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

INTENSITY FOCUSED ULTRASOUND TREATMENT 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

PIpESASM EDNENIEANC EAIENTTAGENFUFOR SR GENIN THNSITY
can I ncrease acoustic energy deposition to target 10

| PO USHED AUETRA BICAUND 3R Bl MIENG ANeDtUBSEcGHEREOF
BACKGROUND OF THE PRESENT | NVENTI ON Hi gh-intensity
focused ultrasound (HI FU) as a new technique to treat
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UFRLERL R SRR 1A kOB Clmsfa bk n:

hads @&t ipuelivulagBUIe 60pDtnAIld cahapesashs alenthfor HIFU
focus and prevent tunors from 20 proliferation,

itrosasicon, antichetastiasiaasel acomsticemensy rdapeditiont ta harget
acoustic ener was attenuated exponentially as the
doaatswgéumg%&‘ Hriceatmeitte asddtsguberrpt. ul t rasound
transm ssion within the body (Baoqgin Liu et al.,

Chi nese Journal of U trasound in Medicine, 2002,

HEKGROeAD ok rAt PRISENP INVERATON duri ng

n ssion In so I ssues was

atte e i [ t ' i

el RSBy Tob ARSI (LTS8 R Bchnig

ttf &g UG RSO Pid onthand diwakeer hag @readynhaeny recognized in
responsi ble for the energy | oss (Ruo Feng and Zhi bi ao
Wi calasagpli¢astens. n R f enmplaysi datusdd radmppand, which
Ther apeutics, Science and 30 Technol ogdy Ref er enc‘\?1

PUBVi poafm@ﬁuﬁ,ahi@wmeﬁ@;tm@%ﬁ@w epergy at the focus,

F;'gsTxlxl mgooi%/ qgslt%%%‘aneous thermal effects (65-100°C ), cavitation

effects, mechanical effects and sonochemical effects, to selectively
cause coagulative necrosis at the focus and prevent tumors from
proliferation, invasion and metastasis.

[t 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 responsible 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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Therefore, when the H FU treatnment is used to tr@atN2005/00136]

deep-seated and Targe-sized tunors, the acoustic
energy transmtted to the target would be relatively
| ow. Thus, therapeutic efficiency would decrease and

PR R R LR RE Uafi Rl Gt frdROURId and
iz{%@%ﬁééai ﬂ&nBPéNeghé’fa ti%h%h%i?g%tirﬁns&'f@é@df&%e target
m ght to |

e increased in order rove the therapeuti

efchildi wneylativeey netwrathds,, sShegpdueitge tihdenay eyl dofletease
ultrasound transmssion is nore |likely to be burned

andatrbaghenntiensiwyuld beuptalasgedddenyo rihenentustin energy
addition, at present, when the H FU technique is
afteapnadPny applied to a hepatic tunor that is bl ocked
by t ribs in.the pathway of the ultraso ) .
Y anblh SerE: hEydtn e e FanSnitiE Pasont e oigsppoutic
[ - Iihenener pasi ti t r.get .
O HAEER i o kR AR R B PG e hsyapeutic

%hﬁ&?&%m I heehbeahs tiskhEsaldily tRONpANASIY Tede fltrakdhd

treatnme cannot be ensured, wWhich is uUndesirable for
thespebsiont sisandogoctigeby Thebabdugnpdobhens Hgheintensity
di sadvant ageously limted the use of the H FU

ultwasomwnd eagitanteaaiini que for clinical practice.

Therefore,. the 20 technical pro Wit h respect, to

i ncr Easadtitione anRicggnbiepbsnt F%m?{?éﬁ@@elwcaﬁ ichimically

effectively treating the deep-seated tumons w {;hout

GRREGHS s Theratir e RGeS e Rap St Rt RS oy
‘ Creating: " .

B3 PReYier B, AR Nich APR°HDS drd Tl YPherh v 4 9 e

36! iviefedseoty kier b dShYMARN GF thEEak MMENUENOMhorten the

obj ective of the present invention is to provide a

pieasmiett etimencemdnt imageotve f othekpdutic eatfferis., Wiush the

can enhance the acoustic energy deposition at target .

miogsweasdveness MIFUIE Lt peimaeni3eaninot hee wisjusedi vehish 1s

the pr ets)ien% i nvention is té) rovide a net hod

undesirable for the 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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2 PCT/ CN2005/ 001361 for enhancing acoustiC energyrcn2005/001361

deposition at "thé Targéttocation auring HFU
treatment using the plasm d enhancenent agent for high
intensity focused ultrasound (H FU) treatnent of the

Qﬁb&ﬁ‘ﬁ?{}ﬁﬂ}vgse 2{3811%%\?“&3%Qierp&%?ﬂégﬁgét‘gﬁnaeoﬁﬂl geF 1BEATE during
T FRORR R 4B et d ERRA TR Ca PR By onsity

ttheu aRPY R r HlueEt (IVESL) tﬂéaﬁﬂ@n?ﬂb@ﬂé Mebdonttiientibesent
i nvention provides a plasm d enhancenent agent for

H FUA tumrhemebjectifeeo £timposeentinageinon of td peoypdesesst of a
invention is a 10 substance that can enhance acoustic

elesgid apdnsenpintangent foir etV siatingnt ttp penhance the
tr ated with IéIJ)(/lFFL{IIafter its admnistration to a
fEcsgicosrs B tgeatmedinst ance that can be used to

e e SR IR R S
gyflg rgrﬁﬁ/te'?ﬁfbtrx g‘éﬁvf(ﬂ:% pr %§Hﬁd'é‘ﬂl¢iﬂde%r%t1§géﬁlef61y@?ﬁ?U

stances u as en ncenent agents

ttrainmnt e étfamRenidmubgchy dff thtegresent | @R@ndivnt He a
subst ances are nanoneter-sized bioconpatible solids

andstacecthangmnt hehacouscoustiemnar gynﬂntorpflonhmt thee gatget
tlssue and gr onot e t her apeut| c acoustic energ

