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The present invention is related to the fields of
medi ci ne and nedical treatnent, specifically to the

field of ultrasound treatnent rt.i
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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
acousiic 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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VARG e R OPRY EedNBIRRRUH Ggent 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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of the target tissue before administration of the enhancement agent
(i.e. EEF hase) ) and the EEF of the target tissue after administration of
the enhancement agent (EEF(measurementy ) 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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encapsulated by a membrane-forming material, is hercinafter 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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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 38-100C, for example, Cs-C; alkanes such as n-pentane,
i-pentane and the like., and Cs-Cy; fluorohydrocarbons such as
perfluoropentane, dihydrodecafluoropentane and the like, is used, the
amount of the liquid contained in the enhancement agent is
5-200ml/i., preferably 10-100ml/L, and more preferably 20-80ml/L.

For example, a fat emulsion for injection is an agueous emulsion
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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 0.05-0.6¢/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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bmcompaﬂble 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
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Patent Application No. 98119011.1 (Entitled: A
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more preferably more than 4.

In addition, the present invention provides a treatment method
for disecases, 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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The present invention is also directed to a nethod for

screening the enhancenent agent for H FU treat nemtn2005001367

the nethod conprising: (a) neasuring the Energy
Ef fect Factor (EEF) of a biological tissue to obtain
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ipnsivattes cly reat Mdenmotrenbogl t@5limor thit seapesyf the present
iﬁf%ﬂ%nﬁi ng administering the enhancenment agent for
reatnment to a patient before applying the H FU
treatnent to inprove the therapeutic acoustic energy
Rt forrGaRraebhY off at p&ticl@r @dHankckbsue dgehefor HIFU
treated with H FU. 8 PCT/ CN2005/ 001367 DETAI LED
PTI ON OF THE PRESENT | NVENTI ON The preparation
aadnslene- Ipfiysngoliheid chit dacameitensderfgot heliquid-gas phase

nce t I nt invention will be
tg%@??cfbgg%ﬁt%ﬁgrfc\?vu‘j?‘ﬁ%?‘@fag?ghce to the fol | owing
EXaapipde [-lahd the technical effects of the 5 exenplary
ggg?ﬁlﬁgﬁ%\?u Matefial D& RE GBI 14 BRI 208 oM Fdr Bfection
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B B4 &9 10DLRIECR CRRRS T BRULHPEC HNEnCQasaF ERELSE I rER{ch was
phaeghato ehtailiegl tueagent emulsified by sonication at a power of
350W for 2 minutes. The resulting 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 1pm and osmotic pressure of 350mosm/kg H,0.

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

Examples I-1-2 to 1-1-4 were prepared according to the same
method and procedures described in Example [-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 I-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) vyolk
Reagent Company),

lecithin (purchased from Shanghai
5% (v/v) perfluoropentane (purchased from

Chemical

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.

high-pressure homogenizer at 4°C for two times.

The coarse emulsion was

emulsi

ified

in a

The resulting

emulsion with a particle size of less than lpum was obtained by
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and procedures described in Example 1-2-1 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 1-2-3 E’;_a;‘jle E’figle Example 1-2-6
2% (v/v) 5% (v/v) 10% (v/v) 10% (v/v)
Core material Perfluoro- Perfiuoro‘— Perfluoro- | Dihydrodecafluoro-
pentane hexane hexane pentane
Lecithin 1% (w/v) 2% (wiv) | 2% (wiv) 2% (wiv)
Glycerin 1% (w/v} 1% {(w/v) 1% (w/v) 1% (wiv)
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e ENgi neering Resear ch Center for Biomaterials
Fggilnﬂuan Uni versity yolk lecithin faor

i nj déxei bl fewwgna%@alaflir d‘ﬁﬁ’f@hﬁh@jﬁ% 2 d A8 widhgengrticle
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Reagent Company), 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 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 I1-2

The following materials were mixed: 2.5g HAP with a particle
size ranging from lnm 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 Iml 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
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Example I11

The nanometer-sized hydroxylapatite (HAP) purchased from the

Engincering 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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standard circulating degassed water with a gas content of no more
than 3ppm, can produce a focal region of 2.3x2.4x26mm 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 2cm
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 treatment as
prepared in Example I-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.
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than 3ppm can produce a focal region of 2.3x2.4x26mm
and deliver an average acoustic intensity of PCTICN2005/601 367

