HUSW 23 DMNE kA, fradol g B7Fs #1sted DMN
Zles AAS gz HUSW 23 DMN 7&s AAgE Algadd st &
=3 =7 FHo ARAGET #9), =531 22 B ARA@A 59,
IR A HEGErE 79D, A5 ALEGETE F9DE ksl ffsl Al 284
= P B AP 30-59A412] ARl o4 23H(HTE A% 49.6+5.64)9]
o8& 23 B4 AHgstidon T 28 19e AL Adoda 22
Bol NEe SRt AHE AR 13 ARE A5 AT 253 w7F F
9 AR2 AL7] Bgk Raume] 4 #h2 10.195%= #Fofmed &
(p<0.05) B oy thxte] AR H+Fak Ra(um)e] 7Ha 3t 2.325%= AlY
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31 233 w7t 74 974 97 43

Table 1. Result of Skin Texture in Wrinkled Eye Area

N=22(No. 01~22), (Mean=+Standard deviation)

A&7 B4k Ra(um)

AlE =T
Alg A 6.619+0.964 6.390+0.963
18] ALg A& 5.937+£0.895 6.220+0.866
AR 1Y = 6.265+0.977 6.274+0.851
W3 2(%)
A2 e
ALE A oiH] 18] AL A s -10.195 -2.325
ALgE A diH] AR 1Y & -5.356 -1.468
AAE Ao AN
AlE T =
AL A OiH] 18] AR RS 21 |/ 95.455 18 / 81.818
AbE A iH] AR 1Y & 18 / 81.818 16 | 72.727
B A =4 (p-value)
A2 e
4 MAY AP Eas} < 0.001+ 0.004#
e A ol 18] AHg A% < 0,001+ 0.016#
AR I R AR R EV R < 0.001+ 0.062
27t 13 Alg A3 < 0.001%
e A 1Y F 0.016+

* . p<.05 by Repeated Measures ANOVA, post hoc Bonferroni correction.

#: p<025(=5%/2) by Friedman Test, post hoc Wilcoxon Signed Rank Test with
Bonferroni correction.

1 : p<.05 by Independent #test.
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A8 13| A8 X% A 1Y =

Control

=3 Zg oo|az YE

o

7] H¥gk RamE w438t 72 /Ao A=E Fofsidth. Ra ghel Z
g5 97de] AdES ordt SAE #e 4T A3, AdTelA
= 2299 AN@EA F 21"e] AHE A tiH] 13] Abg A Fo nRAd AR
7] #kol JAAEAeH, ARG A tiH] ARE 19 Foll= 189 o] /AU
278 BF A A oyl 13 ARE A F 189, AR A ] AR 1Y # 16
gol] MU ES, AT dE2FS vlud 2y 13 AMg JAF, ALS
1Y & mFollA 374 AR7] Fa@ad fstsoA FAHCE Fon g A
o](P<0.05)7} &&= cKTable 1.). <Figure 24>+ Antera 3D CSE A&3}4]

AP =7 Ao vRE SAS I EzARIcs 4 Fde 59



o] Aold5% FHA AFAL oJulshn, ol FIH ZHS Texture
Mode® W#sted 747 BE@ RamE BHstth NP7 49 237
w7 B9le] mRAo] Agen foua AdHRY, hxze] A
Felm@ gole TR ol ok

mo
Lo

7.000 — *
| :
'§ 6.619
3 6.500 —
[J] 6.390
5 6.220 6.274
o
X
ki 76:@
c 6.000 —
<
wv 5.93
#
5.500
A 13 A X% Ag1g E

*: p<0.05 by Repeated Measures ANOVA, post hoc Bonferroni correction. —l— =eut Z# njoj3= UE

#: p<0.025(=5%/2) by Friedman Test, post hoc Wilcoxon Signed Rank Test —A—  control
with Bonferroni correction

Figure 25. Comparison of Skin Texture Changes in Wrinkled Eye Area

<Figure 25004 ==31 =7F #99 542 A-A7] g2 AT 45 A

€ % 6.619+0.96404 13] A& 2% 5.937+0.895, A& 1Y€ % 6.265+0.977
o= 747} 10.195%, 5.356% -FolvwletAl Zastdal, tixael A¢ AR A
6.3900.963°1 4 13] A& 2% 6.220+0.866, A& 19 ¥ 6.274+0.851= 2z}
Z} 2.325%, 1.468% 743t T
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19 A8 A= ANg 1Y &
0.000 .
)
é— -1.468
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" 1
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9 -9.000 —
©
-4
& 10195
& -12.000 — L
£
o *
-15.000 —
3 Rate of change (%) = (After - Before) / Before x 100 D =T Z 00|32 UE
*: p<0.05 by Independent T-Test. . Gontral

