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ENHANCEMENT AGENT FOR HI GH | NTENSI TY FOCUSED
ULTRASOUND TREATMENT AND METHOD FOR  SCREENI NG THE. 1005001567

invention is related to the fields of nedicine and
medi cal treatnment, specifically to the field of
ul trasound treat nment and nore particul arl to an

cHHANET VHEN Tt AGENT O R BIGR N TENYERY Js@ CUSED
ocat | o P D AT MEA T L TP Tk

[ uri nmet hod for
screening the enh M&g@h@@‘gWI FU treatnent.
BACKGROUND OF THE PRESENT | NVENTI ON Hi gh-intensity
f technique to treat
tmﬂaﬁytﬁg?%éwN@ﬁﬁ%dy been recogni zed
in @lhienpoedenapplestionorss relaléd tenfhleofizldoofseedicine and
WLiREP et C O e AERULIYCR GRBLFBLOYP  uIR8BThA! EBRh o,
ul'trasoun e_nergiyat the“focus, resulting In
iangt et aripstic uldiey el arpaanseest rgent of |IIRY treatment,
thﬁédrpﬁ‘nml%fag?%&;@Fsﬂ@t@fﬁﬁg?a@?;ﬁfﬁf%hsataﬂ% target location
sonoc al effects,,to sélective caus
JgAG HIFVE trabnsslstiid B RETHQ (8! SatRpniRieenenhgRep@ent
fagents furoHiFEr@atatementi nvasi on and netastasis. It was
denonstrated that the acoustic energy was attenuated

exponentially as the transm ssion di stance increased
duBAGKIGBOUND CHS dIHE RPRESENISINNENTHON t he body

(oop it 8P foou 2 RRFE AR MAle 4 heseliridue o
éieat giuaars mndil ethas odisgasesanian surendy hesar reeogniged in

WainicAl tapladRbridue HIPU | 8AHR0DS PoMIdedN. uls@bhAEI NGrhich
refraction, .diffraction and the Iike, anmon \Nhl%hf
QYIS pRRYPEP W At -LUsPEEY HE*’%%%‘%PHF at the focus,

ST kihe_iﬁaantMOaﬁeti?@rnIgisﬁfw? @goaﬁ@ )gh&:zb{viwion
s __edi rs | I I [ U ou .

FRER G meiRahRal, Wt Rl FulRNsfifhe! REkEPENRE setcotively

Rabk¢ strergddti Ohi mecroBei pl ige P00, 1a)d prewentftomers from

iﬁSHf%H&?io’fl‘, E%ééé@ﬂtamnﬁle'ta%ﬁ%g@g to treat deep-seated

nd arge-sized tunors, the acoustjc energy

t r andhiweedlamonyieatedr feat thpweusticr 8NEEEYN evys |ignuated

ERyenchiignareut itke ethhshesiynWelsdncdeeiaaase@nduting the
RO Ao b uBueabOY  REgHR e ot 3ET EhinGse
Voansai bf iUTg aqeower! iefMeléecibeR8P2UT1RER):565-568). In addition,
the energy during ultrasound ftransmission in soft tissues was
attenuated due to tissue absorption, scattering, refraction, diffraction
and the like, among which 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).
Therefore, when the HIFU treatment is used to treat deep-seated and
large-sized tumors, the acoustic energy transmitted to the target
would be relatively low.  Thus, therapeutic efficiency would
decrease and the treatment time would be prolonged due to the
acoustic energy attenuation.

Of course, although the transmitting power of the therapeutic

transducer might be increased in order to improve the therapeutic
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transducer m ght be increased in order to inprove the

therapeutic PC17CN2 00 5 /00 1 3 67 efficiency, tR@cnooswoise

transmssion is nore likely to be burned. In addition,

%"fﬁ?{e‘?%??tbh Wﬂ%?lntahehé's"u%uai qhgu§ ﬂh%va&l éﬁ‘b&‘?’é lLMtIaSOUHd
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EpaLEt Biianatian ot My ks T Qe iR iRy
idfehendmasvasdvienessiwiot] fd tibsatrsamuatiynrahobed in order

g% Clﬁg?éjasemﬁ‘leﬁ_gniefﬁym ll’i%g8§t la‘? ﬁgrta&g (g:f?tl%'?lt k?o'}g?n the

Ve pro ant ageo S
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ﬁ%amsﬁé r&tﬁ{m} &%ﬁﬁé&r QanhBe bd e&Wired which is

respect I ncreasi ng the energy
§irﬁb5‘nf(§”t thet%?"é‘*é%tslﬁ%ia@@@ﬁls -effectively treating

the qﬁ‘%paﬁﬁaé qﬁobwmé Shatiet H{%@Hvaﬁﬂimhﬁgj iigited the use of

| [ t t
e g e a o PeS FRnt A PORiRT O e, e
nedisnival poottlcnemavdl respiect heindieasingethd derpe cteqiosetdon at
AT b T F TR ARETARS s o
zimmgiagctbﬁe&m r‘a@@dmgf oorhalgtissur enghe ycﬁ@f@fus @dthway, and
Lﬂléart d’f' d:wtmofr rtﬁﬁE EMockdd 65 RN i88NANG8uUE Removal

acou rgy depo |on at_ targét 1ocation during
HfFf@etrilé%tf}‘?@ﬁit o bpsphed vt -ve of the present

invention is to provide a nethod for screening the

ooP iRy YR HIcbRSNCRVIRIIOR 1 oVl oo use

of d)n&enbhymﬁmnto‘"ﬁgﬂmt presetd Fuvenéianmest tbo provide an

DEHRRSG hl Cao 8] ?ﬁl‘l%%ﬁlle§ﬁtagl t?{'%b’c&e%fﬁﬂﬁﬁ&ouﬁ@ (HIFU)
émmaménwhlch@anmréwm t&lmﬁmusvn mgyd@@oaﬁion at target

gﬁEW&@@%@f%ﬁgﬁﬁU fehyHLEY treatment, 30 wherein, the

ancenent a subst ance that can enhance

acougtiethghep Céb’@orogt itBp RfCSERb Wyegbion dtatq dirovdde a
tiﬁeﬂhro@iaﬁcﬁ“ckdﬁbéﬁhngﬂhlélérﬂfdn%%mdrﬁ aqeat Mbs HIaU ﬁ“@aﬁﬁeﬁt

bi ol
Feauds el eiteei i€ odng Psehb v En S0 BloyRE uif of
art aegkanddmene @Gganor fand HdJ t umreatndrgsue) peirease t the

VO UTR, Qfe sk RE SR tf%éfﬁ}eqllf“ ng HHFU treatment. In the

pr esent |nvent|on of the substances used
as t ha ardeate asbitveatiene OYQ)DbHCFCUqu somerambodiment, the

present invention provides an enhancement agent for HIFU treatment,
wherein, the enhancement agent is a substance that can enhance
acoustic energy absorption at the target location to be treated with
HIFU after its administration to a biological body, i.e. a substance
that can be used to reduce the acoustic energy needed to cause lesions
of a target tissue (tumor and non-tumor tissue) per unit volume of the
tissue during HIFU treatment. In the present invention, the types of
the substances used as the enhancement agents for HIFU treatment
are not particularly limited, as long as the substances can change the
acoustic environment of the target tissue and promote therapeutic

acoustic energy absorption and deposition at the target tissue to
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are not particularly limted, as long as the
subst ances can change the acoustic environment Of. k8ousw0i3s7

absorption and deposition at the target tissue to 2

P éc(t:N%(l) &Qég’ﬁhlﬁzgﬁﬁ%y %lfﬁcf@,‘?&?e?a?ﬁ& QEE?‘geéQYhe target

I'cl en fac tissu
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used e | esi,on

subs o E%Hg@ %emh émbmy%fecsﬁ 6%#5&5“??%@% iabchange
ti e phgesméog@eh@taﬂel yf retansr ttdsduee garaglly ateifes to the
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rerers e ToCcu |n CcO en 0]
tﬁxsn%ﬁ}teerw Rekfian 7 AR LS e Iie i Hoafidst of a HIFU
fremsgluogr, ozamahlrbﬁeotfs thbailtris@nstecayy foeneinglcapality BT the
rtg%ﬂesr uc%? he[]ee 91 P%??x%t fo ROVt L1 %oﬁlgftmgg&r&o&f §HIFU

r’s to'the tota
tsoetamémmt( DR tt redyrs tosthanigtal tnmeeeté HIEU treatiopohtunit: s);

Hifdy Pé’%?@%'tﬁ%‘ 9&%&%@%@ P"T‘J'Bl)ndu%edsllé:@?dr%n%ﬁ hﬁ{m ). A

great Yy ecreases %et t1ssue af tetr
sudstagigei Wias targat chgeﬁ%ﬁs(et@uﬁﬁgbpﬁ e tprech deugsatigieits