5500WcnR2. The rabbit livers were pre-scanned by the
B- node scanner of the HI FU therapeutic system Two
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G oup A and Goup B. rl refers to the focusing
coefficient of HHFU transducer, which reflects tdiencosnaiier

ultrasound energy focusing capacity of 25 the
transducer, here r1=0.7; P refers to the total
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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
Chonggqging 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 1-1-1 (dosage:

to
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2kg, which were provided by the Laboratory Aninmals

Center of Chongqging University of Medical Scieng@syoosao e

were divided Tnto an 25 experinental group and a
control group randomy with 15 rabbits for each group.
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The results in Table S show that the emulsified iodized oil as
prepared in Example I-1-1 could greatly reduce the level of EEF for
causing lesions of hepatic tissue with HIFU treatment.

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 Chongqing 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 1-1-3)
and a control group (which was administered with physiological
saline solution). The rabbits in the two groups weighed 2.40:10.45kg
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Animal test 3 In vitro study of the particle
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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 (30X3) 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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Animal test 4 Combined use of the particle enhancement agent for HIFU
treatment as prepared in Example I-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 Chongging
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-JC is composed of an adjustable power generator, a B-mode
ultrasound monitoring system, a therapeutic transducer, a mechanical
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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

Chongging Haifu (HIFU) Technology Co. Ltd. was used to radiate
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wherein, t refers to the exposure tinme, r1=0.7. The
medi an of the EEFs was 6.0160 on the control sidecandsooisr

1.2505 on the experinmental side. WIcoxon signed
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(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
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wherein, T refers to the exposure tinme, r1=0.7. The

medi an of EEFs 25 was infinite for the control sicdenosoniis:

and 5. 1904 for the experinental side using the
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Animal test 5 Combined use of the plasmid enhancement agent for HIFU

treatment as prepared in Example II-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
vy
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content of Tess Than or ~équal to 3ppm can produce a
focal region of 2.3x2.4x26mm and deliver an average
acoustic intensity of 5500WenR2. In this test, the
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ar e%sl Yhown TP Habie ,WI ttﬁet\rf]o tun(l)(f:s tthe 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. The differences in volumes of coagulative necrosis and
the EEFs between the control group and the experimental groups were
statistically significant (P<0.05).

Animal test 6 [n vivo study of the plasmid enhancement agent for HIFU
treatment as prepared in Example 111

Forty New Zealand white rabbits weighing averagely 2.740.3kg
with no limitation on sex, which were provided by the Laboratory
Animals Center of Chongqging 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 1ml physiological saline solution in
order to ensure that the suspension had entered into the body
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10 control group. The differences in volunmes of
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group and the experinental groups were statistically
SI gnificant (P<0.05). Animal test 6 In vivo.study of
hpleta§r Wadhertticeénaie agenol gooupl whs allini eateentith

p%g(ﬁ&rigga%i :iﬂlhnr};gxg Il%rbL(Ilzmigi%;)o%éftl?%i%le?rh%@goﬂhbfa rabbit
ekt iiotd¢i veinoit twexabhikd wmrev@ileeugﬂcdwuboﬁ%wqm@m sulfide on
tlkgg‘%%}?tlt BéCOInAQhSEA}deQE@ﬁeTh f rﬁ@?ﬁ We‘?g éﬂffEsYl%t%écV b9f an

Il ences, were ran 28 intQ t
issPIOUBS ApecEe OdnSHBNABROUHO-Am1eD ¢ abpt e Siry

tF@a@Hle% O&I;Pd tHé\@BHMnT&Wanomg ibefsed autddrlasepeatammditions
ﬁf HAP groups was adm nistered with HAP
tg gy a@&%& W¥¥pared in Exanple 11 varying in

CoNGEmt @yntaemh;gwalpﬂrdnamtem appaatusS)Z i hmamifbitured

(2 gRREASle YR YHLPuR, POl o M ReRs Lkda ReRdiate

thhysitdlibdiicers. shh¢ néIEbﬂ mn@ﬁcowglgahéhem%@urﬂ@pﬁrﬁvs

0 sth 2
e Dt R N I

ViRt r G HSElPSRES Bdnt-RiREST Bty N Bhy 16?%% §3§ The
p%@hhﬂg@er‘éoﬂnutm@Weé?r;]wdrkgs)begbyp napiodldws :efteiqaanyy a9 r&iivit z,
ear bo r.ve er its r e .1

ot 861 0L R 0 SR ol ety putse
erxfpblsutes Three anesthet ispets gr ames5cyoler ahtdsEuirap exposure

