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THE | NVENTI ON The present invention provides a fornulation that includes a
gas m cr owphsressst i posome conposite (MSLC) suspended in a pradisonesedhe gas
m crosphere |iposone conposite includes a gas-filled m crosphere; at |east
one of a lipid and a surfactant adsorbed onto the surface of the
gas-filled mcrosphere; and liquid-filled |iposones attached to the lipid
or surfactant. The outer surface of the liquid-filled |iposones can
incorporate a targeting ligand (i.e., diagnostic agent targeting noiety)
for directed delivery of the MSLCs for selective inmaging of receptors,
enzynes, NRNA and ot her relevant biological targets. Additionally, the
liquid-filled |iposones can include one or nore drugs (e.g., therapeutic
agents and/or diagnostic agents) in the internal volunme of the
liquid-filled I|pospne?AS§&FR8&&& EHH$0E8§E?BQM£hQEQQe”t or di agnostic
agent can be selectively de |vereg to an organ or site of pathology for

| ocal i zed delivery. Accelerated drug rel ease can be stinulated by the
application of acoustic energy at the site of pathol ogy where the targeted

MSLCs bind, thereby providing |ocall hi%b concentrations of therapeutic
agent or di agnostic agent iBlELDééﬂﬂﬂiﬂlﬁLiﬁgﬁﬂﬁﬁ. BACKGROUND OF THE

| NVENTI ON U trasound i maging (s useful for jmaging sfructures.in the body
o:‘ t a pati gn_t ( _e.B?e, Prﬁ%ﬁ’é‘lt"ﬁ"m% P&%"‘f‘%s aaﬁroﬁm}‘huﬂﬁgg’éﬂ%fuge?%ﬁastrﬂ’&oégfﬁm Dall‘ i ng
ul trasound i magi ng,. rasoni £. scanner n be used.to generate an
receivéq§58W8C&59gggﬁ$ﬁg%bﬁPﬂ&ggﬁf@‘QB% A e§a%wggg@hgﬁlﬁwgng%dy sur f ace
overlying the ar to _beqi ) he
scanner A S@? 1i&¢ %8Sda g%\i\féfrl W%gmgﬁ%g, %tg&gg&%ﬁga\gﬁw%(gﬂs}%%%{ﬁg?aﬂsﬁ%ﬁﬁ g detects

sound e r t 1y g g t dat a
Tt i SRS ER LSS G AR PRAUPAGE KBRS Bl ARSI BRI RELPA 2

densi t ygr @ffa@agth The lodkeh Wirfack bf tHRAIARDHIY liposbiRs £ ihyorgelaeNttatiRang t he _
velocity of the transm ssions and the density of the structure. Changes in
acoust i GgaRH YPE! dih@fostié hdenb@rgeting moiety) for directed delivery of the MSLCs for

selective imaging of receptors, enzymes, mRNA and other relevant biological targets.

Additionally, the liquid-filled liposomes can include one’or more drugs (e.g., therapeutic

agents and/or diagnostic agents) in the internal volume of the liquid-filled liposomes. As

such, the therapeutic agent or diagnostic agent can be selectively delivered to an organ or site

of pathology for localized delivery. Accelerated drug release can be stimulated by the

application of acoustic energy at the site of pathology where the targeted MSLCs bind,

thereby providing locally high concentrations of therapeutic agent or diagnostic agent in a

selective fashion.

BACKGROUND OF THE INVENTION

Ultrasound imaging is useful for imaging structures in the body of a patient
(e.g., mammal) so as to aid in diagnosis and therapy. During ultrasound imaging, an
ultrasonic scanner can be used to generate and receive sound waves. The ultrasonic scanner
is placed on the body surface overlying the area to be imaged, and the sound waves generated
by the scanner are directed toward the area to be imaged. The scanner then detects sound

waves reflected from the underlying area and translates the data into images. The acoustic



nost prom nent at the interface between different substances (i.e., at the

interface between solids, |liquids and gases). Thus, when ultrasonic energy
is directwodmtimal area that includes interfaces between dCTiEoenicss
substances, the different acoustic properties of the substances wll cause

different reflection characteristics. Because the quality of the resulting
ul trasound inmage is enhanced by having an interface between different
structures, it would be useful to increase the difference in acoustic
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Pat ent Wil cansedifferrpgreflert®n gharasteristgs. Becgise theggiality pfghe paplipg ulgasound
4,681,199; U S. Patent No. 5,088,6499;: U S, __Patent No. 5,147 631; &J S.

Pat ent imgge ispnporced by -hayjng an pnjerdane hebyees duffererysuctyres, it pignidhe ygsful to

5,380,519; U. S P . No. 5,413, 774: U.S. .. No. 5 7,.521: . S.

Pt ont Reteas BedirGane 5 Gouplk fiverfies begvecr ATt SfcQresind 3 pighee the

5, 558, 094:. U. Pat ent . 3 : .. .Patent No. 5,585,112; U. S

Pat ent q%g.ty %&%&6&3@%&6 n%.gtgfl%ng%tﬁ]tza%%{ngé%%lg%gz; U S. Patent No.

>, 769, 080; EP O lééeelglg@bd at Qan 48t al%ﬁual\ﬂg ot M ARGSRE in?a@glg\ﬁ\gh%gl 65467. The

m cr obubbl es provi y these contras gents act as sound wave

refl ect Ereddtdi®n bP coMBsPLRHBLA® ti dBiIBRNEES! da@wuéae b WIRSsoufid EdrndkbDb! e and
surrounding liquid. Feinstein, U S. Pat. No. 4,572,203, discloses
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interface between the vasculature and other structures.

Liquid and solid contrast agents containing entrapped gas are well known in
the art. See, e.g., U.S. Patent No. 4,235,871; U.S. Patent No. 4,265,251; U.S. Patent No.
4,442.843; U.S. Patent No. 4,533,254; U.S. Patent No. 4,572,203; U.S. Patent No. 4,657,756;
U.S. Patent No. 4,681,199; U.S. Patent No. 5,088,499; U.S. Patent No. 5,147,631; U.S. Patent
No. 5,228,446; U.S. Patent No. 5,271,928; U.S. Patent No. 5,380,519; U.S. Patent No.
5,413,774; U.S. Patent No. 5,527,521; U.S. Patent No. 5,531,980; U.S. Patent No. 5,547,656;
U.S. Patent No. 5,558,094; U.S. Patent No. 5,573,751; U.S. Patent No. 5,585,112; U.S. Patent
No. 5,620,689; U.S. Patent No. 5,715,824; U.S. Patent No. 5,769,080; EP 0 122 624; EP 0
727 225; WO 96/40285; and WO 99/65467. The microbubbles provided by these contrast
agents act as sound wave reflectors due to the acoustic differences between the gas
microbubble and surrounding liquid.

Feinstein, U.S. Pat. No. 4,572,203, discloses "microbubbles" of about 6-20

microns in diameter, produced by sonication of certain viscous solutions, for use as

ultrasound contrast agents. Feinstein also discloses solid or semi-solid metal-containing



m croparticles, such as glass or graphite, not containing trapped air,
smal | enough to pass through capillaries, as ultrasound contrast agents.
Al so di scwoss@di1mse m crospheres formed from an am no aci ecuaiSpesessat ri x,
such as albumin, with magnetic particles, such as magnhetite (Fe3O)
enbedded therein. Tickner, US. Pat. No. 4,265,251, discloses the use of
certain saccharide conposition "m crobubble" particles with a holl ow
gas-filled interior space as ultrasound enhancing agents. Rasor et al.,
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sodi um acetate, sodiumtartrate, CaC 2 and A1Cl13. H lmann et al.
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substance, including various organic |ipophilic conpounds, w th enclosed
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Hilmann et al., EP0122624, contains microparticles that include a solid
surface-active substance, including various organic lipophilic compounds, with enclosed air,
for use as ultrasound contrast agents. Also disclosed is the combination of particles of the
surface-active material and particles of a non-surface active material, such as sodium
chloride, sodium citrate, sodium acetate, sodium tartrate, and various saccharides.

Glajch et al, U.S. Patent No. 5,147,631, discloses porous particles of an
inorganic material that include an entrapped gas or liquid. The materials disclosed include
monomeric or polymeric borates, monomeric or polymeric aluminas, monomeric or
polymeric carbonates, monomeric or polymeric silicas, monomeric or polymeric phosphates;
and pharmaceutically acceptable organic or inorganic cationic salts thereof.

Unger disclosed perfluorocarbon gas-filled microspheres (U.S. Patent No.
5,547,656 and U.S. Patent No. 5,527,521) for diagnostic imaging purposes and gas-filled and

gaseous-precursor-filled liposome compositions, or methods for making or using these

contrast agents (U.S. Patent No. 5,228,446, U.S. Patent No. 5,585,112, U.S. Patent No.



3 WO 03/015831 PCT/ US01/ 25685 5,769,080 and U.S. Patent No. 5,715, 824))
for general and diagnostic ultrasound i maging purposes. Unger, U S. Patent
No. 5, 088w099/013886cl oses the preparation of gas filled | ippogamsowssednd their
use as ultrasound contrast agents. These include materials that contain
gases, gaseous precursors, which can be activated by pH, tenperature, or
pressure, and other solid and liquid contrast agents. In the case of the
mat eri al s di scl osed by Unger herein above, the |iposomal nenbrane of the
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as pho§ﬁﬁf$$gids (see, Figure 1). As such, the Unger conpositions are
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cl assi I posones in which the liquid- filled interior is replaced by a

gas. Quay has di sghgsadsneitbrdso. 3088509 0disdlbRe tigagepiraionufipas fRedf | ow
Qfactor (lowdiffusivity) as ultrasound contrast agents (U. S. Patent No.
5, 573, Nipbsaimek AhdSheiPaseestuliNsoundbedihi@stG@dnts. Thest lededecrastesal uimy cditaiol oses
free gas m crobubbles of various low diffusivity gases, w thout any
di scl osgases, glsests pre¢usags,ovhidoeand=i activatedby pHetempeiadreu ipbisewre, diothkerder |
U S. Patent No. 5,271,928, U S. Patent No. 5,380,519 and U S. Patent No.
5, 531, o®lid and Hahidsentrast egabubbl e suspensi ons, which are hol | ow spheres or
gl obul es of fineL% di vi ded gas and are stabilized byz%ensides or
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m crovesi cl es haviag s disclosed methods of use of free gas microbubbles of low Q-factor
(low diffusivity) as ultrasound contrast agents (U.S. Patent No. 5,573,751 and U.S. Patent No.
5,558,094). In these cases Quay discloses free gas microbubbles of various low diffusivity
gases, without any disclosure of structure or composition of these microbubbles.
Schneider, U.S. Patent No. 5,271,928, U.S. Patent No. 5,380,519 and U.S.
Patent No. 5,531,980, disclosed microbubble suspensions, which are hollow spheres or
globules of finely divided gas and are stabilized by tensides or surfactants.
In the case of Schneider microbubble patents (‘928, ‘519 and ‘980), the
ultrasound contrast agent is disclosed as being composed of microbubbles devoid of a material
boundary layer around the gas microbubble. According to Schneider, these microbubbles “are
only bounded by an evanescent envelope™(U.S. Patent No. 5,531,980, column 1).
The Schneider microbubble disclosures described above (928, ‘519 and ‘980)
are directed to methods of making microbubble-based ultrasound contrast agents without
reference to preferred composition/structure of the microbubbles themselves.
Schneider, U.S. Patent No. 5,413,774, discloses microvesicles having a

liposomal material boundary layer, which further contain within the vesicle a low solubility

gas, as the microsphere-based ultrasound contrast agents. However, no description of the
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| i posomal material boundary |ayer, which further contain within the vesicle
a low solubility gas, as the m crosphere-based ultrasound contrast agents.
However, wo odessssi ption of the 4 WD 03/015831 PCT/ US01/ 25685/Usoop8si ti on
or structure of the mcroballoons is provided; rather, nethods of making a
contrast agent based on these mcrovesicles or mcroballoons is described
utilizing selected low solubility gases. The contrast agents descri bed
above are proposed for general ultrasound contrast inmaging of the
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(CAM |igand whi chhel ®niragaggos d¢sedbédrbove adtgsdpased foolgenarhlailrasofind m a
conjugate. The CAMis incorporated in a surfactant or albumn carrier and
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gas at body tenperature, Unger (WD 96/40285) describes targeted
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vesicles w a material boundary | ayer which stabilizes the gas
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difficulties with all of these materials is that gas m crobubbles in the

r el evanéheni€0 wathi suffidiantlgdigh/ eapos pssuiande ofas @t bodyttempélmure) di ameter,  have
a density different fromthat of the aqueous nedia in which they are
suspended. Ther eUngee (M 86/d0285 desphey mrgetea\gas-aomainingdiposemerewhbigh can
rapidly separate out (i.e., the
be targeted to specific tissues in the body for diagnostic imaging or for delivery of bioactive
agents. These targeted materials are comprised of a gas, lipid and targeting ligand.
All of these materials include a suspension or emulsion of gas microspheres
(alternatively referred to as microbubbles) which are either: 1) free microbubbles (i.e., do not
have a fixed material envelope at the microbubble surface) stabilized by surfactants in
solution which cause a reduction in surface tension at the gas-liquid interface, or 2) true
vesicles with a material boundary layer which stabilizes the gas microspheres as a suspension
in the liquid medium. One of the practical difficulties with all of these materials is that gas
microbubbles in the relevant, acoustically-active, size range of ~0.5um to 10pm in diameter,
have a density different from that of the aqueous media in which they are suspended.
Therefore, these microspheres have a natural tendency to rapidly separate out (i.e., the
microbubble suspensions become heterogenous). This necessitates the rapid use of the
contrast material after mixing before separation of the microspheres occurs.

In the case of gas microspheres used as platforms for drug delivery (see, Unger

WO 96/40285 and Quay EP0727225), the materials incorporate the therapeutic moiety at the



m cr obubbl e suspensi ons becone heterogenous). This necessitates the rapid
use of the contrast material after m xi ng before separation of the

m cr osphewel3oessdrs. In the case of gas m crospheres usedPa3/ysoae$68s ns f or
drug delivery (see, Unger WD 96/40285 and Quay EP0727225), the materials

i ncorporate the therapeutic noiety at the 5 WO 03/015831 PCT/ US01/ 25685
surface of the gas m crosphere through chem cal or physical absorption on
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contrast agents s ent and stabl e acoustic response

proper tii f5d-YMed lipésostes Yiche FHUBRUSgaR HSBRIFARO Sompddali ihitRNRIrinbf tRWSLONt 1 ast
agents should exhibit mniml mcrosphere flotation and separation. There

has be%mp@@;ﬂioﬁg)ﬁﬁoivméeqﬁeﬁem be, a need for ultrasound i maging agents which

enhance the quality and clarity of ultrasound i mages by inproving the

del i neation of  Notwithstanding the use of such contrast agents described above, the
ultrasound image produced, for example, of the myocardial tissue, can be of relatively poor
quality, highly variable and not quantifiable. The overall diagnostic results to date have been
somewhat disappointing. As such, the need still exists for improved agents useful in
ultrasound imaging which will enhance the quality of ultrasound images by improving the
contrast between the vascular spaces and tissues in a body. Such contrast agents should have
excellent and stable acoustic response properties when in dilute aqueous suspensions.
Additionally, the contrast agents should exhibit minimal microsphere flotation and separation.

There has been, and continues to be, a need for ultrasound imaging agents

which enhance the quality and clarity of ultrasound images by improving the delineation of
vascular space and tissues in the human body. In addition, improvements in the control of

drug delivery to the sites of pathology are needed for many drugs which exhibit high toxicity

to normal tissues and a resultant poor therapeutic index.



vascul ar space and tissues in the human body. In addition, inprovenents in
the control of drug delivery to the sites of pathology are needed for nmany
drugs whiwboanidshit high toxicity to normal tissues and ®CTaso0i/2®8: poor
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The present invention provides a formulation for contrast enhancenent of

ul trasound i magi ng and for ultrasound (i.e., acoustically) stinmulated drug
rel ease. The formnulation provides stable gas m crosphere (i.e., finely

di vided gas bubbl es) suspg YO TR ReVERATIOND st abl e acoustic
response properties when r%m ons. The fornulation

can deliver a hi ghRfprt@Y¥einvaitiodProMaesH foempafiod s chhttdseéhhaheontmpbere to a
given tissue, relative to known fornul ati ons, thereby achieving the

i nt endegdirhdvan@peagingadeefittasqiind (hé.gieouaivallystinagaied adugeelsasef Tletr ug or gene
in the region of pathology. The formulation has good ultrasound scattering
pr oper tfoaaulaibn plovizias steble gasmi@otphee (i.ecfisdy dividedtdae bubhtlesd sepambions
backscatter signal within the vascul ar space. The increase in the

ul t r as owitll exatikgat s@blesicgustic responsei propendesyalanin dilutg pgueous SPIPENKNs: he
contrast relative to the surrounding solid tissue. Additionally, the

f or mul aFhecferawlation ean deliMerralighardevss phastive Arugrer BenfiligiymicepsRheie to A 81VERe

| posortesso fBiIa o KopD ey B Bere P RISHUtR PGS ST s BUBFPE
i ite i.nclude -frlled m h : I f
i pi o aieh featrepeeiatipoe ol 88 n berrlolbpaidoR; aedomnd®yin pRG © °
i pi d_eh PSUFPEELEHE" i BPB R t 4L

cur 1 actane o el irbese, WARROTER s B RERRnL BB e el 8L

| magi ngth-c scﬁttelf{%]ggaﬁthgﬁhgyascmm@. THe A8R%eah tRAARaddubd BIRYN et ggﬂéllng-

The nmethod 1 nc admnistering to the patient (e.g., mamml)
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sufficient period of 'time for the circulation of the gas-filled
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i maging on the patient (e.g., mamal).

