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PCT/ CN2005/ 001361 PLASM D ENHANCEMENT AGENT FGRtHINGRs/001361

FNTENSITY  FOCUSED UCTRASOUND TREATNVENT “AND "USE
THERECF 5 FI ELD OF THE PRESENT | NVENTI ON The present
invention is related to the fields of nmedicine and

medi cal treatnment, specifically to the field of
ultrasound treatnent, and nore particularly to a
PRRL N AN IECEARE ERIENT 'AG BN T O § INTHNSITY

can“increase acoustic energy deposi o target

o2t SRD YU, TRA SORIND TR FAMEM BNT AND ISEEPHEREOF
BACKGROUND OF THE PRESENT | NVENTI ON Hi gh-intensity

focused ultrasound (HI FU) as a new technique to treat
tunors and ot her di seases has al ready been recogni zed
FRELIS OF (THERRESHNTHYN VESNTHINU enpl oys focused

ul trasound, whi.ch pr.ovi des conti nuous,, F'gh-intensity

ul t rABBUPKESERBABYCREORHS Felatisl to rdsyfieldsy of ymedicine”and

BRFUCHs (eaptRh A BPAL: © I Soonhaiest iy 1B §ent,
%Hdsx%lo?‘gt bgﬁiéﬁiaﬁ‘}uﬁ? Qoﬁ%ﬂxﬂﬁ' }éghﬁ]ﬁ&{rﬂéhts a&ent Mfor HIFU
ocus and“prevent “tunors' from proliferation,

HRYARERD ANGcEtAStiASIcase | AcRsicderBRs) IRpeditidiattol barget
acoustic energy was attenuated exponéntially as the

Idcnmssduiang H Rldnceatimentgasédisduherepf. ul trasound
transm ssion within the body (Baoqgin Liu et al.,
Chi nese Journal of Utrasound in Medicine, 2002,

kTR LR g

et r BRIt PatdsRgn P B R ThaaT S ARG b by
. ! 4 . ! , ‘

HESPORAARROT Y NEPIBPRAF IS EBGINE peopppied

YR alasgdida®ionsi NBAEief exrgnayﬁ | €adusddt nas@yodnd, which

Ther apeutics, Science and 30 Technol ogy Reference
Pudidebecomfin@munahigheijtengity 2002asdand energy at the focus,
PCT/ CN2005/ 00136 | Therefore, when the H FU._treat nent
resultiog tin inrdantapeeps s thareenlasdieatar go-4P9dd )t updrisation
te:?feec?sc,ofillsétchgnfcg regf)fect:trsagr? .stotn%%hteglig:aeeh%g%?tto selectively
cause coagulative necrosis at the focus and prevent tumors from
proliferation, invasion and metastasis.

It was demonstrated that the acoustic energy was attenuated
exponentially as the transmission distance increased during
ultrasound transmission within the body (Baoqin Liu et al., Chinese
Journal of Ultrasound in Medicine, 2002, 18(8):565-568). In addition,
the energy during ultrasound transmission in soft tissues was
attenuated due to tissue absorption, scattering, refraction, diffraction
and the like, among which the tissue absorption and scattering are
mainly responsibie for the energy loss (Ruo Feng and Zhibiao Wang
as editors in chief, Practical Ultrasound Therapeutics, Science and

Technology Reference Publisher of China, Beijing, 2002.14).
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woul d be relatively |ow. Thus, therapeutic effiriTerneyss0iss

woul d decrease and treatnent tine would be prol onged
due to the acoustic energy 5 attenuation. O course,
al though the transmtting power of the therapeutic

e g 3 [ ) e
THEPSENES windtie RRELVEGSRTER: 1 oBEORD (i RRKEyeFand

RabBvaye®f tiiery! tHasrwndtict eABESY SEhRNnitSedDice thibkednget
to be burned in a high-intensity 10 ultrasound

el d demesittivehy dobei fiher, thérapeasient{fiolbedy theuld dtrease
t echni que is‘clinicallg applied to a hagatic t unor
andttréainidrge ke youldebei prolpngetheduratdnvidy awfusthe energy
ul trasound transm ssion, the ribs are usually renoved
PHCBYEPD- t o0 i ncrease the energy deposition at the

S R S
TS PR FERA0ER, AR 9% AL {8 reppeuic

@f@@ileﬁer% havendifad artiaoeens Yhé i pathedyt BE Uee udfrasound
the HHFU treatnment as a technique for clinical

muasinisdonTher ehoree, likbly @0 beclhmirnad P okl dnghwiniténsity
respect to increasing the energy deposition at target
hBearauasl erYiresmondl y treating the deep-seated tunors

wi t hout | damagi ng the surroundin mal tissue in th
acou iaéid;staf)ﬂm;&,pr&ﬁant,twésm% gﬂﬁﬁ)é?%mﬂ&ﬁow chaically
i S hlecked,by f.he ribs,,w.t.hqut remgva f t.he,ri
ndefef 3058 ndbrlidauaanity S Wac kERIR et @°tld Bithway
bV 'Msspﬁd Qpi BGhis ﬁynOfthEhr%Qra‘?é%Pallﬁ}Vr%ﬁ‘ﬁé@éH i8 drfer
provide a plasmd ‘enhanéenment agent for "H FU

td eatmRe , thehisdrggatepaditingeat hiee aapust iovationershorien the
deposition at target tissue during FU treatnent. 30

Aratinent odjmet i aadof ithheoypr esbatapawent iebfects t dhus the
provide a nmethod _2 PCT/CN2005/00 1 3 6 1 for ) )
appEnEshenissu et | ElERertsgatarpdsicanaat fie tapsured.gathich is

lugﬁclggiirz(i]b edf‘gritﬂg patients and doctors.

The above problems have disadvantageously limited the use of
the HIFU treatment as a technique for clinical practice. Therefore, the
technical problems with respect to increasing the energy deposition at
target location, effectively treating the deep-seated tumors without
damaging the surrounding normal tissue in the acoustic pathway, and
treating a hepatic tumor that is blocked by the ribs without removal

of the ribs, need to be solved urgently.

SUMMARY OF THE INVENTION

One objective of the present invention is to provide a plasmid
enhancement agent for HIFU treatment, which can enhance the acoustic
energy deposition at target tissue during HIFU treatment.

Another objective of the present invention is to provide a method
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H FU treatnent using the plasm d enhancenent agentcNz085/001361

high intensity focused ultrasound (H'FU treatnent of
the present invention. A further objective of the
present invention is to provide use of a 5 plasmd

B SRR B0y Rl alob R OT At oo PR St L durin
HIE(ABRUEnER] S Bfo pldyndiRcAIIRUNIEN ao i or RiERatensity

f
I nvention provides a plasm d enhancenent™ agent

kb Fddedtuleaisoant. (I enbanaenest tlagendseal ihhentpsiesent
invention is a 10 substance that can enhance acoustic

ener gyfuablsor phjconivatof the prsget intadaid onta prdoade use of a
treated with HHFU after its admnistration to a
plasioigi cahapeaipent, agent signsthidé trgatmesh t9e ad@gceothe

sfieaigencts SR BBSall 357 Mon: Curor 11 scue)
duri U t { . h t.] ' .
the 1ypaiortd BEREVE e bISURFERET, i REC kel e

kédd e tihSRhARRAL pREEidReLa gﬁﬁ&ﬂn?&” é}{ﬂa)ﬁc%iﬂéﬁteﬁ%?prﬁsfdromFU
s the substances are nanoneter-sized bi oconpati bl e

s@atifienand learnthangmenhea @geausifi ¢he epdseannarentbnt e a
target tissue and pronote therapeutic acoustic energy
abbstapte dhahrdndeposiad enoattit kaergy gdsorpEeueat @@ target

Specifically, the enhancenent agent for H FU treatnment
dcatipn oy dentrertpdentitBn HEgikr ﬁgt@g HeeREPHBISraten to a

ter;si,zed _Di ti bl lid |l ected f
i AR L R
BERGPESUEAPSEL BT ORLJEc 3 5 o ROARALRA o

Aydr@rydapathé e dulfie; eNFancGesmpternognt tmza?rn%d%@fihb@hﬁon,
size ranging Tfrom I nm500nm preferably 1-200nm and

i etypieef ef abliystahBed O0sed dheenterhedhdrar apeearfong HIFU
t he enhancenent agent for HI FU treatnment is not
peeatment are yiati pattedilafdyrlisktadh| @& lemg asf Greepelrtinersd are

RABAGETS - BiSHiaPGriuTBE O] PoiAE B DD ERRZe the acousti
environment of the target tissue and promote therapeutic acoustic
energy absorption and deposition at the target tissue.

