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AT AE e e e e e e e e e e
A O M OJE e e e e e e e e
2.1 227 dq9 F-4AF (Refractive index of tissue and blood)
2.2 3 A 7+A 33 (Optical Clearing Effect)  + « + « v 0 v o v
2.3. % EA =4 (Optical Property Measurement) « + + « = = + -
2.4. Inverse Adding—Doubling = + = =+ s+ s e e e e e e e e e

25, 2&9E

3.1. Al #4Y] (Sample Preparation)

3.2.
3.3.
3.4.
3.0.
36. wzk AY

3.7 % A A

H] Al

2y

Beam Profile

noe
Y 54 24

Method of Optical Clearing Effect)

3.8. In-vivo A%
Al 4% A3
Al 5% 1
A 64 dE
Faowd -
S

o] &3t k& AL (Sonophoresis)

A3 e R A A

%59} (Ultrasound Device)

(Micro—needling Method) =~ = « « « « « « ¢« o o

Intensity =4

Al 2~ €l (Optical Property Measurement System)

HG 94 A]2~€ (Cross—Polarization Imaging System)

a3 AFH 4 W9 (Quantitative Evaluation

11
13
14
14
15
17
19
20
21



10.
11.

12.

13.
14.
15.

16.
4 17.

18.
19.

20.

g =k

&,

|

Glycerol =% 1417 A3 & % saline =% 14

of W& (a) ¥ TR} (b) 724 A= A - e e 6
A g A 39 on A, (a) AE A, (b) A5 F () A5 1A
9 % (lane 1 : HET, lane 2 : Ho|A A=, lane 3 : PPG-PEG
mixture =¥ & HolA X FE) - e e e e e e e 7
AR Fo A= g glycerold) &, (a) glycerol =% 7, (b)

glycerol =3 H5&AF 3 (¢) saline =% 5847 & (d) 94 ~

i
o
%
o
1o
i
ol

D1 = T 8
(a) reflectance spectra®} (b) transmittance spectra =738 st
Integrating Sphere .................... 9
dabe| wE integrating sphere® reflectance &% - - -+ - - 10
T 709 integrating sphere® AF-&E u] Mg, MrE A4slr] gk

B T T 11
IAD header Eq_OE] oﬂ }\] ................... 12
(@ "Al F Z89 (b) AAE T4 529 3 dAn 4 (X40) 9%

2 ) "M EY A8 A (D F9 OCT 93 - - - - 15
()21 A AAE ERA 54 2 b)) &5 54

4t thermal coupler(ZFH)$} &AW &=($) 25k~ - « « - . 17
Beam profile intensity &322 $3% A|2=€ #+4 - - o o - 19
#F 54 SAE s A=E () 24 F4, (b) double

integrating sphere®} 2~ EZD]E - - - - - o0 e 20
(a) 94 FAEHSG FFAA ] FLRC), 2 AP AFAE (3D

2 G Al~®($-) (b) LED 349 3¢ 943 22 i ye 21
Ex-vivo 2d-& ¢& 2449 system schematic - -« « + - - - 23

(a) NEH (b)) A9 modulation transfer function Z=E - 24
9B%9] glycerol =X & (a) 0+, (b) 30, (c) 60, (d) 90% 23}

oAbl whE 3 AR e I e e e e e e e o7
Relative contrast graph (No-treated vs needled) - - -+ - - - 28

50%6790% glycerol =32 A&7} 1A17F A3 ()¢ beam
profile intensity L3, (a)-(b) 50%, (c)-(d) 60%, (e)-(f) 70%,

(@)-(0) 80%, (=) 90%  + = = o 29
FEstE 74 A Al ZEE - - e e e e e e e 31
70%9) glycerol =% & A3 dx79 (a) 02, (h) 20&, (¢

40+, (d) 60 Ay ¢ @ Atk A 33 MTFET) -0 32

Relative contrast graph (needled vs needled + ultrasound) - 32



2L A deae] A A g 53
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(e}
29 22, In-vivo mouse A&, (a) 0%, (b) 20% 43}
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g o] fdt= Hddoly A5 Al JX 279 akek EAo| 93 e e E
I zZolz Qs 1 gde dAzF k. ol EAHS FEIY] st AA
3 A A EA(optical clearing agent)olyr &g A<l HHE-8 o] &3] W9

