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FLUORO- CARBON EMULSI ON ENHANCEMENT AGENT FOR HI GH

| NTENSI TY FOCUSED ULTRASOUND TREATMENT AND USE THEREOF
5 FIELD OF THE PRESENT | NVENTI ON The present invention
is related to the fields of nedicine and nedical
treatnment, specifically to the field of ultrasound
treatnent, and nore particularly to a fluoro-carbon
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It was demonstrated that the acoustic energy was attenuated
exponentially as the transmission distance increased during the
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 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
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woul d be relatively Iow Thus, therapeutic efficiency
woul d 35 decrease and the treatnent tinme would be

prol onged due to the acoustic energy attenuation. O
course, although the transmtting power of the
therapeutic transducer mght be increased in order to
| Ve ﬂ:ltfeglyrfét%mmﬁtqlb efficiency, the normal tissue
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of the ribs, need to be solved urgently.

SUMMARY OF THE INVENTION

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

Another objective of the present invention is to provide a method
for enhancing acoustic energy deposition at the target location during
HIFU treatment using the fluoro-carbon emulsion enhancement agent of
the present invention for HIFU treatment.

A further objective of the present invention is to provide use of a
fluoro-carbon emulsion enhancement agent for HIFU treatment to
enhance the effectiveness of HIFU treatment.

In order to achieve the above objectives, in one embodiment, the

present invention provides an enhancement agent for HIFU treatment.
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A further objective of the present invention is to
provi de use of a fluoro-carbon enul sion enhancenent
agent for HFU treatment to enhance the effectiveness
of HHFU treatnent. In order to achieve the above

| ectiv I.n one. e | e th esent. .
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BlL8ro-EhH P caRIIRRIh el ThanshaE arNashandeehBonment of
acoustic environnent of 10 the target tjssue and

iheotasget tispapedt PromebuskeIRPEREF gycAsSior prETEY abription
%ﬁ‘?%éb{ﬁi?fbnaét {Héetaﬁ.g&?@gﬁ%é_ssue. As used herein, the

esion’ refe e substantial change in the
physAslusgildedret,abe tofma‘lesion’” mfersoionthle futssargjal change

eneral ly. ref.er to the coagul ative.necrosis_of . @ .
it o ialengnt s o FwiEPEyr Borld TERURcShdel G rerers
{Fkm eeabativeedet fosiyapt idf Yublva agoustimgl afwiugy Energy
needed to_ cause_ | esions, of a target tissue per unit

f !
vidiumacrifaciy tEEE)can beprised i avariidy tgy Aqpustic energy

ﬁé%&ﬁpt% Oy (dsFIns 5f g%ygé%%?ésh:e B volGRE SEfRS Sssue.
to the acoustic energy needed to ‘cause Lgsyons of a
Efifois poresemtedabyt thss wxppessioni of vBEGme c/ét(uanltii dsum’),
wherein, t rnefers to 2 he f i.n f.Lclent . qof
HREEE I e TS um P Rt a AT B R LR L A er
HOGWSIMAY tCapRCHEY ualt VbRihe ans duc eissubemterdm) .y refers to
r.ef ers to the fotal ac usk’tﬁ:@omr (ff a H FU source
fhenitecusipg coplfdrat qlo a REHlGr HANFquRETofitcRpyretiects the

tRRLIRAL eddtBy ! foctking?B8paLiEE I8 thel RahdifuceyOheFE nel0.7: p
H%—i ndu%edgyesoi onls.ng?un' t :1 }ril n3 .e Aasubsctean‘ce tﬁat 25
et [ thietotehsesustie pepreiosf aHél il ryatce (erite Vi tlerefers
{4 Sthgdt'@]té]l' HAEPHIFU treatment (unit: s); and V refers to the
volume of HIFU-induced lesions (unit: mm®). A substance that
greatly decreases the EEF of the target tissue after its administration
is more suitable to be used as the enhancement agent for HIFU
treatiment according to the present invention.

