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< Abstract >

Transdermal drug delivery offers various advantages over conventional drug delivery systems, such as
avoidance gastrointestinal degradation and hepatic first-pass effect, encourages patient compliance, and
possible sustained release of drugs. However, transdermal transport of drugs is low permeability of the
stratum corneum, the superficial layer of the skin. Many physicochemical and biological factors influencing
transdermal transport is described together with the corresponding experimental and clinical results.

Phonophoresis is medical treatment with drugs introduced into the skin by ultrasound energy. Enhanced
drug penetration is through to result from the biophysical alterations of skin structure by ultrasound waves.
The frequency used for phonophoresis is usually from 20 k& to 15miz. Phonophoresis can be categorized into
three ranges: low-frequency range(below Imk), therapeutic frequency range(l to 3mi), and high-frequency
range(above 3miz). The depth of penetration of ultrasound into skin is inversely proportional to the frequency.
Cavitation may cause mechanical stress, temperature elevation, or enhanced chemical reactivity causing drug
transport. One theory is that ultrasound affects the permeation of the stratum corneum lipid structure as the
limiting step in permeating through the skin. The range of indications for phonophoresis is wide. Aspecific
classification of the range of indications is obtained by classification of pathological conditions.

The continuous research is needed for many interesting issues of phonophoretic transdermal delivery in new

future.

I. M B 7t gon, FE A&7 Ryl sbEsithe § o

7HA A& 7R 2 leh(Bronaugh® Maibach,

ZAAETE 5T GE) AY Py A5H 4BEF 1989). ol AAHE=R ) IS FZE AWE 53
% (drug delivery system)ell ul3le] Z3]-%3 djAl FhA7E el did d7rl 9 2 AFes 21
(first-pass metabolism)& & 4 glz, $A 3§ AL o] ZYHGuy, 1987). 22} ¥4 BHF o] %
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& 28 Z(stratum corneum)?] W& FHYLZ A3
F571 1% 7] W Bl Bl AuE T8l Aw
A 2Hg @Al olglgol . B AAES
£ TGt od) dojur A o] Fo 5a
2 2+8-3tH(Schaefer 5, 1982). webi] T &l
3 AAFSFE F BARE 7 &g FEAR
Z@Ey] g £ A Wyez 23 EY
(physicochemical driving force) & ©]83l F34<
Z791e 23 AAEFTY o Bie] EolAn
olt}h. E7H4 73 penetration enhancer) i o2 3t
513 7}3lal (chemical enhancer), AF, &% Sl
AMgErt.

27 AL S F 394 23 Pilese oEE
FAA717] A 30 Z7HIIIAY gl it
U3 2GS 7HaA7le Rolth(Rolf, 1988). &
o g1 29L& Z7PFIAY HRe] Ay 53E 3
2A71e B4& AHF4EA (accelerants,
sorption promotors, penetration enhancer)@taL ¥
o AN EFEAA e S0, AREYA, SFRE £
Fehed ol2d BA5Y] A471de Aoy A%
Az serA 2o} A9 sl ZAB A ola]
& QtH(&AE 5. 2000). AFE o143 £ A%
= ol 2] H(direct current)E ©] 83 A7NYF
(electrophoresis)ell 98] oF&e] AsHEAE FFE F
Bale] 43t o] %9 (iontophoresis) # A A
Z A F(short pulses of high voltage current) & #-&
3lod FAPE YAAQ 79 (short-lived pore)S &3l
AN ESE 37l electroporationo] UTh
(Burnette, 1989: Prausnitz, 1993). 2&%& ol&
@ FY ANFE wHoRe AYE ndAA FE
F4E 2AAAY 28319 V1AA ouiAd 28] 7
vz JlzAad Agx42 FEANIE SH9F
(phonophoresis ¥ sonophoresis)el STt
{Mitragotri 5, 1995).