Abedion i bh bedtigapuki vithn RiFY naftesr gt atd«n&l@u%tratz@n to a
SRS bt 8 oS TER: PSP T} PRI e
NRBAURE %e?é{rﬁ%ed@@%"m%' s r?s%i"%sta?g%; eﬁEﬁPe Lﬁ%laand

group consi magneti c I ofmat

Wf&ﬁbﬁmﬂ% '(ﬁuhﬂig’ﬂ{%d@eétﬂf’é@ In m@g‘i’éé’élﬁpﬁit\ﬂeh@mn
(HAP) and cal ci um carbonate, preferably

hitdr oxydsapst isi@stahives enbad cesreathagam citas ggnpar forc [FIFU
size ranging froml|nm 500nm@§)referably 1-200nm and
r‘ftfraénmnefaemamtypamclm@dryniumh nes Hodgfasr thpr ephstanges are
t he enhancene (Ptb agent fg

nanometer-sized bioCompati e so 1ds and can change the acoustic
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 calciuim carbonate, preferably
hydroxylapatite. The enhancement agent has a particle size ranging
from 1nm-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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treatment is not particularly limted. For examf¢n2005001361

af orenenti ofé na =Si Ze oconpati bl e
solid (such as magnetic biomaterials, 3
PCT/ CN2005/ 001361 such as super paramagnetic iron

ShrfonatiyThaviiBE Rt AR b e [Pl SRl qiam)
'CPE BAUFCUROBRSIM, Byl of B8, SYBRRRSIEAN ML e added to

concentrat O use, It

Riehanabhe hedNeAPELToE® kheispendicilSPiRRSA Wbnchfradion of
m xi ng device, such as a sonicator, so that the
riaholnigdt - siPzad bicocwswmpatit bise paferhbdan tbe hmonpiedieky the
and honogeneously dispersed in the aqueous suspendi ng
madpemsionswite@ meixéng, devieer enph ofs 'ananoivater. - 50 Abat the

refers to a article Si%f of gi\%;e thanblnman | ess
t%iﬁ@@b—ﬁﬁe Ohlﬂcwép -%| 5P _nPar(lh]? e completely and
TR BRI RE BrRyPEETR b AoBs O, S Fee kB sns inet um

a  prad epdeer 1iradi R iQfn LA D8R tet RYAR Q‘@ferts to a

provi des an enhancenent agent for H FU treat nent that

qRFHtlSsizea  ©Mose ohah NuavsndhageteendddGed. of a core
encapsul ated by a 15 nenbrane-formng material, and a

cont ilnuotderphaserevenprtheedandmedarusiaed bemticunpatible solids
di sconti nuous phase is unifornmy dispersed in the,

dopr rgglemerakenand pASCIRLighion dne tBe zaqravel ngretivm a
10- 1000nm ref erably .10- 500nm and nore preferabl
Webgerin omBoduitie B PRe WERER andbYHhg HHPEISSal 0
[ nc t Nt ¢¢kS7 20 - g/ pr I
UEEHUETCEBN 39PN 1pLZ0 Rl AP0 by PTESOARKY o
NASOHRE o Zﬁﬂa@é ocamRAtddd eofohi ARl Eet@dubicd Ny a
core material, and are selected fromthe group
aaemibethagonhimponetdrtalbi anhtecbatiauous ushases comprised of

super par amagnetic iron oxide (SPI O, hydroxylapatite
(adarpus aadiwal dihendissobtinaves phastasaptijormly dispersed in

hydr oxy] apatite. The particle size 25 of the
AR SISO ZdH S %E@%@inﬂr80§o$liza lia§8ln$8mﬂﬂq1 0-1000nm,

preteraply o 1,8000m ,and, ot pLSE e A 00,4 182 Mo IRE of
the membrane-forming material in the enhancement agent is
0.1-100g/L, preferably 0.5-20g/L. and more preferably 0.5-10g/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 (SP10), 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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material in the enhancenent agent is 0.1-1509/ LpcrcN2005/001361

preferabply 10-100g/ L, and nore preferanly 20-80g7L.
In the above enbodi nent of the present invention, the
30 nmenbrane-formng material includes: |ipids, such as

PCT/.CN2005/,001361  3- sn- phosphati dyl chol i ne,
%,‘%r.-l'dzihr?ﬁpﬁ'f’E%P‘z}?ﬁl—ngq’ycer o- 3- phosphati dyl gl ycer ol
osli en 1 : . :
128 APLFRLD Ll opt 3 RS el o PL o ol salt
S0 difleato -s1€ilg@?&éﬂd-9¥ﬁho§ihaﬁi|dw¢@hﬂir$e; phosphat i dgd&um

51, 2-di pal mtoyl -sn-glycero-3-phosphati dyl chol i ne,

dhdstipatmitplybent glgceand - piydsdge nkited
phozﬁhatidylserine, chal esterol, and glycoli pide; )
dad aﬁllﬂégylﬁsﬁtﬁfwﬁﬁgﬁ-Pb@ﬂ@?@élﬁﬂléhogfl@cB§@$phatldylS€rlﬂe

SRS eaeg St s ek GelSRR Y etveotipiae:
PR LTS RIS £ el ;

Jasribidieo b nERc Ry ATy ARPBR. drifiosthfyt g, starch
ke thé ”déé&?ﬁ%ﬂ%}ﬁe 2B B, tHBtARESARMch as albumin,

i nventi on, e aqueéous mediumis distilled water,
RYBuLhogifiainsadd, nefibfing! I9blmit i ond  thbe degradation
concentration of the glucose solution can be up to 50%
(abdycts ¢opleng protdies ghddbsdilsol uti on cannot be used

as the aqueous medium 15 for the plasmi d enhancenent
agentlni e #pee eradiant; ¢f Hapeeseat prentgns the pggeous

f d enbodi t . t I .
DO B DL SER R s con.
SN FobBepJU AP hebl SSHEGOR ) bR SuB T SRS .
&R eRELfBeall¥ofe doRurH banddebammbitas 9 4ueolkifediim
t he enhancenent agent is 5-100g/L. The enhancenent
dgenthenplasatidoeclomicimenaabony fet Y116 {rekorent in diabetic

potassium carboxyet hyl cel | ul ose sodi um
qeatizonty.et hyl cel | ul ose pot assi um

o ode Brpfefeficd Embodiment, the ‘Shhancemary agént Ty also
contain carboxymethylcellulose sodium(CMC-Na) and/or glycerin.
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 1s 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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25 and the like. In a nore preferred enbodi ment pc#/&Nz005/001361