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 a5y ) and the EEF
of the target tissue measured after the administration of the
enhancement agent (i.e. EEF ecasurementy } 18 more than I, 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.
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is nore suitable to he used as the enhancenent agent
for HHFU treatnment according to the present

i nvention. The enhancenent agent for HI FU treat nent
greatly decreases the EEF of the target tissue after
its admnistration. As a result, the rat|
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38-1 l[iquid can turn into gas within
arP'§ efl 2@9%%31} iuman body during HI FU treatnent),

anﬂ tha ameurdbmfe thmbtmﬂnmemat @rfl atlhe| rprieRent invention, the
enhancenent ent is 5-200 ferabl 10 L,
arfge éneﬁpélglé%m y e /|_mC a4, thé%éé% Wb as
enj)gg #)hgfndtylpgum@@ent i nvention, the
ne-formng nmaterial include suc

3- L:,in (ﬂﬂp@élph@nfl@yl] ghsteragd -ph osphatl(?yiglycelo sodiufic salt,

501(21”? %@g&{%‘{)&%h gl@/cghy%eﬁﬂ s%mﬁﬁﬁlsﬁéh%,' glycerol  sodium

1, B2ddl igtadiau @yl - mnggtqwefbpbowbstptﬂlaﬂei, dyl chol i ne,

Soﬂb%?pa%r%itlo’y%:sqli-gg}crgrgpy-lph% pHa@f&ﬁ FoPrRN3B0FhAG& Rerine
and hydrogenated phosphatidylserine, cholesterol, and glycolipide;
saccharides, including, for example, glucose, fructose, sucrose, starch
and the degradation products thereof;, proteins, such as albumin,
globulin, fibrinogen, fibrin, hemoglobin, and the degradation
products of plant proteins and the like.

The membrane-forming material of the fluoro-carbon emulsion
enhancement agent for HIFU treatment according to the present
invention is preferably a biocompatible and degradable biomaterial,
such as a 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, significantly changing the acoustic environment of
4
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1, 2-di pal mtoyl - sn-gl ycer o- 3- phosphat i dyl chol i ne,
phosphati dyl seri ne and hydr ogenat ed
phosphati dyl seri ne, chol esterol, and gl ycoli pide;
sacchari des, including, for exanple, glucose,

ruct ose,.sucro t h d 1 ti :
broERE iRBFeor ol Al SUORRLTR MBgity of the
tilseleutdm bef bigmifiogeny drilturced, hreogloabiio, emarg yt deposition
degradation . Erod cts O}I—I ﬂjant proteins and.the | i(lfe.
At AN SRt UG Frabibl PaltcSPmEHE (i dieo 1RGiegsRd. and
%'tﬁ%l?g &ht@g@‘f?ﬁéét‘?*g@ﬂgssagmt wiRE [IfECAT BAF TR Meatment can

accor resent invention is preferably a

dhilootpact belds andl bedmpdapte sheadthnt eri al , 30 such as a

i pid,,.su ba.d ni

|t RO B R EpSRE B S Plbe Ao hd DGR Bt
widergbas i ohiguidaias| yhaseamdinseon phadHdyids ednduidek| §s-Cy
Qé the tissues of the hlfman body, which are quI 8f
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RROANGRIFBEAIRERAN! af@theeliRERSSd haged BSLTE ofi GBiweSe Hatent
the human b 5in acertdin tine, significantly

ody 35 in
Nhakiodd 9t A6t 4appsicationNe + RIS 28PC) 4 t he t ar get
tissue t i ' [
ST Doy AU INEIREEN AR ERRIEIE lucous
medushi 5 dinsiliyd deptes) physiolagichhesalimeget gliissie solution.

ring H FU trea nt can be increased, and 0
Ebe st iratioa” 8F NBE: s GERSE SURRRRERERSRP o a0 eaegm).
BheabheBNhc6sN soutall @hanbumer ugkl ks thel dq@usnpedved for
reatly. In the above enpodi ment of thfe RY nt ,
fhevdreransarkoie cmusion epbancemel YRy @1k ﬁ@ﬁ&l@%ﬂem 1n
cﬁﬁ%ﬁﬁcéﬂa"’l[&it@j on at 38-100C i ncludes C5-C5 al kanes,
such a

n-pentane, and i-pentane, and C5-Cl12 )
f | udmohymheberaed aisbodianent, Hbeld@ncspenpagest g6ay gogtain