'M@{%Pga&g@&“ ﬁ@fgéb!}xtQQd@E@:{ k"gl);e oxd 'i)'sﬁfe giﬁrﬂlié):ﬂjwas 10

t'reat nen omen wa nC|se
sesepds.cT Bonarisionsyas gituged ¢f f@k %FeUttﬁ%atm%r Vwrﬁwfour

Mﬁ@qg@ro%é%bﬁﬁ?%@&%%dc@nf&%b {1 I&:ZE el;tlon of iOml air

manuf turegﬁ)g Chang Halfuq(ng

LA gratS caE dprsT rdnatldic SomeRs qu R0 s Bsis

ﬂdlrﬁbédga/(rtae%@ﬂ l@gaaah Wwher apasticl appahalilsy GZB- daleslated.
of ;a I

coreOnedt e FATAR aBREE el JRR it GlwaBins bogroen

Od1H4259. X. The paraneters in this test were set up

as fgld. Qe cfr§1% SRMc L %Ml‘éztwe PR %rfpﬁe%é’c!l in the

di st'an t t
epoduragion hieBcaX e Ty BIECE groaeit vl B onngfary

t?e@gggfﬂg%gtlsr;?@l@%ﬁ@%?ga&l@ honedl veSEe Wsr oidue.ed ficthde
uration was ec

SDTRdd LEE TPy T FsatrRtied THED fabitfe Mafft 4Bfation,
tlhfat\%lmﬁdﬂef fadbdli tegioves écempulafiie edcbysis pponedjieche GhAP
0

%forlf‘tl?ﬁswdm %L‘fyér@n{ﬁ[ff i cﬁ%ﬁgcgg\gﬁg égéa?er tﬂgn hatt in the

coag atli on n S
daodatl gnover admizistared anth iy sEHEpP ghesd @ah@glmléuon 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
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T-test and relative analysis were used for conparisons

bet ween groups. Dot-shaped gray-white coagul ati m&cnicosooiier

Necrosi's appeared 1n the treated region imediately
after HIFU treatnent and the boundary 25 between the
tida3iéat €siggns and the normal tissue was clear. After
the rabbits in these groups were exposed to H FU for
the sane duration, the volune of focal regions
(coagul ative necrosis) foriaélée 8 the HAP groups with
ditTrerent HAP_dosages was_ greatef,,than that | e
cant TP gr nllpD;Pﬁﬁ'ggi st.er ar}ig\mi th &I@}]@pnl ogical rl:t%]ﬂi ne
soQ#itan; the23l/I6GEF needéd i n $ABigriohps décd 263668
greatly in conparison with the control group, and the
dif$1é)|”i)nce bet ween the HAP groups and the control

gr olibARere verOmgtka i stid8l |y disgni+4té8nt (B<DAE00P.
By ,GQpparing the different HAP groups with different
nanoneter-si zed HAP dosages, it is shown that when
the dosage of HAP was increased, 35 the vol ume of
focatapeqi onsooﬁfgaggl ati pg necrsiz}55.ar med 0nme$:0.01

i ncreased greatly; the EEF needed in HAP groups
deckéd¥ed greatly, which again was very statistically
significant (P<0.001). Table 8 shows the vol une of
foc egi on | ati necrs; dth in
theﬁ-ﬁg gr ouggévﬁ\}?ﬁgdi ff\éﬁ?ent 'Z%%gges ag)t'}efﬁ%?)lgu
25 @OTPCN2005/ 001367 treatnent (x+s). Table 8 G oup
Dosage n V/m8 EEF Control 2ml/kg 30 95.3+21.6

[ OMMU7 KU v 141, 0 U. 24U, U
! kegredsrphmtipesampey ofdheerpagie prots.
HAP 150ng/ kg 21 287.747.9 0.130.00 group 3 Note: "n"
in the table refers to the nunber of the exposure
spotidom 5 the omththe sihudye,abiovesan t beancbecladed! uded the

r%arrll%tmétré?nsized HAP can greatly enhance the therapeutic effects of

HIFU in vivo and that HIFU treatment was more effective when more
HAP dosage was applied.