Order to increasé the stability of thé enhancement
agent, the enhancenent agent is adjusted to pH
3.0-6.5, preferably 5.0-6.0. Inorganic or organic

ernansSieRalye iR obRaf i YRid, Uhs MaY Bl RuPlanb oy paent
B A S0 CBIBE AREE el O e SR PR lan, st @

BhasiTi¢l temdanémensr dgeny, fubstdlddd hdeiagnBiici fiecHItiing to
to the present invention target a specific tunor

the sumaoortifsaeuss thsbstem ceshhey i ngnepesgieci Ge afrftibudy may
to the tunor tissue or the focus, such as a

tgrasideshieipfthe eadanpearEnt #g¢nt.s be added into the

o R PR Bhierb ot R P SR, R BIRE S AR ot e
e

BT Griols o soute MBS, BG°LSESRBIY Cpprs preferably

?&%@thﬁ il OfBt eghahSsulfydr oyl apahiheeteHARe BNdLAEnetic
al ct um carbonate, such 10 that the enhancenent agent
daomeciinjsedieidok plapaves qUBAY,) dadiospatdiath chksenwgb, such
the blood circulation smothly, and then phagocytosed
gbatciieyehlyandeeneintsagrsy win bhenjacheth ivavgnavslghiransported
full of reticuloendothelial cel]s. Therefore, a mass
éhr%n@@réﬂpogg@m%%onbé%@m agd ﬁflf:%epbﬁg%bé@sed

T e
b—ht;iétlfoene‘o'?ﬁé‘liéih@elw..t'!‘ ek %@%‘é?%‘f%ﬂh&ﬂegﬁigﬁ( a8knt can

I'Ssue can be significar enhance

OURbbsiteaeBthdepRsiéd off ahet Rembar 88ty ih SgUshort time,
during H FU treatnent can be increased, and eventually
tshenifafanebt chengisng tfe etonstialendifuneeadfrehe thoget tissue,
ablate the tunor cells can 20 be inproved greatly.

Then nshe med @asaik dabswpdiaiat ¢aitasigol oldsthes Usute i egn  be

the present inventign are commerci al avai | abl e.
AL HAET elei}ha”c‘?} R &e acoustic energy Agposmon at ?he farget

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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bi oconpati bl e solids may be processed into PCT/CN2005/001361

nanonet er - si Zzed granul €S usi ng net hodsS Known by a
skilled person in the art. 25 The nanoneter-si zed
bi oconpati bl e solids encapsul ated by a nenbrane

AR AR T O IR DRSS
il RS sageg P osemml e pafigs o

0. 1- 13Paldcingnasei@ridsini e re G repdfNEOORO0M3Ml a sonicator

bi oconpati bl e solids, adding an aqueous nediumto the
andt soecapngotie pgadétrertinedovd doe3 anthwges rati agawer of
forma liquid mxture; (2) placing the liquid m xture

FO8YEr by 8UD Wt &p form ian uatksimlyadipersa sighie avispgnsion.
liguid nixture for 2 to 3 ni t . of 4
Fratuoblo WBVAUPRBH R St SOPHACd; ShEFs b Olpip @ More
[ O, f | i i cat ed
HAPRERR, e R A L subRAsIArS ai oper sea. st abl 6
SUSPeRSheNmetbd 6: g?éﬁ%ﬁ"lijnp%%e 18P@Ed M HahBeRled® Mednt for

enhancenent agent f treatment of the present
IRt {reatmeat ok ythet Fwseﬁt | ilvesieion] Oc sdadixyin ehegl ©@fllulose
glycerin are preferably added into the m xture before
adding oid/aqudyosrinedeumedteratiy atdsgd (tp. thebmexture before
preferably, after the .mxture is added with the

agdbag o Asneass anadeyeinythststepdd ) Mmﬁeprei@a@qmﬁfter the

SR ot S G bl MO i v
[ ' I FU
(96, EPRARE 00 BLOBIA SEmmRSIRE, SR8 gttt o

g(@ﬁ@g%@?ﬁ’@f@ﬁ?r’ﬁp@l&b! e solids into nanoneter-sized
granul es. The unitform dispersion of the discontinuous

phas énithet hetlagl o propdingtharplhemidamhavedmsintEigenbyfor
using a sonicator, neanwhile preventing the
HIFU treatment of the present invention, it only needs to process the
biocompatible solids into nanometer-sized granules. The uniform
dispersion of the discontinuous phase in the aqueous medium can be
achieved simply 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 1V 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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20 nanoneter-si zed granul es from congl oner at i ngpcTF&WS05/001361

there are fewer Tequirenents for tH& equi pment used
in the nethod, and the nmethod is sinple to use,
effective for uniformdi spersion, and cost-effective.

A T R ATl TR
SRLhONFSUE kﬁﬂlptlé‘etﬂé' EiHsééee ALEHL Ssel dzﬁso;'i{embo%nge of
B i

r-ses a mnirstering ectlve dosage of

. iislfﬂrﬁﬂ/l%gl h;]wfembm oazgemm@g etriaienwre@@@ﬁeramyrmsmﬂl/kg
i ntravenous via continuous and rapid IV

i nstiAd atecbhenennbdalhm‘semmj ‘bestiooh refera tpahe enbstantial change
0- 168h before applying HHFU treatnment to a patient.
vnéhéfﬁ@@wl@@w@loﬁa@eomﬁwmw ndyal Vaweegmerwlyﬁéfers

PN A N A,
ae {12 oL ST 0U1AGA. 008 TR 3hn A7 RS Ytie cnerey

E t
@edgd%mﬁs/eklg,ﬁoglr%g?gft&%@t 'Pl%sr?t@';ryl%?tlﬁfi’t @6%%?2 th&@HRue.