FHES FHATZ A A ElelE TAem dds] sz 3l

Glycerol, glucose, polyethylene glycol (PEG), dimethyl sulfoxide (DMSQ), oleic
acid &< 38 EAE0] optical skin clearing ° ©]&% 3 3, microneedle,
laser ablation, ¢=-S ©]&3F mechanical devices 5o ¥ FI=E ZF7117]7]
Aol Ay AdE FEATN7] 8 AR

=
G ATE B wA Y Bk ¥ AW ga BAY AR A

H
i
ih3
5

43te], 70%<] glycerol solutiong AR&&F$ L,
A 2 Z22 g8 ex—vivo porcine skin sample®]| glycerols =% 3 &
Lats Agstgrt & S A §3E ex-vivo porcine skin sample doll Eo
A modulation transfer function target 349 contrastE AAtele] HHEFH o=z

ST B in-vivo A¥S Fsle & Ak A 2aE A5E

g He TR A AL 22, 259 w4 H =Y, F B, SdAE

_iV_



A1d A&

A vy Agdol ne @ pelel o Bl wobAwA, Axd WE A

Foup Al el Bloup #HolAE ol &8 A&y} Ade il dnh ey Blo]

O

ok 3 &S FFAT 7] HEte], ske ¢FE (chemical agent)S AF&3sle] AUA
xAo F A A B (optical clearing effect) S J=3 A Apso] &
3] H3uE3 9t Glycerol, glucose, polyethylene glycerol (PEG), PEG:PPG
mixture, dimethyl sulfoxide (DMSQ), oleic acid 2 % 4t&t 724 4

(optical clearing agent)E©°| 3 Atgk 7+4 =5 & Ao ALEH

|

o]
b
52
R
-

e B AP A ERS 279 Alg EAS 7HAAY|IL, o]R sty %79
B8t AW E (optical clarity)E S7HA1z1th 3 AFE A 33 2AME 2
(collimated light)o] ¥4 F2¢] AFZ/A AEHEs stof, kst #8H4 31
o 2 A5 &S FHAD F o9t F A T4 717 (optical clearing

=
mechanism)2 oF&7bA] W &stA B AR kARt dubdow vF 24 AR
Eul

=

o] &< (dehydration), =2 % A|E Alo]e] B (interstitial fluid)®] & 4t A4
Ao FR 3 oA, Febde Fx W3l (structural modification) B g
(dissociation)= <& A v} ol¢} L 7|AEL F2 HF x99 A& A&
o] =4 AT (refractive index)E IAsHA 2t F+= J&S ot [1-4]
Vargast glycerols ©o|&3+ 3 A& 74 a3E5 19993 R 3s}els,
in-vivo hamster ¥ glycerols =¥ 3 & dyaozNEe iy T2 A
25 A=Y (5, 6] Glycerol2 AA Astsla w= A EFfFEAdAA

(Food and Drug Administration; FDA)e| &8 <t e 75 &8k ofEolt)



[7] Misbah+= 1A Fajst & Abek 24 52 (PPGPEG mixture)& <410] A)

AR gdxte FHo| £F3 Z ryby laser (A=694nm)E o83l X RFH-S o,

olFd AHAE glo] #HeolAR Axg FERY 1 3irt Holun mFe & b
=

obA 7] witell, =2 #olAe EY duAE daw

Olt

A4 (thermal stability)©]

st o M- SAtel A F-8& Aoletar Bastivt [8] P, # AR
A BALE mF gde ZAAF (stratum comneum)dl] 9lE SE3 A
(dermis layer) & F45H A Lahs A7 7] v, B84 5L 7|44
QA AHE ol &St @ Ak A B9 FaLE AR 9 x2] 9
Ae FA7A F AR A E2AE AGAA F AR A Z9E A
et 2 A7 A8 vk McNichols® 3 A 74 228 24 A9F
o7 Fasto] fbE F AbRE A ZIE BoFAIRN 95 x£2 8 FAkel F
HE 3 veids ®ustgrh [9] O, Stumps in-vivo hamster 3 5o o3k
glycerol® F3&-8& F71A17]7] $l8te] sandpaperg ©l-&ste ZAF& #A1A 3