Animal test 7 In vitro study of the plasmid enhancement agent for HIFU
treatment as prepared in Example {11

Eighty healthy New Zealand rabbits weighing 2.540.3kg with no
limitation on sex, which were provided by the Laboratory Animals
Center of Chongqing University of Medical Sciences, were fasted for
24 hours before HIFU treatment. Then, each rabbit was administered
with HAP milk-white suspension with a concentration of 25g/L as
prepared in Example [ (Zml/kg) by rapid injection via rabbit ear
border vein and flushed with [ml 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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therapeutic effects of HFU in vivo and that Hifldcnooswoiser
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Foc (el bgsormgsdndbdomsn Thedase mb‘itltsy%% ammstrad 10 the
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manur act ur.e er S
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ddieriapesd,i endiphti diatarsionslof thmveaguﬂatlhe decsis ansa as
(?éteéhir}%c?nlgy ZT"T“@—&afiﬁﬁ@ Ywere 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 area was obtained with HIFU exposure at 24
hours and 48 hours after the HAP injection, and accordingly the least

EEF was needed. It is probably most effective to carry out the HIFU
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coagul ative necrosis area was determ ned, and the
di mensi ons of the coaguliti)ll/% necrosi s area as
deternmi ned by TTC-staini ?e nmeasured. Then the EEF
VS o gl suinathedwed0 ITAPegqumdpwrébanm@IHﬂféJ $EPES wiksY i
t

¢ rERicrEht BRCRAIL RERT RE RO ni B AUREmd ERo ) 28T
fornmed in the HAP groups using nanoneter-sized HAP was
llarger than that in the control grouReffs0. 05)' t he
EERnraedid for 35 H Fdverggs nent 1 n heé)%—lbs g
dec eaﬁ%l greatly in comparison WYOHIRE control verage

g in'the HAY roups th[e,claaf@e EEF

coag}dcmqrwe necrosi s parexl (Ms obtain \Aﬁ th H FU

exposure at 24 _hours and 48 hours aﬁ@éﬁ_phe_mp____ﬁ__
i nj eje)tnmﬂ and accordi nglg t he | east gﬁ was needeifl =

It r obabl y lfpst effeetive to car t the H FYgq

hours after the HAP injectjon. If t to caQr@Si
out24 Reury Fu e%ﬂosure alg t he I—IAPq?RJi ion werej 29
post poned, a smaller necrosis area would be for rre%.32+

hel ess, ven at eks after 3HAP
mfgﬁl%ﬁs it wds shown?%‘#gt the Hi IééJtZE%treat ment \Wesl
nore effective in conparison with the contr ol grogﬁzg

(p see le 9) e 9 Conpakisgns betwe
I—IA;%(rﬁgépsg perfTZa]bm ng I—]II F—'Eljg)exposure in 10 differenlt3s
intervals after the HAP injection and the control 5 57+

gr Q¥R hAmer age Jgit erval s Aver age vol upepof Average
after HAP n exposure focal region EEF 0.87

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

exposure 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 Zealand white rabbits weighing approximately 2kg
were divided into a control group and an experimental group
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injection period (s) (m) Control 7.39 16 15 546. 67
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ﬁna'élﬁ!'rﬂﬁﬁllﬂtarﬁ pyistémayslel tedC Tharubaciratied data was

RN LGP A Y8

foHoevingrfabdd 1but under the power of 200W at frequency
of 1.0MHz with exposure depth of 20mm for a certain

exposure period. Three days |ater, the
Table 10

The EEFs of the control group and the experimental group

Group EEF(J/mm*)
Control group 12.834+10.99
Experimental group 2,70 +1.,29%

* P<20.001 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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treatnment. Accordingly, deep-seated and | arge-sized
tunmors can be 29 PC T/CN20 0 5 /00 1 36 7 treated
with H FU treatnent nore effectively under a certain
acoustic power w thout damagi ng the normal tissues
al ong the acoustic pathway. It becones possible to
use the enhancenent agent for H FU treatnment of the
present invention fer applying HFU treatnent 5
effectively to a patient with a hepatic tunor that is
bl ocked by the ribs in therapeutic acoustic pat hway
wi t hout renpoval of the ribs. Although the present
i nvention has been described in connection wth the
preferred enbodinents, it is not intended to limt the
scope of the present invention by the above
descriptions of the enbodinments. It 10 should be
under stood that various nodifications and changes to
whi ch the present invention may be applicable will be
readily apparent to those skilled in the art. The
clainms are intended to cover the scope of the present
i nvention. 15
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30 WHAT IS CLAIMED IS: 1. An enhancenent agent for

hi gh intensity focused ultrasound (H FU) treatnent,
wherei n, the enhancenent agent is a substance that 5
is adm nistered to a patient before application of