[EIEF elsabkyschtbd oy /the. cAprassish her efmy =t y qult: J/mm?),
"l esion” refers to the substantial change 5% n the
pnds iefemyite dhe stcastioferergynmreded focapse lé¢sesue of a tumor

eneraII[y refers to the coagul ative necrosis of a
tUNBerBRl HeFwaIPar| Wik ey olpR @;ﬁ thet ?15%}%%96%%1 gr refers to

b t {
Hbgabe P RS Tial R K Al ?éls'ufss’}ﬁ ? geets the
AR A48, S, P T 07
tRféRacakRUStAICa LR Y pHRRdRd 4 PII@F@%mL&SGLﬁﬁ@ Wf) @ refers

tunor or normal tissue per unit volunme of the tlssue

whetlei notal | tinef ef SHIBU tizatheatiqungt: coefdridcivenefafs & the
H FU transducer, which reflects the ultrasound energy

f\advmmgnfca{@deJtlyld@ﬁedhéeswasws(d,uuér mpé) e A 1sghstanee that
refers o the tqta coystic power of H FU sour ce
(@rsatly ‘i&cf eesGSet E@soféh? ﬁ%l GRS UE; %‘éﬂfoﬁs iy nistration
t.r eat ment ers to the .vol e of
i raTRauebiecto ohe T &' fireichnfchiGasdeeiheg HiFu

gt% déﬁ (decreases the EEF of the target tissue after
its adm ni stration

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 4,5 ) and the EEF
of the target tissue measured after the administration of the
enhancement agent (i.e. EEF(measurementy ) 1S 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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is nore suitable to be used as the enhancenent agettizoosoo1se

fOr "HI'FU treatment. 20 The enhancement agent Tor H FU
treatment greatly decreases the EEF of the target
tissue after its adm’nistration. As a result, the

o SRS P b RS A, P e
%é%eg d?ggf%?éﬁ}xz ahf ma(ﬁﬁﬁ pﬂfrchﬁ‘%%& E}T&lﬁt tHd $H48neering

amnlstralon 0]

AR ntag 0k EBiorﬁ‘ateEﬁ'ﬁ( dfeSﬁ:hﬁl%ﬁEUT&ﬂvérslr?f) TTDF% yolk

than 1, preferably nore than 2, and nore preferably
deeithin fehenygieon | (puirthafedt iwmabhangha Ademical Reagent
particularly limted and higher ratio is prefer red.

@17&19@&19 [%E@CIQ B @N:]@\Iarr@urmm drpm3 @aghm &L hergical
PCT/ CN20Q5/ 0013

fwwi’mﬂﬁmg papg Gt Msilo WPt g Pnb vl gt (00m1
1‘%&‘:%1 er| a o"% %g} 5&%9%?)\%‘% sﬁgﬁ %e%ﬁ%‘reahwgﬁpta%m

@9& i H f5ooi Tl% ?ﬁf}dtﬁfh m@.rs%m@a&@dffb@@ l%hmaadt a power of
em c Reagent 5 Conpany) and 0.3g CMC-Na (purchased

f400WSheinlghtie Eratsnsiater Béagentofrmanyposidotded under the
distilled water to a final volunme of 100m . After

e fegp euod fhor miyturexagd] . Schedeptht Uk Benasniditiost @dmiik-white,
acetic ac;dteﬁg 50 The m xture s, sonji.cated for .
et Tepagticly size

o mws BPEEs blefsusnonvioRi WAS ohéakiedn 'etnaemc
he 10, surface of

t‘ke i cat one der

et isGon GuBS AP O APt Ui S0P SECTRE Sient fanged
ro

T b O Tty 3R o bl egpaner o,

phase of the resulting enhancenent agent ranged from

| Onm to 1000nm with an average range of 100nmto

00mpleld Exanple 2 The following materials were

m xed: 2.59 HAP with a particle size rangl ng fromlnm

to 1dﬁrﬂnfoaawchgsleat€frmim whee BngiedeardadlAP with a particle

size ranging from Inm to 100nm (purchased from the Engineering
Research Center for Biomaterials of Sichuan University), 0.3g yolk
lecithin for injection (purchased from Shanghai Chemical Reagent
Company) and 1ml 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 1000nm, with an average

range of 100nm to 500nm.

Examples 3-5
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CMC-Na

0.3g

0.6g

0.3g

Glycerin for injection

1ml

Iml

2ml

Final volume after distilled

water added

100ml

100ml

100ml

PH (c.a.)

5.0

5.0

5.0

Particle size of the

discontinuous phase

10-1000nm

10-1000nm

10-1000nm

Osmotic pressure

(mosm/ kg. H20)

275

(Isosmotic)

275

(Isosmotic)

275

(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
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Particle size of the 10-1000nm 10- 1000nm 10- 100PdmaN2005/001361

dirsconti ntous phase Gsnoii € pressure 275 2/5 275
(mosnm kg. H20O (lsosnotic) (Isosnotic) (lsosnotic)
Exanpl e 6 The nanoneter-sized hydroxyl apatite (HAP)

pur.chased fromthe . Engi_neer | argh fQr.
ép[iﬁﬁt ef’(i)dlélltlé) Pof t“éi C(F]lf]}gﬁl U%i“(/oer §Pﬁg“$§§§ W%Lli%péé%gggﬁ er Yith
i IC i o] fr icth
ohgeRurRfghs o oerC AR ATLLENTER?, ERgly Wb the
ROYSéRdi085 Cibre kOnPEakeENEOOD RH36ds bsala venfeltut iviler a
to obtain two mlk-white suspensions wth
porveant f 600 BNso afs t8SyY undicdnd9glispersedpecti vely. Prior
to use, the suspensions were sonicated for 2 mnutes_
nimaloigstdt opminded use pbike cohasgmyvrioagenti g peepared in

i formy di d. 5 Animal.te i ned use of
HenaigaheatSHE B fisrereatls fepisesMode Bampl e 1°and
H FU.t her apeut ' I Thi.rt: ' .
4 U SRSUNS VLSRR, IR AR Bl Afgimact
Vzgu ,hvéfﬁéﬁ.ﬁrﬁe?é’hﬂ%@i@é’dtﬁf LRbAr A RAY rANIARLE1FeCkRter of
0 Chonggi ng University of Medical Sciences, were
rcestond ivigd Uvii dedii0of ivie doce Soirhtes, gredsraaddnilwodivided
experinmental groups using the H FU enhancenent agent,
12ta abbi ¢entiol geamgh agdotpo cRiperinadrital gronps sing dhe MdIFU
group were adm nistered with physiol ogic saline .
€ahaprement za&qmg)l%yabhﬁrsdpqrnp%hi&fﬁum 3%5@ ifgafn the
border. vein. The rabbits in _t.he exper,i nental grou .
ROPL B oL LB A SRS b Ot FIoEy SRRl algh? otution

( . cani A i . S aar.