Specifically, the enhancement agent for HIFU treatment of the
present invention comprises preferably the nanometer-sized
biocompatible solids selected from a group consisting of magnetic
biomaterials, such as superparamagnetic iron oxide (SPIO),
hydroxylapatite (HAP) and calcium carbonate, preferably
hydroxylapatite. The enhancement agent has a particle size ranging
from Inm-500nm, preferably 1-200nm, and more preferably
10-100nm.

The method for preparing the enhancement agent for HIFU
treatment is not particularly limited. For example, the aforementioned

nanometer-sized biocompatible solid (such as magnetic biomaterials,
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such as superparamagnetic iron oxide (SPI O, PCT/CN2005/001361

hydr oxyl apatite (HAP) and cal cium carbonate) having a
desired particle size can be added to an aqueous
mediumto forma suspension with a concentration of

Qudr 13 ﬁ#rp%ﬂﬂégﬁ&:é‘?n%n bkideS %Rﬁﬁ:@dr%xg?au}atite (HAP)

hOfTD en suspensit on VVI

%ﬂ@l%:ﬂéuﬁn%ﬁ@b@ﬁét‘é'} ha%@n%réat‘}estihﬁi éﬁ?cﬂ%tﬁée a8t added to
bi oconpati ble solid can be conpletely and

henageseol shydidins per $etni 8 dlipcasiveowsitls us p@mdiengration of
medi um As used herein, the termof "nanoneter-sized"
et drid)g’'b. aPrpar ttocl wsesi 28 of pferabhan to nhoandgdregs the
than 1Q00nm 10 In order to prevent the

RHARARYER- Witled BHSERSTRARIEFeSYe 42 pepipator, so that the

AR o b HERRUBTE | ARG ot Thvertnphiely "
cg%égﬁéeo@g‘y R ORI L W
encapsul alegd HiYeth, 1ohSTBERANT FoRRbRLERL ! re%}@ % a

conti nuous phase conprised of aqueous medium The

ghasdokt sine@fsmphasiean $nunahdiedsythdinsp@o®ed. in  the

conti nuous phase and has a particle size ranging from

10- 1600arder po gfrevabt ytheonsnaneternsizadr biguoatgatabley solids

]fO 200nm The amount of the nenbrane-form ng nmateri al
FOHihegl 28 Wé@h@ht ogggﬁ@cngaggno g ib@gﬁﬁue?ﬁsef@leéml}? a

0.5220 bl 0.5-10
PRt - Bl eRr RESfe) bresfitetyentBly pravidps an
GO nEBLERE 2 2ge rﬂndfé'feﬁﬁb@aﬁ%a}ﬁl%mthﬁ)hgroé@npnses a

consi sting of netrc biomateria

%Hﬁ@frﬁﬁﬁﬁﬂﬁgnﬁﬁaﬁa | eompRidede §SPh OcorBy dirmspkaRatdt &y a
(HAP), and cal cium carbonate, preferably

Imeimbxmiea;ﬁaﬂntr% mheerp tind e sozen@duofphidse comprised of
nanonet er - si zed bi oconpatible solid is 1-500nm
prerepnapngdium 20bangisaadtinspes phesernabmifaguisodirper ek in

e onsifuiolr phage avef B § pasoelfotgpuanante v 10 600nm,
B ELTREB) YOS nd ol PR CITORERY RBb bipme of
iRl YAERLrAAR RIS CnABriaft in the enhancement agent is
0.1-100g/L., preferably 0.5-20g/1. and more preferably (.5-10g/L.. The
nanometer-sized biocompatible solids are used as the core material,
and are selected from the group consisting of magnetic biomaterials,
such as superparamagnetic iron oxide (SPIO), hydroxylapatite (HAP),
and calcium carbonate, preferably hydroxylapatite. The particle size
of the nanometer-sized biocompatible solid is 1-500nm, preferably
1-200nm, and more preferably 10-100nm. The amount of the core
material in the enhancement agent is 0.1-150g/L, preferably
10-100g/L, and more preferably 20-80g/L.

In the above embodiment of the present invention, the

membrane-forming material  includes: lipids, such as
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PCT/ CN2005/ 001361 3-sn-phosphati dyl choli ne, PCT/CN2605/001361

1, 2-di pal m toyl -sn-gl ycer o- 3- phosphati dyl gl ycero
sodi um sal t,
1, 2-di st earoyl -sn-gl ycer o- 3- phosphat i dyl chol i ne,

?ogﬁgm ?)hgﬂ%&q{dm{eoyl sn-gl ycero- 3- phosphati date, 5

m t oyl - sn- gl'ycer o- 3- phosphat i dyl chol i ne,

ﬂhD&ﬁEaImdMP/BShl dglgcepnd-phospigaidflgtiycerol  sodium  salt,
phosp atidyl serine, cholesterol and gl ycol i pi de;

dazahisteiades!- smagdywhom@ pﬁ(mphemimbd:leohgd:,ucose sodium
fructose, sucrose, starch and the degradation

dn%ﬂhpwﬂtt%} safzlypeen-érabosahasidate, al bunin,

3e§r<ﬁaafnﬁﬂy S B9 6trcsn bl RO B neRBRe iy Iserine

: rlll\lgi:ri% dp%é&f%tggo Eo%ﬁ%‘%fidn@g&tmgf cthg ﬁl’a‘e{ﬁ‘légﬁnd t%lpfcohgnde'

RAYShAI ARG GALI u%l%% n&r"éxeﬂhé[—‘é’%ﬁué@%éﬁirrﬁetoseT@ﬁcrose starch
concentrafion of Th l'ucose 'sol ution can bé up to’ 50%

@wdv Xhe togvadationt b@odh@t@;oﬁ%@@f‘mpr@ﬁem@nnmchbasusﬁﬁlmm
as the aqueous medium 15 for the plasm d enhancenent
agebulihor fillirAWwgemeat fitbrin, | hediedlobin, padi dhes. dégradation
preferred_enbodi nent, the enhancenent agent nmay al so
eoadact ohplakpreteips aad theddlee s odi um( CMC- Na) and/ or

I Th h
S ponihi Biegatite SRR ingns o Sigrotent ge GTagR, e utous

Fﬂé(@iu a6 edRpBk dow]at(? Eﬂ?lgb@fﬁm#ﬂhe 8 I!ICY&S%r Egldtﬂ)n

e ennancenent agen e en cenen

qg?é‘hoﬁ@&n@hﬁ@nc@ﬂ“ﬂ% 1aabROXBIRESY | Gel bul @sao 50% (w/v).
pot assi um car boxyet hyl cel | ul ose sodi um

daowexystthyl gatbsd eskitpat assnonbe used as the aqueous medium
car boxypropyl cel | ul ose sodi um car boxypropyl cel | ul ose
dot absi plasmidsennanadeeni Rgent dog IﬁHﬂé peefreenedn diabetic
enbodl ment, in order to increase the stability of the
%rrent agent, the enhancenent agent is adjusted

0 1204l A, 58 P RSSO Sl s
SRR AR L R ECMC b o hcerin
The amount of the CMC-Na in the enhancement agent is 0.01-10g/L,
preferably 0.05-0.6g/L, and more preferably 0.1-0.3g/L. The amount
of glycerin in the enhancement agent is 5-100g/L. The enhancement
agent may also contain carboxymethylcellulose potassium,
carboxyethylcellulose sodium, carboxyethylcellulose potassium,
carboxypropylcellulose sodium, carboxypropylcellulose potassium,
and the like.

