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|. Sonoporation

Sonoporation2 ZZ1fol| 2lsl AMlz2te| FutMo| S7ts
= S Ustn, HZ W2 HHEXE HIZRSHSE o|E5E
T Qe 7182 22 ¢ Ik (1), Sonoporation M=
ZF2lof| 71=7} Exfg 22HstA| S7Fs=E| 0l pulsating
bubblez} M= AlolQ| fluid dynamic interaction H&E0|0d,
71Z2 FE 2&=[= shock waves or acoustic tran-
sients, extensional flow, shearing flow, 7|Z7} H|CH&EH
oz EZ mj WEE= micro-jetting flow &0| BH0{sl= A
o=z X Uct (2). Jet flows 7|Z7F Wa & A= of
grAstd = 5m/sollAf 80m/sofl O|2ct. Single shot
ultrasound pulsedl 2lSHME F2 2k 1/49] MZI} Ofjet
flowoll olalf &&= d=Ct (3). M7} 7|2 ZCHEIX|E2
0.75tH 2tol| A ul 75% o|Ate| EHEZ poration0] Lojt
clt (4). 22{ut ol= HZ bubblet oA U2 w= jet
flow2| Z1& ElZHCH= jet flowtt oscillation bubbleod| 2
gt streaming % shear forceZ} O sonoporationof| 2
&2 stz W22 YK Ut (5, 6).

0|3 sonomechanical effectoll 2|8t sonoporation2|of|
sonochemical effecte| EXM& F&st= 28T UL
Inertial cavitation® microsecond?} nanometer scalest
ollA o AZHst 2k30[|0f 0= bubble & water vapor<|
GZoHE Lo h? =2 2S4S Ho|= OH radical®t H
atomE MAsl1 0| radicalE2 T8 24t B850 M2
= free radical&2 M4stHLE DNASl H7|MHol| g2
Ch o] HHoM & O 22 X|H== atetEdo| Mg
0|22 =30l A =E=|X| gt M=o HI0|2F
LIEH 4= 2lck= 20| sonochemical effect F&t2| 2
O|&ct.

__|

B 2 A
mo nu ku

[~

Sonoporationd| ¥&2 7|x|= AXEL acoustic
pressure, pulse frequency, pulse repetition frequency,
pulse duration, insonation time 50|04 pulse frequency
£ Helst LHX 2& AXREL V|7 EFE cell
permeability?} S7Fst1 viability7} ZHAstct (7). fRI==

UXtO| size= deliveryoll 2 IS FX| ¢ton 2 MDa7HA|
#elo| 7ksslot.

. Preclinical application

1. Drug delivery (chemotherapeutic agents)

Z21tet microbubble(MB)2| w2 getxel M= LY
0l&2 Z7HA Erel 20tE STAZICE O 2ok =5
ot =ALZ 602 0|4 X|ZEICH (8). Squamous carcinoma
cello] bleomycing ¢ & MBE 0|28t sonoporations

T AN¥stde of S0 Hel AM=UD =AM o=z
apoptosisZt FHLCt (9). o|uf AFESE sonicatione| =42
1 MHz, 2.0 W/cm?, duty cycle 50%, 1=(x2) 0|ACt.
Retinoblastoma, primary cutaneous melanoma,
lympohoma, prostate cancer, oral cancer, pancreas
cancer S0ilA HEEII AgHo=z ZHO| I AUCt (8,
10).

Drug 2lol= Protein, synthetic oligonucleotides,
small compound 52| influxE S7IAIZ £ Uct =Sajo|
9|5t transmembrane delivery= endocytosis?F ZHAIGHK]|
241 A El THE poreol| oSt ZFAQ FRACE Holck= 3
Zo| BoLt (11), gene transfectionS S7HA17(7] I6)
polyethylenimine (PENE 0|&&t AF0l|lM EZLZAL &
CHEE2| uptakeZt 3AIZF ool 2ofLt endocytosis?t 2Hod
& 754 S MAlsLt (12). ool CHaliM= & o B2 o7
7 2eE ZHoz Mzt FEct (8). MB2| shelle| 2o 2
SIME transfection?l efficiencyZ7t @& gh= o lipid
bubbleo| albumin shell0|L} liposomeXZcl Jch= 2107}
ALt (13). Doxorubicin-containing liposome-
containing MBE 0|&%t sonication A&0lA Dox-
liposome2C}t Dox-loaded MBOlIA{ 28l O|AF melanoma
MZ7F AFEEACE (14).

2. Gene delivery
ZSIE 7|2 $t gene transfer= viral gene transfer

o k5%t iotoz HIFFoz BAED Um B Felk o
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T=0| 0|& AIXlsll =1 Ut (16). Bacteria LHoll mutantE
at=7] fal gene transfectiong Al7l= d Ao
st Aol 2ostH
electoporation=C} 28 M= Z3FX0|AL electroporation
1t 22| bacteriocidalstX| 2£UCt. Delivery efficiency=
acoustic pressure amplitude, duty cycle, Z2/11 MB<2
2ol 2 A20] PRRE2t= 2 d8S X 2LAUCH (16).
Reporter DNA plasmidZ rat eye?l ciliary muscled||
trasnfectionst= H US + MB7} MB onlyt US only, &=
= plasmid onlyol H|sf SAHH2ZE RostAH =2

transfectiong 2311 lenstt ciliary muscle2] &40 §id

sonoporation2 of$ f&3tod

=
=

ct (17). US-mediated antiangiogenic gene therapy&
SR L HYX| 2ot ARsto] XE2I%E W O =2 &uf
£ Ag £ AUt (18). ElectroporationZ} sonoporatione
Zo| 0|28t A2 electroporationZt 02342 wj £} 64l 0]
4t transfection efficiencyZt 74t (19). Neuronal cell
ol 2F 20% transfection efficiencys Y T Z gene
transfectiono| S7IAIZIC} (20). MicroRNA transfection
T sonoporationg 0|83 SZAIZ == Ut (21). BBBE

E35M drug ¥ gene 058 = UCt (22).

-

lll. Future challenges

ato=Z 17| YsiM e O B2 A data®t B AEo
2 & O detstA
targeting & == U= more sophisticated US generating
device7t ELstct, S MK EU0| 7HXK|1 U= SMof o

£ x|22H| Ro|2 F=3P| 9ls A7} LR S

deep seated tumorgE treatstl

heterogeneitydl| 2 X sonoporation2| X0|& 0{d
A F=g A7} Bziolct, S dato| B2 Xoll= MB
0| vascular permeabilityE S7IANH ®&2 77|
o] MALE Z|ALE F20lM= F&0| MSHEICt o2 H|st
M2 nano-sized bubbleO|Lt microbubbleg THE0{LH=
nanoemulsion £ nanoparticle2 22 5= /2 Zo|ct
(23-25).
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