Figure 26. Rate of Skin Texture Changes in Wrinkled Eye Area

CFigure 26514 AN @3 229l /b 299 WA ALY Mg 1
drE wwstge W, NPT A A ovl 18 A% HF dse
10.195% % thza9] 2.325%° wlall A Ao, AR A diHl ARE ]
Y Fo] WlE 9A APTS 5.356%=2 2T 1.468%° Hls) o =ZA %
astgonR AgTA sRdel o wel ANHULS ¢ & Atk Ty
18] At A5 Wshe o) ALg 19 Fo Wk Aolsh 2 shzke] Ut
t e Bal SR el AEHe ke BAT Bast Aok
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32. 57 wARS 974 H7t A5

Table 2. Result of Skin Texture in Wrinkled Forearm Area

N=22(No. 01~22), (Mean+Standard deviation)

A7) Bg; Ralum)

Nz T
AR A 7.532+1.103 7.855+1.237
18] AL 23 6.545+1.123 7.615+1.147
AR 1Y = 7.017+t1.177 7.626+1.286
3] 2(%)
AlE =z
AFE A iy 13 Al AS -13.182 -2.878
ALE A iE] AR 1Y £ -6.906 -2.932
AAE A DA ANG)
AT =T
ALE A giH] 13] Al A S 22 [/ 100.000 16 / 72.727
Abg A iH] AR 1Y &= 20 / 90.909 15 / 68.182
T A &A1 (p-value)
AlE =
o AAW AR a < 0,001+ 0.005+
Al ALE A oiH] 18] AFE 2 S < 0.001+ 0.015%
P T P PN NN < 0.001+ 0,048
27) 13 AHg A Z < 0.001#
Hl o AHE 1Y & 0.049#

* . p<0.05 by Repeated Measures ANOVA, post hoc Bonferroni correction.
#: p<0.05 by Independent #test.
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Figure 27. Representative Photo of Skin Texture in Wrinkled Forearm Area

Antera 3D CS= & F9l9f vRAS FFste] ST A5 ALY Hd
# RamE 4% 23, AFTodXs A A vl 18] ARS A5 AIdod
2b 227 Ao vFd A-Y] grol JHAAENeH, AHE A thH] ARS 1Y F
o= AddA 2009 wFd A-7] ghel A AT <Table 2> Ho]
ol e A AHE A il 13 AHE A% 169, AHE A e AR

d S 159Wo] MAEAT. =3 <Figure 2704 AT x2S Hlugt

As, 18 A4 AF A4S 1Y F wEelN FAHes fejna xjol(P<
0057t BFHAAoM, WA ZHL U3} FIF A4S FHNE 232
AL oulste 2 BU &9 FoIF BIY & AATh
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*: p<0.05 by Repeated Measures ANOVA, post hoc Bonferroni correction. —ll— =su Zgtnto|az LS

+ Control
Figure 28. Comparison of Skin Texture Changes in Wrinkled Forearm Area

<Figure 28>eA &471 2 9o 97A A7 ge AP A A
€ A 7.532+1.1030014 13] A& A% 6.545+1.12302 13.182% -+ mlHA
Z+2=(P<0.05), AH& 1¥ & 7.017+1.1772 6.906% 57 3kAl 7+4(P<0.05)3}S]
I, HETe A AR A 7.855+1.237904 13 A ZFF 7.615+1.147%
2.878% frojmlstAl s, A 19§ 7.626+£1.286°.2 2.932% #+4=(P<0.05)3}

AT
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Figure 29. Rate of Skin Texture Changes in Wrinkled Forearm Area
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33. IR ge vHE &7 19 =4 Ht A5
Table 3. Result of Deep Skin Hydration Changes
N=22(No. 01~22), (Mean =+ Standard deviation)
B& (AU
A FT 1 sty
AHE A 38.777+2.879 38.612+2.656
13] A8 2= 40.382+2.764 38.995+2.737
AE 19 & 40.244+2.474 38.852+2.584
1 3H-8(%)
AlE o sy
AHE A die] 13] AE RS 4.204 0.992
AHE A e AE 1Y F 3.944 0.656
NAAE A EAHN%)
N =
AHE A el 13] AHE RS 22 [ 100.000 18 / 81.818
AbE A e AR 1Y $ 21 [ 95.455 14 |/ 63.636
T A &A1 (p-value)
Alda o iy
) AAY 245 < 0.001 0.047+
Lo A o 18 Ag HE < 0,001+ 0.007+
L e A ol Abe 19 ® < 0,001« 0.520
27 13] A& A < 0.001#
Bl g 19 & 0.001#

* . p<0.05 by Repeated Measures ANOVA, post hoc Bonferroni correction.