The present invention provides a formulation that includes a gas microsphere

liposome composite (MSLC) suspended in a medium. The gas microsphere liposome
composite includes a gas-filled microsphere; at least one of a lipid and a surfactant adsorbed
onto the surface of the gas-filled microsphere; and liquid-filled liposomes attached to the lipid
or surfactant.

The present invention also provides a method of ultrasound imaging in a
patient (e.g., mammal) in need of such ultrasound imaging. The method includes
administering to the patient (e.g., mammal) an effective amount of a formulation of the
present invention; allowing a sufficient period of time for the circulation of the gas-filled
microsphere composite to reach the targeted area; and performing ultrasound imaging on the
patient (e.g., mammal).

The present invention also provides a method of treating heart disease,
inflammation, infection, cancer or thromboembolic disease in a patient (e.g., mammal) in
need of such treatment. The method includes administering to the patient (e.g., mammal) an
effective amount of a formulation of the present invention, wherein one or more of the liquid-

filled liposomes independently includes a therapeutic agent; allowing a sufficient period of



The present invention also provides a nethod of treating heart disease,
i nfl ammati on, infection, cancer or thronboenbolic disease in a patient
(e.g., newoeB)p1isal need of such treatment. The net hod i nclPadas01/25685
adm nistering to the patient (e.g., mammal ) an effective anount of a
fornmul ation of the present invention, wherein one or nore of the |iquid-
filled |Iiposones independently includes a therapeutic agent; allowing a
sufficient period of 7 WD 03/015831 PCT/ US01/ 25685 tine for the

ci rcul a§hof e diRB188] ofiHer Qs RIGLSHeRTIRAFI0kRe fothé NRgdi@T £464;9d ﬁ?}ﬂ?ﬂngand
applying ultrasound energy to the targeted area in the patient (e.g.,

mamal ) y1gsolih@ bty foQh€ BldsRed 1€ intthepapautd.€, mgantal)tsaffivtent & @asethef rom t he
m crosphere |iposone conposite at the region of pathol ogy. The present

i nvent | herapdigie apem o be elanseefrbmdhé micrpsphp@rlipogorae Eanpasitathi tha region ofhe

present invention. The nethod includes contacting a suspension of |iposones
in a agomedogy.solution including at | east one of a surfactant and a |ipid;
and m xi ng the suspension wth a gas that has a solubjility of |ess than
about 1.0% (v/v) The paeseat insentpnalsgrigovides awnethed for EeRaging domuatiaseott he
formul ation. The present invention also provides a ne%hod for preparing a

f or mul athe BresET InveREonhr Bacamethpd inchides Fontagiivs RstsrRsasiPR of UBRSOMEd Kt Act i ng a

*her apcFIsgLHED THiee idget ST UrRERCHR AP P A mEARE TRRIHET he

Li : it h | ubi i H
Sgueots, 4 B30T P SRENBRTor ooy 50 180 LR B b Ol o5 e
f or mul %‘fé? R tI@ﬁronc@%ﬁﬂfoﬂnﬁlﬁ%Bﬁi on also provides a kit for the preparation
of a fornuration o e present invention. The kit includes a container

that includes an AQUREUS R9tMidnAo pridIgEL ﬂeﬁlbgf&%ﬁiﬁﬁﬁ 2@bitk1on SFC! udes
at |least one of a surfactant and a lipid, and |iqui -fIF|ed | i posones; and

a meanstht gfestMtifRAUEA. Mhedmedsd iltidel asntactimglabpentivn of lipesdmet e about 1. 0%
(v/v) in water at 25C and 1 atminto the aqueous solution. The present

i nvent i gedlssolution maeding ideass enotheapénicragemtandat hsttone syrfasmnbr lipidyent i on
for the manufacture of a nedicanent for treating heart disease,
i nf | ammadtdimixjng the aqueous liposome suspension with a gas that has a solubility of less than

about 1.0% (v/v) in water at 25°C and 1 atm, sufficient to provide the formulation.

The present invention also provides a kit for the preparation of a formulation
of the present invention. The kit includes a container that includes an aqueous solution,
wherein the aqueous solution includes at least one of a surfactant and a lipid, and liquid-filled
liposomes; and a means for introducing a gas that has a solubility of less than about 1.0%
(v/v) in water at 25°C and 1 atm into the aqueous solution.

The present invention also provides the use of a formulation of the present
invention for the manufacture of a medicament for treating heart disease, inflammation,
infection, cancer or thromboembolic disease in a patient (e.g., mammal) in need of such
treatment. The formulation includes a gas microsphere liposome composite suspended in a
medium, wherein the gas microsphere liposome composite includes: a gas-filled microsphere;
at least one of a lipid and a surfactant adsorbed onto the surface of the gas-filled microsphere;
and liquid-filled liposomes attached to the lipid or surfactant.

The present invention also provides the use of a formulation of the present

invention for the manufacture of a medicament for ultrasound imaging in a patient (e.g.,



i nfection, cancer or thronboenbolic disease in a patient (e.g., manmal ) in
need of such treatnent. The formnulation includes a gas m crosphere

| i posone wompesssBe suspended in a nedium wherein the gaeomusoospher e

| i posone conposite includes: a gas-filled mcrosphere; at |east one of a
i pid and a surfactant adsorbed onto the surface of the gas-filled

m crosphere; and liquid-filled |Iiposones attached to the lipid or
surfactant. The present invention also provides the use of a formul ation of
the presgfial)if W6t dranch Qraldid %Q%B?.CTHGE forRllafoN B EREB Bhs Mrodpheleasound
imaging I1n a'patient (e.g., 8 WO 037015831 PCT/US01/ 25685 manmmal) in need
of suchjgdséhasempekiteagicided ihhEmédiimWhreiarthé pal midespherg iipogoner ospher e

| i posonme conposite suspended in a nmedium wherein the gas m crosphere

| i poson@ngosipoiiciudes: agiasHiitisd nacrgspshefe; hi leskt vheobspidraed aatrfheas dwmsedof a
lipid and a surfactant adsorbed onto the surface of the gas-filled

m cr ospmeo die sarfdcd afqlé gastfillddguictdsploseraad liguidaitesdipasompgatidchgdito the lipid
surfactant. The present invention also provides the use of a formnul ation of
t he preyentfactpmivention for the manufacture of a medi cament for diagnostic
imaging in a patient (e.g., manmal) in need of such di.agnpostic inmagi ng.
The fornmul ation iﬂlﬂm%§glévﬁfﬁéonrﬁ]§9r%gﬁﬂ%srtée ugg ‘ﬁ’fé’sfgﬁﬁUI@B?r‘gBtg‘%? erstfpended in
a nedium wherein the gas mcrosphere |lippsone. conposite j.ncludes: a

gas- 11 | Lo dps apaiiclye pLmeRgmens forahyngrtie IMAE 0 dEPETARE" ads or bed

onto the surface o he gas-filled.m sph i Ly d- £ i I posones
ar't ache®RBeDAE orrp e fagis e B RRRE R e

FIG 1 1] r . =Rl {:DOS . i ; nonol ayer
gas. m clssURE BRI HaRnld B R el G B  Thon, hiG 3
11 ust r afssite (el AVR5-r01RE nﬁi%%qﬁwaﬁmagtm@@pm AQABASLifsctidvRaGIbef  t he
present i1nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

onto the surface of the gas-filled microsphere; and liquid-filled liposomes attached to the lipid

-

or surfactant.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 illustrates a gas-filled liposome.
FIG. 2 illustrates a monolayer gas microsphere liposome composite (MSLC)
of the present invention.
FIG. 3 illustrates a multilayer gas microsphere liposome composite (MSLC) of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figures 2 and 3, the present invention provides a gas microsphere

liposome composite (MSLC) (1) dispersed in an aqueous medium (2). The gas microsphere
liposome composite (MSLC) (1) includes of a gas-filled microsphere (3) of a suitable inert
gas (4). A lipid (5) and/or surfactant (6) is adsorbed on the surface (12) of the gas-filled
microsphere (3). Liquid-filled liposomes (LFLs) (7) are attached to the lipid (5) and/or
surfactant (6). The LFLs (7) can include a therapeutic agent (8) or diagnostic agent (9) in the
liquid interior (10) of the LFLs (7). In addition, a targeting moiety (11) can be attached to the
surface (13) of the LFLs (7).



Referring to Figures 2 and 3, the present invention provides a gas

m crosphere |iposone conposite (MSLC) (1) dispersed in an aqueous nedi um
(2). The was3missspsphere |iposone conposite (MSLC) (1) i mcirutes2%w8s a
gas-filled mcrosphere (3) of a suitable inert gas (4). Alipid (5) and/or
surfactant (6) is adsorbed on the surface (12) of the gas-filled

m crosphere (3). Liquid-filled |iposonmes (LFLs) (7) are attached to the
lipid (5 and/or surfactant (6). The LFLs (7) can include a therapeutic

agent (8) or di ag&wsteu%el%gﬁﬂgas(rﬁl)crdsphéraﬁ odonfUothpgositeMNMOL.CL @) re®érs tde LFLs
(7). In addition, a targeting noiety (1 f can be attached to the surface

(13) Of%%hﬁlehlﬁhﬁroﬁﬂﬂere &) W@/lﬁ@éﬂé&ﬁ@ﬂe HGT1138Q3Y AR6Surfadantuspaisbibedionto " gas
m crosphere |iposome conposite (MSLC)" (1) refers to a gas-filled

m cr osphebeatef Sfabayi2Nof e gaefisled ati@ogfhese B) padlal§Ghavanmglliguid-tiled tipesoimet 6)
adsorbed onto the outer surface (12) of the gas-filled m crosphere (3) and
al so hai) algachéd]uuittieﬁpildl(é)jodsiupfastamdﬁ) (7) attached to the lipid (5) or
surfactant (6). As used herein, "surfactant” (6) refers to any naterial,

i onic or non-i onis usediierein, Psusthataal () redertitq anyrmataril fioBiCF I EPRIIORIBNST on i n a

solution. The term surfact ant 6) .~ includes bot hvﬁlilrrphn_ghl lic ng‘%ecul es | ess
t han ab®lich PrQB’GEFSr?dF‘éIZ‘,C&'IO rmWé‘? tal &'ﬁ‘él‘oﬁdll"?ﬁ%lflgon <R Je of

d f nd th
Cor  ounBehgesae ""%hg iR Ao © 198 ROAROHT éIImo%FIWaaw I?I"eqﬂiiv@ Fhoboone
LFL)" fe h .e.,
gi [ i qu‘&h%chgfeehc@p? ?8%’?& 8@%%%&%1&1 Eleﬁ]SI%ﬁleR‘(e n |gfl ﬂgééjn{l §Jhe[%r(3é 3/1-81)%1%;] be
I 15), I til [ 16 The | idfilled
Iu|n:oo2I)mngcgg%{l?é]‘f’é)d(ﬂuegk4 %lggllgh{/)'gt t ;chggl {T:J) tlheaggso?[oegi I i)qui deorI gﬂlrfaclt ante

(6) in a continuoys,d.a$0efH) “1@@1%11@8 liphSnhd gﬂ“ﬂ}} ) Hf@x@ td ip6SRIFE $hat 7) can

i ndependent|y contain a t hérapeutic agent di agnostic agent (9) in

the | gignthih E‘111@ﬁl'dQﬂitel(léio()w})ﬁf i.et, AQighidiiditke fntdrﬂlzﬂd'oiunm)s Tae liquijl-filldd dipbsoanal |y,
each of the liquid filled |liposonmes (7) can independently contain a high

af fi ni t@) cimbg@iilangllan@i g bilatdller (25); echeltildnoellah €16 uThatiquid ¥3led dipotamees! i qui d
filled Iiposone (7). As used herein, "continuous" or "contiguous", wth
r espect (79 arettiysicdllycuuiachefditb ktechdsorbed liquid or surfactant (6) in a continuous fashion.
Each of the liquid filled liposomes (7) can independently contain a therapeutic agent (8) or
diagnostic agent (9) in the liquid interior (10) of the liquid filled liposome (7). Additionally,
each of the liquid filled liposomes (7) can independently contain a high affinity, targeting
moiety (11) attached to the surface (13) of the liquid filled liposome (7).
As used herein, “continuous” or “contiguous”, with respect to the liquid-filled
liposomes (7) attached to the lipid (5) or surfactant (6) coated gas-filled microsphere (3)
surface, refers to a significant portion (e.g., at least about 50%) of the outer surface (12) of the
gas-filled microsphere (3) being covered with liquid-filled liposomes (7).
As used herein, “targeting moiety”, refers to a biocompatible organic
molecule, biocompatible inorganic molecule, protein, peptide, peptidomimetic,
polysaccharide or other molecule having a high affinity for a receptor, enzyme, mRNA or
DNA. The biocompatible organic molecule, biocompatible inorganic molecule, protein,
peptide, peptidomimetic, polysaccharide or other molecule is altered in its expression at a site

of pathology in-vivo relative to the surrounding normal tissue. Additionally, this targeting

moiety is principally bound or attached to the surface of the liquid-filled liposomes (7).
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| i posomes (7) attached to the lipid (5) or surfactant (6) coated gas-filled
m crosphere (3) surface, refers to a significant portion (e.g., at |east
about 50%vooB/013881 out er surface (12) of the gas-filled nmpPcmasphesees (3)

bei ng covered with liquid-filled Iiposones (7). As used herein, "targeting
noiety", refers to a bioconpatible organic nolecule, bioconpatible

i norgani ¢ nol ecul e, protein, peptide, peptidom netic, polysaccharide or

ot her nol ecul e having a high affinity for a receptor, enzyne, nmRNA or DNA

The bi oconpat i bl esorQaMefeilPhRA Y EnitPirSeRTHabiklig Afiarganilds Mineduhe,
protein, peptide, peptidom netic, polysaccharide or other nolecule is

al t er ed i) wkf eQXBEse8 8¢ MR ddsodatsdrt @nsiaht, Kl foo kigditekavtivh v0a sk Rithngetiigd t he
surroundi ng normal tissue. Additionally, this targeting noiety is

pri nci pabieyy dndunebiotogidal aegee . §.orecépmors anfyace mRNAhe DNANIi d-filled |iposones
(7). 10 WO 03/015831 PCT/ USO01/ 25685 As used herein, "high affinity" refers
to a binding affiAs useddiereirgspatiengdhrefepototonewhehie sufdscinedsered gaventdisgase or

di ssoci ation constant, Kd, for the interaction of a single targeting

noi ety disetderpadiy inl negél ehireatmenielor the specifigdedizgasoer dlé‘ﬁésérw%,mtﬁ#dm;mws DNA) . As
used herein, "patient" refers to aone who is suffering froma given disease
or di sWeEkde, ehpningalsn Spigale arimalsdnglids, £-2f sRamipals s JREatle pammalpingude,

di sorder. Suitable patients include, e.g., aninmals. Suitable aninmls

i ncl udeS-&eMyMaSanmal s. Suitable manmal s include, e.g., humans. As used

herein, "treating, or ).treatoent”.refer » t f I e or
di sorder in a pat‘?‘%ﬂﬁedéﬁléfn?’nggé}ggs :°§(ﬁa%%%@v%%ﬁs%ﬁ?ﬁg%gfl%ng%gdgk%g?)gorder
from oc [ in,: : .' . : i b

[ 10m OOSUHLAN ity BIUA: (YBRRLDEIHE MR BRI BB in g
havi ng jhiend id %adi&m Viidn\dch Pﬁiéﬁi RGAGRsPRkeFHoIRE i8Ease br Gisorddf LR Thd AG 1 TS
devel opnent; and/or (ii11) relieving the di sease or disorder, i.e., causing

the r egﬁ&%@érpdla%}foséd‘% ha¥ingaa$R) @hibitirpahe @iseaseas dsbideg deVuaeamphigr e As used
herein,” a "gas-tilled m crosphere” is a m crobubble suspended in a nedium
wher ei nddveppficar; ahdibblig) fesviag terdistate aplerdaaile. saagieg deavgressioudf thdhre
freezing

disease or disorder.

Gas-Filled Microsphere

As used herein, a “gas-filled microsphere” is a microbubble suspended in a
medium wherein the microbubble has a nominal spherical shape above about the freezing
point of the medium and below about the boiling point of the medium and above about 0 atm
pressure and below about 5 atm pressure (e.g., standard temperature and pressure).

As illustrated in Figure 2 and Figure 3, the gas microsphere liposome
composite (1) (MSLC) includes a gas-filled microsphere (3). The gas-filled microsphere 3)
is typically acoustically active. The gas-filled microsphere (3) typically has a solubility of
less than about 1.0% (v/v) in water at 25°C and 1 atm. Additionally, the gas-filled
microsphere (3) typically has an average diameter of about 0.1m to about 10um. Preferably,
the gas-filled microsphere (3) will have an average diameter of about 0.5um to about 10pm.