RIS s, plRgE SISO AR e
¢RI N QDT dthelaRUEGES! MeEd-uin i s-fditstddit edtarat digthylene
E5iOLRTPRP1on- T 1 o L EBEE s Biedty o R o8b (i o siodty
{00l AP TER SApHL0). 500 oD poess st
BhancédersteadSpanf bipe fwulsidarpenolysorbate (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), carboxymethylcellulose
potassium, carboxyethylcellulose sodium, carboxyethylcellulose
potassium, carboxypropylceliulose sodium, carboxypropylcellulose
potassium, glycerin, and the like. The amount of the CMC-Na
contained 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 the
glycerin contained in the enhancement agent is 5-100g/L.

In a more preferred embodiment, in order to increase the
5
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di abetic patients. In a preferred enbodi nent, the
enhancenent agent may contain an enulsifier. The

enul sifier is typically selected froma group

consi sting of ethylene glycol nono-Cl(, ,$-fatty acid
esters, diethylene 20 glycol nono-Cl5 18-fatty acid..
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(2) emulsifying the coarse emulsion prepared in step (1) in a
high pressure homogenizer (see Example 19 described in Chinese
patent No. CN1068230C). Preferably, the coarse emulsion 18
emulsified twice.

In the method for preparing the fluoro-carbon emulsion
enhancement agent for HIFU treatment of the present invention, the
mixture is preferably stirred and dispersed in an ice bath in the
above-mentioned step (1), and more preferably, an emulsifier and/or
stabilizing agent may be added to the mixture when the
membrane-forming material and core material are mixed.

The present invention is further directed to a method for increasing
energy deposition at the target location during HIFU treatment, wherein,

the method comprises administering an effective dosage of the
O
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enul si on enhancenent agent for H FU treatnent of the
present invention. Thus, in another aspect, the
present invention provides use of fluoro-carbon
enuIS|on ul trasound contrast agent for preparing the

n t e l e ap@t :
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davageefor (di arﬁntapathﬁ:lgth boessamplaohiydabagsr caade selected

A oRsTa08; S L ETELR % REEREED AT Dhlbe,

enmul sified twce. In the met hod f or preparlng t he

PRI B AR DR ERVERETON <t ure 1 &
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erul Ehg felownag enatestaddwargimiresyene final wd ustied 110801111:
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eposition at t on durin | FU
RS e Omhab by A S8 B aPEhinR; (hhrchased from
S‘%‘ﬁl&“@dﬁpbﬂg) ahEligaiéy evaesavyie qhitthee v@s mcubated on
I"uor o- car bon emJI si on enhancenent g_qent of

xﬁﬁe@%thw@drﬁ%ﬁhsneﬁ@%@érLQQprrwm éénww@@sma%tama
$QRLE I nbfibh | | RHEOM s DOldidy [sIPCWAN chRIBIRAS | BT o

ore appl yi ng Utreatnent to a
lpx@ﬂ%prﬁssureThelmfg‘emmMﬁ 43!6‘5ag'acne?h“heoneuiitatg)emWaDMemth
Wi th .t

Bpar] % 1) ssoﬂm rlrblil éﬁﬁ?&:gf)héaipe %rpteu octlal%t? a

lum membrane filter. The final emulsion was d1v1ded and put into
15ml vials, and then was radiated by Coqo at 20KGY for 10 hours.
The emulsion had a particle concentration of 10°/ml and was

refrigerated for storage.