%Hiﬁfﬁﬁ@ﬂ?@!ibnﬁggﬁbre Isﬁ[ttaE'ld:tb Efeeaﬁéﬁ?ﬁtb thlenerﬂit iﬁhf ceml_eﬁnéggent
e odi men e enhancenent agen or

fr@ ﬁﬁw &&reases the EEF of the tar get tissue

af t erlni dse paelfmmd:ten&tochmems tle remdabtemiche agahi dor HIFU

en.th f et ¢ tirSSu S b :

T TR o e TS e et L R
teedsm)mstraﬁdnt e EBFesuft tthe mmbctwe@@agerﬁggw%@he talget
%ﬁgs%f IEEE? &%ﬁbefo%r@é;@ln@ﬁish'a%o@ﬁBﬁnﬁ@r@man%eﬁmm agent

asureneu IS, nore , preferahl
r(é@e ElhBnas2, ) aRd {@r of ethgntaygsy dissue mﬁgsm@,gp@ tel the

| ddhini®fratibe dfaﬂ}ﬂeoeﬁl@arﬁ@tneﬂﬁrz{geﬁﬂ |(a%| EBH(mag@eqnegp)i i@more

BB al mone el aRhESBRE. aBdniare: PIIERUT T bt The

hpperdiocoopdid bdteo msahet paltiovlablyalipatdd ehe ashigher 3@tio is

r;ﬂ%@éﬂ?gdf rom 10nm 8m which can be admnm ni stered via
travenous, arterial, or topical injections and can

decr dasena fertBer pod fer tas embgdi ment stheeerliamemery agent for

MM $HeathleAD isAGCBIM AEbYtibIenaRkiA REtCLrH AR 1EES Ze
ranging from [0nm-8um, which can be administered via intravenous,
arterial, or topical injections and can decrease the EEF of the target
tissue after its administration. Accordingly, the ratio between the EEF
of the target tissue before administration of the enhancement agent
(i.e. EEF (base) ) and the EEF of the target tissue after administration of
the enhancement agent (EEF ncasusementy ) 18 more than 1, preferably
more than 2, and more preferably over 4. The upper limit of the ratio
is not particularly limited and a higher ratio is preferred.

The enhancement agents for HIFU treatment of the present

invention may be encapsulated by a lipid membrane, protein
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of the target tissue before adm nistration of the

enhancenent agent (i.e. EEF(base)) and the EEF of. tf8sm01367

the
enhancenent agent (EEF(,ueasure,nent) ) is nore than
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unor 15 tissue o
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atshec@mlparsedrrelﬁt aagerd dneapkliated riept aremembraneferming

gﬂ%{eﬁ h'g rgbgcgﬁt{fﬁﬁéu?{qﬁggﬁ c’i’)lir? e o?‘éﬁ%&bﬁ@’mé&ﬁm The

tre nmen
dilsmumummjg aphas endborprlysdispetsed oorthe avodpsiuat plense,

%datwg%'pﬁﬂg S r{ﬁe%ﬂs@@ﬂt‘? lh@Llls pﬁﬁéje ! HBUPYDnm to

ase C rse a ueous ne Lum ontlnuous
phege the m éamﬁ: Oﬁmé%%ﬂ@é@riaﬁ 1ﬁh@0@@mnaﬂk&93a e core

mSm@foqagésj 8&@11%11 &L r@hoﬁﬁ@eﬂls%%@lnbidmwﬁatﬁ)@lésﬁ)hd Such
es from |l On menbr an er.i al
S RBeBiBheean (AR AIENG e Pl g SR abie o B AT fifed
qntnaaammslgr Bozethdi pegrpat il elsolyi dandSucimhmience, the
far [ it 0
SORREGIRIL R0, 80, IV ERAAe gL el o dre
dnacomaaf@die @@ﬁv@ma@suéqtedh@y denieamne@mentorayjegt magarial, is
M b f%@t relin#d ef’soﬁs"ﬁﬁ 1cﬁizub%le’b'éi’ﬁx%ﬁ€@5fewt QdR; the
encapsul at ed by a_nmenbrane-form ng materi al .;,_
enhancement agent for HIFU treatment™ that conmsis of the liquid
encapsulated by a membrane-forming material, is hereinafter referred
to as a “particle” enhancement agent, wherein the liquid is classified
into two categories: liquid which does not undergo a liquid-gas phase
transition at 38-100°C, and liquid which undergoes a liquid-gas phase
transition at 38-100°C (specifically, the liquid will turn into gas
within an animal body or human body during HIFU treatment); the
enhancement agent for HIFU treatment that consists of
nanometer-sized  biocompatible  solid encapsulated by a

membrane-forming material, is hereinafter referred to as a “plasmid™
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herei nafter referred to as a "nicrobubbl e" enhancenent

agent; the 30 enhancement agent for H FU treatnment
POT/CN2005/001367

manbrane-formng material, is hereinafter referred to

as, a "{g{artt cl e" enhancenent agent, wherein the |liquid
POhARSIBER} 88PN nt o two categories: |iquid which does
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Pl b0md/L stied dsere srefeeablyadf- i HbgrHemgibrincludes, for

%&QMES a‘ixherh@ﬂfgenprc%ﬁﬁbﬂsdlﬁi’(f@ ﬁ§(|)§ibtﬁﬁﬂ"[bﬁalbon gas, such
i

gl obul bri noge rin
@égpedéhtmaﬁt ﬁa@f%pwaaﬁaw ﬁ%k@?%@ngna W@ gases,

Isik®. aéN’tﬁftahlél ﬂgcﬁ)lﬁit@ﬁ@bpbbta@xe?rﬁmme[rﬁéﬁlflﬂg@@kaﬂhbelde
m()iutnt t he gas contained in the enhancenent agent

g Sh’folglﬁﬁ/ L, preferably 20-150m /L, and nore

pr ef é“rlrmblmicﬁobmbbkd /ultra‘ﬁbengasontrasm&@,nm owideyamskd, in

"i‘ﬂ{lﬁs%ﬁ& ‘?91%%;1 g DO AL O] g th{; e‘ﬁ%ﬁ@éﬁ‘i’l H‘E%rg%ﬂi‘ fEAHIFU

oroet hane, uor opro
;smaﬂmmto@ﬁtﬁwe pr@lsmhemgfggé@n Ebaﬁ, éﬁleblﬁitfﬁﬁff’élt invention

f het R d}eﬁﬁﬁiﬁébuﬁﬁl@nﬁéraﬁrlhﬁégggﬁgi%‘gg g%%@? as the
&@gapgeweaé@;%e%@anﬂ{iﬁ ERuSeR oG iy SR e
as t WhenhategaepirtegerhhbacemehtUagent, if liquid that does not
undergo a liquid-gas phase transition at 38-100°C, for example, water,
saturated fatty acid, and unsaturated fatty acids, such as soybean oil,
peanut oil, and iodized oil, is used, the amount of the liquid contained
in the enhancement agent is 5-200g/L, preferably 10-100g/L, and
more preferably 20-80g/L; if liquid that undergoes a liquid-gas phase
transition at 38-100°C, for example, Cs-C4 alkanes such as n-pentane,
i-pentane and the like., and C;s-C;; fluorohydrocarbons such as
perfluoropentane, dihydrodecafluoropentane and the like, is used, the
amount of the liquid contained in the enhancement agent is
5-200ml/L, preferably 10-100ml/L, and more preferably 20-80ml/L.

For example, a fat emulsion for injection is an aqueous emulsion
5
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25 treatnent of the present invention. Thus, the
present invention provides use of m crobubble

PCIENZ2005/001367

for HHFU treatnment of the present invention. Wen
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s Rk N QEIP e terk th 1@@1&1@1@% egh&lod el‘ijlolﬁbOGP@nﬁafdtW cid

ég{%ﬁgéa fazrhé‘@rrﬁ?gcg eqsﬁgr? gaﬁat?rpg? elfrsfglmfa 1ers, polysorbate

(Tween type) emulsifiers, polyethylene glycol monolaurate-based
emulsifiers, polyoxyethylene laurate-based emulsifiers,
3-sn-phosphatidylcholine (lecithin), cholic acid and the like. The
amount of the emulsifier in the enhancement agent is 5-150g/L. In
addition, the enhancement agent may also contain a stabilizing agent,
such as carboxymethylcellulose sodium (CMC-Na), glycerin and the
like. The amount of the carboxymethylcellulose sodium contained in
the enhancement agent may be 0.01-10g/L, preferably 0.05-0.6g/L,
and more preferably 0.1-0.3g/L. The amount of the glycerin

contained in the enhancement agent may be 5-100g/L.
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6008-10. bg/ancapania tembr bepeapdyifisry thy 3tadilzging agent and the
@fglaé%ﬁ{mte %ffgé;%ga yﬁﬁi/&éi@ an@g%?@g\wg@gb Wé}}rhécozﬁf}ﬁ%ggﬁéﬁﬁdrticle