The gas-filled microsphere (3) will typically include one or more suitable inert
gases (4). Suitable inert gases (4) of the present invention are well known in the field of

ultrasound contrast agents. Suitable inert gases (4) useful in the present invention are
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poi nt of the medi um and bel ow about the boiling point of the medi um and
above about 0 atm pressure and bel ow about 5 atm pressure (e.g., standard
t enper at uwe anasspr essure). As illustrated in Figure 2 andPETgisoe2385t he gas
m crosphere |iposone conposite (1) (MSLC) includes a gas-filled

m crosphere (3). The gas-filled mcrosphere (3) is typically acoustically
active. The gas-filled mcrosphere (3) typically has a solubility of |ess
than about 1.0% (v/v) in water at 25 Cand 1 atm Additionally, the

gas-filk 1£50 i h , KapfeslingTBter 50f: glyout 0. Im
to aboutjthg‘%%s%m %é?@? ‘g%??ye,(‘ §P"t(trllbéi@gpzjtdgé-n:‘ti)qlol g’??ﬁ%?ﬁghe’%%g( 3) will ha%e an

aver agep AR, 61228448004t PhemNG. &, SHFOUD; UINPaAENS 25,769,080 dndUCS. FaRder € ( 3)
will typically i ncl ude one or nore suitable inert gases (4). Suitable
inert gRseR71(58249f Qlidyeetil SEESt PAtaMaNs.iSHT3a5e anelU.S Kiraostn Non 5155&,094)ednd  of

ul trasound contrast agents. Suitable inert gases (4) useful in the present
i nvent i $vhnaider A1S VIAtEQR /N1 523 1,9PE TV SSBae 23638 5,380 WOl askd,S. aignt No.n Unger, et
al., (U S. Patent No. 5,547,656, U S. Patent No. 5,527,521; U S. Patent
No. 5, 2283149%)). Uhsse et iwpluddlbothFagBmnd paseous ecyraqre fite Nisjuids, widch 080; and

U S. Patent No. 5,715, 824), Qay, et al., (U S. Patent No. 5,6573,751 and
U S. Patmslergonotramsitinggo gugps phase ugderiedused prassuse opelewigd REpeiwen 928: U S,

Pat ent No. 5,380,519; and U.S. Patent. . 5,531,980). These .1 pcl ude

bot h ga%rééerrgﬁdn@fa&aé%@?ﬁﬁe@gm‘g 6‘?1§b‘§1it3f @!\‘]ﬁoqq? 4L ML TRA T Fr n%ﬁlastg@ﬁ”a&e
transition to the gas phas nder reduced pressure or gl evate

t enper agtrlﬁil?(g)a.re n‘ﬁf@%kﬁlf‘é’&“‘?"ﬁ% & "gragré‘glatjsi') g%ffa@?eollneﬁt &8 (()AF)L}B F‘i%; {n;d/[ he gresetlog,

are non-reacti.v ngn- i I [ Of~ & - oMy Ny! ' (e.0.,
) oS0 B R s sV RO p B BhorBr

i ncl ude - r ). perfluorocarbons),

perfl uo%aggst’%Té?m&gléédgé?{bﬁfﬁsoggﬁ?ﬁzﬁ%n%% %n’(ga%gfség()e. g., Helium Argon, and
Neon). Gas M crosphere Li posone Conposite (MSLC) The gas m crosphere

| i posome conposite (1) includes a gas-filled mcrosphere (3); at |east one
of a | i ghgdMi&bsphee IdpsdohfeaCimpdsite MSadyor bed onto the outer surface (12) of
the gas-filled mcrosphere (3); and liquid-filled |iposones (7) attached
to the lipid (5) Dhegasumitmsplent lip@dpmeTompgsis (1) orcbsiphe gas-fillgbeenespbemposi t e

(1) (MSLC) will typically have a
(3); at least one of a lipid (5) and a surfactant (6) adsorbed onto the outer surface (12) of the

gas-filled microsphere (3); and liquid-filled liposomes (7) attached to the lipid (S) or
surfactant (6). The gas microsphere liposome composite (1) (MSLC) will typically have a
mean diameter of about 0.1 pm to about 10 pm. Preferably, the gas microsphere liposome
composite (1) will have a mean diameter of about 0.2 um to about 4 um. The gas microsphere
liposome composite (1) will typically have a density of about 0.90 to about 1.10 of the density
of the medium (2). The gas microsphere liposome composite (1) (MSLC) can exist as an
aggregate of two or more gas microsphere liposome composites (1). The aggregate will

typically have a diameter of about 1 pm to about 100 um.

Lipid and Surfactant

As illustrated in Figure 2 and Figure 3, the gas microsphere liposome
composite (MSLC) (1) includes at least one of a lipid (5) and surfactant (6) adsorbed onto the
outer surface (12) of the gas-filled microsphere (3). The lipid (5) or surfactant (6) can exist as

a mono-molecular layer, a bi-molecular layer, or a multi-molecular layer on the outer surface
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mean di anmeter of about 0.1 gmto about 10 m Preferably, the gas

m crosphere |iposone conposite (1) will have a nean di aneter of about 0.2
gm to abowD 04/om83The gas m crosphere |iposone conposite @ECI/us0i/Rs6BYpically
have a density of about 0.90 to about 1.10 of the density of the medium
(2). The gas mcrosphere |iposone conposite (1) (MSLC) can exist as an
aggregate of two or nore gas m crosphere |iposone conposites (1). The

aggregate will typically have a dianeter of about 1 mto about 100 m
Lipid apsh spupd %&tﬁl‘etd fiRrdsphdté (3)atrad shﬁa&érﬁ%)@aﬁd%’h@s&bgwtﬁe%ute? hergas
m crosphere |1 posone conposite (MSLC) (1) includes at |east one of a lipid

(5) ang13ustfieEAMdiGhicAdpRrbe@) and Metch§ redddécthe Sufdcaeens(chd tgf lotwhe
gas-filled m crosphere (3?. The lipid (5) or surfactant (6) can exist as a

mono- NnabRGUltRincrepae(4) ct ghiesmalddntivhally, ltleyerfacant @) aus bs aminteefacd @rwhialyer on
the outer surface 12 WO 03/015831 PCT/US01/ 25685 (12) of the gas-filled
m cr osphelLEL{ @) majladhgar f act ant (6) rapidly adsorbs to the outer surface
(12) of the gas-filled mcrospheres (3) and thereby reduces the surface
tensi on of the | dike surfhaiit|(x ganibaany syjtable npn-iepicgaeaciant sepgiopicSHERGNL, t he
surfactant (6) acts as an_ interface to which  the LFLs (7%E may adhere. The
sur f actoaaniopns)suglasiane SuifAPleRAN-WBICSUHaFants HICKIAS -8 a BRLaFIhYle %Eliyéﬂi c

f , i oni . Sui t.abl - i oni f i ncl ude,
o, - EOPRIS A GPE T e s, P SHO B o BTG A TOSPEI done,
| yvi nyl al cohol || ul | at i th | .
S0 ¥ bl B g6 85 S FBhar B W Bl PR iRl e
Sui tab Pl Oahts £y K L
sur 1 actatruB RARIARER ofuiBlei R Bosht SRRl ERtnic A ER Pn el Wi,

tetr ab%t}‘%hei‘gpmjﬁb%mt, Fctrﬁ@&?f%hm@ﬂi‘ﬁ%{? RRALEN amEBhfuat @G ¥he B PREIPABA MM,

tetrabufyl phosphonium tetfaphenyl phosphonium and suitable salts

t her eofieiradlél13hbspHRRI AN itdtrablifyl ?Hdsgﬁélﬁuﬂnn@truﬂ_@nylepr@sph@hdfy,l an@bitnaias al kyl
carboxylate,” and ~ suitable salts thereof. Suitable anionic surfactants

i ncl udahereofy.Suitdbld@aivhicssukfhethsts inedlde &.y), alkgLdidl fohate, dioyl eapoxgatebandy| at e,
pal mtyl carboxylate, and suitable salts thereof. Suitable lipids (5)
i ncl udespiteblg saltsphereqpih duitpbld anioglcysadhctpitsl sycludej ¢ by dedeclesilfatedpalmityl
sulfate, dodecyl carboxylate, palmityl carboxylate, and suitable salts thereof.
Suitable lipids (5) include, e.g., phospholipids, glycolipids, triglycerides and
fatty acids. Suitable phospholipids include, e.g., dipalmitoylphosphatidyl choline chloride,
dimyristoylphosphatidyl choline, dilauryoylphosphatidyl choline, and dioleoylphosphatidyl

choline.

Liquid-Filled Liposomes (LFLs)

As illustrated in Figure 2 and Figure 3, the gas microsphere liposome
composite (1) (MSLC) includes liquid-filled liposomes (7) (LFLs) attached to the lipid (5) or
surfactant (6). The presence of liquid-filled liposomes (7) stabilizes the surfactant-
encapsulated or lipid-encapsulated gas-filled microsphere (3). One or more of the liquid-
filled liposomes (7) will typically include liquid from the medium of suspension (2) (i.e.,
medium (2)). Preferably, each of the liquid-filled liposomes (7) will typically include liquid
from the medium of suspension (2). The presence of liquid from the medium of suspension

(2) in the liquid interior (10) (e.g., the interval volume) of the liquid-filled liposomes (7)
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fatty acids. Suitable phospholipids include, e.g., dipal mtoylphosphatidyl
choline chloride, dinyristoylphosphatidyl choline, dilauryoyl phosphati dyl
chol i ne, wod3disBeoyl phosphati dyl choline. Liquid-FilledPCrpssonssss (LFLS)
As illustrated in Figure 2 and Figure 3, the gas mcrosphere |iposone
conposite (1) (MSLC) includes liquid-filled Iiposonmes (7) (LFLs) attached
to the lipid (5 or surfactant (6). The presence of liquid-filled

|'i posonmes (7) stabilizes the surfactant- encapsul ated or |ipid-encapsul ated

gas fil rsgdﬁ for Hﬁ&gﬁgﬁre(éﬁnpogﬁ%né){ham\@ dehsitifavhitifiediosk id. éeduthin?é?y%ﬁms (7)

typrcally incl l1quid fromthe nmedi um of suspension (2)

”Ed' um 462y o th?ft of ﬁfeaﬂéd{um%@ﬁkp%sﬁﬂ'@) | thétebEimidili 28k hidkesheRS1diatlonw | |

typically include liquid fromthe nedi um of suspension (2). The presence
of i quind/drkeparatea. medi um of suspension (2) in the liquid interior (10)
(e.g., the interval volunme) of the liquid-filled |liposones (7) 13 WO

03/ 015831 PCT/ USOlHeAF0357) gunanthésorfeqor more dogslieg e themappatsd ageots<8) dnsiforhave
densities which are close (e.g., within about 20% to that of the nedium

of suspdagiostic §g2nts (PHan dis;llqmdaflﬁwmtt’gnahvohm@p Heacause|tg bFkoff) agragtaehed
separation. The LFLs (7) can contain one or nore drugs E](~ '8 t herapeutic
agent s toghe axr@cent- CQﬂlieé]gﬁd@E @%@éﬁﬁiﬂ]@g)"}lcﬁoﬁpft%(a)ﬂaﬁﬁ § (1) |carbysst er nal

vol une. Because the LFLs are attacq1 q ur f act ant - coat ed or

i pi d- cwpélérragagnc# %qnlnéerlqﬁ tB“s’pS’I‘FéP% gpggyherepy & Ei}ﬁtfbg Fe/?n%%frfnﬁﬁﬁrd&gs aﬁon

| t d st t h t

orc SR i R AT TS
a d! S€ g {Psg(i)rgesa(?? tﬂo%vsevgr he-ll;}%eimlu't (alluicgustifc 1\‘7:’\&:}%); ﬁ?@g&?{st”) hovvever_ _have

limte TVITY bythemse ach and stabilize

the surfactant- enﬁ%%sm%sag% fé‘d Whﬂhz@ %lef&ﬂtﬁ{t%%;gﬁﬁl'afe'dldr @igidni crosphere

(3). This provides for I ch ve densi ti that are cl ose

(e.g., wcaﬁh&t&b@wﬁu%e%msg@?ﬂemés) Ofrhis Beovigsi oML R B PRRish Qv dhsitiehier eby

m ni m zi ng gas m crospher | ot ation and/ or separation. This al so provides
f or gasthatlir€ El0sdfer. owishia ABARI20% té that ofthe nfedluat bisisyendivnf(RY, therebysi ze

dlstrlbutlon(eg about Imto

minimizing gas mlcrosphere flotation and/or separation. This also provides for gas
microsphere suspensions that are relatively uniform in size distribution (e.g., about 1pm to
about 5 um) over a reasonable period of time after preparation (e.g., up to about 30 minutes).

The liquid-filled liposomes (7) typically occupy greater than about 50% of the
microsphere surface area. The liquid-filled liposomes (7) are also typically attached to the
adsorbed lipid (5) or surfactant (6) in an essentially continuous fashion. This orientation
provides outstanding buoyancy properties for the MSLCs (1), which provides relatively stable
suspensions with excellent and reproducible acoustic response properties when in dilute
aqueous suspensions.

The size of the LFLs (7) is relatively important. The liquid-filled liposomes
(7) should preferably have diameters that are less than about 10% of the diameter of the gas-
filled microsphere (3) diameter. The range of greatest interest for most in vivo ultrasound
imaging or drug delivery agents are MSLCs (1) that have an overall diameter between about 1
um and about 5 um, and are made from liquid-filled liposomes (7) of less than100nm in
diameter. Larger liquid-filled liposomes (7) (e.g., greater than about 0.2 m in diameter)

create MSLCs (1) of overall diameter which exceed the diameter of the capillary vessels in
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about 5 gm over a reasonable period of tinme after preparation (e.g., up to
about 30 mnutes). The liquid-filled Iiposonmes (7) typically occupy greater
t han abouwO308d3s81t he m crosphere surface area. The |i quipdTfusShl/2x85

| i posonmes (7) are also typically attached to the adsorbed lipid (5) or
surfactant (6) in an essentially continuous fashion. This orientation

provi des out standi ng buoyancy properties for the MSLCs (1), which provides
relatively stable suspensions with excellent and reproduci ble acoustic

responsge PERPEHid RuliRERd DhahldehesinABbE M rédpenadehiery phipgik, ewell t he
LFLs (?) Psdg’rpel ati vlél y i Frportant. §I'lhe i qui é illed L?i %g)lspoﬁr?%srrgl (7) should

pr ef er alkpe dmv@udhEBTBlogicsl thkidity adsBcih@8 svithitaockadiotit nfibidciodulative afibtovet er  of
the gas- filled m crosphere (3§ di aneter. The range of greatest interest

for nogb tiksuey.i Yhereford, &sio tiptily profeered oo wtilize Us @) dfuess yhagpbous 9nm iNSLCs (1)
that have an overall dianmeter between about 1 gmand about 5 gm and are
made f rdlamétepoicteatd MSes|(1pafsbmprop¢rilimefsionsdfor sahanselio diving paticwip it er .
Larger liquid-filled |iposones gj) (e.qg., greater than about 0.2 gmin

di anet enymmelsk aEachigitimsliquid-figed Gpesomies %Bi tepiealbrhaym p dipnester of @b d Ogmdfet er
of the capillary vessels in 14 WD 03/‘?13%31 PCT/_HSO, 25685, the Sody. Thi s
woul d cbent 2008 Prafeeblys eaghiofdhs kgnidufillad haasomes (Dovilldpe p 4iamerfdgi ng, as

ﬁf': oo PEU AT h‘lefb?.oatén‘- :4139(%@3%5@&*5%%ﬁa%@?fﬁfe‘dﬁip%?@“#Qh%f%?iec?@y? a to
ili LFLs. (7 : ' ' - Cs (1
U 2By RS PR T0A ORTG e o ATSh e P BB NBECS, (1
Each of the |iqui s’ifllluLLk;ffgq fn'ﬂgl]ﬁgﬁf'aﬁd(l:@ué% Xﬁ]r%@[rhiforg'gf’@leiﬂis@fﬁﬁﬁf of about

| Onmto about 200nm era eac iquid-tilled I'i posones (7)

ill h ' : . 0 ) oy h of
W 3}&83% I&?@(ﬂﬁﬁ&’é sfi’lftablé"“!i’t‘ilg§7 Se?é\l?ﬁﬂﬁﬁa?elﬁi@%gé td @ORRY/ok Hlagiiﬁ’(;ynb hfdhts @Y O

the Ii | ed |i posones ypically have a nmeter that is

| ess t hammeiqid-rledimémainelsthanEicerof et lidied-gidted fipbdoats (Mangsphere (3). As
illustrated in Figure 2 and Figure 3, one or nore of the LFLs (7) may

i ncl uden@djRndntiyancudeibcal ntoreldtugs (€., teraptiter azpets (8)candpe diagngeix agends or
di agnostic agents (9)) in the liquid-filled internal volune. Each of the
| i qui d-®))lih etk ligupd seres (10))of theyliquidifidpkhpesatiey (ndhad&Ls (B, whemastashett ugs
(e.g., therapeutic agents (8) and/or_diagnostic agents

to the surfactant-coated or lipid-coated gas-filled microsphere (3) surface, can be burst upon

ultrasound stimulation and release the one or more therapeutic drugs (e.g., therapeutic agents

(8)) in a diseased organ or tissue in a localized and concentrated fashion. High energy

ultrasound is generally capable of causing the gas-filled microsphere (3) to expand and

contract rapidly, which eventually leads to gas bubble rupture. The ultrasound energy

captured by the gas-filled microsphere (3) will cause the MSLC (1) to fragment and rupture,

in turn, releasing the one or more drugs (e.g., therapeutic agents (8)) contained in the interior

of the LFLs (7) attached to the surface of the MSLC (1).