St 2 A3 AA" dAE=S 58 glycerol® IF dAdo] Zr1E s, 1o u}
B A A 24 3 AEEdh [10] 58, 980nme] el = o] A
o o B FHo| AAFE FA EZ (micro-channe)E°] =F ¥ glycerol®] 3
B oAGES 2475, o] 98l 1,290nme] Optical Coherence Tomography
(OCTAZ7E in-vivo AAF HH (rodent skin)ol A 42% O o] SAHHUSES
W3t [11] Xiangqun Xue & A 4 49 97 IAF&E A7)V
At 2&9E ARESaL, & AR A 39 AAE 99 2599 TS
golstdnt. [12, 13] #HY¥ Z3Fd Z=S3= 28389 cavitation, thermal,
mechanical Z#7F F0H a3 o] el v £Homo okE AFEo| Frhgit
[14, 15] A8 A-olM+= glycerole] HH HAE& FFAI717] fsted mlA 3 &
g5 o] &atqial, 2 A F Ak A 3l RS Haskt [16]

& A e glycerol®] ¥ AEE FFA FahEs M7 et T
Al A EY} 2395 SA AEste S AAS AT mA A B E AMS
ste] #H A HF} AME (ex-vivo porcine skin)3 3 5}

37
3L, 70%9] glycerols 8] E ME$d =23 B wATOR glycerolo] EEH

Mo ¥
2 o
>~

(2
2

0
OH
X
o
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AE 2&utEs ALt 4 kg Fa ans AE ofdldd B, A AdA
A #¥E modulation transfer function target®] contrast #A4He T3] AFFHo=Z
AR T ex-vivo 2EE F3 42 AIAE vHOR in-vivo 2¢-E
Patol o mIE ATHAT F4& TEE I AT mA A =2, G4 A
o a4 9 glycerol, 183l 295 o]&gowN F Mg A w3

1 o =
s Hole w2 A

At

N
rO
2
A
ot
et
¥

o

o

)

Aow 1 ANE d4be



Al 24 WA o&

2.1 A3 g F4AA 4 (Refractive index of tissue

and blood)

HAxA (soft tissue)& A+ £2 ¥ (network) 0.2 2%l w7 wd ¥

Aol aFor Ao vk #AHQ #A (microscopic scale)ol| A 9] F2 9
Aise Tt AAE 2t JA Z7] wid, dE5A 22 FAA Ade A
Ad ®Holn, Harxel F3Fe Al (average background index)= A¥EZA

(cytoplasm) 3 72 Y (interstitial fluid)®] F& A4 E (refractive indices)®]

o w2 Gladstone & Dale®] =l <3 ¥}, [17-20]

Ny = f{ipnnp + (1 - f(ip )nis) (1>

ng= AER ns AR FAAsS A JEUY, f, = AEE e
A =AY o (fluide F9&EE& (volume fraction)s “ebdth n,9% n,
e A2 1,367, 1,355 f,= W= 60%0]aL, o= 44 (DEFH ny =1.362
g 408 Frald ¢ ok sk Abs 94AF (a scattering particle) @] =2 A&

Bt 2H9 Aot A Wt o Ao 5 gk

ng, =mnyg+< An>, 2

f, is, nc, cp, or < A W3 F23% g VA= geor MFA (fibres),

b & (nuclel), AMFEZ, MFEA7]F (organelles)S Z+ZF oJnjdit) A #-429



2AAFE F 1470]3L, o]& F& A&l Fehae 55% 3 (hydration)®
dAe= grolth. E=fRe AlEHIA mEZE=ol (mitochondria)tt 2 R<E
s gMAd s FIete AExRAV|AES FA
Sw F W9 Wel(1.38-14D) =AASE JHAL dvk [20] ek depaE
(elastin) A= F¥ (dermis)® FAW 71Z25™ (fat-free dry weight)e] <F
70%, A& oF 45%, <o) ofd WAv|#e] oF 2-3%F Fdekar Slvh [17] L
due 2o BYd weEl, f,=0.02-079 g, o mE
< An>=0.035-0.099 & Ze
Ae G Axde ZAAs= AEZ2EY A (hemoglobin solution)d 72 A stk A
o oJa AojHa, v Hoeniy o 4 vk [21, 22]