H WHA BASnEMABVIE R dS:r educe the | evel of EEF at a
target | ocation to be treated with H FU, the EEF =
"7P~ in unit of J/ mB, refers to H FU energy needed
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g\%ﬂé?ﬂ?@E‘f?@%oﬁﬁﬁ@tofq‘msﬂjsﬁﬁu%d%ﬂoiﬁgﬂb O40Hs); phase

consi sts_of a core encapsu
menbPAsEC oA KEF shitbeitargeta aﬁ@@oh@fmgoafhnﬁha@étlon of

‘MH %th@@@rhéhﬁ agEnﬁgéi Ql@lﬂﬁle@lgﬁi‘é, WEF gm \ |ﬂlt$e ¢ Rt ihBURK B et
e i s.uni |.Spe I N contl nuous

PGl 2 BT A dbuYishich %‘é@%eaam%@% hBESt BngPhiged: as

B, ..l Qney.gnand hhe menior ey éat I, Rtard FEH Scisurement) 15

t,i bl and the core is conprised of gas,
moggﬁgggrl naﬁgrreter si zed bi oconpatible solid. 25 2.

The whisagiterrhat cabememenbrafiony tonskt mfla wheswitinuous

Eo§se GBAHibR &%%Yﬁ?rbffﬁwé‘%%)caﬁ&fhﬁﬁﬁ)ﬁ% gHFzﬂ{e) fofning

ret an . he enhancement agent “accor
Blafeiinh, angha rminyaus B@aseawhéclb@pﬂé@ﬁs eéw(qbl&@éy paﬂ@mm

BRF c{imugmgm{]g JpHaSe My glﬁgftﬁﬁhi‘z g%r%e-l:ﬁ"&i emhmg fégﬁgh%uous
en C | | . |
BREE, DR S 0t Rl e, Bas s b bl Iy Sivs danging 'fom
i{ape*ﬁﬂmm theanbeﬁrahmfmrmﬁg @mamnﬂtltm;bm@dmpmnblﬁ,lagm the
C V4 n Yt
e TR ool SRR SR o

¢led. menbr ane- form ng rmterlal IS one or nore
subst ances selected from the group consisting of
pr otfi Qj@osa charides or lipids., 31 6. The enhanpcenent
agent- rahaBCeeRf Agwns, aqqeeding tohelaim [, wherein the

ratio between EEF p5e) and EEF (ieasurement) 1S more than 2.

3. The enhancement agent according to claim 2, wherein the
ratio between EEF p,5¢) and EEF measurementy 1$ more than 4,

4. The enhancement agent according to any one of claims 1-3,
wherein the enhancement agent can be used for intravenous injection,
arterial injection and topical injection and has a particle size ranging
from 10nm-8um,

5. The enhancement agent according to claim [, wherein the
membrane-forming material is one or more substances selected from

the group consisting of proteins, saccharides or lipids.
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l'ipid conprises phospholipin selected fromthe group
consi sting of 3-sn-phosphati dyl choli ne,

1, 2-di pal m t oyl -sn-gl ycer o- 3- phosphat i dyl gl ycer ol
sodiumsalt, 5

1, 2- 6i $heanbyghesmegk ygenvade @ilosp batcl giyh Shatherein the
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I.N

nment a ent acco t.h .
el wESP L B e g B s, ihosep A gafierine
Qndﬁh/elregétaaTedrmmSpagedylmam ding to claim 1 wher ei n
the liquidis selected fromthe group consisting of
C5- C6 al kanes, C5-Cl12 fl uorohydrocarbons, saturated
fatty. AbpEnhansamendtagent acegrdisgdoacldim2b, whdreiadthe gas
Rl deledid 018 ®EN20 gr&%ﬁgmﬁg@%f Mechl ol Eadol doxide,