SERTRREL by AP fockRort PEL R B5 HRBgee Refi? CPhE rEBbics in
%ﬁé'é&?e%ﬁhé‘ﬁﬂa@%rbﬁp@hﬁé% ddnigoeE willathd hgedoedpréipded
entered into the body conpletely. Two experinental
gnoBRamye € €xmbdsded b traphl Fhjeatioddvhomtshiarehr&8order vein
and then flushed with Iml physiological saline solution in order to
ensure that the agent had entered into the body completely. Two
experimental groups were exposed with HIFU at 24 hours and 48
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 Chongqging 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
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group that was 20 exposed to HHFU at 24 hours after
injection was called the first experinental group and
the group that was exposed H FU 48 hours after

i ] [ . n el al,,: :
R B P SRR B AR OB R AL B Ruokineg
@&L@nc deMHE anmudetofrierhhin sheTeeangistiiddlof 150mm,
(H FU) Technol ogy Co. 25 Ltd. was used to radiate the
lusvieg sstafidddie cirghbitirsg idegaleed onttenl withogps andehivmf less
experi mental groups under single pul se exposure. The
thah -arnequadi toy3Ppiaused piaduasou dacaluragiomhdr etk . #g26mm
System. Mddel -JC was conposed of an_ad] bl £ power
@@ﬁes?%\%w; ag 3y hpge acQPetadBiE oAl 33@5??{57@9“ ﬁwﬁvﬁa test,
therapeut.ic transdpcer., a chanj c tign control
S8 ARSUT, ROFRE Rt epBslE TRAL C20TD TR BRAREALY Obvas
0 0) . ' r ' r :
AFOMANE Mo Xptihre AR Byl BDRE! ARG CxbbRNRENERtion
di et R rse@bnd®0MAcandimatalweiessaba€icetl Ah@Misseti®idn@ fier
standard circul ati ng degassed water with gas content
dfIHléssxpohar. ofheqlialertsooBppry coagulmtmduceceodiocat target
regi on of 2.3x2.4x26mm 5 and deliver an average )
deeeiden c wercerseasured. sEbowtdils needasd stor eRtoducenecertain

AR EUMEXFRECTINS 63 FBEURBD el A SulS S0Rmrah & DB And two

SR En DO B dR PTEPR £ eposur e, The

di mensi ons of coagul ati on necrosis at target 10

| ocati on were neasured. The EEFs needed to produce
certain coagul ative necrosifabile2t he rabbit livers in
aya OT ol 7 7 av¥a > .v,..,,,,., 2 ‘v.'r. .v'.
shown in Table 2. Table 2 Nunmber of Goup V (mB) EEF

J/ nmB) exposure nbeCoht rol group 24 582.50353. 93
(7_ 394623:91[) P Spo J \Y% (?nmf) EEF (J/mm’)
exposure spots

Control group 24 582.504353.93 7.39+4.99
First experimental
45 1281.56-884.56  2.71+1.29
group
Second experimental
17 1525.63:+1007.46 2.25:+1.61

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

12
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First experinental 45 1281.56 884.56 2.714- 1. 28CT/CN2005/001361

group Second experinental 17 1525.631007.46 2.251.61
group 15 As shown in Table 2, the vol unes of
coagul ative necrosis induced in both of the

%’fpﬁ{é %Eﬁl?lle(s) gé?vu\%%tsﬁﬁﬁﬁi%g I'EIICFC%IE " &2 'HRAt EF%ESS%F\%% the

Sane condi e exposures carrie

Fondd| hOWS anarthé3xpehfenddlt @oupdl(Peli®n . for the sane
exposure duration, were 20 greater than ‘that of the

control group, and the EEF needed in the experinental
groups decreased greatly in conparison with that of
tAemal dastr d/n grieuptudphes thalplaamd endncémencagent for HIFU
significant for the differences 12 PCT/ CN2005/001361
dreatment, a5 prerarse 18 Ja@iRiei%e necrosis and the EEFs

bet t t | t he. i t al

CPeoTonsy New 2rade ThFR-BPYs B iR ERAE S A 3 e
/ nt..f L

SO RS ThRlraRBE"n s, FYBkh ydreC Bk d 6y PP RARUrBry

WEMMIE! ¥ ertefOo BKhongifle MOnivied it atd oM licSleR ciodie§ N were

were provided by the Laboratory Animals Center of

Chndgnilnglivideristd yhuee NP cabufsianceag aerteol group, 10

rand_omfy di vided into three HAP groups and one contr ol
gebbps fepcagly grabpits for each group. Twenty-four

o ouleY GBS o APUTC e T P SGS5BhsFEAls T4RDIL in TTAP
LRSSk TRER R R DuBRBREHES o oiea o
SSRR02% il P oo Rt o iRt Sig bt cor
viRsref Wwshedit athdosage of 2-3ml per lkg body weight and the
injection was finished within 5 seconds. Then they were flushed with
Iml physiological saline solution in order to ensure that the
suspension had entered into the body completely. Each rabbit in the
control group was administered 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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thatthe suspension had entered i nto the body
conpl etely. Each rabbit in the control group was
adm ni stered wi th physi ol ogi cal saline solution

Ve M asal stsBt e rbt e toRe LR i Ehad {ffete putse
%Qbf)é&%. o?l'ﬁlté%EBg(ggglrebQﬁ@@ A on@h Nand 1€ o ablldivsure
were  anest heti zed by an intramiscular injection o

(S.?Eie%nf@rnez(&} 2Rkt kgore MAr@anRSUNE eRpOSire Miitadiont oras 10
HTFU treatnent, and the abdonen wall was incised

yacendsasEpd incistmndimasanguredoa ftat HiTdX pos¢miene Timeaty-four
25 HI FU gynaecol ogi cal therapeutic apparatus CZF-1

henos datedr doe TRYLCHONYE rprHAFed RHIEY) InTeetion gl Owmd. air
Lt d. ggs usegnt radLat$‘ t he rahbit I%%ers. he H FU .
gyhdabbliogc Dot rapeutite diFpeRsirns olcspaguiggion necrosis
0 ed .of C ~apnl i t

IPPBa a i hipe APEMTEn SEHeCRsadl<RRld fiR BB Frlfs sfiglated.