# : p<0.05 by Mann-Whithney U test.

MoistureMeterD (Delfin Technologies Ltd., Finland)= ¢Fd 29lo] ®B&5 Zk
S &, vAFHR o7 A= AHE, MoistureMeterDE £3 =43 B
% @l 38 WS FE WIABE ALRUTE BE @0l FHRFE I
T Ze HEol JAdEe Yudt 9Fe HE #He S-Sk nlud
{Table 3> &l APl AFNEA 229 Aol AR A div] AHE
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A% mE e BEe AML Bgon, As A ol Af 1Y F 2199

AT R 2e myel AME Bt dzzdAs A4f A ol

Ag AF 1899 AFHIA W% Qe BEe AHE BEoM, g 2
&

oEl ALE 1Y F 149 AFuigAst AHde 2y
44,000 —
*
*
-]
< 40.382 40.244
§ " £
3 38.777
o)
]
) 38.995
S 38.000 — 38.612 38.852
E M
=
7}
36.000 — .
34.000
Abg ® 19 A8 §E A8 123

*: p<0.05 by Repeated Measures ANOVA, post hoe Bonferroni correction. —ll— =su Zgtoto|3z L

—A— Ccontrol

Figure 30. Comparison of Deep Skin Hydration Changes

rr
rlo
u9L

<Figure 30>oll4 I& 2e BES UYede BFAU) #e AdTe A+
A8 A 38.777+2.879 oA 13 AHg ZHF 40.382+2.764% 4.204% 2|78}
A F7HP<0.05)3FH L, AHE 1Y F 40.244+£2.4742 3.944% F-Jv|stAl F7}
(P<0.05)3}Hth. o] A9 ARE H 38.612+2.656004 13] ARE HF
38.995+2.737=2 0.992%, AH& 19 % 38.852+£2.584% 0.656% % 7HP<0.05)3}%3
=3
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Table 4. Numerical value of Deep Skin Hydration Changes

N=22(No. 01~22), (Mean+Standard deviation)

Density 4k(%)

A+ o) =
ALg A 12.075+1.806 12.914+2.518
18] Alg 235 14.132+1.988 13.383+3.105
AHE 19 = 14.820+2.457 14.012+2.651
H 3} 8(%)
Al T =
AHE A e 13 A AE 17.587 2.998
AbE A e ARE 1Y F 23.515 9.230
A" Al AN/ %)
Alg T =T
Abg A tie] 18] Abg 2 F 22 / 100.000 18 / 81.818
AL A e ARE 1Y F 22 / 100.000 19 / 86.364
T A &A1 (p-value)
Al T =T
1) MAYW A& < 0.001# < 0.001+
o= ARE A OiE] 18] ARE A3 < 0.001# 0.128
e P [ DA NS TVRE < 0.001# < 0.001x
271 13] A8 Az < 0.0017F
H| 1 Ae 19 = 0.001

* . p<0.05 by Repeated Measures ANOVA, post hoc Bonferroni correction.

# : p<0.025(=5%/2) by Friedman Test, post hoc Wilcoxon Signed Rank Test with
Bonferroni correction.

1 : p<0.05 by Mann-Whithney U test.
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ABSTRACT

Enhanced Transdermal Delivery of Active Compounds
Through the Dissolving Microneedle System Combined With

Sound Waves.