- _ 2

A B Stes S P bRRAT R ACCaRT PR PR Dsglosaremar L finese
ﬂiﬁitéhtOLA;i{ﬂiS@ﬂt&y Béo us @ 1182346 Tist(Brhglqall vBhtie cofiulsion
t he, enhancenent agent .in ,order to.i @ e.. -
SoaKTES ‘SACE annancibaoBod, Bt JREFPRB RS "or, Chinese
Patentc| Apphbanosnd. 342360 Xt KEntitkgdi dFahdemgdsena for
I i.d- g 5 nsiti.or t - , Akt
AL ALOER SRR AN L P M e ppiasla
prestreredsbpn7emugsion ¢reheudicngred gregidiag tenfangsremtures
agethind e pri@sMAGRIMARRE RN 989005668y (Batiadidusbedirose
to pH 3. O-G.ﬁ}, grefer blg 5.0-6.0. The nethods for .the
pBydrisiei onaBuURHE e MUA %‘h%(ﬂt £QBLASE or 28Rty Eyntaining
tﬁe@ﬂhﬁﬁﬁﬁydﬁoc{ah@o@ gﬁéﬂheﬂm&ﬁbﬂ prodisprgitht caing), @Ghinese

re ncapsuyl at rape- farm ng Lak, . ar
1Bk ARG . Y PLIPTRIL PR (R RASOR clfif
meht foeuftoasiuyl diegaoisé and mecthad, foripgoddciog theosame) or

: : rSki e R .
AR NS0 728 I ictod 1o
dhelpiepaeationay theampracler nechdpt iWiaseund fondrmntsaugh the
GAftabsuRd eBALRd: ag6Rr)di ng to the disclosures of
(F:glt e J%%E?énéb—\?ggr}lfn%t IH?EPte{'\lI%l 09f73118e23é%ﬁa§cé1§2£{ talg%%t for
HIFU treatment according to the present invention is preferably a
biocompatible and degradable biomaterial, such as lipid, such that the
enhancement agent can be injected intravenously, transported through
the blood circulation smoothly, and then phagocytosed quickly by the
tissues of the human body, which are full of reticuloendothelial cells.
Therefore, a mass of enhancement agent can be deposited in the
tissues of the human body in a certain time, thereby, the ultrasound
absorption capacity of the tissue can be significantly enhanced, and
the acoustic energy deposition at the target tissue during HIFU

treatment can be increased and eventually the effectiveness of clinical
7
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BT oRE, ekt it caes. o0 he AU i v
?ﬁ)@ﬁﬁf@ﬂﬁld@&g@ﬁsﬁq@lﬁ gamphlmanmﬁ;@anat TR 00EC is used, the
oSl te nt (0]

QPR 1 b Plesttd SO 488, Meh TS0 DRSAVIR, Spreferably
dap b bmlib; find if ilispuie thaatmrt;blgogmfhcuadtg@s Ersaricaition
'?d38t1t0 @CW%EI%ﬁ, ?Pﬁ?rc@éa E I@Eteﬁh?rcﬁﬂrt‘ﬁ%t LIange of
t1ssue uri ng treat nt can e |ncrease

él/%%@almyk@hepf‘e@rfﬁ@@tl}’v@rﬁ)ésg Osmidkg ni When psimg |a plasmid
/e@'}iaﬁ@e%@@tl%%%m Hi iU ddsqgérr@em B0 sedabe fropprehgetdnge of

a e he present invention is
&LFT @?g@%{ 8 ﬁg}l Por i ncreasing the
ener qmajpmnt mvwem@m he alsar datectat ab iaomethwd Mgr kbeeening
{hkine e RY asel RhcH Ty Gediuloih ¢ RIREL T Dmersing
agenl(abﬁneftﬁellprgébﬁtEnm&mﬁfﬁwtl HeewretoiE) yoivaabiological

idIVinstillation or bol us
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g@% pents. For exanpl e, when using a m crobubble
affcBrertagent, the dosage can be sel ected from
the (dhgenuiartn@obe (EER walshkgeno pYiéh ehabEGF base) of the tissue

and selecting the candidate enhancement agent having a ratio between
EEF (measurement) t0 EEF (pase) of more than 1, preferably more than 2, and
more preferably more than 4.

In addition, the present invention provides a treatment method
for diseases, comprising administering the enhancement agent for
HIFU treatment to a patient before applying the HIFU treatment to
improve the therapeutic acoustic energy absorption capacity of the
target tissue to be treated with HIFU.
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0. 01-0. 05m/ kg. When using a particle enhancenent
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t

ngEe( |, Peeparaonent) awpeiiicih eSERnCcBRSe) agenthgor HIFU
4 SSM@nt and sel ecting the candi date enhancenent agent
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Jixamie Hansing pflg%f? bty it &qthaﬂg%goaﬁdﬁqﬂgﬁéas PHase
prafsel @bhy3 $06°Chésr ¢hcabpuladdht i on, the present

i ngention provides a treatnment nethod 35 for
di ﬁé‘&%’i‘? I'@éﬁ‘pri sing adni ni stering the enhancenent

agentlHeofolldWw g tmatatimbnvere mixzal identodizédoél &ppinjeeigon
t t < f '
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nples and tests are provided for the purposé o
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of sgWerdl es@fhutdsNVIERY ir@fulting uniformly emulsified iodized oil

was sterilized through flowing steam at 100°C for 30 minutes. The

final product had a pH of 7.5-8.5, iodine content of 0.13g/ml, particle
size of less than 1um and osmotic pressure of 350mosm/kg H,O.

Examples 1I-1-2 to I-1-4

Examples [-1-2 to I-1-4 were prepared according to the same
method and procedures described in Example I-1-1 except that the
iodized oil for injection was replaced with the soybean oil for
injection as the core material, and the yolk lecithin for injection was
replaced with the lecithin as the membrane-forming material. The
particle enhancement agents for HIFU treatment of the present
invention were obtained according to the formulation set forth below

in Table 1. The enhancement agents were obtained as white emulsion
9
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Example [-2  Using liquid that undergoes a liquid-gas phase transition at
38-100°C for encapsulation.
Example I-2-1

The following materials were mixed to a final volume of 1000ml:
3% (w/v) emulsifier Pluronic F-68 (purchased from Sigma Company),
0.5% (w/v) yolk lecithin (purchased from Shanghai Chemical
Reagent Company), 5% (v/v) perfluoropentane (purchased from
Sigma Company), and distilled water. The mixture was incubated on
ice, sheared, and dispersed at 10000 rpm for 5 minutes to obtain a
coarse emulsion. The coarse emulsion was emulsified in a
high-pressure homogenizer at 4°C for two times. The resulting

emulsion with a particle size of less than [pm was obtained by

{0
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encapsu EI 0 Exanple 1-2-1 10 The fol |l ow ng
maE&rTRIS I dede mixed to a final volume of 1000m : 3%
(W v)I'hentd]l & ingr mitevialki weke ﬁﬁxeaub@hﬁmeﬁ vl wime S i @O0 m1:
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Smpany), s shelogien sprh@ecowrgt,toarmmom%é@re was

%Hynh@atfeﬁe(% &, ashe*aw@ m@&ﬁyﬁ@seemgmmﬁfp@t fk @rﬁﬁ{utes

two tines. The resultin erul si on th a parti
15 RDUBI Fc08 G WS oS EPEP RGNS Ion o7 Beemerpied in a
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2OdFY: for 10 hours. The emulsion had a particle concentratlon of

10°/ml and was refrigerated for storage.

Example {-2-3 to [-2-6
Fluoro-carbon emulsion enhancement agents for HIFU treatment
of the present invention were prepared according to the same method
and procedures described in Example I-2-1 with the materials and the
amounts thereof set forth in Table 2. The parameters of the products
are shown in Table 2.

Table 2
Example [-2-3 E}f;?ile E);zr—}gle Example [-2-6
2% (viv) 5% (viv)y | 10% (v/v) 10% (viv)
Core material Perfluoro- Perfluoro- | Perfluoro- | Dihydrodecafluoro-
pentane hexane hexane pentane
Lecithin 1% (w/v) 2% (wiv) | 2% (wiv) 2% (wiv)
Glycerin 1% (w/v) 1% (wiv) 1% (w/v) 1% (w/v)
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6% (W v) emulsifier Pluronic F-68 (purchased from
Si gma Conpany), 1% (wv) yolk lecithin (purchased

PCTION2005/G01367

per fl uoropent ane (purchased from Si gma Con‘pany), and
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IIU.L CI T Oll S aAlfu 11T 29 dii unlo lIICI C Ul SC1L I bl vrr T 11

Tabl e 2. The paraneters of the products are shown in

rgvlg IITaqirgzigraﬁéﬁ”Bf ) ?I?%Tﬁiae cERARRISerk- dadntl fér HIFU
2% 5% (v/ V) 10%(v/v) 10%

GWﬁU}lentore mat eri al Perfl uoro- Perfluoro- Perfl uoro-

Di pxgmptie¢if | uoro pent ane hexane hexane pentane

lis/;:i( I nf%{vmﬁg/ m%t?;;/o % \y}el%gj?n( Wé) 2% Mf‘)wnﬁ %CEE[II‘[{]C
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o S :
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nhance a
Reagent ompany and (ﬂsn led watel to a final volume of 100ml.