01 14’4?{%%-2&(1 Fagti%% RAIFERL Kbse ety dARhaMBsSs BRtween
up as follows: frequency: 9.85MHz, 13

BEed(#N2005/ 001361 power: SW focal distance: 4nm and

treatment node: single pulse exposure. Three exposure

spot Ddteshapreel yralvewhitd 2oaguitixposaresicy@pesafask in the

each |iver were introduced. The exposure duration was
toeated geamdmorpdiately; afish el sietiaentarangt thg pgundary

SLERHPE i DUFTSE I BTN B B ond Dol SRR EANE
86010/ E g ey TR SIS PLIFORRY AU S puagon

tihe il Was fe@h & Uitk ethe Toll@sle @ﬂfdfé@dlafrég&%i}gn?dd’eﬁgiﬂative

were used for conparisons between groups.
RDeicrsdiap €orpe dyinwhict d Adbagul at inieh deldensits Afpdasaghsi was
the treated region imediately after H FU treatnent,
andatenehbodhaaiy thheontroh groep ridssings tleeed oiith ahystaregical
normal one was, cl . After.t rabbits in these .
GRS SFETe p6sERF: BeHain dTAPh g datrearsdgreatly in
comparison with the control group, and the difference between 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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it could be found that the volune of focal regi@RgcN2005061361

(coagutrative I5 necrosis) fornmed in the HAP groups
with different HAP dosages was greater than that in
the control group adm nistered with physi ol ogi cal
saline solution; the EEF needed in HAP groups
decreased greatly in conparison with the control

group, and the difference bgtyren the HAP groups and
b I : EI L

(P<0. e‘o 20 By I§8 MRl i ng ﬁhe di iy grgAt HAP gEREPS

Shmhtmagmwben tzrlﬁlfﬁgsage 3f  HAB. 3e®] 6ncr epgedo. (dshe
vol une of focal regions (coagul ative necrosis) forned

wasHiARt geagetl gr é@nﬂg\//kgt he 30EF négdldd4ilm HAR) gAsldsS
decreased greatly, which was statistically si gnl fi cant

(P<HAdbgyoupT%b| o 0@ kghows 3t he Vdb -did ok fo@
R AR S o T e LY M K S@igib*b%

PC17 0052/ 00 b| e 3,Gou V/ nm8

cont e grsubn%hﬁ?a@w 5 @z@eﬁnw‘r’léswggﬁe SxBoRTE oS-
50nmg/ kg 30 153.141.8 0.240.05 HAP group 2 100ng/ kg 25
223.255.1 0. 190 01 HAP group 3 150ng/ kg 21 287.747.9

0.130. 00 No ‘n".in the table ref to the nurrbr
of t%éogkpc} Eres%jéis abay ey oty ¢ fEY g{uo@ea (f that

P B RATL BT Ao DT RRR s %h%qﬂefﬁ?%‘fﬁ’&effects of

y\%l"qu Q%dvﬁvl?}aénd QE&HE@HW&F@H&@H@S\N@PE&M@ EEBEIVE when
nore HAP dosage was applied. 10 Aninmal test 3 In

vhbroHst Ridys@fe the qpEised.d enhancenent agent for H FU
treatnment as prepared in Exanple 6 Eighty healthy New
Zeal and rabbits wei ghing 2.50.3kg with no limtation

sex, ch were provided the Laboratory Ani I
Ammal test 3 In Vitro st&)dy of the plloasmlg lBancemen‘c ggent fn? IfIFU

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 Chongging 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 (2ml/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
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Center of Chongqgi ng University of Medical Scieneescnz005/00:361

Wwere fasted for 15 24 hours before HIFU treat ment.
Then, each rabbit was adm nistered wth HAP
m | k-white suspension with a concentration of 25g/L as

PLEERDOSb" BB Suden Tho SPPOLRC Ayl HAELLEE Wi an
L REORY T2 SRR DR mUBRP, id SEPRIA0HS

i —Hnéﬁ@itgﬂb@u@éd,Ul‘%ﬁamlﬂlﬁs’fﬁ%rrﬂﬁiag)éﬁltic@yﬁ@wModei
(10 rabbits) and 168 hours (15 rabbits),

J€spectively. Ten rabbits in the control group were
adm ni stered wi th physi ol ogi cal saline sglution

(2mlﬂi«hh9 Hﬁﬁlfh@nsrtﬁbbﬁ“‘@cuﬁe@gr@tw@r@caﬂﬁwrw’mﬁrapr:uic
St S0 T R B 83 oA 1Bkl
RPN BSERIERE, Gt TN P et Soiedes,

AAR0IS MBABFRNSR Rpdd el B (RS@ARISEYS@  and Drug

injection of Sum anxin(0.2m./kg); and secured to a

H @i hizteniint yn FOBitgedvith tthas gt Tonr NOheBpeUnBE. This
System Mbdel JG- A 5 The High-intensity Focused
Whyts teas onomd i STsiredT @ Thek tipeuiuilteas @yst smimvbaténg rodApesisioning
manuf act ur ed b}){ the Institute of U trasound

pifiereiasiangl A wedicstisaaPIat iy i il OsFviatdig Jegassed water
Medi cal ,Sci gnces, %Ed i ts.manuf act ur.e l\{vas r%ﬁf)r ved b ¢
0 SP5H AT 2RRUSHE (TP UGS mssh atildel sPrEatnes &i §¢5 ©
40g; .rtﬁghsgQ%K’.onfﬁll\g‘ap%aﬁ%ogag%et@é Sdfl PTG as follows:
consists of a real tifne ultrasound nonitoring and

Wéﬂ:om@w,_ ARRAEAL YS 1aNH 2 flokal anRstahice: aPwanat 4ed focal
he circul ati ng degassed water was used as the

aegiat:i 2.3cQupk 2 b nag&ht, thethapdutooapplinetbrawgasfred to move
| ess than 3x 10-6. Therapeutic paranmeters were set up
as thelM,gusand pemectiopdow frequency: 1MHz, focal

di st ance: 150mm and, focal 15 region: .2. 3x2..4x26mm, The
ther%MOéogbﬁmacabé?I%O? reaehy fathit evas impersed n the