Suitable classes of therapeutic agents (8) include, e.g., anticoagulants,

thrombolytics, antineoplastic agents, and anti-inflammatory agents. Suitable specific

therapeutic agents (8) are disclosed, e.g., in (PCT/US99/13682), and include, e.g.,

doxorubicin, cyclophosphamide, adriamycin, methotrexate, gemcitabine, navelbine, cisplatin,

tissue plasminogen activator, integrelin, roxifiban, methotrexate and enbrel. In a preferred

embodiment of the present invention for ultrasound stimulated drug release, the MSLCs (1)

include both high affinity targeting moieties (11) and therapeutic drugs (e.g., therapeutic
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(9)) inthe liquid interior (10) of the liquid-filled Iiposones (7). The
LFLs (7), when attached to the surfactant-coated or |i pid-coated

gas-fil |l edomBorIsssphere (3) surface, can be burst upon ul PCagBONLS685
stinmulation and rel ease the one or nore therapeutic drugs (e.g.,

t herapeutic agents (8)) in a diseased organ or tissue in a |localized and
concentrated fashion. H gh energy wultrasound is generally capabl e of
causing the gas-filled mcrosphere (3) to expand and contract rapidly,
whi ch %g%ﬁ‘{sle ithk 88idBi0A Bf @23 FRY D! B SrHE Y Rximie the thé@paiiRdn@Reg Yhe
captured by the gas-filled mcrospﬁere (3) wll cause the MSLC (1) to

f r agmenquagfi JfdRigidediverel et ghisMicioBlktsel ng the one or nore drugs (e.g.,
t herapeutic agents (8)) contained in the interior of the LFLs (7) attached

to the surface ofSuitableMBlsées(of diagBodticalgbes (D) asdeds, of., Dhayapeutst agagent s ( 8)
include, e.g., anticoagulants, thronbolytics, antineoplastic agents, and
ant i - i rdndaviRhtontpstagentss Suiihile siscidicsianiosticagents é9)apeuds. ¢ ag@ntignicg) are

di scl osed, e.g., in (PCT/US99/13682), and include, e.g., doxorubjcin,

cycl Ophioétmh@digﬁeay caalirish AgRsits lonieiodBtated et ay, CoB ALt REHY: FadolHAYB cHRAEIng
cisplatin, tissue plasm nogen actjvator, int e%r elin, roxifi.ban,

met hot r¥idcentestagealsy Ben coniaiging MREcqnirast agaps,infapangaes frntypRgdyRI

invention for ultrasound stimulated drug release, the MSLCs (1) include
bot h hi gAYy targeting noieties (11) and therapeutic drugs (e.g.,

Cherapeut o 15 90,09, 215gd, FSTLLERA 50 LRSI Iyl byt b o0 o

the LFLs (7), in m peutic I ndex and t antity

of dru g?rg’%h%e\r[fgﬁlﬁ%ég?’%eacg ?z:sattgg_) GheRuRh!oe Mﬁ“ﬁh{agp Efhanbanaf o B adidQa Nl C

agents ray contrast agents and MRl contrast agents.
Sui t abl &,s8Efbmpdiiggnosti ¢ agents (9) include, e.g., non-ionic iodinated
X-ray contrast aggnts, ionic iodinated X-ray contrast agents, gadolinium
containing M W&ﬁ%%t%d agentyof die@d ntROiAigh (d)g, MBlapewittdgant (8)gmdtes, and

manganese cont ai ni ng contrast agents. The use of diagnhostic agents (9)
in the diksosié hgenal (9Puo hatlbctad pathslogical dondigien, the h&he ENefithe(mesgnt back
scatter) and X-ray or MRl image enhancenent to be achieved with one MSLC
conposi tnivemion can be derivatized with a high affinity, targeting moiety (11) that is covalently

linked or adsorbed onto the surface (13) of the LFLs (7). As such, the liquid-filled liposomes

(7) may typically have one or more suitable high affinity, targeting moieties (11) attached to

the surface (13) of the liquid-filled liposomes (7). This provides LFLs (7) that are capable of

providing ultrasound contrast enhancement to sites of pathology in vivo. This is

accomplished by providing ligands on the LFLs (7) that have high affinity for receptors,

enzymes, mRNA, or DNA which are overexpressed or altered in dysfunctional cells at sites of

diseases. Alternatively, these targeting moieties (11) attached to the LFLs (7) can bind to

normal tissue receptors for the selective imaging of normal tissues, in contrast to the absence

of acoustic enhancement of the adjacent diseased tissue which lacks the receptor being

targeted by the LFLs (7). One or more of the LFLs (7) may include, in the interior liquid

medium (10), one or more suitable diagnostic agent (9) from the medium of suspension (2).

Suitable high affinity targeting moieties (11) which can be incorporated onto
the surface (13) of the LFLs (7) for directing the MSLC (1) to specific sites of pathology have
been disclosed previously. See, e.g., Unger (PCT/US96/09938), Allen (U.S. Patent No.

5,620,689) and Quay (EP 0727225), which provide many examples of the biological targeting
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For targeted delivery of one or nore drugs (e.g., therapeutic agents (8)
and/ or diagnostic agents (9)) to a selected pathological condition, the
LFLs (7) wDoshesspr esent invention can be derivatized wtRrCa/usogbsess finity,
targeting noiety (11) that is covalently 1linked or adsorbed onto the
surface (13) of the LFLs (7). As such, the liquid-filled liposones (7) may
typically have one or nore suitable high affinity, targeting noieties (11)
attached to the surface (13) of the liquid-filled Iiposones (7). This

pr ovi d&s.ibfilShdt Chn b8 %c?ﬂio?atﬁ@il?@cpilﬁ_fagfant_ @) ey%'uﬁu 18) ddntPoRsAy BEdisQRALT ast

.
enhancenent to sites of "pathol ogy in vivo. is i1s ‘acconplished by

provi di LB h@ ok Bk deliverty RetnpbaMenshi ghomd thedd dry nindr spesift or s,
enzynesl{PQ?TSBNA,ﬂlgf}%WV\hi chh%re ovﬁgr exgr essed or Igglctered in dygfuncti onal
cel I s aintibbdies reebptottssee Hicgseptiddstand paptideaiyhetithesh at a¢glhattiesion muletless (11)
attached to the LFLs (7) can bind to normal tissue receptors for the

sel ect iand theslgl. ng of nornmal tissues, in contrast to the absence of
acoustic enhancenment of the adjacent diseased tissue which |acks the
receptor being tSatgeleepedific targstingmpiqtiey (11neclede, agr. . 2odipalidtoyEis (7) may
include, in the interior liquid medium Qr nore sujtable

di agnoﬁlY@r%é@h@SWQ?thﬁﬁ%ﬁlﬁlﬁtWﬁ@mqgrﬁldes(s?é]g#éﬁgyghd?@f?m@Eﬁ?%IEE hi gh

2 f acd Gy rio g S RTASTE D)y p e e T SR S SDBERH o i ¢ es
?LC?? b%?@é’@%%o g arS g PBG fe ?ﬁsf}f%ﬂgﬁg’é&)%jbgﬁié’yg@;&%@%‘?27225) ,
per Usgr b B PR B b E e B P BN S, O o

li pid (ﬁ)cafbgﬂggﬂ%gmQﬁ.gﬁn%ﬁcg@%@@acaArhfde,SMnﬁ(1i,21mwﬁjtaﬁ%t§1%&b-dr ug

del i very  conpositions. n se are tunor specific "~ antibodies,

r ecept Ol ihhSlaRGRY oSS ARbnp EPEG I QA7 8- hfdro s afbad®yl S| CRATIES b e

nol eculoﬁehs?ﬁgg)ﬁd the like. Sui tabPe spg@Wir(th%?g?téi ng m};ligglti es (11) include,
e. 0., lo-2-gietdlpidpydyi t-6xa-5-oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-y1]-N-{ [4-

gl ycer o- 3- phosphoet hanol am ne-cycl o( Ar g- G y- Asp- D- Phe- Lys) - dodecanoat e;
DPPE- REfitathtetioyphedyAnmetidyeaflspxai®he- Lys) - dodecanoat e;

1- (1, 2-Di pal m toyl -sn-gl ycero-3- phosphoet hanol ani no) - a, co-di car bonyl

PEG3400- 2- { [ 7- ( Nrheyluokiitled bpasoey (B 8s@Rn1y) prgsent invention are well known in
the art. Among the preferred materials for making liposomes for use in the present invention
are phospholipids which can be cationic, anionic or zwitterionic in nature, and may be used in

admixtures. Many sources exist on the composition and preparation of liposomes. For

example, see New (R.R.C. New, editor, Liposomes, a practical approach , Oxford University

Press, Oxford, UK, 1990), Tyrrell ("New Aspects of Liposomes”, D. A. Tyrrell, T. D. Heath,
C. M. Colley & B. E. Ryman, Biochimica & Biophysica Acta, 457 (1976), 259-302),

Schneider (US Patent No. 4,224,179), Woodle (MC Woodle and D. Papahadjopoulos,

Methods in Enzymology 171, 193, 1989). In particular, Papahajopoulos (US Patent No

4,235,871) has described methods for forming LFLs including therapeutic agents.

Control of MSLC Mean Size Distribution and Stability

The size and stability of the MSLCs can be controlled through several

parameters, e.g., concentration of the lipid in solution; the diameter of the LFLs; the
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aza- 6- (2- met hyl propyl ) - 11- oxa- 5- oxobi cycl of

10. 2. 2] hexadeca-1(15),12(16), 13-trien-3- yl]carbonyl am no

}- N ( 3- anwvoopnosyl ) acet am de; and 1- (1, 2- D pal m t oyl - sn- glPgaArsot/35685
phosphoet hanol am no) - a, c- di car bonyl

PEG3400- [ 7- ( N- hydr oxycar banoyl ) (3S, 6R, 7S) - 4- aza-

6- (2- met hyl propyl ) - 11- oxa- 5- oxobi cycl o] ’

10. 2. 2] hexadeca-1(15), 12(16), 13-trien-3-yl]-N { [4- (am nonet hyl) phenyl ]
met hyl _lﬁorgaﬁé}%gﬂt%? the T8y rhdr QU Hethd! é.g.gpéryaﬁfr@ﬂ@?gy&cﬂ)(Pee?dndrﬁuetdhﬁ thy esent
invention are wefl kno In the art. Anohg the preferred materials for
maki Ng binpesias®snfi e dbnCertfatibh of le@dBMerufdtent i on  are phosphol i pi ds whi ch
can be cationic, anionic or zwitterionic in nature, and nmay be used in
adm xtures. Many sources exi st on the conposition and preparation of

| i posonesThefoncexatign ef the prodpbwlifif® iR sClutiNew, editor, Liposones, a practi cal
approach , Oxford University Press, Oxford, UK 1990), Tyrrell ("New
Aspects of Li posofmeginhg tho, liphd cahcentedtion will contreleshe size digtribytiorand #gbiktyB. E.
Ryman, Bi ochim ca & Biophysica Acta, 457 (1976), 259-302), Schneider (US
Pat ent afithe liquad fillad7kiposoms aad <hispctumpoillcadiusithe sizopb SeMPbotiekis Vet hods
in Enzynol ogy 171, 193, 1989). In particul ar, Papahgj | os (US Pat.ent No
4, 235, gorme stpbdized persReRsEd lﬁd?eaf’é%ngh%ﬁiabé“%eﬂéﬁgﬁ#w‘ TRRASISBE i ¢

agents. Control of LC Mean Size Distribution. Stahi ity The size and
2Pabi | oy PRRaES ekenpaG i A Tetohs QUi ke sdiee ehulligr 3E° &g
concentr ati.on t.he lipid in solutiog; . di L : Fls: .the 17
W0 031 orass T usgen BB en USSP gk Gy PR e bal]
e.g., REY i | d dizd $18he HBTROG,ibGfon RARNGNE
concenlt[i &’é%?%dgx%@?@ﬂg’%%ﬁ@rﬁ%eg}.e%%&gﬁ% cérﬁ:{gﬁter ation of1 t rlren
phosphcglt?jbm%g ih Busp@sidd. on Varying the lipid concentration wll control the
size distribution and stability of the liquid filled |liposone and, this in
turn, wll adjust the size of the MSLC which is forned and stabilized in
suspensi. orhe diftAetsedthsé LEE of the stabilized MBLCs in suspension is
directly proportional to the concentration and size of the initial LFLs.

Si nce the nunber Iadependdnz ef the liphd(elghlphoshotipide natenntrasiont the srwlithe of i pi d

(e.g., phospholipid) available, the initial ) )
MSLCs in suspension can be varied by changing the LFL size through physical means. The

LFL size can be varied by methods such as extrusion or ultrasonication, which are well-

known in the science of liposomes (see, e.g., R.R.C. New, editor, Liposomes, a practical

approach, Oxford University Press, Oxford, UK, 1990). As described previously, the
variation of LFL size will result in varying MSLCs size distributions (i.e., smaller LFLs in the
size range of less than about 100nm will produce smaller MSLC:s in the range of less than

about 10um).

3. The molecular weight of surfactant used in the composition

The molecular weight of polymeric surfactant (ionic or non-ionic) in the
preparation can be used to affect the mean diameter of the MSLCs formed. For example, a
higher molecular weight of polyethylene glycol (PEG), either covalently bound to other
components/lipids of the composition or added as free PEG in solution, can be used to

stabilize larger sized gaseous microbubble-containing MSLCs once gas is introduced into the
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i pid concentration wll directly effect the nunber and size of the MSLC
distribution which is stabilized in suspension. 2. The dianeter of the LFL
| ndependewD oafo1isBe | i pid (e.g., phospholipid) concentrati ear/tshe2zsze of
the MSLCs in suspension can be varied by changing the LFL size through
physi cal neans. The LFL size can be varied by nmethods such as extrusion or
ul trasoni cation, which are well- known in the science of |iposones (see,
e.g., RRC New editor Liposones a practical approach, Oxford

Uni versi t d UK I, .
variati%ﬁy8¥ X?ngg Y4vipe s I%&%ﬂﬂ@ﬁ?m (ﬁﬁgﬂ%gﬁsﬁég9 §¥¥y%utggns
(i.e., 4Si ze range of Iess t han about 100nm wi | |
produce sna &5E%%§Q Hﬁhe range of |ess than about 10m). 3. The

nmol ecul ar melght of surfactant used in the conposition The nol ecul ar wei ght
of pol yreehseeatthd Ao pdly@Bi ¢ or non-ionic) in the preparation can be
used to affect the nean dianeter of the MSLCs forned. For exanple, a

hi gher nol ecul ar T @ ofahe MILYRédnyHeabatrallaqc] chalfiey theaiohbstratiow of wat | y
bound to other conponents/lipids of the conposition or added as free PEG

i n sol updlpmer suafiactart it skedlifosomslt sapdnisioa. |Aarigereassiiz @dlyges eancsntration in the

m crobubbl e- cont ai ni ng M5LCs once gas is introduced into the 18 WO

03/ 01583 mfRGEiHouSi¢ RyGesilts gy st mareaseoin thecmaph size ind/eranontandgratipeohbe ecul ar

wei ght of the PEG from 500 to 10,000, the MSLC dianeter can be adj usted.

4. ConcM¥LCatip ssPesiathe pol yner The size of the MSLC can be controlled by
changi ng the concentration of the polynmer surfactant in the |iposonal
suspension. An increase in polyner concentration in the conposition
typically results in an increase in the nmean size and/or concentration of

t he as M crosphere Liposone
Conposi posites (MSLCs) described herein
can be

The gas microsphere liposome composites (MSLCs) described herein can be
prepared by mixing a gas of low aqueous solubility with an aqueous solution containing a-
surfactant and liquid-filled liposomes in suspension. This can be accomplished by
mechanical mixing, ultrasonication or high velocity injection of the gas into the liquid
containing the surfactant and LFLs.

To form the initial LFLs, phospholipids can be suspended in a bulk aqueous
solution, which can further include a surface active material, as well as non-aqueous
components, such as glycerol or propylene glycol, or suspending aids such as
polysaccharides, proteins or synthetic polymers, provided such components are parenterally
acceptable (i.e., non-toxic). Methods for preparing the LFLs used in the current invention for

preparation of MSLCs have been described previously by Woodle (M.C. Woodle and D.

Papahadjopoulos, Methods in Enzymology 171, 193, 1989).

If biotargeting of the MSLC is desired, then the LFLs can have a high affinity
targeting moiety covalently bound or adsorbed to the surface of the liquid-filled liposome.
The targeting moieties can be adsorbed to the surface of the MSLC or, more preferably,
covalently attached to the LFL as a phospholipid ester or attached to a PEG component of the
MSLC (see Allen U.S. Patent No. 5,620,689). In the case of MSLCs for ultrasound

stimulated drug release, the LFLs can be prepared to include a therapeutic agent in the interior
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prepared by m xing a gas of |ow aqueous solubility with an aqueous sol ution
containing a surfactant and liquid-filled |iposones in suspension. This
can be acwomploisbed by rmechanical m xing, ultrasonicati orcarvsoi/gdesvel ocity
injection of the gas into the liquid containing the surfactant and LFLs.
To formthe initial LFLs, phospholipids can be suspended in a bul k aqueous
sol ution, which can further include a surface active nmaterial, as well as
non- aqueous conponents, such as glycerol or propylene glycol, or
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the des L& Gre] Hecti@ ibkfalcodletil. Qus. @eando! €ss than
about 10&%%9? ﬁkéﬁgr@?gﬂa‘?& ﬁtl“fgragg%%rrﬁld I mag?ngj andQHI t rasoungl- stinul at ed
drug rehegsesq)Met hods for controlling the size of LFLs have been described
inthe Titerature (see, e.g., RR C New, editor, Liposomes, a practical
approach, Oxford University Press, Oxford, UK, 1990, pp. 36-85).
M crof |l ui di zati on techni ques for naking LFLs of the

Proof of Structure

To demonstrate the existence of this novel structure (termed gas microsphere
liposome composite (MSLC)), the liposome system described in Example 1 was prepared and
analyzed using four techniques, Optical Microscopy, Transmission Electron Microscopy,
Fluorescence Probing and Soft X-ray Microscopy. These techniques provide information on
the macrostructure (greater than about 1 pm in size), microstructure (10 nm to ~1000nm), and

the microenvironment of the chemical system (at the molecular level).