After being uniformly mixed, the mixture was pH-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 1.5
cm below the surface of the mixture. 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, mainly ranged from 100nm to 500nm.

Example [1-2

The following materials were mixed: 2.5g HAP 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 lml glycerin for injection, and distilled water to a
final volume of 100ml. After being uniformly mixed, the mixture was
pH-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 1.5 cm below the surface of the mixture. After

12
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Example III

The nanometer-sized hydroxylapatite (HAP) purchased from the

Engineering Research Center for Biomaterials of Sichuan University

was a 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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were are shown in Table 3. Table 3 Exanple 11-3
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fromthe Engineering Research Center for Bi omateri
i sl GASRerghe God At e HIemenf Ao for HIFU

F@ﬁ{a'txh@hﬁa§pﬁ’®a[ @b Bga 110® lﬁhﬂdlﬁﬂﬂnmzawétgxh/c devices
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v RSNk ZEAnR Yhle J3BpHs 8BTS efed $id) grithgno

dhhaanonwm ek k -wihiche wsue gmmsrii«ium; b the lcadnmoeninyatdinonsals
¢ errie@/de éﬂgv\gaﬂ'{é Ufl ?ﬁg;{r ovfeMedzgﬂ QL %éfgc(?g %welrehgqlflally

spensi on
mbvﬁi«ndf AT ﬁtowupsps‘er GIS)UASImBmI ?eé’rt mt%%bGF@ep udeand

a e ce g 5l et
Qf‘Iotdﬁ):p%r yéllglr%sgxgnp@e :@?@I gaﬁlga H]Izg{jl t hgngp%%s(ﬁ: 0:03),

d@ﬁ/ﬁ’%‘éé‘fe Fifty New Zeal and white rabbits (about 3
mDnt Mheo INIgwWiZdamed | il featrabhitonweex, amddsthetierd through

B DR, PP T B, 0, o
diighdadensity Eouped aTdditzaBr(uuxd BIuTiher r dbbiapeutic Ghyeiem
M@ngJgﬁﬂﬂuﬁ%@'ﬁg ?)\S}eﬁghgggr%ﬁlgﬁg l‘@ Q-F‘ﬁ:@) 2i"échﬁoljogé‘}gCo

bi eadwihen am@tsqdhém z@dﬂg htdsighystem. 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 device. The
therapeutic transducer of the System, with a working frequency of
1MHz, diameter of 150mm, and focal distance of [50mm, using
standard circulating degassed water with a gas content of no more
than 3ppm, can produce a focal region of 2.3%x2.4x26mm and deliver
an average acoustic intensity of 5500W/cm’.

The rabbit livers were pre-scanned by the B-mode scanner of the
HIFU therapeutic system. Two slices with an interval of at least 2Zcm
at an exposure depth of 2.0cm were measured. For each rabbit in
Group A, the left side of the rabbit liver (the left/middle lobe) was
considered as the control lobe (which was administered with
physiological saline solution), and the right side of the rabbit liver
(the right lobe) was considered as the experimental lobe {which was
administered with the enhancement agent for HIFU ftreatment as
prepared in Example [-1-3, and also called the enhancement agent
side). The control lobe and experimental lobe were reversely
positioned in Group B. The exposure depth of HIFU treatment (i.e.,

the distance from the skin surface to the focal point) was also 2.0cm.
14
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|
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treatment according to the present invention. The results are shown in
Table 4.
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the same as that of the control | obe of |liver. Then
: : : : IVEN2005/001 367

| eft side of the rabbit Iiver (G oup B) was exposed

to H FU. The treatnent nodes used for both sides of

the liver of the 15 same rabbit were the sane. The

rabbits were sacrificed andeb§§ected at 24 hours

after H FU e ons_ (| engt

and b ckneBET o eneon BRI TR AN s PeaRE anloes:
the rabbit liver |esions were neasured. The volune of
coagul at1 on necrosi s cal cul ccor di t he

20 formula of V=4/3icx Iengtﬁifgﬂg mndtgggﬁﬁgg P
thickness. The EEF (edergy efficifency factor) was valu
caIcuIated accordlng to the expreSS|on EEF =" 1E/ e

( et vt
Gouéjoﬁqtﬁﬁd()@eoup B. 7r(l)9 efers o6 Be focus$|$§+ =
coefficient of HIFU urppsducer, 3w ch reflegigy the (5%

ul trasound energy fogusi capagc| of 25 t
t ransyBEEMenigh ¢ r 1= %%%g r ef e(r}’s‘g?'t_the to?jlo_"t =
acousti qobewer of a HI¢U sourcez((W t refef89to the (.5*%

that decreases the EEF of the target tlssue after its

admi il 1, @%ﬁl%‘ S "l;e{B:lE:eélsthhgg:glt@ Qs bﬁ'lelx'éeg/e‘?ec‘ ﬁgenotable

enhancenen H F tnment accor
m&feﬁee@énbetwenmed‘rabbmem Bsanp 34 and thrsann IG]I ourza8| that
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o nrarole ATeEniss Babaten gokiGy b Groib 4 sadslibse in
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dioinfpareng ébe baemmennemtalé reabbis tof thie ol lﬂolam@mﬂh@bese of

tH Gé {% %1 loﬂfr%h&ﬁ]“éﬁél%t %E@ﬂf‘@aht‘ B ALY 53hoth

Group A and Group B. W hen combining the results of Group A and
Group B, it could be seen that the EEF of the experimental lobe
greatly decreased. In fact, the EEF of the control lobe which was
administered with physiological saline solution is about 2.22 times as
much as the EEF of the experimental lobe.

Animal test 2 Combined use of the particle enhancement agent for HIFU
treatment as prepared in Example I-1-1 and HIFU therapeutic devices
Thirty New Zealand white rabbits each weighing approximately
2kg, which were provided by the Laboratory Animals Center of
Chongqing University of Medical Sciences, were divided into an
experimental group and a control group randomly with 15 rabbits for
each group. Two exposure spots were introduced on each rabbit. The
rabbits in the control group were administered with physiological
saline solution (dosage: 2.5ml/kg) by rapid injection via rabbit ear
border vein. The rabbits in the experimental group were administered
with emulsified iodized oil as prepared in Example [-1-1 (dosage:
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(x) test. The conparisons between the EEF of the

control group and the EEF of
Animal test 3 [n vitro study of the particle enhancement agent for HIFU

treatment as prepared in Example [-1-3

Ten New Zealand white rabbits (about 3 months old) with no
limitation on sex, which were provided by the Laboratory Animals
Center of Chonggqging University of Medical Sciences, were randomly

divided into an experimental group (which was administered with the
enhancement agent for HIFU treatment as prepared in Example [-1-3)
and a control group (which was administered with physiological
saline solution). The rabbits in the two groups weighed 2.40 +0.45kg
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15 the experinmental group are shown in Table 5. Table
5 Conparisons between the EEFs of the control grour

Control group 30 31.052.68 Experinental 30 7.161.38*
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FAEBRGLEIS, 15, HECRBATS ndRCGF GFiGup (B SPRere Spots were
dnopdloedunidtdrathe2@smimutvese aederated, the rabbit liver was put

back to the abdominal cavity and the abdomen wall was sutured layer
by layer.

In the next day, the rabbits were sacrificed by excessive
anaesthetization. The livers were removed and photographed. The
dimensions of the lesions were measured and the EEF was calculated.
All data were expressed with mean value®SD, processed by the
statistics software SPSS 10.0 for Windows, and used the independent
sample test. The statistics was significant when P value was less than
0.05. In this test, 21 exposure spots for each exposure duration of 3s,
6s, and 9s and 63 (21 X 3) exposure spots in total were obtained in the
control group; 30 exposure spots for each exposure duration of 3s, 6s,
and 9s and 90 (30X 3) exposure spots in total were obtained in the
experimental group. The EEF was calculated with the
above-mentioned expression, and the results are shown in Table 6.
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statzsttca%y significant, were not considered, the mean of the EEF in
the control groups (3s, and 6s) is 1.78 times as much as the mean of
the EEF in the experimental groups (3s, and 6s).