In a more preferred embodiment, in order to increase the
stability of the enhancement agent, the enhancement agent is adjusted
to pH 3.0-6.5, preferably 5.0-6.0. Inorganic or organic acids may be
used to adjust the pH value of the enhancement agent. Acetic acid is

preferably used to adjust the pH value of the enhancement agent.
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5 PCT/ CN2005/ 001361 Additionally, in order to ABKéN2005/00136]

the plasm d enhancenent agent for HI FU treatnent
according to the present invention target a specific
tunor tissue or focus, substances having specific

af f i W ddhtioRallbhent b‘xgﬂ%gyid $84l€e Qhe LH18shoE Lbﬁmha%%ﬁléi‘ﬁ Fhent

tunor-specifi ¢ anti bo may 5 be added into the

€ohaHCEenteagrit. abootdiagpltastha wrRbanceam®shtidagenirget a
for HFU treatnment of the present invention, it is
predidrablimot disssie o1 pocuy,nortstprefsehabing specific affinity to
phosphol i pin) to encapsul ate the nanoneter-sized

Bl HeRsog LuSHeR B 80Es, Hyghoss, f ABEIATt B CHAP) At b, may
gal cdél;era ce%rgﬁnatn?l, such 10 that the enhancenent agent
& HiteeFRPFEVERS @S transported through

t he 0 [ [ I ngl. .t S

aui ol y 15, P efanoERes dpertton DR HRPRRIGRESH he

g%éerﬁf inV&ition! QendobhetdrablLabl Sise THpL @ ?fﬁ%re apfeFefably
f enhancenent ‘agent can be deposited in the tissues

photpkolipimgn bedychoapsuhty t ghiene,nabdnsdtenisiza@hnt inggnetic

changi ng the acoustic environnent of the target

bismatgriakshdrydrazylapatids b Pabeal pt icatcioapaearbynate, such

the tissue can be significant|ly enhanced, the
HepsiittGanbadnideied amigayenqysdyy ransported

gn

O N R

gﬁka&gt {Hé”f{issﬁgk'%fc%ﬂe A& | f"%%i%e%gé}/fun of
e nano ter-size bi ocorrpatl e sol1'ds as use I N

FB8c RIRSRIVhelidIVEY. oTh@e€o O MRIagS dlfl shhaviabhbk @gent can
Al ternatively, the bioconpatible solids nmay be

peodepsered nimo thanosseterofSitkedhgmanubedy wsi mgshort time,
met hods known by a skilled person in the art. 25 The
Atghieaatlys cheargibigodunpaonsiie enuliadsnericapshe daegetbiisate,
menbrane according to the present .j nvePti on

pieipatht HETaTNGWRPSQIRfiaRei GRATYandt nib g &can be
STORLRAG P Eb O s, Tonlells SRRPRIGasTi8E ot the targer
tissue during HIFU treatment can be increased, and eventually the
effectiveness of clinical HIFU treatment to ablate the tumor cells can
be improved greatly.

The nanometer-sized biocompatible solids as used in the present
invention are commercially available.  Alternatively, the
biocompatible solids may be processed into nanometer-sized granules
using methods known by a skilled person in the art,

The nanometer-sized biocompatible solids encapsulated by a
membrane according to the present invention may be prepared as
follows:

(1) weighing and mixing a membrane-forming material and
nanometer-sized biocompatible solids to obtain 0.1-100g/L

membrane-forming material and 0.1-150g/l.  nanometer-sized
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30 nenbrane-formng material and 0.1-150q9/L PCT/CN2005/001361

nanoneter-sized 6 PCT/CN2005/00136 1 bioconpatible
solids, adding an aqueous nediumto the m xture up to
a predeterm ned volune and stirring to forma liquid

'B‘ldééiﬁ?atl()?é sBlias] agdinbead hg%é‘um&diﬁﬁl 2] ﬁP@hﬁ@tth up to
step in a sonicator sonicating the liquid

mpﬁedeaarfzmmﬁ teduthammdiseisriag atpdpan oOfiqubd A0t

800Wto forma uniformy dispersed, stable suspension.

Pr ef éi)aplﬁycmgHéesluslpdnmmwmyepemctal etept (M cin mosonicator

obtain a nore ormy dispersed, stable suspension.
BRdt wwatlﬁgdtheohqy#%ﬁmtﬁge tfﬁé pitashitgiiaamdetramwer of

3908 It Vete 1AL & MRt s il SRS ibgpgion.
BELSEOR! Y ROCEoLRL 0. N MoHESEBCL OIS, BHULBNRTy pore

aqueous e prefera

hmformwt&hrssets%da%%de%&ﬁeﬁﬁsnaqueous medi um and
evenly Stirred in the step (1), acetic acid is added

to adhust nkehdd doi gropaing ahtoplakinid.dhhanbeantht agent for
referably 5.0-6.0. 15 In the nmethod for preparing the
S{Iﬁ&n treafthant enferibe apeasent ornvemltmn t carpoem cthfyl¢¢ldulose

sent invention, it only [oce s the
@pgwﬁp%nd or el §6@lilasarﬁnwfﬁa3§ Einteq gmsng@ before

T uni f.orm_di sper,si on o
AAg

%8@&5&1 eds; Rt e a%r:} Pgﬂ\}zd%‘?rﬁpﬁ’vlﬁs g-, ﬁ&teg the
PPRG dH@@Whlt‘ﬁep&g}’I ngl H‘%dﬁl@ﬁ’l d%@ﬁwtsfl réd 28%he

gr anul es rom congl omrer hus ere are

aﬁw(n?m@%ﬁd atid e RuEdPIBNAdHSEdhken]] &:]Th@d rr@ltimﬁe anhH
the method is inple to use, effective for uniform

ai. &-;feﬁsmrmhpreﬁnnhbdyﬁ@é fective. The present invention

is further directed to a nethod for increasing energy
depodntthenmgthad éox ar@éarmg)daf:umﬁsmdm@lanﬁ@rrwm@gent for

e e LI
e BLGRERY ER NSl B S it

B@éﬁe‘%@foxﬁbf tﬁe %ﬁ@&brﬁ‘?ﬁﬁ&f‘s BRRSY '1HQhE"aFddebh§6}hHHﬂImt@arﬁbe

pat’l ent. fective
achieved Slmply by using a sonicator, meanwhile preventing the

nanometer-sized granules from conglomerating. Thus, there are fewer
requirements for the equipment used in the method, and the method is
simple to use, effective for uniform dispersion, and cost-effective.
The present invention is further directed to a method for increasing
energy deposition at the target location during the HIFU treatment; the
method comprises administering an effective dosage of the plasmid
enhancement agent of the present invention intravenously via
continuous and rapid IV instillation or bolus injection to a patient at
0-168h before applying HIFU treatment to a patient. The effective
dosage mentioned above varies with the type of tumor, weight of patient,

location of tumor, volume of tumor and the like. However, a doctor or a
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dosage nentioned above varies with the type of REHEH005/001361

wei ght of patient, 30 |location of tunor, volune of

tunor and the |ike. However, a doctor or a 7

PCT/ CN2005/ 001361 pharmaci st can easily determ ne the

?Mbhﬁ@&l@t dOsR0esi BF diz'téﬁﬁirn%ntthe p§&it§1§‘1%3 do é’%e epeR MRl Herent
dosage can be’selected fromthe range o