Optical Microscopy

Optical Microscopy allows the determination of the size and shape of an object
in the micron range. Therefore, a MSLC composition with a diameter in the range of about 1
to about 10 um is visible using a 1000X microscope, and will have a magnified size of about
1 to about 10 mm in diameter. Optical Microscopy was performed to show that the MSLCs
are spherical in shape, and are present in the size range of about 1 to about 10 um in diameter.
After preparation of the MSLC suspension (for example, as described in

Example 1), about 0.5 mL is slowly withdrawn from the vial using a syringe (B-D 5 cc
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desired size are particularly effective as described in Cook, et al., (US.
Patent No. 4,533,254). Proof of Structure To denonstrate the existence of
t hi s novewosBousssure (termed gas m crosphere |iposone corpadisne2{686LC) ),
the |iposone system described in Exanple 1 was prepared and anal yzed using
four techniques, Optical Mcroscopy, Transm ssion Electron M croscopy,

Fl uorescence Probing and Soft X-ray M croscopy. These techni ques provide
information on the nmacrostructure (greater than about 1 pmin size),

m cr .OSt Hﬁ dirfd r#r%@sﬁmﬁﬁlge 2 9920@ 'ﬁl:edl@'rlﬂm fhex T GiRE Mitle ARPRWasHladed®n

chem c ste ecular 1evel Optical” M croscopy tical

M CrOS%Om(ng%g DYép stllla@(%ﬁfdﬁh@%f%ﬁﬁna&e@ ahdZ@verd willapeowt siafe. ategct i n
the m cron range. Therefore, a MSLC corrp05|t|on with a diameter in the
range of drépeginidrosdope aidmat plidedpon ihe covaishile Thd sanpde $AOEANMIhaT wEkape, and
wi |l have a magnified size of about 1 to about 10 mmin dianmeter. Optical
M cr os coRyhpua BHrePIMicnesdofeceqaipped tiitht 1 0KheyeMBLOmd @il émsjehseer Adiromatishape,
and are present in the size range of about 1 to about 10 min dianeter.

Af ter ploSEaDbiectre, whichigevavBlLoesalbmegnificationfalrl 08Ranpheresaléing it bed in
Exanple 1), about 0.5 nL is slowly withdrawn fromthe vial using _a syringe

(B-D 5 shewedepharcgbretsghat rmgp/lwgai/f@%@ss théwuuﬁg@ gepterd et i Sen Td6i de 22
1/2 G needle; 0.70 nm x 40 %12 The s W%@&P aced on _a Han%% %fDrop
slide (888 Wﬁii&’i%%frgrea(tﬁréh P@&Eﬁﬁ?’atﬁ T{ARPEAr L bepeaLy Then a

drop of m crosco aced on the cover slide. The sanple was
exam nde {ing raﬂ'F%S V\@&éﬁ/ﬂﬂ M croscope equi pped with | OX eyepi ece and
Q| I mrersion Achromatl c 100X (bjective, which gave an overall

magni fi cati on of 1000X. The resulting picture showed spherical objects
that range in size fromless than 1 gmto greater than 10 pm The gas

filled MSLCs of greater than approximately 2 pmin dianeter appear to be
aggr egdtleetron MiqressopYm| | er - si zed primary MSLC units. El ectron M croscopy

The presence of the LFLs on the surface of the MSLCs was demonstrated
using transmission electron microscopy (TEM). Transmission electron microscopy uses an
electron beam to illuminate a specimen. The electron beam is operated at high vacuum, and
can magnify up to a 1,000,000X. Both the high vacuum and the electron beam can be
damaging to the systems being studied. Therefore, in order for many samples to be
examined, they must be thin, dry and usually contain a contrast stain.

One technique for examining liposome structures is negative staining.
Negative staining enhances the image of a structure by surrounding or embedding the
specimen in an electron dense material. The sample is examined under TEM using
Phosphotungstic acid (PTA) as the stain, before mixing of the gas and aqueous system
containing the surfactant-liposome mixture as well as after mixing to demonstrate formation
of the MSLC.

For the surfactant-LFL system prior to mixing with the gas (the “unactivated”
sample), six drops of the preactivated system were added to 1 ml of 0.3% PTA stain and
shaken gently. The mixture was left to stand for 5 minutes undisturbed, and then one drop of
the mixture was applied to the grid plate. The grid was air dried on a piece of filter paper for

30 minutes, before it was transferred to the grid carrying case for the TEM study.
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The presence of the LFLs on the surface of the MSLCs was denonstrated
using transm ssion electron mcroscopy (TEM. Transm ssion el ectron

m cr oscopwouws@sssan el ectron beamto illum nate a speci nerCTUS®1/2368€t r ON
beamis operated at high vacuum and can nagnify up to a 1, 000, 000X. Both
t he hi gh vacuum and the el ectron beam can be damaging to the systens being
studi ed. Therefore, in order for many sanples to be exam ned, they nust be
thin, dry and usually contain a contrast stain. One technique for exam ning

li posonme struct urgg éﬂe;M@E@%h%& GFdl Rixsk withRadakyshesdrp WadSdRAGNGAS the

i mge of a structur y surroundi ng or enbedding the specinen in an

el ect r off (38 P& ARLBah@ mixdd&n8IgMThén h aropetihe RUHONGRLs appdiSitRIgrid.

Phosphot ungstic acid (PTA) as the stain, before m xing of the gas and

aqUEeOoUSTIRYEE&Nso b A Hial kdigoved ®ySutliag bidsir-diypgsone m xture as wel |l as after
m xing to denonstrate formation of the MSLC. For the surfactant-LFL system
prior to m xi ng WEM fidteregalsow tHaethewnapbsivat,gdibr tesmigphgeivithai x drops of the
preactivated systemwere added to 1 m of 0.3% PTA stain and shaken

gent | y. peffwrodacham gasyemtdins lipasomes efraofioTOn 9i abovieO0nnd i BreurBd pictanesl t hen
one drop of the mxture was applied to the grid plate. The grid was air

dri ed oof the peseouixiog MSILE svspeagien (aftsF mixgng with gipssflugsedaphan gas) s%ﬁsv MSk&sf erred
to the grid carrying case for the TEM study. WO 03/ 015831 PCT/.USO01/ 25685
For ' { heshabes DR © 45t LHOORC MRS G iR TR BRD VoSV BBOCE 1 ot

of 0.3% PTA stain and m xed gently. Th a. dro t he sol.ut i was applied
to the Yriagfant %ﬁ%h@‘fé%g]gosé’g}eaﬂ‘%ﬁ}[mt 5@%6%6"%%6?’8‘%?‘85% gﬁcfu%{?q'dryi ng.
TEM pi ctures show that the conposition, prior to mxing with a

perfl uorocarbon gas, contains |iposones of about 50nmto about 100nm The

TEM pi chys8S.endf ARNIEsiPOSt - M xi ng MSLC suspension (after mxing with a
fl umrgomrgas*?—s

per . how MSLCs of_ abo_ut 300 nmto about 1000nm which
include a gas-filfgGrefeht HOBOEIRMRNE Wirk Bsed thisRld]l 1R gendidl ERedient shel |

having |iposone units of ‘about 50nmto about 100nm along the surface.

FI uor esg8psifed 5¥ad 1¥$séme system. A fluorescent probe is a fluorophore, typically pyrene, that
localizes within a specific region of a liposome and responds to a photon of energy by
producing a fluorescence emission. This emission can be used to determine the
microenvironment (micropolarity) and localized concentration of the fluorophore in the
system.

For this experiment, pyrene was injected into vials of control medium
(solution without surfactant or liquid-filled liposomes), vials of surfactant and liquid-filled
liposomes (prior to mixing with a perfluorocarbon gas) and into vials containing MSLCs in
suspension (after high speed mixing of the composition with perfluoropropane) to compare
the pyrene fluorescence spectra. The control medium that was used consisted of a mixture of
80% sodium chloride solution (9% NaCl), 10% propylene glycol and 10% glycerol. The
MSLC suspension was prepared as described in Example 1.

The results of the study showed that the microenvironmental polarity of pyrene
in the control medium was consistent with the pyrene being dissolved in a purely aqueous
environment. The microenvironment polarity of the pyrene in the surfactant/liquid-filled
liposome system (prior to gas mixing) was consistent with the pyrene being dissolved in the

lipid membrane of the LFLs. Following high speed mechanical mixing of the
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Fl uorescent probe experinents were used to study the general chem cal
properties of a |iposone system A fluorescent probe is a fluorophore,
typi cal | ywoysens3it hat | ocalizes within a specific regi orcaiusai/bisgdsone
and responds to a photon of energy by producing a fluorescence em ssion.
This em ssion can be used to determine the m croenvironment
(mcropolarity) and localized concentration of the fluorophore in the
system For this experinent, pyrene was injected into vials of control

medi umpeffﬁﬂ)'r('lg%;ﬁﬂ cﬁ% WRRYhbe %fa%ﬁﬁﬁ/ﬁt’jﬂid-@ﬂlel(i iipdoind dyktecnk i&@?@g@éﬁnati&!ﬁ al s of

surfactant a d-filled |iposomes (prior to mxing with a

per f | Ut QAP WRSshoRR indfc@se/inal afiRAtcHsidhg withliiespresencs ubphpsbme (af ter
hi gh speed mi xing of the conposition with perfluoropropane) to conpare the
pyr ene dobiéghite Sgdif as SRRQS k. MSLE staofurobbsemed irmht &M eagerinsd consi st ed of
a mxture of 80% sodium chloride solution (9% NaCl ), 10% propyl ene gl ycol
and 10% gl ycerol. The ©MSLC suspension was prepared as described in Exanple
1. The results of the study showed that the microenvironmental polarity of
gyrenFS%?ﬁﬂmﬁﬁhgﬁﬁ%mk medi um was consi stent with the pyrene being

i ssolved in a pure aqueous environnment. The m croenvir n olarit
of the pyrene in SoheXsusfagcXaary vithan guargy plabout 1G04 uts@agﬁ] Erﬁl%eor toy
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: 2 WO
03/ 015831 PCT/ US01/.25685. fl b j Lo
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pyrene was. sho . : i Re
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TEM expgrL) rf)tossilﬁ FEofxay nMefds Yvidd HightesSBoRiRilcatling Yhhplean ener gy
G RATAR AR |

of about to about 10 eV. The energies are well matched to K shel
absor pt .o ee X-rdydave Rl dffe@tsGartho@shndglel oxygen, or L shell edges
of atons |1 ke calcium The wavel ength of these X-rays is in the 1 to 10 nm
r angF, wher eas t IMISECGhspénsibhd ®ereisgidiedarsing3bil-SoBIX-nap mikhossopsateetmiquer y hi gh
resol ution

The sample was prepared between two silicon nitride membranes. The membranes have a

thickness of 100nm and a size of 3mm x 3mm in a 9mm x 9mm silicon frame of 200 microns
thickness. After mounting one membrane on each side of the wet cell, a syringe was used to
put a very small droplet (less than about 5 pL, but not a defined volume) of the MSLC
material on one of the membranes. For these experiments there is no dilution or pretreatment
of the sample. Next, the two parts of the wet cell were placed together and tightened with
screws. The layer thickness of the sample between the two membranes was checked with a
visible light microscope. If the layer thickness was not appropriate the screws were adjusted
to obtain the right thickness. A small droplet of water was placed into the reservoir slot of the
wet cell to prevent evaporation of the sample. The reservoir slot was sealed with a small
piece of tape and then the wet cell was mounted in the microscope.

The results from the Soft X-ray microscopy showed that the system after high
speed mixing with perfluoropropane gas contained MSLCs of about 300nm to about 500nm
having liquid-filled liposome units of about 50nm to about 100nm along essentially the entire

boundary surface.
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i magi ng possible. Soft X-ray m croscopy provides high resolution while

avoi di ng sanple destruction; the X-rays have negligible effects on the
sanpl e. MBO@3®uspensi ons were studied using this Soft X-r@&CTrio/esedpy
techni que. The sanple was prepared between two silicon nitride nmenbranes.
The menbranes have a thickness of 100nm and a size of 3mmx 3nmmin a 9nm X
9rm silicon frame of 200 mi crons thickness. After nmounting one nenbrane on
each side of the wet cell, a syringe was used to put a very small dropl et

(I'ess than about PhdMsbut ciPbe @sed @b beRealvatpoIBMnAEoinARoMPAsEagaMBifRF i @l on

one of the menbranes. For these experinents there is no dilution or

pr et r eadja@vstic Gliratdidd w8ePTiey digXtso behgodifiel PabhindfioloBRalatgeted movetice

pl aced together and tightened with screws. The | ayer thickness of the
sanpl e beind®e addohtedttanthentizpiid ileslipdsmeh e keduxfadetofahe MiSEiChtogrdvidt

m croscope. |f the layer thickness was not appropriate the screws were

adj ust egtlective wibalidation hetheiIMBCs ini thk hedys . Biplogreally-tatgesed MSLETS ayganseful viprs

pl aced into the reservoir slot of the wet cell to prevent evaporation of
t he santafastedTRBtrast yhrageind igtaging\wh spesifig dspask pracessespdh pddipndkessf t ape and
then the wet cell was nmounted in the mcro coE)e. Tpg@rez\a‘llts fromthe Soft

X-ray npiglogisaldyargsedMpLliscn beused,for logalized delivary Af drygs &hich &F ng wi t h

fl 1t ai ned MSLCs of about. 30Qnm to about .50 havi
" qui o STeRred waeoAS B diied et s te R0 UP L DU AIGRY MSLGRL | al Iy

t he entg daer%,l%%‘jogce. 23 WO 03/ 015831 PCT/ US01/ 25685 The MSLCs can

r bou
be usedoauzm&gﬁ%d:% f urposé ultrasound contrast agents for diagnostic

ul trasound use. TRey;, ﬁﬂ&lﬁ@&f Rraf Bﬁ g@rﬁinfigtﬁgd #@ﬁafgﬁtu?l:yrbr mtﬂakglgﬂ.oﬁ@dllgtt@r geting

noi eties bound or adsor to t Iquid posones on the surface

of the Milfon'® iReQWndSoliRINE 6F ihéTornfft@idnZ@h ibe Prephreld e Witk ptibRal iy vaixeady .

Bi ol ogi cal l y-targeted MSLCs are useful for targeted contrast ultrasound

I magi Ngwh a sBRGkici strfadta@aPAsRINGRTAR Slso b paghdietiiv Bquebhiesutions containing
bi ol ogi cal |l y-targeted MSLCs can be used for |ocalized delivery of drugs,

whi ch aglgcerelntiquis pbitehglent glycols] drether quitabld pdréreetal dipessnes and are rel eased
upon exposure of the MSLCs to ultrasound energy in vivo.

The pharmaceutical dosage forms suitable for injection or infusion can include
sterile aqueous solutions or dispersions or sterile powders comprising the formulation which
are adapted for the extemporaneous preparation of sterile injectable or infusible solutions or
dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form
should be sterile, fluid and stable under the conditions of manufacture and storage. The
liquid carrier or vehicle is a pharmaceutically acceptable diluent such as a mixture of water,
ethanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols), and
the like. The proper fluidity can be maintained, for example, by the formation of liposomes,
by the maintenance of the required particle size in the case of dispersions or by the use of
surfactants. In many cases, it will be preferable to include isotonic agents, for example,
sugars, buffers or sodium chloride. Prolonged suspension of the injectable compositions can
be brought about by the use of agents such as gelatin, cellulose, polyvinyl pyrollidone or
similar suspension aids.

Sterile injectable solutions are prepared by incorporating the required

ingredients enumerated above, followed by filter sterilization. When employing sterile

powders for the preparation of sterile injectable solutions, the preferred methods of
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The formnul ati on may be adm ni stered intravenously or intraperitoneally by
infusion or injection. Solutions of the fornulation can be prepared in

wat er, opwoanalidsgli m xed w th a nontoxic surfactant. D specIiuses2wman al so
be prepared in aqueous solutions containing glycerol, liquid polyethylene
glycols, or other suitable parenteral diluents. The pharnaceutical dosage
forms suitable for injection or infusion can include sterile aqueous

sol utions or dispersions or sterile powders conprising the formnulation

whi ch grega@@a%fé%&ﬁﬁn Yo ORH SRPRESR ABHSe RERNGEA! WRRh el h BoWA& drect abl e
or infusible solutions of ~dispersions,” optionally encapsulated in

| i posonksive ifkréditntGRPRS any hilitibral f&kiRd hxsedent fpddsent if ﬂm{blﬁvib@s_lrﬁﬁt@ﬁié e, fluid
and stabl e under the conditions of manufacture and storage. e liquid
carri erfinére¥ edlugds. i s a pharnmaceutically acceptable diluent such as a

m xture of water, ethanol, a polyol (for exanple, glycerol, propylene
glycol, liquid poThemhybdspheredippsomhsigmpnsdes MSLCY)kaes injdeedpntoparatientuirdi t y
can be maintained, for exanple, by the formtion of |iposones, by the

mai nt enburoen @¥a suspensiogoRe i rpanpretimately, 10’ it 10 hmiceesphersflipgsasser si ons or by
the use of surfactants. In many cases, it will be_ preferable to_include

i sot oni eompRsHessin RsmcHREKAIUEoUs Bdinms Afierallopingsutcient imetor dheiMSLCs

Prol onged ,suspensi op of the injectabl e conpositjons can . be brought .about
byt he G BRIGENEEoS Py, JLbidps RN SERFTE SEEhPp GRS h AP TOBER TEdihe or

iml i.on.aids. Sterile injectable.soluti . b
ncor pof BT BREHEr Sl e ey el b SheTrier e RD Bl R RBlEh oy

L cor por &t 115, Tie. . ! ; y
of st er I LpeBASLE o LR HRaBHRArGE bt e AR n B CE 015331
PCT/ USO&&&?&%&E%%@H%@& oY RCHHILAnyihMthatibf. t he freeze drying

t echni ques, yl e a powder of the active ingredient(s) plus any

addi tional desirethd NELGGF @ TEMRANATAVE thlinkERi0ANE WEtQld Bl Wbn&he hddng Adent er ed
solutions. The m crosphére |iposone conposites (MSLCs) are injected into a

pat i ent cfirbe detoimedisihgphameesiogitabmotiels whivh aappeidkhowmi al the fioRl. tFor 109
m crosphere |iposone conposites in a principally aqueous nmedium After
al | owi nexamyflé,ise¢ ¥iltantevaet blofVillarudvBLIES., Glasheen, W.P., Sklenar, J., Kaul, S.
Circulation, 88, 596-604 (1993)).
The ability of a formulation of the invention to act as a therapeutic agent can
be determined using pharmacological models which are well known in the field. For

example, see Unger (PCT/US961/09938) (W096/40285).