a

¥

Nee = Ny + BCHI)) (4)

n,= =9 BAATF, cpe W1I00ml oMY IHEEZEWE FXolx, BE A
=580-800nm ¢ uwl, 0.0019429) #-& zZt=dh (221 m=n/n,E 74 e A
(reduced scattering coefficient)E& ZA s}, & &, 4Abg B A F(scattering

dielectric spheres[Mie scatteringl)®] Vst ©<E-2H(monodisperse) X 2ol A,

(23]

, . 2 . 5 00
i, = 3.28ma%p, (ﬂ)ow (m—1)20

A

ola, ax® 79 WA E p,= 7Y F3 2Z(volume density)e]th. Mie scattering
ol A glanisotropy scattering factor)>0.9, 5<2na/A<50, 1<m<1.1 °]t}, 2(B5)=H
B A& QA5 I (scatterers) =¥ " 7/l E (surrounding medium)e] =2 A< v A

< A" AsE AEE BE g vk [24]



N
o
o
el
e
RS
v
}-,op

3} (Optical Clearing Effect)

Bg o) gshe Aoy AR Al AA 229 Abe BEA T Fo] HF Z
ool HAFsA Eeok= A vk Ha xz2le] FJEAg (light-tissue
interaction)®ll oJ&] e Fi} Zol= FE o] &9 Amo Ad & FIFE Frh
AA 22 Oigk F F3 o= 2219 OSP (optical scattering property)ol €]
& #4o] 7}%58 a3, o= HCA (hyperosmotic chemical agent)o] ¢sl #4= <
Aok F Ak AAE YE AR EHE FEZE glucose, mannitol, glycerol,
polypropylene glycol (PPG), polyethylene glycerol (PEG), dimethyl sulfoxide
(DMSO)&°] 1o, 1 & glycerol2 Hold 3 Aak 24 3395 Ros5d, 7}

Aol AdstaL, YA At oFFolvd el Hrh=a dn

_ 100 5
80 - =100 % Gl 1(1h) —*Reh 100% PBS (1 k'
75| B =-no treatment 8100 % Glycerol (1 h) -0~ Rehydrate- 100% PBS (1 h) D 7o treatment % Glyeeral (1 b} e
]
£51 3
el §
£45 g
Ean- 210
-l £
&3] E
=‘\034]
254 g
:
10 ®
£
0 1

T T T T T T T T d T T T T T T T T T T T 1
300 350 400 450 500 550 600 650 700 750 8OO 850 900 300 350 400 450 500 550 600 650 700 750 ROD RS0 900
‘Wavelength (nm) Wavelength (nm)

a9 1. Glycerol =3 1A A3 3 ¥ saline =3 1A17F A3 3¢ 3174

[ZX : KeedaMoulton et al., "Use of glycerol as an optical clearing agent for enhancing
photonic transference and detection of Salmonella typhimurium thourgh porcine skin",

Journal of Biomedical Optics, 11(5), 054027 (2006)]



Glycerol®} < hyperosmotic agent”’} ¥ Fo =¥3e A% & FEH(x7 =
718s #&dg 4 g olgsk 3 Ae 74 73 (optical clearing effect):=
olAE 7|wtoew st delu AxS EHS #AAES zan vk 1Y
glycerol$ porcine skindll =% 1A17F A3} 3o 3@ %

BolFa vk & TR 49 Tk, 74 Ak Al Fol HA 3
S 4 = vt =3 g4 (dehydration)