Palied@0V kgexpmelsr el vobage oah/ kg, schordeddi®@n the range of

preferably 0.5-5nl/kg. As used herein, the term

0. béﬂud/kg,qiref@abw BHeSBﬂﬂ@ amtdi milore ipa¢f@eab15 O ﬁu Srhbkg.

physi ol ogi cal state of a tunor,_ or_norna]

genefd 1Sed Beesa, theotarne “lesagul aefars tadbe égbgtaaflaé change

SRS 8 TR ST SO L R bRy rers
SR cLRLFRITE LAIORR EE 2 HARIE ol MR PRGAAY Encrey

QFRERIRNOTRRbr FERFT 84 /b UBed ‘tol4aavil fy %J[Qe aegumé %rn%rgy
to the acoustic energy needed to cause |l esions of

tgrded torcanee nadionk sguetqrget tkstie yek wmet 0flunhe of |tlss Ussue.

wherein, rj refers to the focusing cer&J ient of a
HET isr prescoted bythe hexpiossiots ofhgZERIET ;j omﬁndztenlérrgp ),
focusi ng capacity of the transducer, here r)=0.7
aafleiedersotq ﬁlée %paﬁtlamgy dl%&ﬁéir tq)fsa'amifrsw% af e o tumor

bridrnall tstud PEFTit JciOutel G B atien g Rt pfers to
thufqéﬁgggdcde?ﬁb&qﬁeg)EE%:tHgm trar@dﬁUQStWPl?&lt ?fects the

gr eat reases the target ‘tissue a

Ilﬂﬁaﬁﬁmm eREfAL fOfusinS d"ﬁgbélt?%it ¢ erdr@dhteruIrge ag=0Ie P
enhancenent agent for Hi reatment. 20 The

eafandenthattoagentousoic phwer bf eatlfEhl sgneat {unideédeaseters
the EEF of the target tissue after its
ddntbei tatahttivg. oAdIH Vetigrtmenhdunit i 0; ask Wegafameto the

S bl 175l BRSO LR WSt
Y I ST o SRR o

G4 -iﬁorfl-:sﬁnfﬁﬁéuf@ RNGsel b ﬂ%r %n%@ﬁ@m%’enprfée‘ﬁrt apéry HIFU
nore than 2, and nore preterably over 4. The upper

ltignitine@t. the ratio is not particularly limted and
hi gher ratio is preferred.

The enhancement agent for HIFU treatment greatly decreases the
EEF of the target tissue after its administration. As a result, the ratio
between the EEF of the target tissue measured before the
administration of the enhancement agent (i.e. EEF (pss) ) and the EEF
of the target tissue measured after the administration of the
enhancement agent (i.e. EEF neasurementy ) 15 more than 1, preferably
more than 2, and more preferably over 4. The upper limit of the ratio

is not particularly limited and higher ratio is preferred.

DETAILED DESCRIPTION OF THE INVENTION
Example 1
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 30 ExanpP@/aNgos/001361

PCT/ CN2005/ 001361 The following naterials were m xed:
2.5 HAP with a particle size ranging fromlnmto
100nm (purchased fromthe Engi neering Research Center

for Eﬁr&ﬂﬁ%l%m%ﬁ ;ﬂéte%iaq?%@reumixsasiztsf HAP3YiMPlKparticle

lecithin for infection (purchased fronT Shanghal

GheyrirgatinRedgant 1 SmCedPENHm afidirOh 3¢ Ciks NatHp Bretias@dng
from Shanghai Chenical Reagent Conpany), and

ReseatdleCameefot Banfatealal v olf Usehabn10dmversitght 6r3g volk
bei,ng_ uniformy m xed, the m xture was adjusted with
deeithin farilgjedipH (puochased Riowe ubbanglsris Ghicasicall Reggent

GiRAh 4 B BE1ENuse (ROUH e 15, AR, i
R ChrbBST, S50 sufEheh B LR agmsept oomt
Eﬁégg @g@g%iﬁmﬁwm&eﬁt ghel mextu@t dhe ﬁ;&g@et MdPUS etic

he resulting enhancenent agent ranged from

la@idned @ HLBADMhe Whittu ANway 8oadeatedfoe 20iid@RRMt topower of
500nm 15 Exanple 2 The following materials were

"i00aN: WAt gthidARramistii tgerpaf t thel sonsiater rposgiinged r omi¢mthe
to 100nm (purchased fromthe Engi neering Research )
centase ¢lothepnanteratal .cor depibhubiicuppiigasiony p, melksyhite,

b AR BhSSRE CR T
(L6 Ponfifar ShELE £ U BB ep i By onged
e St RN Wot 1f0cgﬁﬁﬁ,i wiBfhe averddd Parke JNEOUIM & SOVES.

soni cated for m nutes at a power of 400Wwi th the
transmtter of the sonicator positioned under the
surface of the mxture at 1.5cm depth. After 25
slimimjdei?on, a mlk-white, uniformy dispersed, stable
SHSPSIe! A5 AR, T arhl of £ 2R St Mt
?sg%’gfgaﬁgﬂ%ggﬁ%? g]négg{)]nnf (?Orligoppnu%h\é\éet({] FimUE egineering
Research Center for Biomaterials of Sichuan University), 0.3g yolk
lecithin for injection (purchased from Shanghai Chemical Reagent
Company) and Iml glycerin for injection, and distilled water to a
final volume of 100ml. After being uniformly mixed, the mixture was
adjusted with acetic acid to pH 5.0. The mixture was sonicated for 2
minutes at a power of 400W with the transmitter of the sonicator
positioned under the surface of the mixture at 1.5cm depth. After
sonication, a milk-white, uniformly dispersed, stable suspension was
obtained. The particle size of the discontinuous phase of the resulting
enhancement agent ranged from 10nm to [000nm, with an average

range of 100nm to 500nm.

Examples 3-5
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30 Exanples 3-5 9 PCl'/CN2005/001361 The pl asnf@/CN2005/001361

enhancenent agent for H FU treatnent of the present
i nventi on was prepared according to the sane net hod
and procedures described in Exanple 1 with the

mat efal glgcfrkernha% Wi %g quo?hkgﬁﬁa%?k@tzﬁe ThE the

paraneters t he ucts a al so shown 1 n Table
hres@%@'a@wénﬁéﬂnﬁla% %?@%'&c‘br betle same method and
hanonet er - si zed /L 25¢g/L 50g/L (particle
pras)durds SGE):mTibc{dl ﬁﬂOEm&m@le 500mmh L tinateral3gad3ghe
0.6g OCMC-Na 0.3g 0. 6g 3g dycerin for injection
Mot sgh{orthuna"rabl@l bné?hafnaémrmt@ta of dee poodnctsgopialso
100n1 dded PH (c.a.) 5.0 5.0 5.0 Particle
ghowngin elg- 1000nm 10- 1000nm 10- 1000nm
di scont i nuous phase Osnot i CTE%')ES ure 275 275 275
(sl kg....H20) (1 sosnotic) potic) (lsosnptic)
anpl e 6 The nanonet er -[sj zed hydnoxyl apatite (HAP)
urchased fromthe 10 En@K&i’é@ﬁ?nq IFeasaplech | dermapledor

omateriatsof —Srchuanjuniversi l) Vde ani e-powder

O B RS Pen T el Gl dsorve i nla ohe "
b1

Shysn ol ogical to PCT/ CN2005/ 00134
(particle size) (1-500nm) | (1-500nm) | (1-500nm)
Lecithin 0.3g 0.3g 0.6g
CMC-Na 0.3g 0.6g 0.3g
Glycerin for injection Iml 1ml 2ml