Ao o AFE &4 AuEFF PHOE o]
zelilo] Wol #gso] gon AR B A7t
AUt ool w3l SvdEYe] UdH 8ot
A3 ot g He opAA T, Fellingersh
Schmid(1954)7F A d#de oy #44
(polyarthritis)ell hydrocortisong 8% &319EH
& 283 o] I AF7A B A77t FE3] AgE o]
Az 9k o ARE ZYRBE Lol E FE3)

A7t Agso] o JAAF7E FFE ol U
AT o] okt 5 BYEE FH o 2E0E o &
3 ok2o] 23 A4S el Al EsldEe oy
Zmo o] 7} Bo] o] £ 3t o] FHAE A Y
4% (phonophoretic transdermal drug delivery)°l
g 947 H Lol Fo] mxE 3 it

LB o] xSl vldle] HeFog A7 %
3 58 Agshd olexqiE gol AR AHY 1
o] ol miLel FHree &4, 89 o3
(ionized) B8AJol 2% AHg-oFEe] A3 T EAA
o] 7] glx, ExA o] 5enZ o] &£ lenFE BT}
Axendo] m dukaE oz XJAte] Fon 23
&4o] Jastdre FHE /M UK Antich,
1982; Quillin, 1982). I 9Jol= 2FEE cream, gel,
emulsion 5 TH¥E FHZ AL & 5 glon, A8A
gkajol| A) gtetgt A} (comfortable stimulation)& %
F odxn, 2939 94 ¢ HEgy aHd
electroporation™e] H&A] A5E 7 (synergy effect)
£ 45 80k

B A 2598 o] &% £ A g i
oldlE =] YA e TE-E FthAF|a ol W
24 A7l o]FojA £ URE HuFFAL &
A, AR EF 9§ e A&, 2Sute] Bl
=34 de] 58 FAE %o nAsnA I

1. ZEtEsSH e S4 SR

Aol 2L Fojahe Wy theFsiA T 7 At
AQ e ApFo s}t HuFateln], 713 o] FHAU
Zoial e Al 5& Foihyeltt, ATRAe F
7t Ziskatn vl gAo ek A e A AT 9%
B2, 7oA 23] B3 Fol 7 e A FEA
(bioavailability), $17gelAel 2] B2 ol &4l
AG M2 Yok, B3 AT 83 32 $2E Y
oA FAAA A el A oz A8 EF}
g Z7MN71a, HriBed o3t GEe] FAe-S AL
HAtHE Ao E B7eta FAFALE 517] 98 9
B7]18& Zolol st MAREH viEF E(needle
phobia), 49 2.2 Q&) dutHl Foubyo] HAlE
23}3 9oH(Chien %, 1989). ©J2it BAH L S5}
71 g e g ZAYFert B #E 7HAA =
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on, B3] ZYdAE AEA B FIL ol A
(ointment), T} (plaster), THAF9 AMge] A3sn
o}, 2z AN E $¢ 4F Foydle ¥ 77t
wele] gledl, A %E4%(transdermal delivery
system) AAlE RS B F5E 4o F2H
gmntoha} 32 AAZgo] WS e PR
Asoz AMgs) 29 dx, 1%, H2F 53 2ol
o}Zo] mapglat FABs AHE Yelle &
2 AoHE44 (topical drug delivery) AlAehe A8
A& 7paic}(grdo}, 1991).

5323 A7) B9 (epidermis), 3 (dermis), 3=
A (subcutaneous tissue) 22 WrolXlE thET ol

o 7t 2o oA o3 o pAEE, 8ol 73

shedl M 2 ArleS she 32 EYIME Ad
uhzt39) 2} & (stratum corneum)®]ct.