AZE A 3 oA A AEfel 2HEE #AY = 3

¢

)
U>~
i
=
ui
>
w

=N
=
D

o
ki
H
ol
2

—_

rehydration A Z-& 7%,

t. [25]

em 488308 feinagyigg s
{5/25""y
Ry

(a) (b) (c)
a9 2. 24 AR A T o]mA], (a) AR A, (b) AR F, (0 AR 1IE F
(lane 1 : =, lane 2 : #Hl°o]A A=, lane 3 : PPG-PEG mixtures} =

oA A %)

[£X : Misbah H. Khan et al., "Can topically applied optical clearing agents
increase the epidermal damage threshold and enhance therapeutic efficacy?",

Lasers in Surgery and Medicine, 35, 93-95 (2004)]



EHe) W7l EFE b =49 Wsh X2 e FEA
g9l FHo] glycerolo] &) FEA iAo Qs A (n"143)3 F9

9] mj/lE (dermal medium) Atolel w4 Age &L ARE ZAAAFE A

post-glycerol

rehydration

400 450 500 550 600 650 T00

wavelength (nm)

a9 3. AAFY A9Z g glycerold & (a) glycerol =F A, (b) &%

5 £74#% ¥, (¢) saline =¥ 584 A ¥, (d) 74 ~29ER

[EX : AlvinT. Yeh et al., "Reversible Dissociation of Collagen in Tissues',
The Society for Investigative Dermatology, 121(6), 1332-1335 (2003)]

a9 38 AAFY A9E (rodent dermis)dll glycerols =¥*317] A3} 3
2]3 salines E¥39S dWly FggAe Fx ¥HIE MPM  (multi-photon
microscopy) & 293 o]lm|x|olt}, Glycerol =¥ % 5& A T FgpAle Fx
7} W33, saline =% 68 A3 & tix] Ay HJHE Eo0loE AS MPM 9

3}

AAe R AdMEDS Ba AT 5 v [4)

=



2.3 3 5A =4A (Optical Property Measurement)

a3 4% reflectance ¢} transmittance spectraS =337 Y3 integrating
sphere?] 7xE B33 9lv}. Integrating sphered Wi+ AWALS 93 &4
2 Aol o]Folzx] dom, - Wi AAM ddeA Wo] Ak wkAlET
[llumination port® 1A ¥ fiberE &3] M43 (white light)e] JAFE™, 42 wt
AbE o] fiber® o] Eolo = A& WAH7] fa 8 o 7]&7|E 2 Yol At
SHA "ok AR W& sample portell F¢1 A& ZAE T, Al E] WEALE Hlo]
TR AA FdstA SAF WkAbE o] reflectance spectra S 9%

measurement portd] AZ W fiberE 53 ~FEZuHZ Soj7HA Aok

=

llurmination port ———a
. & ? —
— — —
ol
1

Sample port

(a) (b)
29 4. (a) reflectance spectra 9} (b) transmittance spectra =4S ¢t

Integrating sphere

Mlumination portE E& FALE Ylo] sample portel] Tl MES 5354 H
W, 32 transmittance spectra 5745 9% integrating spheredl Al t©A] T 3s}
A E2F HEALE O] measurement portdl]l AW fibergE 53 ~FEZUHZ 9
Al © 1}, Integrating sphere W9 WbALS-S 17 5o el gl

Yo wagel dndA FAde AFRSY oW, reflectance$t transmittance



spectra 4% 93 AFE 2 H = USB4000(Ocean optics, USA)e AF&3F5% 0}

Reflectance [%]

100

98 +—F e

. Y

o []

) i

90

250 500 750 1000 1250 1500 1750 2000 2250
Wavelength [nm]

a9 5. 33 wWE Integrating sphere® reflectance &3

2500



2.4 Inverse Adding—-Doubling

N7 9@ el 49 53 2
o B SHow wadr 24W 53 2L v AdEde o

3 Z+Zk Mg, Mr #o2 AA4bEr,

Rg (Tgirmit’rst((jirmit’ ts ) _ Rz (0’ 0’ 0’ 0) (6)

My =1y,
= Tsta R,(0,0,1,1)— 7,(0,0,0,0)