Animal test 4 Combined use of the particle enhancement agent for HIFU
treatment as prepared in Example [-2-1 and HIFU therapeutic devices
(1) Study on lesions of New Zealand white rabbit liver

Twenty New Zealand white rabbits weighing 2.21+0.56kg,
which were provided by the Laboratory Animals Center of Chongqing
University of Medical Sciences, were used. These rabbits were
shaved at the lower bosom and the midsection on the day prior to
study. A High-intensity Focused Ultrasound Tumor Therapeutic
System Model-JC manufactured by Chongqing Haifu (HIFU)
Technology Co. Ltd. was used to radiate these white rabbits. The
High-intensity Focused Ultrasound Tumor Therapeutic System
Model-IC is composed of an adjustable power generator, a B-mode
ultrasound monitoring system, a therapeutic transducer, a mechanical
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P Val ue <0.01 <0.05 >0.05 5 The results in Table 6
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The results of this study show that the fluoro-carbon emulsion
increases the effectiveness of HIFU to cause lesions of the rabbit
livers. In fact, the mean of the EEF in the control side is 4.81 times as
much as the mean of the EEF in the experimental side.

(2) Study on lesions of goat liver
Twenty Nanjiang yellow goats weighing 22.25+4.51kg were
used. The goats were shaved at the right bosom and the right
abdomen on the day of the study. A High-intensity Focused
Ultrasound Tumor Therapeutic System Model-JC manufactured by

Chongqging Haifu (HIFU) Technology Co. Ltd. was used to radiate
20
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?&eproved significantly by using the fluoro-carbon emulsion without
removal of the ribs of the goats.

(3) Study on lesions of goat kidney
Twenty Nanjiang yellow goats weighing 22.25+4.51kg were
used. These goats were shaved at the right bosom and the right
abdomen on the day of the study. A High-intensity Focused
Ultrasound Tumor Therapeutic System Model-JC manufactured by
Chongqing Haifu (HIFU) Technology Co. Ltd. was used to radiate
these yellow goats. The transducer used in this study was 150mm in

diameter, and it had a focal distance of 135mm, a working frequency
21

[/{N2005/001367




10

15

20

25

30

35

exposure spot was introduced on each plane, and
t wo- di mensi onal uItrasound was used to nnnltor rib

PCT/ON2005/00G1 367

(0.02m / kQ) was qui ckly delivered intravenously via

ear er to each oat and at_.liver was
68 S UIE i e 0B e imtier P20 aTaet SRR dpnth was
Spﬁhﬁ V\ﬁtcb a ndisocniirdons daghe gudte eupdsinee conitir adxposure

L N N T T
dseﬂxewmtexcbrﬂ@vedmtAaWHW wagi careiged twrl@l@ﬁorc diHHdeposure
408t azﬂ%a% H6r %SQﬁgsﬁlleVﬁ{clM\@ﬁm EXHRE Bt ﬂle"ulﬁﬁxfgo deu((:)f éhe

secon exposdure S ots Were
gm@@cﬁngolapiw pRdhexpaarmrale 41 dicdeidngpdigsgraljy soapesre

SERRGSS. @ﬁ@ré)ﬁﬂ)s@&et ;ﬁﬁott ar&etintieeiate@nont BecRXpREIY, esnd
wer e repeate not her

o g e OB L HOLO L BTsh YedepSed KO ShstRLICTL LAS sfidht ribs
dust b asbOR; DehoioboDm ! rta G005 T HEwloesidbysical sekine

P bUERE o THEARY, foas, ISP AUTindTPa, REEHI Sy Py eac
@oadezt iveachapatpasdithed goph &kidEey wme:gmmgi ta EHFU under
glf%%dlpﬂgscl QLR ufX PI (PS8R def ld‘%g[l: gn 'tﬁ/e c%ﬁ*o?' ﬁdeT The

he exposure tine,

I_an
Eghgn%mag agant .ﬁm SR tftQ@éIT’@éﬁtaﬁd?re§NféinE ah@xsuml@d 2-1

&?Qgiﬁﬁkg?p@ﬁk et adredl qﬁicklll?l 1@1@rdv*&%oﬁ@l}70lvn@t¢a?rn betder to
and

Qr o- car bon enu S|on
CARR el pBdEh e faty sedied] ?ﬁ@h%&&w{lﬂ%ﬁm
tohletleé felx@leemg'nthb s@damswm@fslgyay smfaiet bapged dcicueres! at the

Fiight dokatipbn b irBoShLh FREGIth ™ HRUAPr 375 dtimsg, 16
dhettehes goagsy-§@ile Sthadgeow besieons thu tefehexpiodnes duration
-E‘ﬁ%md’ b@agb'@ﬁﬂe YRAM Q‘@O%oqt}?re@’edag}@ 5‘@612311@5 (ﬁl&ﬁ'ég%osme

goats were, s i?m

aﬁh@sq h&oaﬁngerewaaﬁéwéna@ﬁi tqw‘gsed%?f‘? 1Llﬂfhe ?%9

Hiod u%ﬁ@é‘dsrliédoﬁ@céﬁf e%ﬂl ktd 0 sTuhm@arsuTa@ranthEF was
e manu C ure

ARG e, B feotksSla ol iah 29 Speip. T

yefdrowogbatexpokhee tmsqla@é?r Tise@ EHs whies IQti&M Basfor the

S 0 €01 550 2l 96 B0 oo
Gigdd rank-samn at@@hghOWSpﬁwérPo@ 0@2O\th€TW@Sleli?)c§§u?}éS study
qﬁﬁf&té‘@ﬁat ?lg@muo"i‘ﬂdcafi‘bghséiﬁmsh@ﬂx‘ §aﬁ&ﬂﬁb€ed&@ﬁ%e abzhty

osure wt osure duration 3s’and I nte
WA Ualspraes. [eRio3 by nanmat geagkEineyswép & a%tt[le ncén of

rtﬁH‘HE«‘F’ 1n/bh§rc%n$ﬁﬂr31&\@$s fadrel thdnouM) tibefsahe dibkdof the EEF

ex
inhe ¢ exper:mental side.

Animal test 5 Combined use of the plasmid enhancement agent for HIFU
treatment as prepared in Example 1I-1 and HIFU therapeutic devices
Thirty-six New Zealand white rabbits weighing approximately
2kg, which were provided by the Laboratory Animals Center of
Chongging University of Medical Sciences, were randomly divided
into one control group and two experimental groups using the HIFU

“enhancement agent, 12 rabbits for each group. The rabbits in the

control group were administered with physiological saline solution

(2ml/kg) by rapid injection via rabbit ear border vein. The rabbits in
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Animal test 6 In vivo study of the plasmid enhancement agent for HIFU
treatment as prepared in Example III

Forty New Zealand white rabbits weighing averagely 2.7+0.3kg
with no limitation on sex, which were provided by the Laboratory
Animals Center of Chongqing University of Medical Sciences, were
randomly divided into three HAP groups and one control group, 10
rabbits for each group.

Twenty-four hours before HIFU treatment, each rabbit in HAP
groups was administered with HAP suspensions as prepared in
Example III varying in concentrations by rapid injection (< 5s) via
rabbit ear border vein with a dosage of 2-3ml per lkg body weight.
Then they were flushed with lml physiological saline solution in

order to ensure that the suspension had entered into the body

24




10

15

20

25

30

35

Control group 24 582.50-- 7.39 353.93 4.99 First
experimental 45 1281.56 2.71 884.56 1.29 group
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Dot-shaped gray-white coagulative necrosis appeared in the
treated region immediately after HIFU treatment and the boundary
between the tissue lesions and the normal tissue was clear. After the
rabbits in these groups were exposed to HIFU for the same duration,
the volume of focal regions (coagulative necrosis) formed in the HAP
groups with different HAP dosages was greater than that in the
control group administered with physiological saline solution; the
EEF needed in HAP groups decreased greatly in comparison with the
control group, and the difference between the HAP groups and the
control group were very 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 again was very statistically significant (P<0.001). Table 8
shows the volume of focal regions (coagulative necrosis) and the

EEFs in the HAP groups with different HAP dosages after HIFU
25

PCRON2005/001367




10

15

20

25

the right bosom and abdonen. The rabbits were
anest hetized by an 5 intramuscul ar injection of

the abdonen wall was incised under aseptic conditions
uI lé%( se the liver. H FU gynaecol ogi cal