2tA 2.0 7bA3}9 keratocyte?t &2l & 4] FA7L
10~50im= 1 AbololE lipid-water bilayer’} £°i7}
Qe HEAlE utzog #e A e T2 brick
mortar modele]tHBurnette, 1989). 24 39| ®3he
= 712 7 2E §3ha o] Fo|AtH(Chien, 1987). AX
og 712z EF3ste A XS I 2 (transcellular
route) 8t M XA Aol B3 MERFHR
(intercellular route)eltHI® 1). o] fel= A,
2 aelm AL Filo] kB o] o] Fo] Zr}
(Tyle¥} Agrawala, 1989).

a8 1. ZRe 7xet A2 FH B2

A AT g2 B AXN EAE

AR GErSe Mg & TAM R A FE
a3l sisle] AN GRS TS T A o
& FE olal7t Fosith. dte g HEFH 7|
g FHaly) uRel AnlGRsdA S 35
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C. 974 F34=

D.®d %2 E N 5FH=

Agmeiopiz AEHAQ 45 Fejsier ek, 29
Fg4gol @ Foo ke B 43240

o3 20 AA/ANA 24 EE 33y 72 W
sofl olaj AL} 3l 3e] B2 whgel ofdla] fEdc.



ANE 5% FBY F5r&Ee 4239 PHrsd
AAE ot B3 QS WA AY FEd
2238 BEAS WA 248 5 i (Wurster,
1978). v fEde] 9FE = B3ty A
o2 AAEFEAA, S0 Wz 53 fdd 313
2 g a3 FHolA oJsis]o}f Jth.

8318 Az wid] E-aF}t e 71AE A
LAY A REAE Yo AL F7MAIE B
ZzozRH #FidHo U FE4 g F3
(hydration)®c}. Qutxoz UB Al o3 +E%F
o] 50%7HA F7 Ev -] e AWEFT} 4~
5] Z71%kt}. Vanakosky 5(1996)2 n29] Ay
o] AAlo] =ZEHW oFEe M FRwE F7AAG
1 BasgAT, ddHere F2aAag & o 4%
Al F31EF ) vahd 259 PR avkA| 2A] gt
a2y AR o E BHE Frhe 39 229
H3ta o] 2% RAelth(Piotrowski, 1957). 2FE9] o
BEgEcE 7)Ad] ZAske 42 F& FIMIIA
U o de udd HEd AL Az Foket
(Idson, 1971). 22| BE 2o 0|23 A3 o] A&
HAle o, ZphZo] iyl 9 A ¥n
AR E&5AAR Z45r] WEel] A FrHe
okgol Zo| A §iso] HR-E e Frylde &At
et k29 AWFFE FIMIIV] SEld 2] &
Ab 3288 Z7MNIIAY kR o] it tigt 974
& 2N T BAEFEAAE AL} (Stoughton,
1982). AR F5EAA = 3heha 29t A8 Pyl o
gt chorgl Sof, AVYAA, dSHFZ FEIH 287
AL gtz Qele} Zhd & 3183 Fxo] =Ads)
d 2AZ 1 Uk /M £7 SR 2o} glev o
EAQ &vZ Dimethylsulfoxide(DMSO), N,N-
dimethyformamide(DMF),Azone(1-
dodecylazacycloheptane-2-1) £°] Slch. AIHEA A
= A9ESE M7 $8% S22 AUAAC &
A EE 7HESA R AHEE ofEe oElatgd] 9
& A3 F571 ol § slen] oltie A&
ok} w377t ZAlg 3L, J1Ae) pEREY
f9] 43S W=tH(Robert and Aderson, 1975). o
¥t o}2-9] F445 59 ether/E, benzene/E 9] &
HAFE B2 AadAs} led, B A l=e
FEFEE AP BulAlye AdEF S5 9
% Zd(Idson, 1971). Y¥td oz XulA47t F7t
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A AN EFFE F7hE EA] A2 B e F
4 A8 e gert. =3 BARY |z 2RI
8% AAE Exjgo] e FEol & JEHr} Ay
F71 Adr), oBo] o]2sls e Fxd wet £l
g2 EAJo] W3laly] w&el AnFrel dFS Fot
22 AAEFF M eze 294 9 (physical
agents)°] AHE®ETH AR (electrical current)& ©]&
% o] £ %914 (iontophoresis) & 71 %ol &8-3tx 3l
© o (Tyle and Kari, 1988), A 7] I %,
electroporationdl W3t A¥= @dsict, =& 255
(ultrasound) & °| 4% &¥d U] AT F7t8in
e}, 32 o Agel 2yl wel AHFFE A
£ A71% 9% (Magnetophoresis) 5 A2 WHE|
A= 32 ek (Murthy, 1999).