Final volume after distilled
100ml 100mi 100ml
water added

PH (c.a.) 5.0 5.0 5.0

Particle size of the
10-1000nm | 10-1000nm | 10-1000nm
discontinuous phase

Osmotic pressure 275 275 275
(mosm/ kg. H20) (Isosmotic) | (Isosmotic) | (Isosmotic)
Example 6

The nanometer-sized hydroxylapatite (HAP) purchased from the
Engineering Research Center for Biomaterials of Sichuan University
was white powder with a particle size ranging from 10nm to 200nm

with a normal distribution. HAP was dissolved in a 9% physiological

10
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saline solution to obtain two mlKk-white suspensirs005/001361

wth concentrations of 25g/L and 50g/L, respectively.
Prior to use, the suspensions were sonicated for 2
m nutes by a sonicator under a power of 600Wso as to

. uni f v di . 5 .An] \ \ i :
oftithe SitecnEht agam AT BNIKEEhE UIRDAL Syt

EhFsEdhgrigpew osdevi £68 el Hopdbiitel SPXoNew use, the
Zeal and white rabbits wei ghing approxi mtely 2kg,
wiidnsiene weeyisdaitdiydt for Rabeinateyr yyAni sahaGentwrder a
of  Chongging University of Medical Sciences, were
panctomr 60 W skeds 10 bentvifonaly dnspasbedr oup and two

experinmental groups, using.the FU enhancenent agent, .
Aoitmabtirsls | GoBH! $PEUDt Uy s npagsIRaR, JECHER pomared in

SRl S RN RS T o SR
bor dehidsl . Weg, AL Whird! P S BRI lap PB4 RRately
wer e adnrni stered wt he agent as prepar I'n

Ekgmﬁidh (wedd gﬁ‘bvm/ed apy dthienj 8@k dryi Adiaklst Ceater of
border vein and then flushed with 1 physi ol ogi cal

sloneisgl Uniwersity of ddediaal Saisuces,t ate traadagdyt dhaded
entered into the body conpletely. Two experinental
getoups e wemdr axgresed aidl t v Herpesimemah guepepamgimg the HIFU
hours after injection of. agent, respectively. The .
éflgaﬁc%fﬁﬁﬂt s 12x hrlaids 19T Hpaal g&rovn. msr@gf%rm the
injection was called.the first ' | _ gk
PRBTE ofip h St Rl PR Mty BIBRLPER A 127 ¢ RBflon
- . - . -l h . H B -
e L R e B
s trprriedeht gfoumniieas tadmeiohi figrdehangaiingaglent & prepared
(HF Technol ogy Co. 25 Ltd. was used to radiate the
lih iExameie th€2 mbg) ttsy irapichénjeotionoVviagrahipt camdbanger vein
experi ment aIh 8rou s under sjingle pul se exposure, The

£

rnghthem: s sad phyyigderical pakve stHutigpetn jarder fo
SReRAtbRL (he grsenad| PRASEunE ole SPHAg SyGUERTTa To
sy RRTE GRS VER i DIREAME T ABoRo R ope 4
hours after injection of agent, respectively. The group that was
exposed to HIFU at 24 hours after injection was called the first
experimental group and the group that was exposed HIFU 48 hours
after injection was called the second experimental group. A
High-intensity Focused Ultrasound Tumor Therapeutic System
Model-JC manufactured by Chongqing Haifu (HIFU) Technology Co.
Ltd. was used to radiate the livers of the rabbits in the control group
and two experimental groups under single pulse exposure. The
High-intensity Focused Ultrasound Tumor Therapeutic System
Model-JC was composed of an adjustable power generator, a B-mode
ultrasound monitoring system, a therapeutic transducer, a mechanical

motion control system, a treatment bed, and an acoustic coupling

i
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transducer of the system wth a working frequency of
| MHz, dianeter of 150mm and focal distance of 150mm
usi ng standard circul ati ng degassed water with gas

goca@tq% tﬁéﬁp%ﬁﬁ“ “trgﬁszcgi’éé%o?o[ %F’P teﬁf"”w‘?ﬂ?%‘iﬁo&(mg

regron o I'ver an average
QRS d;ﬂtmtt&la@{et%%@wmm é@d tfbd:zﬂ di88dnce bPe50mm,
acousti ¢ power for exposure was 220W the frequency
waing ktdiddd theubatpos wegadepd hwates Rthmpaandbiitbet of less
exposure duration was 15 seconds. The aninmals were
éla'rm iof i xpuh] dnd3 ppPms eeneproafucera ferHUagiponfr 2.3 >¢2né><26mm
gen5|ons of coagul ati on necrosi s

AMslbrernar @Vﬁé%&%aeaustmén@asstmggéééat“%/e% odlitgnis test,
rtaln coauatl e necrosis int bhit Livers in

5 Rt gﬁdeﬁmsur&xp%?% AR B b ey Mwas
%Z”éﬁﬁ‘?s Péugep???% SO ap bREg bR, dgiion

wad9 14 Q8cofdld. Sch%Xﬁﬁ[lhﬁ%ntvaére45aéﬁﬁ%656§§é §@§ected after
2.711.29 group Second experinental 17 1525

HIFU 4éxposafie. il digremspods oAs cohgubation Tmbk@mg at herget
vol unes of coagul ative necrosis induced in both of

{ oeatexspeare ntragasgirodip s hierr B sH megdade atonemodugsdetertain
t he Sﬁpﬁ conditions with éhe exposur.es carrled out

EPBRRIATRC BACTORH L the TABOHIGY TSt Hie Fofiget BRUPgind two

e _same .exposure dur at.ion O greater than that
SRP e Bl BTG T el R e kBB etted 1n ( ne
Table 2
Number of ] )
Group V (mm’) EEF (}/mm™")
exposure spots
Control group 24 582.501353.93 7.394+4.99
First experimental
45 1281.56+-884.56  2.71%1.29
group
Second experimental
17 1525.634+1007.46 2.2541.61

group

As shown in Table 2, the volumes of coagulative necrosis
induced in both of the experimental groups during HIFU treatment
under the same conditions with the exposures carried out either at 24
hours or 48 hours after injection for the same exposure duration, were
greater than that of the control group, and the EEF needed in the
experimental groups decreased greatly in comparison with that of the
control group. These data are statistically significant for the differences
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experimental groups decreased greatly in conmparpS@Nz005/001361

wth that of the control group. These data are
statistically significant for the differences 12
PCT/ CN2005/ 001361 of the volumes of coagul ative

RIS B SEERARRLATEAE AP BEEs oAk e

' j o} ent for H FU
D AR e R A SR TP L EPE) New zoal and
white rabbits wei ghing averagely 2.70.3kg wth no
[imtation on sex, which were provided by the
Labomdtesty?2 [Avinabsidgent gre plhsthe rghanceibenivagaittpr dIFU
Medi cal Sciences, were randomy divided into three
HAeRtGEBUPS PEHWIOhen Egade &roup, 10 10 rabbits for

eachEPERDRiew Zaakind Srbiin 2o hRLS Sumtehi e st Sty (9 ke
SRRV afian RO RRST dvb b SARPb Gy ek 8Ly (g, Raboratory
ggg?ﬁis &AM 6fhc;ﬁoﬁg%aﬁ9§ t%i.v%régv}l Jrei eHksh 1096 neRE Ihere

e 15 i njection s finished wthin 5 seconds.