Example 2

The following materials were mixed to a final volume of 1000ml:
6% (w/v) emulsifier Pluronic F-68 (purchased from Sigma Company),
1% (w/v) yolk lecithin (purchased from Shanghai Chemical Reagent
Company), 10% (v/v) perfluoropentane (purchased from Sigma
Company), and physiological saline solution. The mixture was
incubated on ice and 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 twice. The

resulting emulsion with a particle size of less than | pum was obtained
7
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Glycerin 1% (w/v) 1% (w/v) 1% (w/v) 1% (w/v)
Pluronic F-68 5% (w/v) 3% (wiv) 5% (w/v) 5% (w/v)
Final volume
after distilled 1000ml 1600ml 1000mi 1000ml
water added
PH (c.a.) 6.98 7.01 6.99 7.00
Particle size of
the discontinuous |  0.5-2um 0.5-2pum 0.1-2um I-2um
phase
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di vided and put into 15nl vials, and then was radiated
by Cobo at 20KGY for 10 hours. The enul sion had a
particle concentration of of 109/m and was
refrigerated for storage. 5 Exanple 3-6 The

fl uoro-carbon enul si on enhancenent agents for H FU

treatnent of the present invention were prepared
accoFlk regfacss tofethesemianeetiand agedt pfﬂbdéﬂ{)lﬂ elscatazuiti plethe

S Eamole 1 with . .
bihsraD R tphiend Sl p R SELR, Tlith BF IRNRCR use of
teotluots-carieors Rawision Eabdeccnenfaddent! foExdhpletr8atment as

R oL L B S i

Perfl uoro- D hydrodecafl uoro pentane hexane hexane
pentane Lecithin % (wWv) 2% (WvV) 2% (W V) 2% (W v)
G Aeanilntesvd Sandy on wsions\of New({galand oslity BbbH livehi c

F- 68+5% (W % 5% 9 Y ik nal

at L oF st Nl el OB PbBr i "l e YOk

azdﬁlelg vRite(roaide®bgahe. [0db Gad@y7AdbmaRaCentdreo5Chengfing
e di scontinyoys 0.5-2m 0.5-2m 0. 1-2 7.2

v entaoret JreiliaT R ieeitont ot o HRpp FABBIES Swere

theaddmantihef Idwhe beseseRhdi eentidosctdse dlempastiayahpetbr to

bel ow t hrough the conbi ned use of the fl uoro-carbon

sivdysi én Haglariptansnty deeaitsedorUlasgupdedkusnr dgiesapeutio
50 g PR A T TR T (i)
NevhZebdgandCahi fédr ablast usederto radiate these rabbits. 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 working
frequency of IMHz, diameter of 150mm, and focal distance of
150mm, using standard circulating degassed water with gas content
of less than or equal to 3ppm, can produce a focal region of
2.3x2.4x26mm and deliver an average acoustic intensity of
5500W/cm”. The transducer used in this study was 150mm in
diameter, and it had a focal distance of 135mm, a working frequency
of 1.0MHz and an acoustic power of 200W. The exposure depth was
20mm, and the discontinuous single pulse exposure with exposure
duration of 3s and interval of 5s was applied. The physiological
saline solution (0.02ml/kg) was rapidly delivered via rabbit ear
border vein to each rabbit, and the rabbit liver was exposed to HIFU
using single pulse exposure 60 seconds later on the control side. The
enhancement agent for HIFU treatment as prepared in Example I
(0.02ml/kg) was rapidly delivered via rabbit ear border vein to each
rabbit, and the other plane of the same rabbit liver of the control side

were exposed with HIFU at 60 seconds later for the experimental side.
9
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Twenty New Zeal and white rabbits weighing 2.210. 56kg,
whi ch were provided by the Laboratory Aninals Center
of Chongqging 10 University of Medical Sciences, were
used. These rabbits were shaved at the |ower bosom

and the mdsectio h da

Ay lienand eosuse T LB Htavoredthal e scurred
Lr?é*}d\%@? éoéa@lmnw @ekei&obyrashosaai dhanbai toubé ebeu) the