%qgcuzlaﬂinéegééaosg%d 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 15s 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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the <Ccirculati ng degassed water and the rabbit [1ver

was i maged clearly under B-nobde ultrasound. One or

two exposure spots was introduced 20 on each I|iver

undey, sj nagl e . - XPQS :

"t r DRl PR ARG, Sopafoh e 5" ShRg A% o R grosis
o e 0 \ i endidblcs-WeE€ HAP was

BKROTHE ) E@htfhgsp‘?gj houesiAE A RRRL S aBeE TIAP

e c P oh ghe thveinnt hat cddrbbgreum{p<ed. 08) Fahd neatifhneedad for

the liver was exteriorized and incised along the )

OO ttirea tpariwary the 51 ARogi oup st Hecteased iganatdy irasomiparison

coagul ative necrosis argg; Then th?H%ﬁhape of tﬂe _

sdtyuthe i tilcEseB. apbspwdd ks e edIOWRY tthe largest

{
GaREHIAtHE nBgrosty T8 ol rop et nedbupEh FRBaspre, 24
ggggswgﬁd%’é fUL A Sfter T%é mpai@ﬁ%%&éé@g %%cgg@@cuﬁgﬁy VS Eeast

or conpari sons between

P NAOBREAOd.3Bhta thdR A hBas &R I RRteTRMItive to carry out
condi tions, the coagul ative necrosis area forned in

HiF IHAR pesarpat Qs hgunaandet® hosiy edterARevdA P Fayegéion. [f
than that in the control group (p<0.05); and the EEF
needeuef by caHyFout TEHt eexposure halteath g iddhs 1yeetioasw@re

oSt todar GRBAILE, neReo e p i Gyt e Nrar ftess
bt ai ned wi FU.

58 D ORI M DAL BUBBEE b B e

t%%%tfn%ﬁévg??ﬁnw ePReEsd: i PRI pNMARVE BE Edntrsl group

Ive to carry out HIFU exposure at 24 hours

peodheeesTafltern. the HAP injection. If 10 the tine
to carry out HI FU exposure after the HAP injection
wer e post poned, a snaller necrosis area would be
fornmed. Nevertheless, even at 2 weeks after the HAP
injection, it was shown tHdableHe HIFU treatnment was

P Eoantoons beabres JTAP' SN pY pled i R EE iR at

different intervals after HAP injection and the control group

Average Average volume
Intervals after _ Average
n exposure of focal region

HAP injection ‘ ; EEF

period (s) {mm™)

Control group 16 15 546.67 7.39:+4.99
24 hours 57 15.88 1291.56 2.681t1.29
48 hours 17 15.6 1525.63 2.32+1.61
72 hours 27 16.15 1153.26 3.2841.35
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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HIFO €Xposuré at difféerent intervals arter HAP
injection and the control group Average Average
volune Intervals after Average n exposure of focal

reghbon HAP injection E . period.£s trol

F b sansbles B 8T dtroaaPSH S OPTUELEIR YR Snd
9 r : 500 3 : 7

a5 g B 1, BREEEHE R L gy

wdtGaBriedNaiteit 4o 70 Kdestabdetheefl arsidiectibg. act ual

nunbers of the 20 exposure spots. Fromthe

experinments above, it was found that nanoneter-sized

17 PCTI CN2005/ 00! 361 HAP can greatly enhance the
INDEPIRIALAPBIIEC ABIMIFY in vitro, and the H FU

wer o T IBSRiAl, Sohaneg e SeRBhr DrafEL (WEARAPH Of the
inlection, I N TRIA PL I . | ' .

PSP e R RO 0o SR e R g forger
| HYEN Q%Teﬁﬂ?i SANERs Ie AEQUAL ke %@Y)h%ﬁ@r@{grggfené%d to

t ar get ocation greatly and thus can reduce
a0ustlegiAneigya naeged tisoue caugorl @si-emdor Ntigster gpet unit
tissue (tunor/non-tunor tissue) per unit 10 vol une of
todutiesso€ dbei ngsHleFUdureg méhtE U Adeceattiangl y Accordingly,
deep-seated and _| arge-si zed tunors can be treated WII_%H:
iderprseatett At iﬁﬁﬁ%s@ﬁﬂeéﬂmﬁycaﬁdiﬁe afr%fféﬁgaiwh U

acoust i ower 'thoult : : .
treatmenl more eftectively under a certain acoustic power without

damaging the normal tissues along the acoustic pathway. The
enhancement agent allows the effective application of HIFU
treatment to patients with a hepatic tumor that is blocked by the ribs
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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damagi ng the normal tissues al ong the acoustic PCT/CN2005/001361

pat hway. The enhancenent agent allows the effective
application of HFU 15 treatnment to patients with a
hepatic tunmor that is blocked by the ribs in
' | e pat hway wi t hout renoval of the

WE&&@Z’% %‘3&%? gsr'esent i nventi on has been
described in connection wth the preferred
enbodi nents, it is not intended to limt the scope of
t he présensf a maaoiiaiar-byzedhlei ogboves tielscyal pt fanprephrinypean
enbodi nents. It 20 shoul d be understood that various
rodikfccaehbragentd fehdligs intenaiy chocesrs prgepend (HIFU)
i nvention may be applicable will be readily apparent
tatiR8se skilled in the art. The clains are intended
to cover the scope of the present invention. 25 ill
'3 PCT/ CN2005/ 001361 WHAT IS CLAIMED IS: 1. Use of a
nanopetgye %isée&icéﬁx‘fa?@gﬁ.@t %E%.!il% $0li Hefe@f tRECRAMd R8RS ized
enhancenent agent for” H gh-intensity focused
WibEanprf81d BbEd) had at peatdrendize Zanghes sematssr & FYOnm
to claim1, wherein the nanoneter-sized bioconpatible
soki & balscteddramcthe giae cangistigd odmmbgnetio BOOmterials,
and is selected fromthe group consisting of magnetic
hiysliex glapatise, and calgavexgdtipatite, and cal ci um
carbonate. 3. The use according to claim 2, wherein
t he nanoneter-sized bioconpatible solid conprises
hydr gx It 5:4 he use~a I 0 ' el
wher gi' ﬂ"l?eﬁgltsg ag%‘f’ét% é?g ét g;zglél %%?bglgﬁ%%t”ﬁ]gtpé %04@18@1]%351{%@

i i : ' : . nm 5. The use
P S TP et er - 1 2
bi oconpati ble solid has a particle size ranging from
10nmto 100nm 20

4. The use according to claim 2, wherein the nanometer-sized

biocompatible solid has a particle size ranging from 1nm to 200nm.