Fhedombeyiivetal fhtesHede WP drotbs phvSbat agimadl gahimel
solution in order to ensure that the suspension ha
eablmtedoi aach gheupody conpl etely. Each rabbit in the
control group was adm nistered with phési ol ogi cal

sal i Aevesgyukquenhoysnbeiayp By Hapieatngpbceacdnrablit in HAP
rabbit ear barder vein. Tﬂeﬁig?_bits 20 .were denuded d i

WORPBoN BRI FIEAL Wihe AT GREPEBYSHr ahty Drepared in
BN o TS HAERL L3nUEK R BORSHhELIART B, vy rabiit car
Z,@géém%m \'@aﬁnb, AP oF O MU pelt EiRE RIty Wdight heﬁ%do the

onmen wal |l was incised under aseptic conditions
finjekyioaxwas ditished iwhin 85edobds gThaeabbooveal flushed with
t herapeutic apparatus CZF-1 manufactured by Chongqing
Half upl(ydiplogiTek hsdinyysdation din waklogsdd tcoswuerli Htag the
the rabbit |jvers. The H FU gynaecol ogical. therapeutic
AppREE08 hagzentergdsingd ipe v comnpsidy. ?@&Ec Hoghin the

%%%%r'o‘faélgorupanxgast ha%ministered with physiological saline solution

(2ml/kg) by rapid injection via rabbit ear border vein. The rabbits
were denuded with 8% sodium sulfide on the right bosom and
abdomen. The rabbits were anesthetized by an intramuscular injection
of Sumianxin (0.2ml/kg), an anesthetic agent, prior to HIFU
treatment, and the abdomen wall was incised under aseptic conditions
to fully expose the liver.

HIFU gynaecological therapeutic apparatus CZF-1 manufactured
by Chongqing Haifu (HIFU) Technology Co. Ltd. was used to radiate
the rabbit livers. The HIFU gynaecological therapeutic apparatus
CZF-1 was composed of a power source, an applicator and the
circulating water as disclosed in Chinese Patent No. 01144259.X. The

parameters in this test were set up as follows: frequency: 9.85MHz,
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01144259 "X~ The 30 parameters in This test Were set
up as follows: frequency: 9.85MHz, 13
PCT/ CN2005/ 001361 power: 5W focal distance: 4mm and

ST S e s SRR T SR
[ ' d .e.h [

S0 AT, PRIV 6

ég@l%% 'f%?teéic_g;ﬁ?w W&Hrin‘?’rdﬁﬁl‘%ﬁf %&xpé%er @Rhicionh wekel o

crifice ast injection o air via rabbit

e&forhr dafe MRiisionThwaes Guneresl ofter ol F¢DagiakmenorT wenty-four
necrosis formed at target |ocation were nmeasured and

hberEERenathe aklchitatveete Faardicediby fadtainjediamalfysdml air

were used for conparisons between groups. 10 | )

P TabbibetrigPaydGhver c bhgUIIRGREORR Qo §PaRBIIHOR BECTQPiS
he reated, regi.on i nmedi ately .aft treat t

Tt B arsr o e HRrEH b e EF Gy aS Falaated.

nor gl .ear er L.tS,.d .

ar oupst b g IR st R pAF uphE e Bl R betsyen
paAsk be found that the volunme of focal regions

%coagul ative 15 necrosis) fornmed in the HAP groups

wi t hDﬂitfs‘k@F)eﬂt g whiagesagwlativgr ariceosishapptiaid iin the

the control group adm nistered with physiol ogi cal

silat otk regian tmmedintel FEHtee &bldd) | tiesiarenys cusls the boundary

decreased greatly i.n conparison with the coptrol
Gebrigen 4he HHicdisrene o st ROEMAY RN RS §HGtip fApr the

t contrpl group was statistical i gni fi cant .
T Ressd 2B Fab Rt iy bk U WYEPLAY 16580hs gygation.
it Lffer er,-si.zed S FEed :
Shson™ n5F " fling (RRP RS VoA e ] o SRR PP s Lol laive
viek xi5s Pforhesdlin tRO I IPAP Ui MEFFBRSR A3AP) dodQiovedas

was i ncreased greatly; the EEF needed in HAP groups
decateaslesh gheain the whnirh] wesus tdniisistesdd with ghiy$iodagical

(P<0.001). Table 25 3 shows the volunme of focal )
seljhoriolpdongthatEbE neadedsinHARdstawps gemeasgd greatly in

%ﬁlp%rrl%%gsw%ttgedciofnfu%rl eg?ct)u;l)_!A all:)n aic’eagff%ex(e)r(lc!a ?e'tw%g'n the HAP
groups and the control group was statistically significant (P<0.001).
By comparing the different HAP groups with different
nanometer-sized HAP dosages, it is shown that when the dosage of
HAP was increased, the volume of focal regions (coagulative necrosis)
formed was increased greatly; the EEF needed in HAP groups
decreased greatly, which was statistically significant (P<0.001). Table
3 shows the volume of focal regions (coagulative necrosis) and the

EEFs in the HAP groups with different HAP dosages (* +s).
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PCT/ CN2005/ 001361 Table 3 G oup Dosage n V/ mBpdkfno0s/00i3e:

Control "group Zml/ kg 30°95. 3+21. 6 0. 39009 "HAP group
1 50nmg/ kg 30 153.1+41.8 0.240.05 HAP group 2 100ny/ kg
25 223.255.1 0.190.01 HAP group 3 150ngy/ kg 21
287.747.9 0.130.00 Note: "n" in the table refers to
the nunber of the exposure spots. 5 Fromthe study

above, it could be concl udeqla{){ha _ nanonet er -si zed HAP
can-g#eai—l—)u-enhanee—LheA-heLapeuL-e—e#-eeps—ei——HLﬁu-

in Vi vg.an _ re effgctive

eA—HABH-E—11 C—Wo ek O—AR+H-Fro S n
Vi taghtpdlushhupf t Empkasmi d 3enhanegment | ggentq Borodg-U
treatnment as prepared in Exanple 6 Eighty healthy New
ZeaHaldgraalpbl t s Hemghkpg 2.360. 3kpSltA 1 | §.601L610%nN
on sex, which were provided by the Laboratory Aninals

Cenlléd® gfouphdngdidngikigver ixy o22MBdiS6al Scil dAeed)!
were fasted for 15 24 hours, before H EU trea nt.
TheﬁAPe&’EQﬂlpr bbi > Uag/kedni rilst er 7-7\?61'4‘(%\9 I—I,O\I:is-q‘iib-00

m | k-white suspension with a concentration of 25g/L as
orepAvle iR ERAHpIEDlS @%S/ﬁ@g@eb@umbsr&fitHF@éppéwevmptS-
rabbit ear border vein and flushed with Ini
physi ol ogi cal saline solution. The rabbit livers were

scanned with H FU at 24 hours, after. adnmi ni stration_ 20
of HAPOIRO tplabbﬁ\!éﬁ, é’W@ur slt(zsowaﬁbif{f‘s) conglpded s that
10 rahbits) a 168 hour 15 rabbjts .
BabRR T o RAP (G, BR8Py, ShRah B0 tbe Shegmsysic gfests of
RSt e | kph-egi; cal [ t] :
IR 56t AN DR\ et 1P RO EM8Betive, when
dhoAHRAUESsBEd Vastdppliédim ni stration of physiol ogi cal
saline solution. Prior to the HHFU 25 treatment, these
rabbits were denuded with 8% sodi um sul fide on the 15