Techno . was used to radiate the rab(P

Ttteta]lsprgmel dratiin yh%hhbedlmnmﬁstbaﬁd?oﬁu?@}le@ ays dfter
Ft eut Ce e tﬂ@gltealb})%tg' \0%:? Cg%‘?ﬁ%@dof)yaﬂreakmg the
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T Etr AR o E00L (e, BERL R QbR TERboRES o7 the
t M%ﬁﬁg{m?g{t—gf Estvﬂmlem th reurki trmgtk%) e&mqu&n@ynefand

f sta f
uSlH{iJg7stTéu¢?m€d1&:n péuﬂhgn}iﬁéswé(@gg@ag@aq it t@é{ side’and
c |

£ Oous sy oo ERpEARI R Sue a\ggcggmgf@ggpgggggsm tost
aebuﬁffechFnI 4nSi, tandoP=0560D\WlbresTHe af sHhsdifedy fem;@ that

in t S stud t

¢ St i St Bt E RIS e (Bl e § Hgcngptss PR to

dggg/gg mgdidngg)f&%u&gﬂb:)thmgm lof fa200We anexptsuEEF in the
s nmm_ an e t

o o side o Lomm Sachaiost SHSS Rt SEEF iy the

S%Xg@ﬁ | €flte. The physi ol ogi cal saline solution

(0. . was rapidly delivered via rabbit ear 30

border vei n to each rabbit, and the rabbit |iver was
exp HIF, S 60

x9S el S ST T RO P ey egerPosure 60

agent va@éntbll Rkl eeg neelloas g]@taeqoawexghing Examgidet.plkg were
(0. OZmLi;Eg) was rapidly deli ver e,

bd?séélr FnEPRlSe AEH® Fﬁ%?‘é 1'ar‘f tﬁ]eg tﬁggmtnl and tpe right

OB F 8RPIthe | idwgr &ff e S0y ok Sfﬂcgﬁh &ﬁeweﬁ? Focused
exposed with H FU at 60 seconds | ater

e)&éhrasmmdaff ugnere, Theyapaetip) »yHEsY Mogﬁgggu manufactured by
@%‘i‘?g(?l “gwfﬂ“ﬂf ?Wﬁme?eEBﬁG QL ULIEdwadtudd¥to radiate

re 1's no-gray-scal e change to
bethS@@lj/,elltolve goats. The transducer used in this study was [50mm in

diameter, and it had a focal distance of 135mm, a working frequency
of 0.8MHz and an acoustic power of 220W. The exposure depth was
30mm, and a discontinuous single pulse exposure with exposure
duration of 3s and interval of 5s was applied. Ribs of all the goats
were not removed. A pre-scanning was cairied out before HIFU
exposure and the areas for exposure including 4 planes were selected.
One exposure spot was introduced on each plane, and
two-dimensional ultrasound was used to monitor the rib clearance.
The physiological saline solution (0.02ml/kg) was rapidly delivered
intravenously via ear border to cach goat, and the goat liver was
exposed to HIFU 60 seconds later and two exposure spots were
introduced on each goat on the control side. The enhancement agent

for HIFU treatment as prepared in Example 1 (0.02ml/kg) was rapidly
10
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total exposure duration should be no nore than 20s.

Three days after ultrasound exposure, the rabbits

were sacrificed by breaking the 5 necks and were

di ssected. The volune (V) of coagul ative necrosis of

deqh@lédlxhﬁ%‘?/ei’i@ﬁsl@e@i%uéﬁdboﬂé? tg%%c\“@osﬁabﬁéi'tﬁé%at liver
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wHERspund hexpesyser ithengantsswse 3w riieerhiandeghissectgdigy he

I
973 Sy i JURTRY ROl et T
BBEveds atlduietedd ghtordogpto ﬂmjexpmssughtEEEbd wherein,

LA RU AR B AT Tyt ok WO BL 9 OF EEFS was

imgntfeagbHr@ed byntrohodidei agd Hri1H4( FbiFidhe T@cﬂmnhegyalc@me
Ltd. was used to radiate _these yellow goats.

usingsdhsercasbingtipn hod Jilidy il 1@@%@1%1b‘aﬁlaﬁé’@%¥810ﬂ
?Wficdxtorp@gg fed 8&%5&%?9@%8%6335%0@ WPH‘S‘ @Ehd(}/ shows

requency an acoustic power
thiae thmﬂxmroecaimhemdsm @@mmflcamtdyanqr@@cdtnhmﬁiuéﬁy of