Jae Hyun Woo

Dept. of Beauty Industry
Graduate School of

Sungshin Women’ s University

Major of Cosmetics

The beauty industry, defined as “the industry related to services provided
to maintain the human body healthy and beautiful, as well as various beauty
products and devices used in service provision” , has been growing steadily
since the early 2000s. The beauty industry focuses on the skin as the
targeted application area, but even highly effective ingredients may face
difficulties in exhibiting their effects when applied to the skin, mainly due to
the skin barrier that hinders the absorption of active components.
Consequently, continuous research and development aiming to enhance the
absorption of active ingredients without causing skin irritation have been
ongoing in the beauty industry. Recent efforts have combined nanotechnology

and new materials to overcome the skin barrier, but these technologies have



mainly focused on topical formulations (TP), limiting the transdermal delivery
of cosmetic active ingredients. Therefore, there is a need for new
transdermal delivery technologies that surpass the limitations of TP to
efficiently enhance the percutaneous absorption of functional cosmetic
ingredients.

In this study, a new transdermal delivery technology is proposed by
combining a Dissolving Microneedle Channeling System (DMCS) and
Microneedle-Like Particles (MLP), developed to overcome the skin barrier
physically and enable more effective drug delivery through the skin, with the
incorporation of Sound Wave (SW). Since both DMCS and MLP utilize
microneedles to create channels in the skin, by combining it with various
frequencies of SW devices that disrupt the skin barrier’s structure using
physical vibrations, it could potentially facilitate more efficient delivery of

active ingredients.

In vitro experiments were conducted using three experimental groups:
topical formulation (TP), DMCS, and MLP, comparing them with two different
frequency ranges of audible sound waves and high-frequency ultrasound (1
MHz or higher) combined, resulting in six experimental groups compared to
the control group. Sukalming Serum (Vitamin K 3%, Sucralfate 0.05%, Coiz.
Ltd., Seoul, Korea, Oil Base Serum, OB Serum), known for wound healing,
bruise relief, and redness relief, and Ceutisome Serum (Perfluoro-decalin
7.5%, Coiz. Ltd., Seoul, Korea, Water Base Serum, WB Serum), known for
stimulating skin cell regeneration in the epidermis, were used as serums
containing active ingredients. In vitro experiments on pig skin were

performed to verify if there were differences in the delivery of active



ingredients within the serums when combined with DMCS and MLP through
SW. The penetration depth value indicated the phase within the epidermal
layer where the active ingredient would act, and the penetration
cross-sectional area was compared as an indicator of penetration capacity

according to L’Hopital’s theorem.

The results of the experiments combining SW with DMCS and MLP showed
the following outcomes: In the DMCS group, measuring the difference of
depth of penetration for OB Serum and WB Serum, when combined with
audible sound waves and high-frequency ultrasound, there was a significant
increase of approximately 86% and 84%, respectively. Similarly, the MLP
group demonstrated maintenance of depth for OB Serum and a significant
enhancement in the depth of penetration for WB Serum. Especially
noteworthy was the high-frequency and ultrasound combination, MLP, which
showed a penetration depth of 991.98 um (n=5, mean+17%) close to the
average depth of the epidermis (1000 um), indicating that WB Serum could
affect the entire epidermis. In conclusion, by combining SW with existing
DMCS and MLP technologies, it was possible not only to simultaneously apply
OB Serum and WB Serum to the skin but also to deliver OB Serum to the
surface depth and WB Serum across the entire epidermis, surpassing the skin

barrier.

Based on the results of the in vitro experiments, a clinical trial was
conducted on 23 adult women aged 30 to 59 years (mean age 49.6+5.6
years). In the human application experiment comparing the test group, which
combined DMCS, which shows enhanced coupling effects in the in vitro

experiments, high-frequency and ultrasound, and the control group using



DMN patches, it was observed that the roughness of the skin texture
decreased by approximately 7.87% (P <0.05) in the crow’s feet area
compared to the control group, indicating improved skin texture. Moreover,
deep moisturization in the crow’s feet area increased by approximately
3.212% (P <0.05) compared to the control group. Additionally, the skin density
increased by approximately 8.357% (P <0.05) in the crow’s feet area,
suggesting that the test group with high-frequency and ultrasound combined
with DMCS showed greater improvement in managing wrinkles and elasticity
compared to the conventional DMN patch control group. Essentially, the
results obtained in the clinical trial aligned with those observed in the in
vitro experiments. In conclusion, the combined system of sound waves and
microneedles proposed in this study is a new transdermal delivery system
that overcomes the limitations of existing TP formulations. In the future, it is
expected that we will be able to pioneer this for various types of functional

cosmetics making a new start in the beauty industry.

key words
Dissolving microneedle channeling system, Microneedle particle, Audible

sound wave, High-frequency ultrasound, Water base serum, Oil base serum.
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