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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6. An enhancenent agent for H FU treatment, whereian2005/001361

the enhancenent agent conprises a discontinuous phase
conprised of a core material encapsul ated by a
menbrane-formng material, and a continuous phase
conpri sed of aqueous nedium the discontinuous 25
phase is uniformy dispersed in the continuous phase
and hasTRe @ffdncehferd égeﬁta%b@ﬂhﬁ ofg J&aAQOQnmhetreﬁl the
amount of the nenbrane-formng material in
elibenaenmrds plogvd hasapaltidR0gkb;rangid Glen dd))r EOOnm.
mat eri al conpri ses nanoneter-sized bi oconpatible solid
and the anmount of the core nmaterial in the enhancenent
agent 30 0Q.1-150g/L. 19 PCT/ 005/0 1361_ 7. The
enha&eeﬁhﬁtelﬁ&m@%‘eoaa?wg a%og\%gnﬁce amrél Whatgin the
f%scot;lnuous haehaS@%grtlc eS|z g
HRHOW BIASERAL AR dEHeEC 44BAt & ‘é’d‘? 8 Pym
claim?7, wherein the discontinuous phase has a
particle size ranging from 10-200nm 9. The
enhanceTpat e@gRtlendEROhgEMY abBodiat ME clher € Wyiidigin the
di sconti nuous phase has a particle size ranging from
1diSOdmtim ok phasel Dasel pettedefsinenranging fuopn dehi8ism agd is
of magnetic biomaterials, hydroxylapatite, and
csallfmtaeh daeondice. ZOIp Th@n%ﬁhagc@fentﬂag@@ﬁﬁ dveoraiprigls,
laim9,. wherein the nanoneter-sized bioconpatible
rgXy AR FRC G URY SR BN pat i te. 15 11. The
enhancerrent agent according to claim9, wherein the
nanonet er-si zed bi oconpati ble solid has a particle

si ze 1r03”9hé‘€bera%'Ebirﬂen%0%Eﬂt &’&cﬁ’am '18 @l%h%@e%%rem the

agent according to clainiil vvherel

NRHIRE tef-s$: ALl duoespanble ol s@bmphmda)fplaydﬂoedyeapame
size ranging from 10-100m. 13. The enhancenent agent
according to claim6, wherein the 25 nenbrane-form ng

material js selected fromthe group consjsting of .
The enhancement agent according to claim 9, wherein the

from

nanometer-sized biocompatible solid has a particle size ranging from

[-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 13, wherein the

membrane-forming material comprises phospholipin selected from the

20
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one or nore substances in the group of phosphol rqian2005/001361

cholesterol and glycolipide. 14. The enhancenent
agent according to claim 13, wherein the 30
menbrane-form ng material conprises phospholipin

é%l?ﬁtstef’n;rg{&ﬂﬁ?ﬁisn 0 PCT/ Qf2005/ Ooﬁ-sﬁil-ph%ﬁﬂ&idylchonne,

ons 2 phosphati dyl chol'i ne,

31,,zlrc%Qﬁhilﬁt)ypxh:gas}csi&geﬁ@os?pifalﬂmgwdedm ol yeRli@lm  salt,

sodi um sal t;

1, 2-dlssheaylost-gdne gloy 8 grlmsphphidgpdiatlimky| chol i ne,  sodium
sodi um 1, 2-di pal m toyl -sn-gl ycero-3-phosphatidate, 5
1,2-ddpphihrpybyn-gicetordepogphatidsshat i dyl chol i ne,
phosphati dyl serine and hydrqgenated .. . .
dhdsBRaknidyy émarrlé@e@sg-tﬁ};%sz@m@ﬁ@h%{leaa%?ﬁphatldylserme
acgording to, cl ali m rei.n_the anount of the
ﬁé‘ﬁ&%ﬁ@%%?ﬁ@%@@ﬁs?rﬁn?he enhancenent agent 10
is 0.5-20g/L. 16. The enhancenent agent according to
claim 15, wherein the anount of the nenbrane-form ng

nat erfisal Thd dnf@nesnne erpit Agenlling $o G1aih0g/ bwhekdin the
17. The enhancenent agent according to claim®6,

winesentnof hise neembrdnesfothmg aradermal en ithe dohanlcement agent
enhancenent agent is 10-100g/L. 18. The enhancenent
ag&n?-28gdbrding to claim 17, wherein the 20 anpbunt of
the core material in the enhancenent agent is

20-80g/L. 19. The enhancenent agent according to claim

6, rej [ ri.ses.:qdj stil :
Do 18 S BFanPOERL e TRC T CARLL "B 35 hhein e
bt A BF fc@é oMb 4R -$PRANGE WRbrigP 8N ithAGGHaHcBhdn® agent
any one of clainms 6-19, wherein the enhancenent agen
GOt &ilMw/0D, 01- 10g/ L car boxynet hyl cel | ul ose sodi um
and/ or 5-100g/L glycerin .

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 .

21. A method for increasing acoustic energy deposition at target

21
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deposition at target 21 PCIT/ CN2005/001361 [ ocation
during H FU treatment, wherein, the nethod conprises:
adm' ni stering the plasm d enhancenent agent according

eﬁ%fn dﬁ?ﬁ%ﬁlpmr%tlﬁe&o o eRh Sk elﬁgﬁ}vc@i 98&&9%65:

ravenou cont i ndous and ra
I nst 'ahhﬁhis%nﬁ? el Hﬁashlﬂ]de@hh@ﬁbélﬁel@t Q?éﬂlteﬁbc@ltdlﬁg to any

0- 168h before the app ication of HHFU freatnent to the

toaegaif | daamhkorn -20f ia pat | effecti?? dosage intravenously via
continuous and rapid IV instillation or bolus injection to a patient at
(0-168h before the application of HIFU treatment to the target location

of a patient.
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