ﬁ t ppar atus CZF-1 manufactured by Chonggi ng

Halfu (HI FU) Technol ogy Co. Ltd. was used to radiate

10 the rabblt I ivers The HiRY, gnaecol og| cal

sour@eQuman app @&gcr andncwcul‘é(t/mm@ wat er isEF

di Sgl g %t%eo in CIQ Pat eRjy No. &§-%iﬁ%5($ X Bh@io 09

par anmeters in h est were set  Up as
freq@engy: 9. 85|\/Hz power: 5W focal di stance 4nm

and i gat ment mﬁgxkgSI ngl %opul sqs1351ﬂpesureo Theees
exposure spots for one cycle and 2 or 3 exposure

cycl 8UWor each liver were introduced. The exposure
duratipn was 10 seconds. The incision was sutured

bt AP uer e SUURE Keed by api 42 Shtion ob KO Oki 1

via gehipit ear border ve| n The di mensi ons of
coagulqtion necrosis 20 forned at target |ocation were
nmeasured and the EEF was cal culated. T-test and

rel atHAB anal yé0mglkge usdd for 280npedT-8ons BetIbA0

gr oups,;pPot - shaped gray-white coagul ati ve necrosis
appeared in the treated region imediately after H FU
t en the tissue

I esi qigteamd " tilahBARPR! rdfess UL tVasu MibRRIf thE le& fpofsﬁf?e spots.
rabbits in these groups were exposed to H FU for the

same dluratl on, the volune of focal regions

t th hih
(oaatl ' e SLg5 ol g‘f‘éa{%r * B vudEe et "
amnomttegrsw;d &P néat greatiwianthaphyg shel thgrapdutsalkeiiests of
; F‘@' zﬂnwszrh‘?deQlaﬁ-ﬁP‘@ecgﬁﬂu}]éhth %&%péff%@gﬁg% more

gﬂ I n conparison wt control group,
A eﬁ@ﬁtﬁé’ was weehcthe HAP groups and the control
group were very statistically significant (P<0.001).

rE\Z conparing the different HAP groups wth different
niohalt lept §i/z edtroiwdy of 4he plasmidi enhemeamenhagenhiey HIFU

tth@atﬁ%@a@ é d‘@&xﬁ’@xd;ﬁﬁ[eeﬂﬁed 35 the vol une of

e S92 hbe [ SOISS 7 bl e with o
deei@asadogreeal lwhichwiiah gﬁndem \the yLsh@daitsityi dainyals
SR A0 e 0 o by IS SO By o
t2ve helaRs e bonesHEF UntrdafrhenerfhdtyRadbsaddst afaseadrimstered
2Rith HAP milk-white suspension with a concentration of 25g/L as
prepared in Example III (2ml/kg) by rapid injection via rabbit ear
border vein and flushed with lml 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
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PCT/CN2 00 5/00 1 3 67 treatnent (xs). Table 8 G oup
Dosage n V/rmB EEF Control 2rerg 30 95. 321 6

l)

group 1 HAP 100rrg/ kg 25 223 2+55 1 0. 190 01 group 2

Fieht nBoay dnfisrBRGHER'; 1% ToBu® B[O e G bY"an
sptoa s sc Bl aEr met:henso@d{;‘suabenmn(DtZrnHkgbea@d)ns;frcwd@d to a
Hllgh 1%@&1815?@19 ted 13 Iza%QFE%PDﬁﬁBr a4 ) Yu SO BREEN IR del

rapeuti ects o n vivo and that “"H FU
At ment was nore effective when nmore HAP dosage was

ar’ggfé]?l@ A }ﬁﬁk‘ét%ﬁhitygﬂéonctﬁs?ﬂ Ulttfa@,oﬁ?bldygtﬁﬁot h&herapeutic
rea
S a1y QM OTAT e oS PR efashcFch By AR Bed Bitasound
néamgugmegzcz{néocmoggmﬂg1 Lhovetsity oﬁMeahloah Sseences,
wer e e 1
8a: e S Euflefllrnth ol e AP R L AP CSs g cBgod and
ﬂa:hnsdstfr@tioamrh iriga b\eftbr gheHregistratignmblex. . 9H$éJr1,032-
Eﬁﬁ? i@dmon gt eegd 1wt Fhlt'f'ﬁfoﬂld km‘@h‘ﬁ&mg and

suspen on W t a concentration o ?
PRSHKMBZe apnargty/ dad By MhEsIREUtH eéPP%‘ﬁ‘tWa 5%@. gting
AREasfer dfaateyemsan@ieal w§hﬂfé wiebhsdied cmyﬁngl @gmtgl which
ine solutio The tﬂll vers .were e%
A R g RO Car e A S ettt RN
@b kist 3”))1104&& hpumer( 2520 Bhbiftesjuenc®: hbMitsz,( focabbbistasice:
GRATID e al<€e§§gﬁ‘bq'z&ﬁ&1 TReABRLINElY: PpRicaRRPidtIg

re adm ni
pinyss o olge daﬂecslamnﬁ XoMuanda-a2is freghy. and the rabbit

;Q‘&eﬁﬁgrﬁgs?@ﬁagpeg‘ﬁ&m HF Léa%h %H"P%a?sl hir8Ersklei@ he

corauhatipg plegassed wa esfl gnggtlhgarab%?t Ilpv%rsv%agt1|1r?e?gecrrcllgar1ly
under B-mode ultrasound. One or two exposure spots could be
introduced on each liver under single pulse exposure. Each exposure
spot was introduced for a fixed exposure period of 135s with an
exposure depth of 20mm. Then, the rabbits were sacrificed by rapid
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 section 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.

Under the same treatment conditions, the coagulative necrosis
area formed in the HAP groups using nanometer-sized HAP was
larger than that in the control group (p<0.05); the EEF needed for
HIFU treatment in the HAP groups decreased greatly in comparison
with the control group. Also, in the HAP groups, the largest
coagulative necrosis arca was obtained with HIFU exposure at 24
hours and 48 hours after the IHIAP injection, and accordingly the least

EEF was needed. It is probably most effective to carry out the HIFU
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treatment, these rabbits were denuded with 8% sodi um
sulfide on the 26 PCP/ CN?005/0013G7 right bosom andyzeosooelser

abdomen. The rabbits were anesthetized by an
i ntramuscul ar injection of Sum anxin(0.2nl/kg) and
sepUs @ 41024 holkghni rMBehsitsya ftoc tuse Bl AP tmﬁt?o;@llmﬂ [Tuh®time

F ot ARS" TS AT 00 Riporhs aptify /1% AP TR Y were
pOstponasl, rrasoiad bruneckosys tahea Iweuld lbteef(mmcﬂl t Neyeuihegless,
gggh nges wgﬁghefi@dfhfé Ig%g]@ﬁg‘;nu g¢ WV &wﬁyt f 8t the HIFU

i cal acture t ereo
NigeiBeal Wis thereselicstizeod SAMDAFIR Mith ﬁh@t(‘r(ﬁttr‘b]n Sroup
hepa i Betihie ©gi stration No. 99-301032. 10 This
system'consists of a real tinme ultrasound nonitoring
and positioning apparatus and a therapeutic
apparatus. Circul ating d@ngeSQd wat er was used as the

aco, stl c .cou nt.al
PR BTN ﬁgj\ SN
up <h§fefreht ovisrvalewdier the angqcﬁemymd]lhlelzcorftudagroup
di stance: 15 150nm and focal length: 12mm The

, Fd Z-axi s fregdy The bosonﬁaﬂbﬁﬁbdorren of
eac nFquB was i mer s&d’ S

%% he i degaggeﬁq
wat gfteaRiAPhe rabbit |¢ysosusas i ma R]gmfﬁggr??y un age

B- no |trasound. On expod@rel %‘-’;Sé‘?% coul d EgF
20 |ﬁ{eercg]c?uced on eacheqe?\{/e&rwjnder Si gﬂu@; pul se

expoaju . (EACIT EXposure spot was |ntroauced for a 9+
fixett© sure R@riod of (k5s with an 5.gxgpsure dep?r;’ -
of ZOgmj\upThen the rabbits were sacrificed by rapi d4.99
Iy ectron of 10m air via rabbit ear border vein a& 6?84-5-
hoursq ghher H FY7 treatsmgg and theibpyap was
exteriorized and incised along the 25 acoustic 1.29
pat hway, showi ng the section of maxi num coagul ative 354
necr&shsupr ea. Then the shgpe of thelspagdl ati ve
necrosis area was determned, and the di nensions of.6l
t he coagul ative necrosis area as determ ned by 3.28+
TTC-A abning we2d neasurédlS Then t he | EER2bas

cal culated. 30 T-test and relative analysis were uséd?
for conparisons between roups. Under the sane 2.51+
tredﬁﬁémur&ondl t%ibons, elg5coagul ative ¥lerosis ar eg 37

| ar geifott:ha‘ﬁm h@t the tahde cmfbmltogrtbupac(tpai) xﬁlﬁhbersheof the

EEF needed for
€Xposure spots.

From the experiments as above, it can be found that the
nanometer-sized HAP can greatly enhance the therapeutic effects of
HIFU in vitro, and the HIFU treatment was more effective when the
HIFU exposures were carried out at 48 to 72 hours after the HAP
injection.