T2 g B3 gy o] oplal AHH oz Y
3he Ao} gl ATl wehA SRz 7HAn e
dol7|Ae oFE, ANESFEAA, A7 e A
S o8l gFolv} Huk 5o FERES Yo
& 9tk z2el3 o3t dzatgol o WgES A9
Frol 9 T weA AHESF dAe 4E
313 A x nsjol IoH(EAE F, 2000). F2 4
B34 Aa & A WA E 9 vt Ay F4 5Y9
Apojolt}, Yukz oz 40M 0]/l AH M T2
SR o] Y7 wli] 53] nH 9] wUelA HEAd
olglgt Aeld =z WslE meldlof IH(Potts
5, 1984). &ol5-2 FE5Ee] 2ot AY & 5ol
ege}l7) wEo #8%F 5T Foslof drhIdson,
1975). 5 W2 AAF-93ke fejolt}, M2t A
A7t B HeoA} FUAM EAY] F4EE A
o7} & F Uk, A EAHY Swol Ao A7t G
gL oA Aoz Bndn o (Shawst
Chandrasekaran, 1978). 8&9 455 &9 Ay
5 $50) 9P vA Y, F7he] sRAolx Ut 2
2 o12) g AR =] A 242 74 vhad

=

o

L

A=y
o AH

I. =38 dut=+3S
1. Zgmtel ME2I8x 1

Sote] QA ] dE dAe 192090 304
285d o HAgE 1 ¢ IH(high pressure



wave)7F A& ZH o] &4& Frhe Zo| HAAAMY-
Bolol, 2537} 83 FHog AN ARG A
& 1930 d eIt (Repacholi, 1987). 2539 A&
&2 &7 (biophysical effects)= 2597l Y& =
st #A M vl AR F (microvibration or
micromassage)ell o1& 71414 a¥=2 A& #AYdt
253t 7144 Exole 2N Y L 2 A
e 7|¥ 50| 2o A o8] £5 HFHUA
HAE = TE 3 (cavitation) Aol Ach(Apfel,
1989). ki =3} (stable cavitation)¥ M X9 gt
=g 858 Z7M7IAT B0 F5 2 unstable
cavitation)e Z23& &N £ FF3t] 24
WAk 24 F(eddy currents)oll 8} A Fshe 7}
2 tJoi2}(gas bubble) 2ol Y& AE 27|8E 3
A7} 29 (rotational forces and stresses)ol 7}iA
z2 o] 25& FuAZItH(Nyborg, 1982). A3
2 2e0q Jesllae 2298 e 524
3l =t E7}4 (membrane permeability), ©l&&%
(ion flexes) ¥ AMEXEE L Z7/H7lv SHEE
(acoustic streaming) &7} Uehdtl, o[2]gt 7iA3
ARs B Ak, W Fug, 254 oA g
#rh(Behrens® Michlovitz, 1996). 71413 Ezh= Al
¥o] %3 E 0.02% A= WAsAlIIH, Axe} 229 gt
E74 (membrane permearbility) & HaA71a, WAL
A E (metabolic products)?l 2&E Z7HA
(Hoogland, 1991). 251 o3 =3 nAHzlge] &
73 w2 (frictional heat)®) 44& sl 27
L3 Z7A 9IRS 4 4 Aok 2E&T] 7]
A maiel 94 mxel o3 YEI}H Wsl= FF
7, =2 AAY Fot vt B 2R, 2R I T
ZAA) g &3, 2 ol¢ adlx 55 ¥l Foitt.

!