T2 (Tgil‘e(ft’ Tos t‘(ji"m"t’ ts ) — T2 (0, 0, 0, 0) (7)

M P
r 7,(0,0,1,1)— 7,(0,0,0,0)

R, @t p timet t) T, (afimetx, tdiret t)

sample

Z(rstd: :M:O 0) T (0 0 1 1)

detector
standa.rd hght

open port

z®00® T ,(0.0.0.0)

detector
'open port b]oched

open port

2% 6. 7 719 integrating sphereE AREE Wl Mg, MrE Al4FsH7] Yok &4



TADd

H o

.24
.60
.0
.0
.0
.96

L T - B e e

203.2
26.4
12.7
1.00
.96

203.2
26.4
12.7
1.00
.96

#

k-3 ECE

O O K W 3

O F O W O3

*®

Must be first four characters

Input Example with a single set of sphere coefficients
The corder of entries 1s important
Anything after a '#' is ignored, blank lines are alsc ignoered

Index of refraction of the sample

Index of refraction of the top and bottom slides
[mm] Thicknesz of =zample

[mm] Thicknesz of =zlide=s

[mm] Diameter of illumination beam

Reflectance of the calibration standard

Number of spherss used during each measurement

Properties of sphere used for reflectance measurements
[mm] Sphere Diameter (8 in * 25.4 mm/in)

[mmw] Sample Port Diameter

[mm] Entrance Port Diameter

[mm] Detector Port Diameter

Reflectance of the sphere wall

Properties of sphere usad for transmittance measurements
[mm] Sphere Diameter (8 in * 25.4 mm/in)

[mm] Sample Port Diameter

[mm] Entrance Port Diameter

[mm] Detector Port Diameter

Reflectance of the sphere wall

MNumber of measuremsent=, M_K, M_T

23 7. IAD header 3+ o A]



25 259%E o]&3% ok A9 (Sonophoresis)

Aata, Adey] WEel, Be Azt AwHa g ey ofEe) 4w A9
e wel ZAAFe Wl By uEe 57 ks wle] U, T A
Ealt obE WYL We BASS 2t okmd fdds] WEd, d9e &

A7) 7] $)8te] g8t 57574 (chemical enhance)Wt A F, &7 Fo] AH&H

& o]&3l= & Y (sonophoresis)2 HHE WA A g F¢
E XA AY, 22739 7144 A YA (mechanical energy)dl 9 {5 7}
249 GEY AEgs Fdt 2505 o) &3 oOFEY A4AF Fie AxYE
7t24 e B33k transcellular route®} A ¥ Alo]2 F 33} intercellular route
2 uyxe] vk 2595 ol&et GE HAEE ZAFoly i Ao &4 A
o] gla, AR FaAde] Holutk= Aol dnth

Za9E ol&dt & dde F dEg= duwrA o= thermal? non-thermal
effect® &FE T Thermal effect™ 7] AAQl d A (vibrating pressure)”} 3§

220l A= daH 5, doll 9 249 2k S

o

otE AYe FAa o

flo

e Fhv), = vE Yo cavitational/acoustic streaming effects &
ol Z1AAQL A 98] bubblee] A4, HE, FHHHY olHg HAGE

cavitationo] g} gt} ek &I dIsles WO R acoustic radiation force

it
2
)
2
2

(&3 AE)S ey, ol #-A9 EE = acoustic streamings Yo AN A E

gol fg REAS SR 5 ek



A3 Aze R A P

3.1 A8 +4Y] (Sample Preparation)

Ex-vivo AdE H3to] AWFo] AAYE #HA HAF AE  (porcine skin
R gz H
< 9 1.82mme #

Ly
=
o FAE 2 glew, uAl 3 EYet 259E AEedy ¢ aEe A

X
rir
i/
—_
&
frid
r\j
Ak
_0|L
aeh
SuA
(it
ok
=

79mme] 32, B A A

i
o

A& Ao A AAE modulation transfer function target (MTFT) ¢l =1, M=
B 70% glycerol & 0.1ml =¥ vt &9 EdAFAS 42 9
o S HF AE /AR E FI Ho R glycerolo] 2 == A8 WA

e, AEe] HFele deldAeE stath



3.2 vlA F WY (Microneedling Method)