PCT/ CN2005/ 001361 ri ght bosom and abdonen. The
Aampial desiey & sHse shedy gédhawpiasmid enhancement agent for HIFU

treatment as prepared in Example 6

Eighty healthy New Zealand rabbits weighing 2.5+0.3kg with no
limitation on sex, which were provided by the Laboratory Animals
Center of Chongqing University of Medical Sciences, were fasted for
24 hours before HIFU treatment. Then, each rabbit was administered
with HAP milk-white suspension with a concentration of 25g/L as
prepared in Example 6 (Zml/kg) by rapid injection via rabbit ear
border vein and flushed with Iml physiological saline solution. The
rabbit livers were scanned with HIFU at 24 hours after administration
of HAP (20 rabbits), 48 hours (25 rabbits), 72 hours (10 rabbits) and
168 hours (15 rabbits), respectively. Ten rabbits in the control group
were administered with physiological saline solution (2ml/kg) and the
rabbit livers were scanned with HIFU at 24 hours after the
administration of physiological saline solution. Prior to the HIFU

treatment, these rabbits were denuded with 8% sodium sulfide on the
15




10

15

20

25

30

i ntramuscul ar injection of Sum anxin(0.2m /kqg), PEReN2005/001361

secured to a Hi gh-intensity Focused U trasound Tunor
Ther apeutic System Model JC-A 5 The High-intensity
Focused U trasound Tunor Therapeutic System Model

et ¥BsoERHA A WRENOYTED G abBRb| $4dte MesthétiASPURHL an
ENgl neering i n Medicine, Chongqing University of

Mewlh slscGirengestionand St minmowf adl/Rghaandppeoved by a
the State Food and Drug Administration in China with
thehriegentitntioonsed Ulesisaond3pumvhilherapsyst digstem Model
consists of a real tinme ultrasound nonitoring and
bsPti oni ng apparatus and a therapeutic apparatus.
was u

rcoudtice REIIRSESEgenioc iRt or LRouedT AMghe Wherapeuti
0,6 '

SR TR RS RS Frtun

Pinst AB&ng IR NBUANHe | OBdlnghnd €HiOBrsidy X MEAREIMcidhEes,

therapeutic applicator was free to nove in the x, vy,

and tsdinieoifaonme Wis hopesveddhabdeneStacd Eaedh s@bbDiug
was imrersed in the circulating degassed water and .
tbmiabbation werChias imtydbe dlegarttatiomder 9-30d632. This
ultrasound, One or twQ exposure spots was introduced |,

swstem a8nists wéra (el e nhrasopumdsmoatsysng @andepesitioning

exposyre spot . was _introduced f a.fixed exposure
SPREALS RS, iR nebfoapbeting Jhsttire JRtisgdEaEy water
if.S =i £ t . 40y ion_af; 10
WIE: GRBPTd e L0 SARC AT YSLRR Ly VIR0 Rl O of
1EQARABN3 < B8, THIRapeYEE PAGISXERS IWPElZ8dt Al dsNFbHBWs:
al ong the acoustic pat hway, 25 showi ng the |ocation of
pexiaru g XD&g uragisrec netMEizs faceladistheoet HéOnstaprdofocal
t he coagul ati ve necrosis area was determ ned, and the
de@ioms i A% 2ot 2bGrent obbel therapeutiscaplisatar esaadree to move
det er mi ned gy TTC-stai ni ng were neasured. Then the
BENGXs Ye dPEA dit&8Li0ORSt est and rel ative anal ysis were

used {01 LEOTRALLIONSANBLNCEP calf HbRPSvas Smmersed in the

PCT/
circulating degassed water and the rabbit liver was imaged clearly

under B-mode ultrasound. One or two exposure spots was introduced
on each liver under single pulse exposure. Each exposure spot was
introduced for a fixed exposure period of 155 with an exposure depth
of 20mm. Then, the rabbits were sacrificed by fast injection of 10ml
air via rabbit ear border vein at 24 hours after HIFU treatment, and
the liver was exteriorized and incised along the acoustic pathway,
showing the location of maximum coagulative necrosis area. Then the
shape of the coagulative necrosis area was determined, and the
dimensions of the coagulative necrosis area as determined by
TTC-staining were measured. Then the EEF was calculated.

T-test and relative analysis were used for comparisons between

groups.
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necrosis area fornmed in the HAP groups using
nanonet er-si zed HAP was |arger than that in the
control group (p<0.05); and the EEF needed for HI FU

L1 eag fypil ﬂh% &&?e%@aﬂﬁ@#@%oﬂ@%@ﬂéeﬂl&E%ﬁghb‘ati\fb nﬁgﬁosis

conpari son h the control group. Also, in the

GFQUIS rniclde i aghge $IA P Ccoagupatisigg nesi@attrasiead WHA P was
obtained with H FU exposure at 24 hours and 48 hours
Hreer thine thitPin thicecariton] geoup Gecdld)nghy thad& ERaseded for
EEF was needed. Data indicate that it _is npst, i
HIF&E ttreasmantciar the dUAP groupsedpengsed frealy HBupmRAEson

SETy s o) HIBBRUrASbtah (He T §rELPT o ifedareest
RESLRORREL (BoRIGL | §ea NGSEOGhRIA L AMRULIFRP KYOTERS at 24

Ne S, even at eks after t
hBLACLhANUS hbuvesrehome H et i 8&ih FAhd GEESEdTRBLY YRS least

nor e e*‘?ectlve In conparison Wwth the control group

(790 W08 neséed Thake iddicald tHablieisAnGameEftons tbataregnut
HAP groups perform ng H FU exposure at different

HIF&F ealposafd et 24ARoury esdi4h hands wifiercbet HA P gnmgpion. 1f
Aver age Average volume Intervals after @égr age., n
tpdneetotanycart fei B nexppsurg) dlder she BEAP paiccoi@n gere

bstng s s seTHTER RGeS s gy elkd Dy Tarm g N Surfess,
188 262 UGG B IR RN ARE € R o d HALIP Uhe FEfFU
lab@enRUNRE 8o RS eff@:‘étiv%oir?&l@ﬁ?%p’d&scﬁp%ﬁh theogd i 1181 group

experinments above, 1t was found that nanoneter-size
(p<0.05) (see Table 4).

Table 4
Comparisons between HAP groups performing HIFU exposure at

different intervals after HAP injection and the control group

Average Average volume
Intervals after _ Average
n gxposure of focal region
HAP injection , EEF
period (s) (mm”)

Control group 16 15 546.67 7.391£4.99
24 hours 57 15.88 1291.56 2.68+1.29
48 hours 17 15.6 1525.63 2.32+1.61
72 hours 27 16.15 1153.26 3.284+1.35
168 hours 26 15 920 2.51+0.87

Note: “n” in the table refers to the actual numbers of the

exposure spots.

From the experiments above, it was found that nanometer-sized
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therapeutic effects of HFU in vitro, and the H FU
treatment was nost effective when the H FU exposures
were carried out at 48 to 72 hours after the HAP

HA P GlainOfreallyl NRUR! hle BPAD&ARE LHEX tsSTHE HIFaB M &itro, and

enhancenent agent for H FU treatnent of the present

il dhtildntreammeavgs nhestactiiestive eenr dremdhitF 0f exhesures
target location greatly and thus can reduce the
seoasarded gy 4fetréd hars ediethiedd Adhijeetiant ar get

ti ssue (tunor/non-tunor tissue) per unit 10 vol une of
the tissue during H FU treatnent. Accordingly,

FREDSTRIL AP IALERILEEY Loy Under & certain
ACOUSHLC JRYRTG HANANEMAATRLRD KO NEUTCAUSSUET the

al ong the acoustic pat enhancenent agen

?ké@m ihkeneibhegdd ¢Qanpe!theadd AtRf el irbnint rERINEMrget
o patients wwth a hepatic tunor that is bl ocked by

tomtrdrbgreatdy tdvat dpestdan aabust tlee pabvhvy ederpputecded to
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in therapeutic acoustic pathway without removal of the ribs.