The invention will now be illustrated by the following non-limiting Examples.
Preparation of General Purpose Diagnostic MSLC Contrast Agent

Example 1

A saline glycerol solution (100 ml) was prepared including glycerol (10 ml)
and NaCl (680 £ 2 mg) in water (to a final volume of 100 ml). DPPC (dipalmitoyl
phosphatidyl choline) (40.0 mg), MPEG500 DPPE (dipalmitoyl phosphatidyl ethanolamine)
(30.0 mg), and DPPA (4.5 mg) were mixed with propylene glycol (10 ml) in a 100 ml
volumetric flask, which was placed in a hot water bath (70°C) and sonicated for 15 minutes
until the solution cleared. The saline/glycerol solution was then added to bring the mixture to

final volume of 100 ml, and the suspension was mixed well. The suspension (1.6 ml) was
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to circul ate throughout the body, an ultrasound imagi ng machi ne (such as is
routinely used in clinical practice) is used to inmage or (w th higher
ener gi es wop ispp®at ed i nsonati on pul ses) disrupt the MSLCecrawsoebmase a
therapeutic drug at the site of disease or in an organ of interest, e.g.,
the heart, or in tunors, or at sites of inflammtion. The ability of a
formul ation of the invention to act as a contrast imging agent can be

det erm ned usi ng pharnmacol ogi cal nodels which are well known in the field.
For e : I ey asheen, WP.,

Skl enamfe?m&zﬁ?,a\éé ! Q%Hgﬂégﬁti%llaggn\jlalg\éifﬁeggg#g%% v(vzll:s&gj:g:%e)dq@lﬁe ability of a
for mul atd AforBhropRe da8VaRlthOWal @a@ﬁégﬁ%@nﬁ!&@ﬂ@cﬂ@ﬁd fopie Mas WAt GRS V
determned usi ng pharnmacol ogi cal nodels which are well known in the field.
For  exsoRba3 ns@ed4diagser cl{sRaléridSdeha1aa63 8T he SMADGAADRBOIT alifiénunnveant Thar wi | |
now be illustrated by the follow ng non-limting Exanples. Preparation of
Cener al viRudopeseinPitedipid sispedyisinGy SSoshtkansfor Af sacondsaziny the IONOsdbnoreix@.ycer ol
solution (100 m) was prepared including glycerol (10 M) and Nad (680 2
nmy) in Mereshaking, the fuspansiomobegame ofilkyothitel ) . DPPC (di pal mtoyl phosphati dyl
choline) (40.0 ng), MPEGS00 DPPE (di pal mtoyl phosphatidyl ethanol am ne)
(30.0 nmg), and DPPA (4.5 ng) were m xed with propylene glycol (10 m) in a
100 M volunetric flask, which was placed in a hot water bath (70C) and
soni cated for,k 15

. 1.nhut es til e sol yti | ear ed, The saline/ gl ycerol
sol ut i ohrepaEation-ef Bltﬂj’gtfall&yﬁﬁ"gﬁﬁ‘ti aepshe M@‘éﬁatﬂ'ﬁhl vol ume of %0% m,
and t he suspensi wa ] Xe | 1. he suspensi,on (1,6 WO
03/ 015831 PCT/ USOTTHES a‘{‘f%ﬁ%%?‘? SSV‘HE%S?Sa&;“%‘SOé%dr %%Iﬂa%tc%?@% 2 vial .
The hea [ -\ . i was
ot oppor Eavab iSRRIt hideBERbleHel RPRAREIR GRS RAETRES: BYBS 53 60
el ast pnﬁ{tégg%{an%r. mul ati on. The seal was a flip off alum num seal. The vial

cont ai ni n e |lipid suspension was shaken for 45 seconds using the | ONCS
| onom x(r). After shaking, the suspension becane mlky white.

Example 2

Part A. Synthesis of 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-cyclo(Arg-Gly-Asp-

D-Phe-Lys)-Dodecanoate Conjugate

NH
HN—
HN
0
o 0. _ NH HN
NN Q H i /\/\I }O
rofortplin L
0 H
o) O)\/N 5 CcO0

/\/\/\/\/\/\/\)*'o =\©

Disuccinimidyl dodecanoate (0.424 g, 1 mmol); 1,2-dipalmitoyl-sn-glycero-3-
phosphoethanolamine (DPPE) (1.489 g, 1 mmol); and cyclo(Arg-Gly-Asp-D-Phe-Lys) TFA
salt (0.831 g, 1 mmol) (see U.S. Serial No. 09/281,474 for synthesis of this cyclic peptide
targeting moiety, which method is herein incorporated by reference) are dissolved in

chloroform (25 ml) while stirring (5 min). Sodium carbonate (1 mmol) and sodium sulfate (1
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Preparation of Biologically-Targeted D agnostic MSLC Material Exanples 2
and 3 describe the synthesis of ultrasound contrast agents of the present
i nvent i orwoamspiissi ng targeting noieties for tunor neovascwcatuse236hmt are
av(33 antagonists. Exanple 2 Part A Synthesis of 1

2-di pal m t oyl - sn-gl ycer o- 3- phosphoet hanol am ne-cycl o( Arg- @ y- Asp-

D- Phe- Lys) - Dodecanoate Conjugate NH H2ZNM HN O QHONH HN--=0 ~ Oo0o P
O~-NHNHHHOJ r89 INCOOH O v OO Nk Disuccinimdyl dodecanoate

(0. 424 rgm@ am}cged aftd ﬁmecy gq%g% axgdsaraf@néz%ﬂ{g@ra%ure aamgrgsemw%)am ne (DPPE)

(1.489 he-Lys) TFA al't (0.831 g, 1
ol ) (éﬁgro'fbrﬁl 1s$@1’hb@éd zmacﬁginagﬁe A’t?é]'C(;Iﬂ[SOU%M d ﬂﬁ@ﬁeﬁ RS m Y Gudeysiblisct pept i de

targeting noiety, which method is herein incorporated by reference) are

di 550! viagk ki by PRIpaF-ehE HPLC2G rdrystlihteonsti rring (5 min). Sodi um carbonat e

(1 mmol ) and sodlun1sulfate (1 26 WD 03/015831 PCT/ USO1/ 25685 nmol) are

added and the solution is stirred at roomtenperature under nitrogen (18

h). Chloroformis reaned in vacuo and the title conpound is purified from
) Y ' wisitiog HPLC or recrystallization. Part

B. Preparation of Cbntrast Agent Cbnp05|t|on
The 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-cyclo(Arg-Gly-Asp-

D-Phe-Lys)-dodecanoate conjugate is mixed with three other lipids--1,2-dipalmitoyl-sn-
glycero-3-phosphotidic acid; 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine; and N-
(methoxypolyethylene glycol 5000 carbamoyl)-1,2-dipalmitoyl-sn-glycero-3-
phosphatidylethanolamine--in relative amounts of 2 : 4 : 54 : 40 by weight. An aqueous
suspension containing this lipid mixture (1 mg/mL), sodium chloride (7 mg/mL), glycerin
(0.1 mL/mL), and propylene glycol (0.1 mL/mL), at pH 6-7, is then prepared in a 2 cc glass
vial. The air in the vial is evacuated and replaced with perfluoropropane, and the vial is
sealed. The suspension is agitated in the sealed vial in a dental amalgamator for 30-45 sec. to
form a milky white solution, which is suitable for use as an ultrasound contrast agent for

imaging angiogenic vessels.

Example 3
Part A. Preparation of ®-amino-PEG34q0-cyclo( Arg-Gly-Asp-D-Phe-Lys):

NH
HN—
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The 1, 2-di pal m toyl -sn-gl ycer o- 3- phosphoet hanol am ne-cycl o(Arg- 3 y- Asp-

D- Phe- Lys) - dodecanoate conjugate is mxed with three ot her

| i pi ds- - IwB-odiopssB1i t oyl - sn- gl ycer o- 3- phosphotidi c acid; PCT/US01/25685

1, 2-di pal m toyl -sn- gl ycer o- 3- phosphati dyl chol i ne; and N

(et hoxypol yet hyl ene gl ycol 5000 carbanoyl)-1, 2-di pal mtoyl -sn-gl ycero-3
phosphati dyl et hanol am ne--in rel ative anmounts of 2: 4 : 54 : 40 by weight.
An aqueous suspension containing this lipid mxture (1 ng/nL), sodium
chloride (7 mg/ Myre@hfk! mhd) & Jbédio)a sohtbnRi ARBLEPE B Y CRint Midy]
m./m), at pH 6-7, 1S then prepared in a 2 cc glass vial. The air n the
vial 1 sesgyap Hﬁﬂ&ﬂarﬁl@cfo@&iga@BdA%-ﬁﬂPl&eL;{]sb DR Pipafi@eth@irmiddady (BIMHF) S

seal ed. The suspension is agitated in the sealed vial In a dental

amal gan@s L) dmhe 3€hcAbn s8Lturd i@ stifr€d thdr Aitlogyn Whrodm temperhiuenoventiplahands
suitable for use as an ultrasound contrast agent for inmaging angi ogenic
vessel sthe Exlaemlieretdvad in vucudr Ebacatie prodoét iswmsolvel iREGBdaoacyicl o( Arg A y- As
p-D-Phe-Lys): NH H2N-4 HN-, O ONH HN)=O O NH HN H2NMir:- COON O S
Ph 27 VoiddichivEsaah@eTl WSeY/Vob ead stirfd for A de elagiles arrtemoved antiibe title a
sol ution of N-Boc- PEG3400-sucinimdyl ester (1 mmol) and

cycl o( AapmEupd mspolgepretheylhA salt viadtyratign in digthyl $%hefy mani de (DVF) (25 nl).
The reaction mxture is stirred under nitrogen at roomtenperature
overnight, and the solvent is renoved in vacuo. The crude product is

di ssol Vlgaq't B P}erola}caltilcj)g of B%ﬁ'il-fﬁEGﬂ)Q-cvclo( Arg-Gly-Asp-D-Phe-Lys)-Dodecanoate

Conjugate:

NH
HN—
HN

O

0. NH HN
14 _>=o
/H\(o ° o ° w M
1] H H
oo o™ N\(\(\?JLN/\/O 0 N )\/N‘g‘\wo“
OH 9 H H (6] Y 0
o) ~77 z.
0 Ph

o

Disuccinimidyl dodecanoate (1 mmol), 1,2-dipalmitoyl-sn-glycero-3-
phosphoethanolamine (DPPE) (1 mmol), and ®-amino-PEG3400-cyclo(Arg-Gly-Asp-D-Phe-
Lys) TFA salt (1 mmol) are dissolved in chloroform (25 ml) while stirring for 5 min. Sodium
carbonate (1 mmol) and sodium sulfate (1 mmol) are added and the solution is stirred at room
temperature under nitrogen for 18 h. DMF is removed in vacuo and the title compound is

purified from the crude product mixture by either preparative HPLC or recrystallization.

Part C. Preparation of the Contrast Agent Composition:

The DPPE-PEG3400-cyclo(Arg-Gly-Asp-D-Phe-Lys)-Dodecanoate conjugate
is mixed with three other lipids--1,2-dipalmitoyl-sn-glycero-3-phosphotidic acid; 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine; and N-(methoxypolyethylene glycol 5000

carbamoyl)-1,2-dipalmitoyl-sn-glycero-3-phosphatidylethanolamine--in relative amounts of 1
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aci d/ di chl oronet hane (1:1 vol/vol) and stirred for 4 h. The volatiles are
renoved and the title conmpound is isolated as the TFA salt via trituration

i n di et hyWwoaBhesss1t Part B. Preparation of PCT/US01/25685
DPPE- PEG3400- cycl o( Ar g- d y- Asp- D- Phe- Lys) - Dodecanoate Conjugate: NH H2N4
HN--,, ~ O --~=014 ONHHN OOHQ ONHHN O77 OOINOINN-~-ON O-N

COOHOHIA 1 9 HHO Ph O 14 D succinimdyl dodecanoate (1 nmol),
1, 2-di pal m toyl -sn-gl ycero- 3- phosphoet hanol am ne (DPPE) (1 mmol), and

0) - am ng; PEEEH0Q; G¥ichO (A Qc%u@oﬁ(s A%\Agerﬁ'oﬁh@ontéb{ﬁé thiE fpRiahixulrd émﬁghﬁL Rre

di ssolved 1n chI oroform le stirring for 5 mn. Sodium carbonate

(1 mol godanslcimedasm Iiagwn{@t gy&elmrmql ﬁm&ﬂE) a@tﬂ@@ etk §1heol SOl whil/ail)j & pst i rred
at room tenperature under nitrogen for BI\/F is removed in vacuo and
the titéeg sar@opepartdin PRCE Slaswdvihlr drhetalnenq:mmdel ipeeatuated and teapiaeedwitki t her
preparative HPLC or recrystallization. Part C. Preparation of the Contrast
Agent Genflasbpiopane, End the vial is sealed. The suspension is agitated in the sealed vial in a

DPPE- PEG3400- cycl o( Ar g- @ y- Asp- D- Phe- Lys) - Dodecanoat e conjugate is m xed
wi th t hdesgal @mh@amlatq@ ifers30-45 szzcdﬁorfannramiiqy whitegugpeasion 3w b spwdeblaifer usei d;

1, 2- dipal mtoyl - @{gﬁ@ycero 3- phosphat i dyl chol i ne; and

N- (et hRSapibirgsennd s stgqg9@o| 5000

?2{ g?{?gl ?alrréuﬁt Sl'gt?el tgh Yng exam legclf amp es 1{] dpg]?lteécg et tehs%rplgllesaig]ope- -in

ultrasound contrast agents of the present invention comprised of targeting moieties for matrix
metalloproteinase inhibitors. These materials are useful for targeting the MSLC:s to the sites
of extracellular matrix degradation, which are present in tumors, atherosclerotic plaques, and
cardiac tissue degeneration in CHF (Congestive Heart Failure). These compositions are
useful for localizing the acoustically active MSLCs to sites of disease for the selective
ultrasound imaging of these pathologies. Alternatively, as described in Examples 8 and 9,
compositions may be prepared with therapeutic agents in the interior of the LFLs attached to
the MSLCs, which are useful for ultrasound stimulated drug release at a specific site of

disease.