éhﬁ@ Fo BFAR BFRIR S gt iR WHpRut BdhePBydhgcps of

419t renoved. A pre- scannl ng was carried out
before H FU exposure and the areas for exposure
including 4 planes were selected. One exposure spot

18 in1 1REUS 84u @ of AL A BoaRRAIRY, L wo- di mensi onal

ul trasound was noni tor the rib clearance. The
physTwkoty cbllan;;angnefeﬁomtgcaﬂm o cOimnzk )2 . hees4 r>ddigd [ were

R T N s
Ad@neandnt wiheexdmsuof spot studer e 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
of 0.8MHz and an acoustic power of 220W. The exposure depth was
20mm, and a discontinuous single pulse exposure with exposure
duration of 3s and interval of 55 was applied. Ribs of all the goats
were not removed. A pre-scan was carried out before HIFU exposure
and the areas for exposure including 1 plane on the upper pole of
kidney and 1 plane on the lower pole of kidney respectively were
selected. One exposure spot was introduced on each plane, and
two-dimensional ultrasound was used for observation. The right ribs
were avoided if they become obstacles. The physiological saline

solution (0.02ml/kg) was rapidly delivered intravenously via ear
i
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i ntroduced on each goat on the control side. The
enhancenent agent 35 for H FU treatnent as prepared in
Exanple 1 (0.02m /kg) was rapidly 10 delivered

i ntravenously via ear border to each goat, and the

oat. liver , was ex d to HLEU 60 ds
?ms Qe ocark St APOaRE SoairRBE QDR aace BodiEgf tnder
1%X§ usmp@su%d:e@ W dgr fytesceh etheclhanged side. The
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onen on the day of the stud A H gh- |nL}enS|t
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2200 dhsorexeasdrseddepth was  20mm and a
di sconti'nuous single pul se exposure with exposure

durat| on of 35 and interval of 5s was applied. Ribs of

The fluoro-carbon emulsion enhancement agent for 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
treated with HIFU treatment more effectively under a certain acoustic
power without damaging the normal tissue along the acoustic
pathway. It becomes possible to use the enhancement agent for HIFU
treatment of the present invention to effectively treat patients with
hepatic tumors that are blocked by the ribs 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
12



30 and the areas for exposure including | plane on the
upper pole of kidney and | plane on the |ower pole of
ki dney respectively were selected. One exposure spot
was i ntroduced on each plane, and two-di nensiona
Lt S Lol
tllJl l%g\é;rgtpgn}gﬂﬁfoﬂ lﬁg tfl% ea(l:)gﬁée({e\é@{ gﬂgnsgﬁtﬁl &lﬂboﬁhﬁénts 1t
sﬂfoyﬁd dicoghdalsteal ﬂm—:et B Gl mocbﬁca@omnmﬂk@)an@s to which
api dl elivered intr r to_ea
abresknl ToHESGER Ry Rty R C Bleh s BUE Beo P Bl o
t%b@@'sﬁllpéﬂ FetRXAeSThe cBnsenendendatat vek ke somid of the
side. The _enhancenent agent for HI FU treatnent as
piespRl BdenHoBxanpl e | (0.02m / kg) was del i vered
rapidly intravenously via ear border to 5 each goat,
and the goat kidney was exposed to H FU 60 seconds
|ater for the experinmental side. Wien gray-scale
changes occurred at the target l|ocation, the
exposures were repeated another 3 or 4 tines. If
there is no gray-scale change to be seen, the total
exposure duration should be no nore than 150s. Three
days after ultrasound exposure, 10 the goats were
sacrificed and di ssected. The volune (V) of
coagul ative necrosis of goat kidney was neasured. The
EEF was cal cul ated according to the expression EEF
=17PY , wherein, T refers to the exposure tinme and
g=0.7. The EEFs were 10.583.95 for the experinental
side and 486. 37215.41 for the control side. WI coxon
15 signed rank-sumtest showed P=0.008. The results of
this study indicate that the fluoro-carbon enul sion
greatly increased the ability of H FU to cause
| esions in normal goat kidneys. In fact, the nean of
the EEF in the control side is nore than 40 tinmes the
mean of the EEF in the experinental side. 20
| NDUSTRI AL APPLI CABI LI TY The fl uoro-carbon emrul sion
enhancenent agent for HHFU treatnent of the present
i nvention can change the acoustic environnent of the
target location greatly and can reduce the acoustic 25
energy needed to cause |lesions of a target tissue
(tunor and
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non-tunor tissue) per unit volune of the tissue during
H FU treatnent. Accordingly, deep-seated and