erein is a’fat &€mlsion fo
HPF%IQ/W&&?”PW géﬁlaé‘ﬁ aq%@“?ﬂasThe enhancenent agent
according to claim9, wher e| n the enhancenent agent
i's ag I sified ioszed g for |ntravenou§ ‘0 th
i nj ettt CRIANTHICEHRBGOE MO dlkent 0 at@Myi/nghgrein the
ehlad meSnemhegaitns taneuti30oend apnasdgeagent is a C5- C12
per f | uorohydrocarbon enul sion for intravenous
injection. 13. The enhancenent agent according to
cI ai ¥a Theneaheneempat agsint cadcordeigedo eelafimorh, t Whergiouthe
gf%stﬁ isRcedd '?P(Qﬂet‘hbc IQ)'u ”@(Sr?srl%t%g?"of S Ccf ?%kanes Cd -Cy»

H | apatite and m car bonat e

er b%r@@aélp@lsaswer%tﬁﬂg Ay fe VRA BT [ mld and
hdzedhancenent agent according to claim 13, wherein
the solid is hydroxylapatite with a particle size
ranging from 1 nm200nm 5 15. The enhancenent agent
accotdi fdpet enhnycmmlohgehtalarmoﬁhﬁg to whanei% wherein the

rh ORI 5 AR R BRMy B MALSRLb e 5RDARg eTent

can artive via ¢i reul net hod
for screening an enhancenent agent for HFU 10

trea; ENthe EARaARINOL GOBRI 'a%b@ﬂhn ai)o @Paﬁhy'q‘gwﬂb%n the

nhensnt focused. uItrasou? g ? ¥
enhancement agent is an emulsifie zodlzed oil for intravenous

injection.

12. The enhancement agent according to claim 9, wherein the
enhancement agent is a Cs-C;, perfluorohydrocarbon emulsion for
intravenous injection.

13. The enhancement agent according to claim [, 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 lnm-500nm.

32




10

I5

20

25

30

35

tissue, and then calculating the EEF in unit f J/ m8B
of the tissue according to the expression of EEF =

17P, to obtain EEF(base), wherein, r1=0.7; P refers
to the total acoustic power of a H FU source 15 (unit:

W It4 r?ﬁéreﬁiﬂa‘hcbhﬁn&Qig’l\alnttdo@%r@fng"'t&%lmﬁﬁaﬁmhexem the
vol u HI.FU- i nduced

( g ers to the

Joltd os Ut Viaite by iBanfn BEdiRg Hetarddhddte from
pnkaho@ment agent to the biological tissue; (c)

cal culating the EEF of the tissue after the

adm nistration of 20 the enhancenent agent to obtain
EEF(?ﬁaa"Ehw enbanyemantiagant serpdingdotamy one of claims 1-14,

§£61Heﬁ%'l ”t%g%?tﬂ)cm bR fshen E(E(?a*i’laszﬁ) wHich et ESEMEement

sel ect | a can ate e cénment agent that has
%ﬁﬂtEEFl(ﬁféa‘é%Y od ¢scHatOBase) ratio of nore than
1. 25 17. The nethod according to claim 16, conprising

PR 00 ki ST ASESALETER b8, 408, EEELPR®) ity
ﬁre@nﬁeﬁmahe mesthad dkRpriseasur e, nent) to EEF(base)
i sl 0 P8 p%‘f%p?@ﬁﬁeni%ﬁwmeﬁé%ﬁﬁf PSR A fiven
tasgue, tarel EEFY adeylatingt Hee tBE;lgug émm ngfgthe tissue
B Sl A e e
gheggn, n=0.7; P re ers to the total aCOUSth power of a %I%E?source
(unit: W); t refers to the total time of HIFU treatment (unit: s); V
refers to the volume of HIFU-induced lesions (unit: mm’);

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

(c) calculating the EEF of the tissue after the administration of
the enhancement agent to obtain EEF measurement: and

(d) comparing the EEF casurementy With the EEF 4,4, of the tissue
and selecting a candidate enhancement agent that has an
EEF (measurement) t0 EEF (base) ratio of more than 1.

17. The method according to claim 16, comprising comparing
the EEF(neasuremeny With the EEF (. of the tissue and selecting a
candidate enhancement agent that has an EEF mcasurement) 10 EEF hase)
ratio of more than 2.

18. The method according to claim 16, comprising comparing
the EEF neasurementy With the EEF(pas) of the tissue and selecting a
candidate enhancement agent that has an EEF jeasuremen 10 EEF (hase)
ratio of more than 4.
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