Glycerol®] ¥4 HAe-g FFA717] Aste], & A= 27 8@l Hekv
A= HA o EEE ARSI HA A Ede YV FHY 29 Cem X
2emyell &k ol 24709 mAl o] AHHo] glow, o] do] AA W]l 8E=
Hid o] & 192708 wAl Fo] FAHoIGIY AZke] A2 T0umé A
500ume] =olE 2t v dwkdgom v #A e 107153 FF A oF
240 channels/cm2 ¢ =4 F27F A€} 7A H EHE ex-vivo HA 9 F
AEZ Had T AXMNE =S4 F2E B3 dAnd 3}, OCT (Optical coherence
tomography)® #9393, 21 942 29 8M), (©, (Dl YeE} vy & 49
drxe AEe] 7h=, Az WFon 5034 mAl R 247t AEHAA, EF A
A& A Waks AAsk7] e HAace] dEws vhsksl

()



(d)

2

o]

Zefek (b) &t "v)7d(X40)

e

9 8 (a) "A

.

2 OCT <4

(© &9 A48 A3 ()

™)
S



3.3 =& (Ultrasound Device)

Ao e AT AR E=FEH glycerole] ¥ T3S 3AA17]7] 9
sl s ol&stdvh. ® 9@ dWEh e 259 AH|(Daeyang,
Korea)x= IMHzY F955 zta 9o, E 23 ME continuous modeS A&
shdeh meh A AR Al g vt Asste 5o, EHRS T4
B 5t7] fste] EMagAe shgol e AR EWe 2x7F 40CE WA

9
FEE IYE zdEsIgoe, Ho Y=
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oF 2WE SAHAY. 4E Fde) 2
IbNE 53 =Ad e FHFS Taa

:\n

3, EWAFAYY T¥H glycerol

T8l AEHANE FER, AEH EWFA Aeld mAg H5E X% A
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Ao LLx= 245CE §X35+9
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3.4 Beam Profile Intensity =%

Glycerol®] =4 w& 3 FIEFE Fsto], 50%90%% glycerol & 3§
T 7MY 2849 FEE FEH7] 95te] beam profile intensityS =757
et Alz=gle o9 109 2ol S AT AlEY AW HelAE A F
Aol g FHolN Fads Fge] ARS S48y f dRow, wA A

- 5

& A3l ex-vivo A ¥ 026790% 9] glycerolS 0.1ml =¥3}7] 23}

EE 1AL A% 7 93¢ 2959k 399 99 matlabd o) §3te] 24
3k
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| S— |
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223 10. Beam profile intensity 42 3 A28 1A



35 3% EA &4 A2~H¥ (Optical Property Measurement

System)

=05 ) Hy Az 7Ha] Abgk Al (reduced scattering coefficient)E =

Asl7] 98t double-integrating sphere A ®¥1S AAS AT # 54 =

o2

Al

2" 509%, 60%, 70%, 80%, 90%9 glycerol & 1= FE 9 glycerol®] ex-vivo

L1}

A 9 AEAA A9 Al Y feldAE 298] A8 2Asa. o)

Al A ZE Ay A B glycerols EF357] AT E=F 60E A T

i)

, HHAL A~#HES (transmittance and reflection spectra)g ~HEZN|EHE o]
st SAstAT # 54 SAS A9 dA Al2"e a9 113 2o 549 2
= Inverse-Adding Doubling program (Scott Prahl, Oregon Medical Center) 2
2 Arkskd

(a) (b)



3.6 2A HF 9G4 A 29 (Cross—Polarization Imaging

System)

a3 12(a) & ex-vivo #A IHAF A= diffuse reflectance ©|1AE L7]
et WA {JF G Alagolny wA {9 Al 2w 174 (incoherent)

o W 1A HY AR Bal A4

0o

3L, 22 \AgAe 900 wapAlA I zh
A= (stratum corneum)ol A WAH = 3E% HEALY gl o] BAaks A AT
A Z (dermis)e] FAwheg d58 4 9l &, A9 {5% (papillary dermis)

of EAs Zebdel os Adse] wabEE Be olgdte] YL FSah:

AA A 8= Aokl SAAR WA diid mdd ddst 2EEEE B
3= A7 LED Zr(angle)s AA37] ¢t Ado] MAaEel, 33mmTFH 123mm

o =42 elA A7 43mme) Aok Ul A Fulow Fdss o] oy
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T T T T
300 400 500 600
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T T
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(b) LED 2 4¢3 =i ¥
% 12, (@) 974 AAGFH e JAAA e S5,

2
g Al2="(5) (b) LED 9 39 83 2283 %

[Z3 Y. Bae and B. Jung, "Development of Multi-Purpose Variable Polarization Imaging
System for Clinical Diagnosis," J. Biomed. Eng. Res. 28, 265-270 (2007)]



CCD camera

* RLP: Rotatible Linearly Polarizer

* FLP: Fixed Linearly Polarizer
RLP

Inner ring light sour ces
FLP
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Transducer
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3.7 33 Agt 4 mae] AFA 2 A W (Quantitative

Evaluation Method of Optical Skin Clearing Effect)

B Ak A &39] H7b= modulation transfer function (MTEF)9] contrast
¢} relative contrast (RC)9] A4bE Fote] FaAHA. A A7 &9 A4
o] 150 X 150 pixel & FE3sl A4S 199, contraste} RCE &9 &
Aol uhal Al ks QAT

Contrast = (]max 7jmin )/ (]max +]min) (6>
RC= (MC,/] MC) (7)
MCost MC:= ZHzb 02Y o, glycerol =% & t Al ZHmin) A3 %2 mean
contrast® WEWY, MCE Y933 22 A= AL - D) 54
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& 60r
£ 1
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0. L L
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120F -
——0min
100} —— After 20 min
—a— After 40 min
80r ; 9| —— After 60 min

Intensity

150

0 50 100
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(b)
23 14, (a) =T (b)) AA+9 modulation transfer function L=
Aet7] sk, Al

- O

A g Bte) Aol E B

Aber 74 &3 (relative optical clearing effect @ %ROCE)E Al 4Fel At RCeontrol
I RCust= 242 Uz 3 A9 RC s verhdy

(8)

%ROCE: [(RQest - RCYcontrol)/RCYcontrol] X 100



3.8 In-vivo 29

B A A AR " FHe Ad 7hsAdE AlEsk] fske] 30736ge] A F
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ABSTRACT

Enhancement of light penetration depth on biological
tissue by improvement of transdermal optical

clearing agent delivery

Yoon, Jinhee
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

The penetration depth of light is limited by skin tissue turbidity.
Although the optical clearing agents such as glycerol, glucose, PEG, dimethyl
sulfoxide (DMSQ), and oleic acid can be used to enhance the penetration depth
of light, stratum corneum prevent the diffusion of these agents into skin. To
solve this problem, optical clearing methods including the hyperosmotic agents
and mechanical tools have been widely studied for biomedical optics
applications. Microneedle, laser ablation and mechanical devices using pressure
have been also investigated to enhance transdermal delivery of the clearing
agents. In previous study, we demonstrated a micro—needling method to
enhance optical clearing effect against skin barrier and suggested a quantitative
analysis method to evaluate the optical skin clearing effect. In this study, we
introduce a new method using micro-needle roller combined with sonophoresis
to enhance the optical skin clearing effect. 70% glycerol solution was
determined as an optimal concentration by the experimental results. The optical

skin clearing efficacy was quantitatively evaluated with the customized



modulation transfer function target under ex-vivo porcine skin samples. The
experimental results indicate that a micro—needling method with sonophoresis
enhance a nearly 2.3 fold increased optical skin clearing effect compared to
than only micro—needling. Finally, new combined method was proved as

effective on in—-vivo mouse skin.

Key words : optical clearing agent, microneedle, glycerol, sonophoresis,

transdermal delivery