Example 4

Svnthesis of 1-(1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamino)-o.,m-

dicarbonylPEG3400-2-{[7-(N-hydroxycarbamoyl)(3S.6R,7S)-4-aza-6-(2-methylpropyl)-11-

oxa-5-oxobicyclo[10.2.2]1hexadeca-1(15),12(16),13-trien-3-yl]carbonylamino } -N-(3-

aminopropyl)acetamide conjugate:

0 hoQ 0 Q OH
HOHN N\)]\ /\/\N/‘L(O/\>)LN/\/O‘ o) 0
H



28 WO 03/015831 PCT/US01/25685 6 : 54 : 41 by weight. An aqueous
suspension, containing this lipid mxture (1 ng/nmL), sodiumchloride (7

ng/ m.), owpmaniis3(0.1 ni/ L), and propylene glycol (0.1 mpCripsor/ai68pH 6-7,
is then prepared in a 2 cc glass vial. The air in the vial is evacuated and
replaced with perfluoropropane, and the vial is sealed. The suspension is
agitated in the sealed vial in a dental amal gamator for 30-45 sec. to form
a mlky white suspension, which is suitable for use as an ultrasound
contrast agent. The foll ow ng exanples, Exanples 4 and 5, describe the
synthesis of ul t”I‘d'J‘é%Jﬁk%rpﬁ%ééﬁﬁm@ﬁ%@ﬁeﬁDQPEtmm@ﬁér (SR&@RhePn conpri sed
of targeting moieties for matrix netalloproteinase inhibitors. These

mat er i apatyég, MeRiwlle,fAnbdnad) gehing) tohehldybloas (2O nil)ie addédes {[7ofN-ext r acel | ul ar
mat ri x degradatl on, which are present in tunors, atherosclerotic plaques,
and C&{;dt@@c&rb@xﬁbﬁ) (BSgﬁh@S)aMam&(ﬁnﬁﬂﬁdm@pﬂgﬂﬂ;{uxaé Heart Failure). These
conpositions are wuseful for localizing the acoustically active MSLCs to
sites ofxotiicyelapl®. % Djhexddecs &(16512(16), 131trten633ﬂﬂn¥d?dnmgiin@} Uf(3t hese

pat hol ogies. Alternatively, as described in Exanples conpositions
may be qamepmeﬂ)amahndmﬂﬁgp@ufh I@H@@e(m%UISnS@rF@ N%é@frlﬁ%ﬁbfortsn@h@ﬁ_%f
attached to the MSLCs, which are useful for ultras sti Iat drug

rel eas eth§ttafﬁet$ftﬂe‘€PlleFYd Spdigmgrarbogated 4 gamoli-angsadinm sig a]e’é‘f%o Dere :aL

2-Di pal m I 3-ph hoet h I : .

d caI’E‘om sl o 2R Osgﬁggﬁag%gﬁﬁmgf{‘)é‘ga]&%7@36-S£!V§25‘-Sé‘?‘t‘%¥er‘}et hyl pr
I :

o 5 o P84 B CompRpd o RUE {55 15 T BFSCNSH FUSIOSE B RESBAT, 1 i o

1-N-(3 nopropyyl ) acet am de conjugate: (O_ Qnm 15 QH O O O OH HOHN O

H OMI—II_!Eg:H|~O,P'OON-77 0 15

Preparation of Contrast Agent Composition:

The 1-(1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamino)-o,w-
dicarbonylPEG3400-2-{ [7-(N-hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-
oxa-5-oxobicyclo{10.2.2]hexadeca-1(15),12(16),13-trien-3-ylJcarbonylamino }-N-(3-
aminopropyl)acetamide conjugate is mixed with three other phospholipids--1,2-dipalmitoyl-
sn-glycero-3-phosphotidic acid; 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine; and N-
(methoxypolyethylene glycol 5000 carbamoyl)-1,2-dipalmitoyl-sn-glycero-3-
phosphatidylethanolamine--in a ratio of 1 : 6 : 54 : 41 by weight. An aqueous suspension,
containing this lipid mixture (1 mg/mL), sodium chloride (7 mg/mL), glycerin (0.1 mL/mL),
and propylene glycol (0.1 mL/mL), at pH 67, is prepared in a 2 cc glass vial. The air in the
vial is evacuated and replaced with perfluorobutane, and the vial is sealed. The suspension is
agitated in the sealed vial in a dental amalgamator for 30-45 sec to form a milky white
suspension of the MSLCs targeted to matrix metalloproteinases. The suspension is suitable

for use as an ultrasound contrast agent.
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29 WO 03/015831 PCT/ USOL/ 25685 To a solution of succinimdyl ester

DSPE- PEG- NHS ester (Shearwater Polyners, Huntsville, A abama) (1 mmol) in

chl or of orwo(i@b13588) i s added 2-{ [7-(N hydroxycarbanmoyl) PCT/US01/25685

(3S,6R, 7S)-4-aza- 6-(2-net hyl propyl )-11-oxa-5 oxobi cycl o]

10. 2. 2] hexadeca- 1(15), 12(16), 13-trien-3-yl ] carbonylam no } -N(3-

am nopropyl )acetam de TFA salt (1 mmol) (see U. S. Serial No. 60/182,627 for

synthesis of this targeting noiety). Sodium carbonate (1 nmol) and sodi um

sul f at egfmple®l ) are added and the solution stirred at roomtenperature

under anTﬁ%%% for 18 h. The solvent is renoved in vacuo and the title

conpounskriifesRWE i1 {1 @dDfpapadyiten-glvdei- P phskphbetidnslantigoby.cpr epar ati ve  HPLC,

Preparation of Contrast Agent Conposition: The

1- (1, 2- BigediiilPEG 407Nt bgirox8aibhoephGStdRa TS aian®) 2-methylpropyl)-11-oxa-

di car bonyl PEG3400- 2- {
bof by

am no

phosphollplds:-l 2- dlpalnltoyl Vsniglyceré 3- phosphotidic acid;
1, 2-di pal mtoyl-sn-gl ycero 3-phosphati dyl chol i ne; and M
(met hoxypol yet hyl ene a ol 5000 car bam)yl) 1 2-di pal m t gyhs sn-gl ycer o- 3-

phosphat i dyl et hanol in arati o . 540H flj‘gby wei ght. An
aqueous suspensi on, i ni ng W%pf‘i 6n), sodium
0N /"hL n'ﬂ pr opy! ene}g?&col (0.1

s prapaed ina?2cc gl 4ss vial . The f1t in the vial

chloride (7 no/masn
m./nm), at pH 6-7

is evacuated and repl a w th perfluorobutane, and the vial is sealed. The
suspension is agitated in the sealed vial in a dental anmal gamator for

30 45 sec to.fof M Ul Lk BnirsHoRSAPHABEAPEG NI B shalskpd L0 mlriX

nmet al | opr ot ei nases e suspensit on Sul ta use as an ultrasound

cont r asp,agent uAAHO A5 ST e SR RERRES oS AR 7.V

hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-oxa-5-

oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-yl]-N-{[4-

(aminomethyl)phenyl]methyl }carboxamide TFA salt (1 mmol) (see U.S. Serial No.
60/182,627 for the synthesis of this MMP targeting moiety). Sodium carbonate (1 mmol) and
sodium sulfate (1 mmol) are added and the solution is stirred at room temperature under
nitrogen for 18 h. The solvent is removed in vacuo and the title compound is purified from

the crude product mixture by preparative HPLC.

Preparation of Contrast Agent Composition:

1-(1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamino)-o,w-
dicarbonylPEG3400-[7-(N-hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-oxa-
5-oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-yl]-N-{[4-
(aminomethyl)phenyl]methyl }carboxamide conjugate is mixed with three other
phospholipids--1,2-dipalmitoyl-sn-glycero-3-phosphotidic acid; 1,2-dipalmitoyl-sn-glycero-3-
phosphatidylcholine; and N-(methoxypolyethylene glycol 5000 carbamoyl)-1,2-dipalmitoyl-

sn-glycero-3-phosphatidylethanolamine--in relative amounts of 1 : 6 : 54 : 41 by weight. An
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Synthesis of 1-(1 2-Di pal mtoyl-sn-glycero-3-phosphoet hanol am no)-cX. 0-
di car bonyl PEG3400-[ 7- (N- hydr oxycar banoyl ) (3S 6R

7S) - 4- azaw©®-03d15881 hyl propyl ) - 11- oxa- PCT/US01/25685

5- oxobi cycl o[ 10. 2. 2] hexadeca- 1(15), 12(16), 13-trien-3-yl | -N-(f4-

(am nonet hyl ) phenyl | net hyl } car boxam de conjugate: 0 O15 O O OH 0' 0~
N-"i0011 O NHHOHNNHH~ OO AHN5 OO0\ /15 To a solution of
succi ni m dyl ester DSPE-PEG NHS ester (Shearwater Polyners, Huntsville,

Al abanay;, é%.\a%%n gﬁ' gp@ Inﬁf7 Qt)ﬁ’tﬁfﬁ‘ir(gztﬁlsrﬂ;ﬁd rdn?tuﬁqqi Fr‘l‘i’g/{ni;) (dium chloride

hydr oxyc S) - 4- aZza- 6- ((2- net hyl pr opyl 1- oxa- 5 oxobi cycl of
10. 2. 2] hex@de S as1detin) 0.1 AILL) 1drd grbsy) 1%}&01 061 fnLl/hL ), at §)H 617, is prepared

(ani nonet hyl ) phenyl ] net hyl } car boxam de A salt (1 nmol (see U S. Serial
No.  60hhL82:c6ddssvidl. Theais ynthb el $s ©factididdsankllybblh@adgeitti pgflomioblityne, afddi um
carbonate (1 mmol) and sodiumsulfate (1 mmol) are added and the sol ution
i s stirtheclahts sealedn Tenpepatsiongs agicheed innhd sealgpd vidl or a dénthl anTdhgansvdrndent i s
renoved in vacuo and the title conpound is purified from the crude product
m xt ur 3045 peep forat 4 makyPibge smpepsemef e MILGoAEetd 1O Aglérm Conposi ti on:

1- (1, 2-Di pal m t oyl -sn-gl ycer o- 3- phosphoet hanol ani no) - a

di car bdﬁ?@ﬂ’ﬁ@@@g@ses[ The spepayHembisysuitalle fogmse py an l@trssoue@acomrast agent.

S) - 4- aza- 6- ( 2- net hyl propyl ) - 11- ox a-

Preparation of Biologically-Targeted Therapeutic MSLC Materials
Example 6

To the phospholipid contrast agent composition in Example 3 is added
doxorubicin (100-200 mg/ml). One to two milliliters is transferred to a vial. The air in the
vial is evacuated and replaced with perfluorobutane, and the vial is sealed. The vial is
agitated in a dental amalgamator for 30-45 sec to form a milky white MSLC suspension for

therapeutic use.

Example 7

To the phospholipid contrast agent composition in Example 4 is added
cyclophosphamide (100-200 mg/ml). One to two milliliters is transferred to a vial. The air in
the vial is evacuated and replaced with perfluorobutane, and the vial is sealed. The vial is
agitated in a dental amalgamator for 30-45 sec to form a milky white MSLC suspension for

therapeutic use.

Example 8

To the phospholipid contrast agent composition in Example 5 is added

cyclophosphamide (100-200 mg/ml). One to two milliliters is transferred to a vial. The air in
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5-oxobicyclo [ 10.2.2] hexadeca-1(15), 12(16),13-trien-3-yl]-N { [4-

(am nonet hyl ) phenyl ] net hyl } car boxam de conjugate is m xed with three ot her
phosphol i wods/01sB32- di pal m t oyl - sn- gl ycer o- 3- phosphot i di ¢ ®CTd]S01/25685

1, 2-di pal mtoyl -sn-gl ycero-3- phosphati dyl choline; and

N- (et hoxypol yet hyl ene gl ycol 5000 carbanoyl)-1, 2-di pal m toyl -

sn- gl ycer o- 3- phosphati dyl et hanol am ne--in rel ative anounts of 1 : 6 : 54 :
41 by weight. An 31 WO 03/015831 PCT/ US01/ 25685 aqueous suspension (1.6
M), ¢ S : e ot o : 2 g/ ) |

Gl Veer 1o L R e o e TR D Fo S B 95,
prepar ea%itat!e@ ifa derfifl Ma@%ﬁna%rafbr 30LA8 s@i b foritn b REIKYivAlite MSEC3GHRhSE B51d
replaced wth perfluorobutane, and the vial is sealed. The suspension is
agi t at adirisdnicaBy-a@alagd thérapeutio use.dent al amal gamator for 30-45 sec to form
a mlky white suspension of the MSLCs targeted to matrix

nmet al | opr ot ei nases. The suspension is suitable for use as an ultrasound
contrast agent. Preparation of Biologically-Targeted Therapeutic MSLC

Mat er i dixanipla®pl e 6 To t he phospholipid contrast agent conposition in
Exanmple 3 is added doxorubicin (100-200 ng/m ). One to two mlliliters is
transferred to a Na the phayphokipid cprirashageny,empgsitionia Exampls Tdddedsisseed wit h
per fl uor obut ane, and the vial

[ | ed. The. vial i itated i .dent al
aral garitgHnezsn 296 valer il 0D a/BPmOperpitky IS bresGabginaroh Thsrair
th tic use. Exanple 7 To the phaspholipid cqntr.ast iti
| Exanbies S extRian <6 Pl SnaR - EbBe 300 g A e W6 TR

i1l ] f o] . . e | ;
Fepl acctrtiee it parRERRTRh TP kS b i gl i B Sl eafRREat o0 20

agitat e[ﬂexjafi' Aicqdeqat al amal gamator for 30-45 sec to forma mlky white MSLC
suspension for therapeutic use. Exanple 8 To the phospholipid contrast
agent conposition in Exanple 5 is added

Example 10

Following injection into a living patient (e.g., mammal) and allowing
sufficient time for the targeted MSLCs to localize at or near the site of disease, the diagnostic
ultrasound scan may be acquired, or, in the case of therapeutic agent delivery, ultrasound
energy of sufficient energy to disrupt the MSLCs and release the drug at the targeted site may
be applied by either repeated pulsation or by application of very high power single pulses of

ultrasound energy.

All publications, patents, and patent documents are incorporated by reference
herein, as though individually incorporated by reference. The invention has been described
with reference to various specific and preferred embodiments and techniques. However, it
should be understood that many variations and modifications may be made while remaining

within the spirit and scope of the invention.
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cycl ophospham de (100-200 ng/m ). One to two milliliters is transferred to
a vial. The air in 32 WO 03/015831 PCT/US01/ 25685 the vial is evacuated
and repl awed3wiishi per fl uor obut ane and the vial is seal ed. PCTaIS0e1/23685 S
agitated in a dental amal gamator for 30-45 sec to forma mlky white MSLC
suspension for ultrasonically-activated therapeutic use. Exanple 9 To the
phosphol i pid contrast agent conposition in Exanple 5 is added tissue

pl asm nogen activator (10-100 ng/m ). One to two mlliliters is transferred
toavial. The air in the vial is &vapyated and replaced with
perfl uorobutane and the vial is se%d._'rhe vial is agitated in a dental

amal gamator for 30-45 sec to forma m|lky white MSLC suspension for

t herapeutic use. Exanple 10 Following injection into a living patient
(e.qg., wapi®khim&disal | owi ng sufficient tine for the targeted MSLCs to

| ocalize at or near the site of disease, the diagnostic ultrasound scan
may be acquired, or, in the case of therapeutic agent delivery, ultrasound
energy of sufficient energy to disrupt the MSLCs and rel ease the drug at
the tarigeted sit eA ferpuldtiongpmiprisiogloygagini¢resphersginpsetic pempesitc sspsndashin
application of very high power single pulses of ultrasound energy. All
publ i cat medism, pheweHt he ganuicerpbere LPesUReFABPosHS COHBBICSor at ed by ref erence
herein, as though indjvidually incorporated by reference. The invention has
been described v $¥-THEASNEIERYS vari ous specific and preferred

enbodi nents and techni ques. .However, it should,be understood.that many
variations and mddiFd iozﬁélpffﬁ%dﬁaes%%a‘é%&%ﬁ?r cg 8%&&? %ufac%oﬁlulfﬁa%he spirit
and sco of . thehi n,ver(]ti on. 33 WD 03/015831 PCT/ US01/ 25685 CLAIMS What is
cl ai ne -eél:nncrosp ere; an

liquid-filled liposomes attached to the lipid or surfactant.

2. The formulation of claim 1 wherein the gas of the gas-filled microsphere has a

solubility of less than about 1.0% (v/v) in water at 25°C and 1 atm.

3. The formulation of claim 1 wherein the gas-filled microsphere has an average

diameter of about 0.1xm to about 10xm.

4. The formulation of claim 1 wherein the gas-filled microsphere has an average

diameter of about 0.5.m to about 10um.

5. The formulation of claim 1 wherein the gas-filled microsphere comprises at

least one inert gas.

6. The formulation of claim 5 wherein the inert gas is a noble gas.
1. The formulation of claim 5 wherein the inert gas is a perfluoroether gas.
8. The formulation of claim 5 wherein the inert gas is a perfluorocarbon gas.
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1. Aformulation conprising a gas m crosphere |iposone conposite suspended
in a medium wherein the gas m crosphere |iposone conposite conprises: a
gas-fil |l ewom3ousssphere; at |east one of a lipid and a surfraatEoi/2mdsor bed
onto the surface of the gas- filled mcrosphere; and liquid-filled

| i posonmes attached to the lipid or surfactant. 2. The formulation of claim
1 wherein the gas of the gas-filled m crosphere has a solubility of |ess
than about 1.0% (v/v) in water at 25C and 1 atm 3. The fornul ati on of
claiml1 wherein the gas-filled mcrosphere has an average dianeter of
about 0.1mto about 104m 4. The fornulation of claim1l wherein the

gas-filded m crosphapaniagodr el Agferedi @BBAETIES mahedpheid Hagm lipidabout
10, um 5. The formulation of claim1l wherein the gas-filled m crosphere

conpri sgRodkd oh®apé sefee bNektgagaified Micrddphefeor mul ation of claim5 wherein
the inert gas is a noble gas. 7. The formulation of claim5 wherein the
inert gas is a perfluoroether gas. 8. The fornulation of claim5 wherein
the inert gas is a perfluorocarbon gas. 34 WO 03/015831 PCT/ US01/ 25685 9.
The forHul ati on oFhecfoanwatiompieclain! whereiaibe 2ps-filell micephpiedasa pydacsant| pj d
adsorbed onto the surface of the gas-filled m crosphere. 10. The

f or mul aadserbedpnig|the sarfacoptiheigas-filed ga@osnbereed ni cr osphere has a surfact ant
adsorbed onto the surface of the gas-filled mcrosphere. 11. The
formulation of claim1l wherein the lipid or surfactant fornms a nono-

mol ecul ar | ayer the surface of the gas-filled mcr her e, _The
f or nul aﬁ'on of c?gl?erﬁg’imk}\;ﬁé?‘é?ﬁﬂ?lﬁ"e{ W?‘ﬁﬁ%éf’ e lip ?rasgffgﬁgrﬁﬁ SV rg%ﬁ? -
nmol ecul ar, | i.posommal r | L1 : i posonal | ayer on the surface
ol et Sk R 2N BEgR D s B k)
12. The formulation of claim 1 wherein the lipid or surfactant forms a bi-

molecular liposomal layer or multi-molecular liposomal layer on the surface of the gas-filled

microsphere.

13. The formulation of claim 1 wherein the surfactant is a non-ionic surfactant,

cationic surfactant, or anionic surfactant.

14. The formulation of claim 13 wherein the non-ionic surfactant comprises
polyethylene glycol, polypropylene glycol, polyvinylpyrollidone, polyvinylalcohol, cellulose,

gelatin, xanthan gum, pectin, or dextran.

15. The formulation of claim 13 wherein the cationic surfactant comprises a

tetraalkyl ammonium, tetraalkyl phosphonium ion, or a suitable salt thereof.