—

7

N

Sntgs2
2598 )43 AIAGEFE PHL A= w7l
THE FEEATE 2E0 AR A3 952 T3}
o FFEe g EHeltt. 2&3 dux|d s 4
B3 2249 44, 71414, 5544 Wsrt G2 4
F5E e

S39%F AAFEFEe 7| ste] A2t
2 714w gEstA avst d¥dE g 8
ol 71z3}e] olslslol gt weEbr xEute] wiES

[«] %..0
AL 2%
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ol Zul A (mode) 28I A% Fol T3t

QxR zH M 257} R E F28 @& AN
13 A 2gne] Fd Ave 259UAE FF
3 2o Fo| WAH & Aotk (Suslick, 1989). %
ke 239 (sound field)liel 7141 A=)7}
ZAoM g2 AgHA s, VAAR] ndes }E
< F43h drt. )2l dof ¥z SHYF GE T
4 (phonophoretic drug delivery)S %dghs 48&
S (Tyle 9 Agrawala, 1989). 2&|U A 22 &
A 2&2ANM e ¥ F4EE et v 2%
HoA] 2o F5ES 2t b 239 5 o
g dasE vekatA Jehg 4 dom, 2AM &
g 2ev Fugd vl F7igite ook
Z2&3te] F 4o glo] =] 2xo 4 1}
AR R R T o R s S = s R R e
(Suslick, 1989).

2g0e] £ & 5428 71AH AFo] AAxZ e
2L 71X 50 o8 BF3Hcavitation)E B9} F
Es}o] oJa) 2] o] doluhy Pge s =7
Aol £531HA &85 S(acoustic streaming) & ¥4
ok Y5 2g59] &3 wet 23l
zZHd) 9L uHM FA EE A (Suslick.
1989), &= 91 E 3l 5 o 3] Y
o] & AAZ A 29 HEH 4FZ 9Ad
(Kost %, 1986: Starr, 1988)

S E slolM thddt Fapeo] wet 2 71AE
gzl shed, E99Ee AMdhe 250 Fad o
2} 1MHzol3le A-F34 &9 -F (low-frequency
phonophoresis), @4 N8d HHo2 fo] of§
=& F09 IMHzelA 3MHzeI 9] A& Fobe &
1} % (therapeutic frequency phonophoresis) 22|
3 3MHzelA 15MHz Atelel m-F3i $3449%
(high~frequency phonophoresis) &2 W& 5 Slth.

A-Foe 2&ve 749 wepA X8 Foert -
Fikr 2&9HT BAYESF P8 £ 0 Aok 4
Holl 919 lidocained] A% A& FoE Y FolA
€ £A537} g WHd A-Fug Sogd FelMe
AREF7E 2A F7HE, FHoR ANegd 2594 F
gl WIS A 3 2-5ubelA 10004
7} Aok, 2AAR 1AL 23t ofsf 2Ect B
¥ 4AATEE A Fostd A FE ol o
oyttt #rh(Mitragotri &, 1996). ®=& A-Fu &

A0 O

A0 =z O
o Iw

<]
L5y

=
1=}

o =al=
=& £378



YL ¥Ry Gl (sweat ducts)? 2
(hair follicles)®ll %5 S (acoustic streaming)®] &
A3 o] & E§ A9 4% (transdermal transport) =
Z215)w(Tachibana &, 1991), ol A-Fo &
P Fo] ¥ AHE nth A-Fig g F o
3 YAE FE2 443 AAFZX(stratum corneum
lipids)&] R#A}7]+(dosordering) Y<lel & 4 Ak
=3 FEr|2Y AL PV € AAR o2 B
E3E golap she At Aot ol AR 9
3 Az AEXNALE FF 4 A4d(aqueous
channel) & ¥A3h= 990l 8 & Uk, 4 AdS
£ Auese a7l He AARE wAsh sle]
FE54 vEle Agede 23 o A-F5
F &g gl U3 o] A7t o RolAn e, 2
Zo}4] Tachibana$®t Tachibana(1991) 48 wE ]
231 lidocaine® insulin® AWFFE Z30& 2
g, E e AN 20 meE o] &3t vimA ¥
Aol Z-& k29l corticosterone® salicylic acid
(Mitragotri 5. 1996) 9} #x13e] & @<l insulin
o] B9 EFE FP M Mitragotri T, 1995).