| ar ge-si zed tunors can be treated with H FU treat nment
nore effectively under a certain acoustic power

wi t hout damagi th rmal tissue along the acoustic
30 Wl AdalS (lg'FAa%Ei%&gpos& ble to use the enhancenent
agent for HHFU treatnent of the present invention to

effectively treat patients with eatlctum)rsthat
are bl.oAkednbynecieent bgemi foiobigh éﬁ%ﬂélltYofOQWi‘@ d pitpsound

h th resent ve 0 [
USSR OEBACS Sl bl PR, SBRRET Ui o
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@&héd&aiﬂe‘iﬁﬁlﬁW@ec@ﬁ%ﬁﬁnﬁl@uwmﬁe khﬁnﬁbﬂ$1¢ﬁtdzspersed in
invention may be applicable will be readily apparent

t‘dle conseueks phase andtthe patticlanizephithe dite@ntHugeRNase
L
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engapsyiCat d 1bwta, ﬁ&ﬁ@rmeaﬁmmtn@fnﬁteercbaé manerial in the
conti nuous phase conErl frﬁ? aqueous nedium the
desomamesuasgidse-+800H korm y dispersed in the

conti nuous phase and the particle size of the

di sconti nuous phase ranges fromO0.1-1m the anmount of
the neniflaneshenatmgnieagantancanding ttheCkifarisefrdstein the

t 0.1- / d
SRl Y o BB 2B AR e Goror s
tranS| tion at 38-100C at 1 atm and the anmount of the

core materl al in the enhancenent,.agent s 5-.200m./ L.

15 2. STHEN®AMHBERBIRDL R ACCif g ot 6141 I Yherein the

Mﬁélﬁbfh¢é“?011ﬁﬂfx%°ﬁﬁ%ﬂﬂplyg5 obBasenhas sutRadddcsl &l8itzd from
ranging from O

a group consisting of phospholipin, cholesterol and glycolipide.

4. The enhancement agent according to claim 3, wherein the
membrane-forming material comprises phospholipin selected from a
group consisting of 3-sn-phosphatidylcholine,
1,2-dipalmitoyl-sn-glycero-3-phosphatidylglycerol sodium salt,
1,2-distearoyl-sn-glycero-3-phosphatidylcholine, sodium
1,2-dipalmitoyl-sn-glycero-3-phosphatidate,
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine, phosphatidylserine
and hydrogenated phosphatidylserine.

5. The enhancement agent according to claim 1, wherein the
amount of the membrane-forming material in the enhancement agent
is 1-50g/L.

6. The enhancement agent according to claim 5, wherein the
14
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3. The enhancenent agent according to claiml, wherein
the nenbrane-formng material is one or nore
substances selected from 20 a group consisting of
phosphol i pi n, chol esterol and glycolipide. 4. The

aﬁﬁﬁ@t@? Sﬁﬁé tﬁgﬁ'ﬁ)tlaﬁ‘? Cf??lgliiﬂg ﬁlﬁ’te(f aEI' i %ros%??&frf‘dennéﬂeagent

rane-trormn npri ses

is€l-20pdd. froma group conS|st|ng of

3- sn- phosphati dyl chol i ne, 25

1, 2-di pal mtoyl -sn-gl ycer o- 3- phosphat i dyl gl ycero

SOd'?J”II’{S@Ehhancement agent according to claun 1, wherein the core
1, 2-di st earoyl -sn-gl ycero- 3- phospha é chol i ne,

watfrith S0 AT Hagia %t&ﬁlta%ws@ﬁ%l@%ﬁeé- Hig BERURISPBSIsting
‘}q,] g a ?ﬂ te@%'ncﬁ@ -@ ﬁ&é)%gﬂ[ﬂ8§ tn'sijl chol i ne,

y serine’ enat
phosphatldylserlne 30 5. The enhancenent agent

e L T K N

habQddils Ebybroddraflenhepagarat agent according to
claim5, wherein the 14 anmpunt of the

menbrane-formng material in the enhancenent agent is
5- 209/ b7 enﬁ'&‘ﬁc&ﬂ@ﬁ‘ﬂ%%@ﬁf‘ta&%%fnga%051‘3'11'&9 1t C\Nﬁéﬁa‘iﬂ‘ the