Animal test 8 Combined use of the microbubble enhancement agent
for HIFU treatment and HIFU therapeutic devices

Forty New Zecaland white rabbits weighing approximately 2kg
were divided into a control group and an experimental group
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35 HFU treatnment in the HAP groups decreased greatly

in conparison wth the control group. Al so, in thecnoesooiss

HAP groups, the largest coagulative necrosis area was
obtained with H FU exposure at 24 hours and 48 hours

@iﬁ(ﬁfml)heZMBbbﬁB el i ith %{f&lpﬁﬂ?}% donglby gdrbeplwastinjected

EE?h“ﬁ@y sy iy GdonsnolemEkebedie srbehiniial

mlrtBScmnhmttaQmefuhmnl—m?cmhtéﬂﬂe antragdundeontrast

Egngt télgrﬁ%v\ééé' Pidim ¢ tﬂfa dﬂ;a%agexﬁgﬁﬁftgi a@t Gﬁmﬁh&g%P rapid

post Cr osi
m@bdobe viiar radthit l\%wrerhméﬁés‘selﬂ andn then 2flueks whtheriml

ﬁ;'ﬂggwgﬁid%i e%lir{%“’so!ﬁtu‘!\?filnsgigc#;r E(gq;nshhﬁ Sﬁw the a%ent had
€BiIed] ing & WBE bq%keoesﬁe@%e%mngs af%%m%gh intensity
Eorpaed sonptkeburen HARmOF Ouﬁ'ﬂeﬁ@"eﬁﬁfdﬂ nGydteil) Model-JC

Foanr el SronaibEona o E GibBoLdel Gghia. was

Aved dgeadfdterthElAPy ars exdpihene eabbitsnthofexposuagewefocalried

58 80Fhe ATLEE: MRS ko, CFY DyREVEh Hoki

tizpth 56 20men fr3p-certadn rxposuly pesicel. 16w esdays datery she
gl‘?féﬁfeﬁs%%sléf i@éléﬂ?%@,\%& ?1’3rabt;it35/&@35/&1%%&1%2@1@61152119@@}16
.51 0, gTe geta ereerstofh
&E%pam&@ s I trwés 3l wespsrpressd pyigh gan value
e[Sy | s@8 paklie, sthtisgan sberviaungPsBal 0 h€or Windows
Fﬁgl?geb% H@lcﬁeﬁﬁpgﬁgd ra%%lleytegp hﬁﬂe enu{]neeranon data was

determined by using chi-square (¥%) test. The results are shown in the
following Table 10.

Table 10
The EEFs of the control group and the experimental group

Group EEF(J/mm”®)
Control group 12.83+£10.99
Experimental group 2.70£1.29*%

* P<C0.001 when compared to the control group.

The results in Table 10 show that the microbubble enhancement
agent for HIFU treatment could greatly reduce the level of EEF for
causing lesions of hepatic tissue with HIFU treatment.

INDUSTRIAL APPLICABILITY
The enhancement agent for High-Intensity Focused Ultrasound
(HIFU) treatment of the present invention can change the acoustic
environment of the target location greatly and can reduce the acoustic
energy needed to cause lesions of a target tissue (tumor and
non-tumor tissue) per unit volume of the tissue during HIFU
treatment. Accordingly, deep-seated and large-sized tumors can be
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HFU in vitro, and the HHFU treatnent was nodre  pcrenoosoc:ss?

effective when the H FU exXposurés Wereé carried out at
48 to 72 hours after the HAP injection. 20 Ani nal
te3ted MIW 1438meht HiGe 8 FEARAIRI @n&élh@%ﬁﬁﬁmacoustlc

agent for U treat rrent and HI FU therapeutic, devi ces,
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D thw e rﬁ Wédﬁiﬂ@@j bBiidl@ L6 ORE Ak ciupeaidht agent for HIFU

8.PC r/CMQ 05/ 00,1367
%Paf "‘f oF g @ggwrér eIt COn PRy dhie Eohtment
iefifeecivedty tol 4 rpapfqrﬁmitdmgadﬁpaﬂ;a:l twmos dhat |1mrblocked by the

t th
eisp e P Ba e bR AL s AT RS ERE o
pur c Adthwdighr B1a NegseRAAGY $RISPI 1has feenodesgriked by coappetion
?Tl'tl‘i”tﬁc?bk&%ﬁl‘é‘d‘?ﬁnﬁ%@hﬁe%r 1tb1‘§rrﬁﬁrm‘(&idbcfiﬂﬂ1ﬁﬁ1?@he scope of

ushed I gl 0OglI Cal sall ne ol uti
Shelaretest dRLeR&on g\%@%‘&eﬁ%%ﬁ&”@n? g e Tﬁ%@éﬁmﬁéw It
RagyiEC banlRlcettvod Anat Warisus thaditcatdnsi gft chignsi toy which

Egcused Itra und Tun?; Thera ut| stem]g/bdeI-JCtt
AUTERs L 313G P PRI FAPTE HY ) DS JERNLY GtRpaEsnt to
lkholse M»aﬂedlﬂn ukedrt & headaan:e atdwmtémdmi 0 obvermtdsecope of the
xposures were carried out under the
6%§§H&§?V§§§V§at frequency of 1.0MHz with exposure
depth of 20mm for a certain exposure period. Three
days |l ater, the dinensions of |esions induced in
rabbit |ivers were neasured and the EEFs cal cul at ed.
The nmeasured data were expressed with nean val ue 15
SD, processed by the statistics software SPSS 10.0 for
W ndows using independent and paired sanple test. The
enunmeration data was determ ned by using chi-square
(x2) test. The results are shown in the follow ng
Tabl e 10. 20 Table 10 The EEFs of the control group
and the experinmental group Goup EEF(J/mB) Contro
group 12.83 10.99 Experinental group 2.70 1.29*
P<0. 001 when conpared to the control group. 25 The
results in Table 10 show that the m crobubble
enhancenent agent for H FU treatnment could greatly
reduce the level of EEF for causing |esions of
hepatic tissue with H FU treatnent.
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| NDUSTRI AL APPLI CABI LI TY 30 The enhancenent agent for
H gh-Intensity Focused Ut rasound (H FU) treatne

ha
LIIC |JI CDCIIL IIIVCIILI T L dll bllallgc l.IIU abUUDLI C

enV| ronment of the target |ocation greatly and can

ergy needed to cause |esions of
a Sﬁ?@t’i‘%g‘i‘ mlfﬁ%og]and non-tunor tissue) per unit

vol une of the tissue during H FU 35 treatnent.
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rwbsremAnFﬁongfh refess ﬁﬁébeﬁvtalmﬁ@mn@mmgr béenflIFU source
Ctﬁl% d t' fEf@Péwﬂ@Cthb%tH\l' Elli‘né H‘TFtﬁrtlreea@ment (unit: $ Y
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di fi,cati ons and an t he t
nﬁ%@ﬂ'}%’ﬁ Wtbaeg%ﬁpus %%{EI]I%CP W%ﬁE@aq@ba ) @ﬁgpgtalﬂéehttal get
tlocatibnsetakadinédistraticre ofithe chbanceaiomt ayomtiintdafdest as

t over the of .t r i nvept.] 15 30

1o onpoommoo bIa e e Rl MR g Fhl QBE GRS ens i

enhan tereht agent for high intensity focused

ultrasound (H FU) treatnment, wherein, the enhancenent

agent |s a substance that 5 is gdm ni st ered to

pat i &nt TBef eRAnESMEHap BoM chfﬁ%t Rt | adicigin the

ri@eéiuciec it n EE® ba%{ afEE Bt ,,gwm,re,g@is moeathom?2t o be

treated with theE in unit of J/ mB,

refers to H FU energy needed to effectively treat a

t unor3.p€heuamhaneinuere agenthactontng taovdaenn?, mhegeity the
tot stic power U source

f&'h?’ gét%vée@vﬁﬁ? gt ML R b Do pdhetdh B0 0

treatnment (unit: s); V refers to the vol une of

H FU-4, ”@H&%Haﬁ%bﬂﬁﬁlt( ntt actoBlingapd an\‘)\fhﬁﬁc@'df tRemEEF3,
at the targe adm

ocati on before tration of the
eWharfdBIBACIAGBAREMICET dEENhedn &8 ‘@Fd( S aW@uEEﬁJ%lon
td¥eri@l Bkction and topical injection and has a particle size ranging
from 10nm-8um.

5. The enhancement agent according to claim 4, wherein the
enhancement agent consists of a discontinuous phase which consists
of a core encapsulated by a membrane-forming material, and a
continuous phase which consists of aqueous medium, the
discontinuous phase is uniformly dispersed in the continuous phase,
the discontinuous phase has a particle size ranging from 10nm-8um,
the membrane-forming material is biocompatible, and the core is
comprised of gas, liquid or nanometer-sized biocompatible solid.