A8 Fo5 SHD9 5L YoM A7 2gute] Fot
2 71 RRd o AN 3 gl S$HYFAME
Az Frg o] 43 Y33 8ol 718 Won, Felling
# Schmidt(1954)9 Y4E+7F Eund o F
Coodley(1960)¢) hydrocortisone FAISF FA-ZS
WA 25 2T 55 53 FaHd FE-250
waxgel o 93T tig A77F £As HA
t}. Griffin® Touchstone(1965)& F&3 <374,
Ay, 84y 5 2344 43NS s @
ApA &g Eo] vi$ EapHelel HausP,
Kleinkort®} Wood(1975), McEnlay 5(1985) z18]x
Benson 5(1988)) ol8] &35 o] &3 oHEe] AT
B4 239 tig thegt A7) o] Rolzith. A2 Bl
NE 2g0e] AYNESF &7 e 383 AWt 4
A2 A qd o8 fuse AoE HEid
(Mitragotri 5, 1995). Mortimer 5(1986)¢] 44
&5 AgdA AHH Ahgse] Bl 250 7
TR AZd g sidxn . 2EL ¥
(cabitation) 2 S99 5olM A=A deot. AR F
9ol goiol] &3] 558 Fulsle et 253
7} 73s}aict, Levy ©(1989)8 9954 £5& ¢
29t (polymeric membrane)& E#Hahet] HAIH

et g 350 Y8 o|Fojzctn gt EF
Mitragotri 5(1995)2 283 99 2= A%
o) ZtAAZ F53}e] Yol ek 3t}

Benson 5(1986)& &3 Furrt S7HHE 25
3} A5 (absorption coefficient) 7} Z71=™, &
F5E gdcta Rasth Fobg st o &
FAFY WsE 7128 1o SHI L B2
dAM o & &2x7l & el 7HdEH] 49 A
o)A salicylic acid’} 2MHzel M€ #38 37} fis
A eFgkout, 10MHzo)M & 4 Z718kslx, 16MHzel
M 2,54 Z71E%08-S Budlglc, =3 3w 35
dxo F4742E Yoldy] Y8l 2T Fis
16MHzE °] 83 F&89 AFdA &d F3
(lanthanum tracer)& A8t A7 S99 % 585l
A et 22zte] 28 Eld 4 Jden, E=F o]
ZHAe 4AZ AL AA 0|53 <ol n22] 3
BEy¥E pgeon o3 ARz & o »Fg SHGE
& 283 AF 4PN 44 F AFe] PEeg 1
A # (micronuclei or air pockets)e] W35 7k},
ol&g 7| 5] AFe A mie] Briws} }sd
ttn & (Bommannan ¥, 1992).

V.2 &

ANFFE BT 45 A2 L AT FEF
ol vlale] o) 712 AL 7R ik AT HEE
A9 g B3l F5A71E Bl A A7 FH R A
Aoz Z HAg o7t FRe FHrleor s
Zopygo| vro} o}2| AT EF 9¥A| Yo}t ARH 5
AL gsked ool slot. 8 ANEFE @
EEbe] ol 23l7] wie] R EAFE 7 Lo
obgd g et webx EsttEe & o8 3
ZAnEFaiel g Bilo] golAln it 53] A+,
2g3}, A} WEAF, A2 55 o83 £ 73
F5 el dig d7st sl @de AYHs Yot
HARE 2@ FA &S5 sl g8 &
o g 7Es] AMgElo] A AAHY dTHe
229 YA Tl T &AL A= Aol w2}
A ZAuipEsEAd g Suke ojal g vFd 2
o &g &7 ABEF Pl i@ AHH 2 A
2284 a7t 87Er. A2 APH L e 8
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#3214 (chemical enhancer)t} electroporation® 22
e 283 27 $UEY S ES Haske AEd
ukae] 22 Ay F5 Wi E B4 & vl gl gt

(&g d)

oHgo} : o] XEX YA 2o oG Fol oFE oo
Zavhlo|=e] ZHFe. HARS=E, ALtst
9, 1991.

LHE 0|FG, HPZ : AFFA 9FE v A
2. = R 3R] 22(1), 266-278, 2000.
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