Although the present invention has been described in connection
with the preferred embodiments, it is not intended to limit the scope of
the present invention by the above descriptions of the embodiments. It
should be understood that various modifications and changes to which
the present invention may be applicable will be readily apparent to
those skilled in the art. The claims are intended to cover the scope of the

present invention.
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2. The use according to claiml1, wherein the  PCIT/CN2005/00136]

nanonet er-si zed bioconpatible solid has a particle

size ranging fromlnmto 500nm and is selected from

the group consisting of magnetic biomaterials, 10

wijbgzyfse\@qt)[“ﬁmgn cal cium carbonate. 3. The use

according to clarm?2, wherein the nanoneter-sized

bi oconpati bl e solid conprises hydroxyl apatite. 15 4.

The use according to claim2, wherein the

nanorrel Be-¢f z ednohicenspatd bloeosmpdtibiasolal par praglaeing an

size ranging fromlInmto 200nm 5. The use accordin

eohehedment agenteifor thghanensttzr fecusdl Wiresonpdt (ISIEU)

solid has a particle size ranging from 10nmto 100nm

MeaMCAR enhancenent agent for HI FU treatent,

wherein, the enhancenent agent conprises a

di sconti nuous phase conprised of a core materi al

encapsupl %‘éﬁbé{cc?orﬂ%g’&angaﬁﬂ T RGH IR R ! na@iifletor-sized

conti nuous phase co i sed of agueous nediun the

BisEMRphilBRUSoRd RAASEpARidIBI 9k Nav gt S s BEUninN td FHOnm

conti nuous phase and has a particle size ranging from

10d1B308¢iey tetch €rcammihet godujt kensivemty afienhgnetindiomaterials,

material in the enhancenment agent is 0.1-100g/L; and

tydrevylepatiterand calompmi sabonatonet er - si zed

bi oconpati ble solid and the anmount of the core

material in the enhancenent agent is 30 0.1-150qg/L.

19 PQT/ 005/ 0013 7...The.enhanc n e .

accoggi‘%gtugec?%?%%é?g \/Eﬁegginﬁl ?hgvﬁ‘gfeé%otﬁ?i ﬁ%&%%ﬁ'{é%%ed
1N i ' :500nm 5 8. The

D S R R herei n ¢ he

di sconti nuous phase has a particle size ranging from

10-200nm 9. The enhancenent agent according to claim

6, wderEia uskeacatirsicogttoncaisn ghagketvas thepaandmeter-sized

si ze rangi ng from1-500nmand is 10 selected fromthe

diocpmpahbissohd les anarielesine sagiag fipg [nm to 200nm.
hydr oxyl apatite, and cal ci um carbonate.

5. The use according to claim 4, wherein the nanometer-sized

biocompatible solid has a particle size ranging from 10nm to 100nm.

6. An enhancement agent for HIFU treatment, wherein, the
enhancement agent comprises a discontinuous phase comprised of a
core material encapsulated by a membrane-forming material, and a
continuous phase comprised of aqueous medium; the discontinuous
phase is uniformly dispersed in the continuous phase and has a
particle size ranging from 10-1000nm; the amount of the
membrane-forming material in the enhancement agent is 0.1-100g/L;
and the core material comprises nanometer-sized biocompatible solid
and the amount of the core material in the enhancement agent is

0.1-150g/L.
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10. The enhancenent agent according to claim9, pcT/CN2005/001361

wherein the nanoneter-sized bioconpatible solid iIs
conpri sed of hydroxylapatite. 15 11. The enhancenent
agent according to claim9, wherein the

nanonet er - si zed bi oconpati ble solid has a particle

size ranging from 1-200nm 20 12. The enhancenent
agent7.a?ﬁ@réjdﬁhglc'éﬁleﬁ{tahgéﬂtlac@@ﬁﬁﬁgntd NQaim 6, wherein the
nanonet er-si zed bi oconpati ble solid has a particle

HiZeotangsgpha@hasl 8 pERABI8 5ikd.rahpih e fhandeneodnagent
according to claim®6, wherein the 25 nenbrane-form ng

material is selected fromthe group consisting of one
or nore substances in the group of phospholi pi

. I n! -
chol &st Eheletldicegigndoprgpridaccarlingnto ¢rdadpcéndvierein the
agent accordi to claim.13, wherein the
AR bRy Rat aadliChb gt 1aBe ehoSyR At AR,
selected fromthe 20 PCT/CN2005/001361 group
consi sting of 3-sn-phosphati dyl chol i ne,

1,2-4 pﬁhﬂ e malty G8ERr JchRfRBatd BMhBhYGEMercin the

sodi um sa
liié’c&i@ﬁlﬁﬂfsophawh@b)@Fﬁﬁicﬁe@iﬁéﬂhﬁgi@ﬁ@‘ml1i-69()nm and is
sodium 1, 2-di pal mtoyl -sn-gl ycero-3-phosphati date, 5
Lekeadepalfndmoylhes nguc econBsphgs pifat indyginehis! | Mematerials,
phosphati dyl seri ne _and hydrogenat ed

gk pratapgyitecrchealargm shbosd@hncenent agent

according to claim6, wherein the anount of the
menbrane-formng material in the enhancenent agent 10

50 208 Lo F IRANCAIRAL ATRR! BGEODILAR AR he

clai m’15, “wherein : anezformn
TBi@ih &b rlsizddBi RIAPEEHRN o [d D Eo mipTi R dPo ARGd o x Y1 Bpatite.
17. The enhancenent agent according to claim 6,
wherein the

11. The enhancement agent according to claim 9, wherein the
nanometer-sized biocompatible solid has a particle size ranging from

1-200nm.

12. The enhancement agent according to claim 11, wherein the
nanometer-sized biocompatible solid has a particle size ranging from

10-100nm.

13. The enhancement agent according to claim 6, wherein the
membrane-forming material is selected from the group consisting of
one or more substances in the group of phospholipin, cholesterol and

glycolipide.

14. The enhancement agent according to claim I3, wherein the

membrane-forming material comprises phospholipin selected from the
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anount of the core material in the enhancenent &gEN2005/001361

I's 10-100g/L. 18. The enhancenent agent according to
claim17, wherein the 20 anmount of the core materi al
in the enhancenent agent is 20-80g/L. 19. The

STRBIcE "o, AR T R LS TR i,

( . nptises distilled wate .
Flhzf-%_il_ﬁél@@ﬂt@y’ﬂ-s§ﬂély6@ro—§0ﬁtll%ép}fhtﬁfylgly&@§p soodiben. 2alt,
20. e enhancement agent according to any one of
4l aidistcardd-sn-wheeeron3 {giosphhtidyirheriinggent  cont ai asdium
0.01-10g/L carboxynethyl cel | ul ose sodi um and/ or
3,2-00palmigbykeeniglycedn 3gphosphatidate,
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine, phosphatidylserine

and hydrogenated phosphatidylserine.

15. The enhancement agent according to claim 6, wherein the
amount of the membrane-forming material in the enhancement agent

is 0.5-20g/L.

16. The enhancement agent according to claim 15, wherein the
amount of the membrane-forming material in the enhancement agent

is 0.5-10g/L.

17. The enhancement agent according to claim 6, wherein the

amount of the core material in the enhancement agent is 10-100g/L.

18. The enhancement agent according to claim 17, wherein the

amount of the core material in the enhancement agent is 20-80g/L.

19, The enhancement agent according to claim 6, wherein the
aqueous medium comprises distilled water, physiological saline

solution or glucose solution.
20. The enhancement agent according to any one of claims 6-19,

wherein the enhancement agent contains 0.01-10g/L

carboxymethylcellulose sodium and/or 5-100g/L glycerin .
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