6. The enhancement agent according to claim 5, wherein the

membrane-forming material is one or more substances selected from
31
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| ocation after adm nistration of the enhancenent agent
is defined as 15 EEF nmeasurenent), and the rati O, cn00s001367

1. 2. The enhancenent agent according to claim1,

HRE et dn LRSSt & BV, oo RS0 s ancement

agent according to claim?2, wherein the ratio between

EEF( bage)e @fithiEh{eioasii@ictBlding to0¢18ihnyAerdn thbe

f cl -
Sl dRer s RS ARl BHEHE oo T e vpsaustme of
!msﬁ@mph&iﬂylhceﬁﬂim, _arlt erial injection and topical
i.njection.and has.a pantigcle.size .rangin T
ot s DR E b D BRI ot bTerlt
4,,2 whietrear oy I bre- g1 gOc1on B griveapbatidygedmlinomsidum of a
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ARCRN iopeaRfe PPRS S aRidNIkéAnAT y di spersed in the
conti’huous phase, the discontinuous phase has a
particle size ranging froml|lOnm8in, 35 the

menbrgangrd enmm@emeanengaht ascdridogonpataiph &, vengleimhehe gas

: eed of 11 Qui ¢ :
iF slsieie FRFEMSERAY o9 ing Ak 8lr, ARPGISH Haibdr Blbxide,
dtwandiydgotarbonagan &nd whiears gat.he nenbr ane-f or mi ng
material is one or nore substances selected from 31

PCT/ CN2005/ 001 367 the group consisting of proteins,
sacctfar 1 Besewrancepian. agentrascariifc pimggnivheremn the

AGRRAMEE RGNt @gehaidad ultMenfidcditast lagphd conpri ses
phosphol i pi n"sel ected fromthe group consisting of 5

3-sn- phosphati dyl chol i ne,

1, 2- di(pal he temptlans onging cegemt3aduod phattd dylaghy 8 evdierein the
odi.um sal _

PGS Sibee. Tamyithe &rgum Somsisting: Phi e kapes, Cs-Cio

Sfodorrhy dio@ardiopa) setwypked fatlyyaeido-Brsphoaptdtiatiat ecid and

2l m t oyl - sn- gl ycer o- 3- phosphat i dyl chol i ne,
]plﬁgéﬁdgﬁldyl serine 10 and hydrogenat ed
phosphati dyl seri ne. 8. The enhancenent agent according

to cl@i nrige enf@hetmenneg@as ackdréiglets ethibd A tWikerein the
grqup consistin n, carbon di oxi de,

. Of , tr.
AR e Bbi 8 et Sri Siountny iGRE en &R RO

12. The enhancement agent according to claim 10, wherein the
enhancement agent is an emulsified iodized oil for intravenous
injection,

13. The enhancement agent according to claim 10, wherein the
enhancement agent is a C;-C,, perfluorohydrocarbon emulsion for
intravenous injection.

14. The enhancement agent according to claim 5, wherein the
solid is selected from the group consisting of magnetic biomaterials,
hydroxylapatite and calcium carbonate, and the solid has a particle
size ranging from 1nm-500nm.
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9. The enhancenent agent according to claim8, wherein

the enhancenent agent is an ultrasound contrast percenzoossoss

agent”— 10. The enhancenent agent accordi'fig to clalm b,
wherein the 20 liquid is selected fromthe group

consi §t iy @ﬁhﬁce‘ﬁ@@n@h é‘z‘i‘teécccg;@n% 20 claim 14, whercin the
f1 uaqrohy d[jyaarb sat uralpe f at %@aCI d, unsaturate

pakidly Hci ?B%I‘il"zeed“ﬂ #1pa eenﬁ‘éﬁce’r@”ﬁmggeﬂpm
agapndopgnto claim 10, wherein the 25 enhancenent

agent is a fat enmulsion for intravenous injection. 12.
The enhancenent agent according to claim 10, wherein
the [énAaroartemceayeritagent ancendingitbi @ty bodiafedasik 1-15,

(qu{er%m rtﬁe!fzgpga zdaytf&; ‘9'%‘6‘ %g%an? atl %hi%ﬁha{kﬁ%mahcemem

agent "acco erel n ancement
ag@m CRI aanw-vm@lmdmr@@mhwr ocar bon emul sion for
i ntravenous inj ectl on. 35 14. The enhancenent agent

accor ing to cl &1%5 wherein the .solid is sel e%ted

f r omit' heAgPBpo LGIRgside Ragheis ST 8adeppsilion at a

deexybapabnt ehand; cHHUMtesatbamal ewlhandid, heth&ol indthod

has a.particle size ranging from | nm500nm 32 PC
/001367 15. The enhancenent agent according to

cl ai edivinissbengi thet hehasotindni sighytiroxyrdipgt ke eanyi omeaot

Ef’zﬁ llel§'1ﬁ r{%?géd?ﬂ/ef QBQA éiﬁﬁﬁg&%ﬁgl%@&%orﬁlﬁ%ous and
ance 15,

acco to any one

WwiRidel \a mﬁel atmrg@f prLSatm@Crfl%tfaﬁ patigan atd- [@8ndeefore the

%gBﬁ'&ﬁﬁ@Sﬁrﬁf HAOENre S@Me fol MR thkgetblbegtloti dalbatiean.
17. A nmethod for increasing acousStic energy deposition

at a 10 target location during H FU treatnent,
wher gign, At heethed hfadt sceeping esi e@@ahad:mhatimmhﬁor HIFU

t di t f | ai 1-15
PR Rty Qe RN GG il Pavenoust v vi & cont nuous.
and (ahpppllyhh/g|hngh|Ihtéatsu‘&g/nf(mqudlLds‘asml@dt(iﬂﬁ[i)otcaa given
‘?i%tsh?ntanat Hn Egr&ubﬁflﬁ% QLIhEhEEi‘“51@%?%@1/%1}5"‘0%}{:&&53%

ent oca pati en
ﬁﬁﬁﬂﬁﬂﬁgoﬁﬂ sﬂ]ee@i?ﬂpﬁgs%ﬂﬂeﬁﬁa hent Agento faHap FLEF base)

b 18 —0t7hep PeLh9do Qﬁarnbtawa;@us(la)poam ¥ aHFUhsource
I(Q}iftns\%yt rete utsse(tjol% Ezrt%%gluﬂ%w( of H)(F{}otl glnen{1 {unit: s); V
refers to the volume of HIFU-induced lesions (unit: mm’);

(b) administering a candidate enhancement agent to the
biological tissue;

(¢) calculating the EEF of the tissue after the administration of
the enhancement agent to obtain EEF weasurementy; and

(d) comparing the EEF neasurementy With the EEF pas) of the tissue
and selecting a candidate enhancement agent that has an
EEF (measurement) t0 EEF (pase) ratio of more than 1.

19. The method according to claim 18, comprising comparing
the BEF (neasurementy With the EEF (. of the tissue and selecting a
candidate enhancement agent that has an EEF neasurementy t0 EEF has0)
ratio of more than 2.

20. The method according to claim 18, comprising comparing

the EEF(neasuremeny With the EEF (.5 of the tissue and selecting a
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20 tissue, and then calculating the EEF in unit f
J/mmB of the tissue according to the expression @fcnosnoiser

EEF=771" 1TV, T0 obtain EEF base wherein, f1=0.7; P
refers to the total acoustic power of a H FU source
QHHHHatWenHanE@ﬁl%ﬁﬁ é@ntth@lattq{a@ ahi BBFRL HLEY, to EEF husey
treat (unit refers to the VoI UNe Of

R QL0 Hﬂﬁ% Evbﬁlons (unit: mB); 25 (b) adn1n|ster|ng
a candi dat e enhancenent agent to the biol ogica

tissue; (c) calculating the EEF of the tissue after

the adm nistration of the enhancenent agent to obtain
EEFpneasur e, ueuq; and (d) conparing the

EEF(u, easure,nent) with the EEF(base) of the tissue

30 and selecting a candi date enhancenent agent t hat

has an EEF(, neasurenrent) to EEF(base) ratio of nore
than 1. 19. The method according to cl ai m 18,
conprising conmparing the EEF(nieasurenent) with the
EEF(base) of the tissue and selecting a 35 candidate
enhancenent agent that has an EEF(n, easurenenp to
EEF(base) ratio of nore than 2. 20. The net hod
according to claim 18, conprising conparing the

EEF(, neasurenent) wth the EEF base) of the tissue and
selecting a 33 PCIT/ CN2005/ 001367 candi date

enhancenent agent that has an EEF(neaSlCenent) to
EEF(base) ratio of nore than 4. 34
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