1, wherein the core material 1S one or

smbsttnt ébe serecuasdr 1fai mmnthmn@muqzm@bhsg@mh lrS.gl 0 -00ml/L.
CS- C66 al kanes and C5-C 2 fl uorohydrocarbons. 8. The
enhancenent agent according to claim?7, wherein the

cor el 0.niher éﬁhaﬂﬁlﬂéﬂwdgeﬂteaaéd)mngpmtbhm 910whBeréinethe

RROUAT OBARE KT RaSeH 69 FAY SPRAFHEPERhARY RS0 300N L

is 10-100m /L. 10. The enhancenent agent according to
claim9, wherein the 15 anpunt of the core material, in
the bhhiheesphancrjeent pgeppagopading top glaimmd, wherein the

E 1ANE n@éuﬁlgfasnéoﬁg)?ﬁ%ﬂ'(ﬁgdf ?11134 W%éﬁ%[cﬂ'ogl&hesalme

ueous ed o
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12. The enhancement agent according to any one of claims 1-11,
wherein the enhancement agent contains an emulsifier in an amount
of 5-150g/L, the emulsifier is selected from a group consisting of
ethylene glycol mono-Cq g-fatty acid esters, diethylene glycol
mono-C 4.;3-fatty acid esters, diethylene glycol di-Cy¢. g-fatty acid
esters, triethylene glycol mono-C 4 j3-fatty acid esters, sorbitan fatty
acid esters, polysorbate, polyethylene glycol monolaurate,
polyoxyethylene laurate, 3-sn-phosphatidylcholine, polyethylene
oxide/polypropylene  oxide/ethylene  glycol non-ionic  block

copolymer, fluorosurfactant, and cholic acid.

13. The enhancement agent according to any one of claims 1-11,
wherein the enhancement agent contains a stabilizing agent
comprising carboxymethylcellulose sodium; the amount of the

carboxymethylcellulose sodium in the enhancement agent is
5
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sol ution or glucose solution. 20 12. The enhancenent
agent according to any one of clains 1-11, wherein
t he enhancenent agent contains an enulsifier in an
anmount of 5-150g/L, the enmulsifier is selected froma
group consisting of ethylene glycol nono-C e _is-fatty
alith- éégéﬁs di et hyl ene gl ycol 25 npno-C15 is-fatty
acid esters, diethylene glycol di-Ci6 18-fatty acid
esters, triethylene gl ycol nono-Cl6_is-fatty acid
est er $4. Themntancemany aggsi @C@@tcang“towiwgawit@aims I-11,
poI | ane I oxye

TR 9, SHaRsRRnG, FERE! oonP KUY [yl i E2e  agent
OXDd@irmhgpg gpyhai;iehemmemeit by Ithnegig/lcynol imthe coharcement
bl ock g? %ﬁp9tyner fluorosurfactant, and cholic
adeent F- & bnhancement agent according to any one
of clains 1-11, wherein the enhancenent agent
contains a stabiljzing agent nprisi ng

car boxymbiseypéd iﬂi}il()é@ecaé AR Ui ARbiAYPUBE GaErEY agent,
AR 7 A PRaRgH YR, Caheesbarcepan eaentry

ateatenyg to any one of clainms 1-1 1, wherein the
enhancenent agent contains a stabilizing agent 5
conprising glycerin; the anount of the glycerin in the
enhancenent agent is 5-100g/L. 15. Use of a

fl uoro-carbon enul sion ultrasound contrast agent,
which is used for preparing the enhancenent agent for
HFU 10 treatnent. 16