16. The formulation of claim 15 wherein the cationic surfactant comprises a
tetrahexyl ammonium, tetraoctyl ammonium, tetradecyl ammonium, tetrabutyl ammonium,
tetrahexy!l phosphonium, tetraoctyl phosphonium, tetrabutyl phosphonium, tetraphenyl

phosphonium, or a suitable salt thereof.
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13. The fornulation of claim1 wherein the surfactant is a non-ionic
surfactant, cationic surfactant, or anionic surfactant. 14. The

fornul atiwo ef188ai m 13 wherein the non-ionic surfactant EOTIISYEERSS

pol yet hyl ene gl ycol, polypropylene glycol, polyvinylpyrollidone,

pol yvi nyl al cohol, cellul ose, gelatin, xanthan gum pectin, or dextran. 15.
The formulation of claim 13 wherein the cationic surfactant conprises a
tetraal kyl ammoni um tetraal kyl phosphoniumion, or a suitable salt

t hereof. 16. The fornul ation of claim 15 wherein the cationic surfactant
conprises a tetrahexyl ammonium tetraoctyl ammonium tetradecyl anmonium
t et rabuiyl anmmoni pRa formhelatiahexyhinp Dehbeh themnibeicrsadadit cohpapsanialiyl
tetrabutyl phosphonium tetraphenyl phosphonium or a suitable salt

t her eof sul@natdRr03k Y Ladd 1y RET oS taBIs 68l thetedf. The formul ati on of claim 13
wherein the anionic surfactant conprises an al kyl sulfonate, an al kyl
carboxylate, or a suitable salt thereof. 18. The fornul ati on of cIain117
wherein the anionic surfactant conprises dodecyl sulfate, palmty

sul f at el8. dodecyl E@qﬁ@@%yhaa%of Hai ?yher@mtbawp%éurf@qtara Cgmpfléﬁmd@d%%lt

t her eof 19 formul ati opn of cl ﬂ n .t he gﬁab rls a
phosphoﬁ“]l%‘FedPaln}jﬁyy%faf“‘pflﬂde%’]r‘faé?%@rt‘? dalrgify F%\r P’§yl%1t81 Y.a e | ati on
of claim 19 wherein the phospholipid conprises dlpalnltoylphosphatldyl
choline, dinyristoyl phosphatidyl choline, dilauryoylphosphatidyl chol i ne,

or di ol eyt phosphatd fu GGk b 8uef tyrTl HRIMY ARl ol ghGig ner el n the

i qui d- IIed | i posones are a surfactant

i n a_co$$(ﬂg%y§néﬁggydg%rﬁg zmIPe formulation of claim1l mhereln t he

| i qui d- sonmes occupy greater than about 50% of the outer surface
of the gas-filled mcrosphere area. 23. The fornulation of claim1l wherein
each of the liquid-filled |liposones independently has a dianeter of about
10nm t op@bout 2007K8 formulation of claim 19 wherein the phospholipid comprises

dipalmitoylphosphatidyl choline, dimyristoylphosphatidyl choline, dilauryoylphosphatidyl
choline, or dioleoylphosphatidyl choline.

21. The formulation of claim 1 wherein the liquid-filled liposomes are attached to

the adsorbed lipid or surfactant in a continuous fashion.

22. The formulation of claim 1 wherein the liquid-filled liposomes occupy greater

than about 50% of the outer surface of the gas-filled microsphere area.

23. The formulation of claim 1 wherein each of the liquid-filled liposomes

independently has a diameter of about 10nm to about 200nm.

24. The formulation of claim 1 wherein each of the liquid-filled liposomes

independently has a diameter of about 20nm to about 100nm.
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24. The formul ation of claim1l wherein each of the liquid-filled |iposones
i ndependently has a dianeter of about 20nmto about 100nm 36 WO 03/015831
PCT/ US01/®B868H1583b. The forrnul ation of claim 1l wherein ea®aTafSol/kwss
liquid-filled |iposones independently has a dianeter that is |ess than
about 10% of the dianeter of the gas-filled mcrosphere. 26. The

formul ation of claim1 wherein each of the liquid-filled |iposones

i ndependently conprises a therapeutic agent or diagnhostic agent in the

interiogs of the Iyfiubdnuhiidd §idimPOR AR cadll of thB®iqhRLAMEAAJRemES cl ai m 26
wherein the therapeutic agent is an anticoagul ant, thronbol ytic,

ant i neqRi3hicnlB89h diafetedMa id 18ds AITEHARL YORYE e diZBeted Hethé pasfillledt | on of
claim 26 wherein the therapeutic agent conprises doxorubicin,

cycl opharpiighdrde, adrianycin, nethotrexate, gentitabine, navel bine,
cisplatin, tissue plasm nogen activator, integrelin, roxifiban,

met hotrexate or enbrel. 29. The fornulation of claim26 wherein the

di agnostic agent conprises an X-ray contrast agent or an MRl contrast
agent. 0. The f éfhafbrmnilationodf cddion hwhergineraeh af e diquigtfilladdiposefoesd-fi | | ed

| i posones independently has high affinity, targeting noieties attached to
t he surindependsmtly gemprisasiadherapqusig agentop diggaestic agent heneriperpl eftthohawd- ¢l ai m
30 wherein the high affinity targeting noiety attached to the surface of
the gaditfddiP9sPAer e | posone conposite conprises: a ligand which binds to a
receptor which is up-regulated in angi ogenesis; a ligand which binds to a
receptor which is up-regulated in inflanmation; or a |igand which binds to

ey st 2sess A SRR Gl ASPARCOSERENE oty AEMRCINER

target itHﬂ)IﬁB?)ilﬁfc}'antineoplastic agent, or anti-inflammatory agent.

28. The formulation of claim 26 wherein the therapeutic agent comprises
doxorubicin, cyclophosphamide, adriamycin, methotrexate, gemcitabine, navelbine, cisplatin,

tissue plasminogen activator, integrelin, roxifiban, methotrexate or enbrel.

29. The formulation of claim 26 wherein the diagnostic agent comprises an X-ray

contrast agent or an MRI contrast agent.

30. The formulation of claim 1 wherein each of the liquid-filled liposomes
independently has high affinity, targeting moieties attached to the surface of the liquid-filled

liposomes.

31. The formulation of claim 30 wherein the high affinity targeting moiety
attached to the surface of the gas microsphere liposome composite comprises:

a ligand which binds to a receptor which is up-regulated in angiogenesis;

a ligand which binds to a receptor which is up-regulated in inflammation; or

a ligand which binds to a receptor which is up-regulated in atherosclerosis.
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attached to the surface of the gas m crosphere |iposone conposite
conprises: a ligand which binds to the integrons avJ33, av(35 or

Goll b/ 11 1ep o3midssgand whi ch binds to a matrix netal | opr ot ®CTASS]1/2%85 a

| i gand which binds to the LTB4 receptor. 33. The formnulation of claim 30
wherein the high affinity targeting noiety attached to the surface of the
gas m crosphere |iposone conposite conprises:

1, 2-di pal m t oyl - sn- gl ycer o- 3- phosphoet hanol ani ne-cycl o( Arg- 3 y- Asp- D

Phe- Lysjy dodecanopieSormylation of claim 30 wherein the high affinity targeting moiety
DPPE- PEG3400- cycl o( Ar g- d y- Asp- D- Phe- Lys) - dodecanoat e;

1- (1, 2- Papmd o tteydurBe 8f € 8aOmrdupasRNipeidna@ngdsiioompedscar bonyl
PEG3400- 2- {

[ 7- (N- hydr oxycar halgind wH3h GRlsS)thel inaepaer-of, B3, e P hod Gplipiila; - 11- oxa- 5-
oxobi cycl o[ 10. 2. 2] hexadeca-1(15), 12(16),13-tri en-3-yl]carbonyl am no }
-N-(3- ami nopr opyd hgemdtvdndhileindoto a matrix metalloproteinase; or

1-(1,2-D pal mi toyl -sn-gl ycer o- 3- phos&ghoet hanol am no) - a, co- di car bonyl
PEG3400- [ 7- ( N- hyalkignagd odri¢iubrogs tp theL TB, receptor.

S, 6R, 7S) - 4-aza- 6- ( 2- net hyl propyl ) - 11- oxa- 5- oxobi cycl of

10. 2. 2] hexadeca-1(15),12(16),13-trien-3-yl]-N { [4-

i hyl ) ph I l. b 1 de. . The. f. | ati on. of cl ai
(R G AN o R SN T TR S LR
f th dj f i ..35. .The. f | at i .aim1l wh inth
o R oL BUERERS i T on AT b SR B el e

about 10m 36. The,f i9r [0t Mcraspher e

| i posonme conposi tgz ﬁgﬂ{g@%évg%lg{%%?g?g%#@%%ﬁgggg?ltg(géﬁglrg)gt&i’m 38 WO
03/ 01583 P&T/4beQ1432685 37. The formulation of claim1 wherein the gas
m crosphere’ I'i posone conposite exists as an aggregate of two or nore gas

m crosphere |i pospppE;p@mgg%jcy@§(Argﬁ}1yiﬂg@-mmhemy§)‘,amcmoa@t aim 37 wherein
t he aggregate has a di aneter of about
1-(1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamino)-o.,w-dicarbonyl
PEG3400-2-{ [7-(N-hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-oxa-5-
oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-yl]carbonylamino }-N-(3-
aminopropyl)acetamide; or
1-(1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamino)-o,w-dicarbonyl
PEGi400-[7-(N-hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-oxa-5-
oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-yl]-N-{[4-

(aminomethyl)phenyl]methyl }carboxamide.

34. The formulation of claim 1 wherein each of the liquid-filled liposomes

independently comprises liquid from the medium of suspension.

35. The formulation of claim 1 wherein the gas microsphere liposome composite

has a mean diameter of about 0.1xm to about 10um.

36. The formulation of claim 1 wherein the gas microsphere liposome composite

has a mean diameter of about 0.2xm to about 4.m.
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| ,umto about 100/2m 39. The fornulation of claim21l wherein the gas

m crosphere |iposone conposite has a density of about 0.90 to about 1.10
of the dewsiwywistit he nedium 40. The fornul ation of clai PCI/usheessh t he
lipid or surfactant conprises a high affinity targeting noiety. 41. The
formulation of claim1l wherein the lipid or surfactant conprises a
therapeutic agent. 42. The fornulation of claim41l wherein the therapeutic
agent is doxorubicin, cyclophospham de, adriamnycin, methotrexate,
genti t abi ne, navel bine, cisplatin, tissue plasm nogen activator,
integrelin, roxifiban, nethotrexate or enbrel. 43. The fornulation of claim
1 wherein the medigiv,aRRGbSESIAnt] d88eH the gAdRRosphdd Jipbktind @nipdsad | on of
cl aim 43 wherein the diagnostic agent is an X-ray or NRF contrast agent.

45. Theexhgg M%igﬂ:‘%a@fof@\b@bffhr@& eRieioBpHehelifisame abfipbiitey. t ar geting noi ety
conprises: 39 03/ 015831 PCT/ US01/ 25685

1, 2-di pal mtoyl -sn-gl ycer o- 3- phosphoet hanol am ne-cycl o( Arg-d y- Asp- D

Phe- Lys) - dodecanoat e;

DPPE- PEX83400- cy c| T{eAogn@Ghtjenisicl mPlewhgrsin-tho agaregateaias ;a diameter of about

1- (1, 2- D pal m toyl -sn-gl ycer o- 3- phosphoet hanol am no) - a, cdi car bonyl
PEG340o0lm §o about 100um.

[ 7- (N- hydr oxycar banoyl ) (3S, 6R, 7S) - 4- aza- 6- ( 2- et hyl propyl ) - 11- oxa- 5-

oxobi cycl o[ 10. 2. 2] hexadeca- 1(15), 12(16), 13-tri en-3-yl ] carbonyl am no }-N-(3-
am nopr gpyl ) acet g

de; or . ) ) ) ) )
1- (1, 2-B pal ni t oyt hedthimgylation %fl-cé@lﬁhb%%@tth%ﬁ%% wwa?@rs,h@s;ﬁ?m %%?Pﬁaﬁiu
PEG3400- | 7- { N-. 7S) -.4- -6-{(2- -11- -5
P oo syt sBaY R TRty £ RE s Aifa R iRRedin ™ [V \P OPY),) e

(am nonet hyl ) phenyl ] met hyl } car boxam de.

40. The formulation of claim 1 wherein the lipid or surfactant comprises a high

affinity targeting moiety.

41. The formulation of claim 1 wherein the lipid or surfactant comprises a

therapeutic agent.

42. The formulation of claim 41 wherein the therapeutic agent is doxorubicin,
cyclophosphamide, adriamycin, methotrexate, gemcitabine, navelbine, cisplatin, tissue
plasminogen activator, integrelin, roxifiban, methotrexate or enbrel.

43. The formulation of claim 1 wherein the medium comprises a diagnostic agent.

44, The formulation of claim 43 wherein the diagnostic agent is an X-ray or MRI

contrast agent.

45. The formulation of claim 40 wherein the high affinity targeting moiety

comprises:
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46. A nethod of ultrasound imaging in a patient in need of such ultrasound
i magi ng conprising: admnistering to the patient an effective amount of a
fornul atiwo osformay one of clains 1-45; allow ng a suffi cipemugperiessl of
time for the circulation of the gas m crosphere conposite to reach the
targeted area; and perform ng ultrasound imaging on the patient. 47. The
nmet hod of claim46 wherein the patient is a human. 48. The nethod of claim
46 wherein the effective anount of the forrulation conprises about 103 to

about 1010 gas mi g5 Qﬁgﬁi}ﬁﬁ@yllsh%@ﬁ@fm@ﬁm&thﬁﬁ)laxﬂﬁe cJHB(ARIAIQAPEDLE! ai m 46
e

wherein the suffici eriod of tinme is about 5 mnutes to about 2 hours.
40 WO 0@.{&1@&%@,&%@3*@01/ 25685 50. The nethod of claim46 wherein the
sufficient period of tine is about 5 to about 30 mnutes. 51. A nethod of
treating heart diBPRBPEG:R-tprio@irg@ily-AsptRehediys)-daiecaroawr t hr onboenbol i ¢
di sease in a patient in need of such treatnment conprising: admnistering to
the patient an efF-éc2-Dipalmitoylnt-gfceao-Benhosphaeihanolamingdrg, @écagfonyk| ai s
1-45, wherein one or nore of the liquid-filled |iposones |ndependently
conpr i sBEGao-2- I{lﬁr@bbmrbtycaﬁﬁmoyl)éﬁsi 7%)34-&13561‘(21%%%”091@91 dupxaf-time for
the circulation of t 4&I@‘geas m'cros her e n’qosme tQ thﬁl argeted area; and
appl yi ngrobidvrlabilmdlheradegd 1¢16).14d }bqg’Frtﬁlf %V by yot-N-Cre pat i ent
sufficient to cause éﬁge t herapeutic agent to be rel eased fromthe

mi cr os pHBINEPIOPYRSERBIdS Phosite at the region of pathol ogy. 52. The method

of claim 51 wherej atl a imb51

wher ei n each of ting1 Hbe B@ﬁmf) Iﬁne%ly(felr%gsﬂﬁﬁe%hé&lamlg&%?w‘g%&ib&w
PEGa400-[7-(N-hydroxycarbamoyl)(3S,6R,7S)-4-aza-6-(2-methylpropyl)-11-oxa-5-
oxobicyclo[10.2.2]hexadeca-1(15),12(16),13-trien-3-y1]-N-{[4-

(aminomethyl)phenyl]Jmethyl }carboxamide.

46. A method of ultrasound imaging in a patient in need of such ultrasound
imaging comprising:

administering to the patient an effective amount of a formulation of any one of
claims 1-45;

allowing a sufficient period of time for the circulation of the gas microsphere
composite to reach the targeted area; and

performing ultrasound imaging on the patient.
47. The method of claim 46 wherein the patient is a human.

48. The method of claim 46 wherein the effective amount of the formulation

comprises about 10° to about 10'° gas microsphere liposome composites.

49. The method of claim 46 wherein the sufficient period of time is about 5

minutes to about 2 hours.
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i ndependent|y conprises a therapeutic agent. 54. The nethod of claimb51
wherein the effective anmount of the fornulation conprises about 103 to
about 101wogs®1ssscr osphere | i posone conposites. 55. A net rad/dor258&pari ng
a formulation of any one of clains 1-45 conprising: contacting a
suspensi on of |iposonmes in a aqueous solution conprising at |east one

| ipid or one surfactant; and m xi ng the suspension with a gas that has a
solubility of |ess than about 1.0% (v/v) in water at 25 Cand 1 atm
sufficignt to propicdgethb&of AhMVLEWhERin thd sWBCRA! SkRADE tRfeTk WRIL/536685  56.
The nmethod of claimb55 wherein the mxing is acconplished by mechani cal

agi t at i 2Hyut S0 mindie. met hod of claim 55 wherein the mxing is acconplished by
ultrasonification. 58. The nethod of claimb55 wherein the mxing is
acconpl i shed by high speed injection of the gas into the aqueous |iposone
suspension. 59. A nmethod for preparing a fornulation of any one of clains
1-45 cofpri sing: Acmthabdfitregtiog bestplsesbo mibimhatyas oesionncaacaqueous
solution conprising at | east one therapeutic agent and at |east one

sur f act thrambagmboli¢ disppetihe patifne suree o sabrHealuP €AVPBHNGI t h a gas that has
a solubility of less than about 1. O%%v/v) in water at 5C ar%:l 1 at
sufficient to pr&%@sfeﬁégf%ﬂW%Qt@HefB@IVC‘F‘HE’UHE‘? I‘PO‘EEP“BP AP PIRYPIGREr ei n

th i shed b t at he net hod
cl'ai m é@%' S@? FVHERR ot et e By e AengBon Y P fo2. The

met hod g} 29 wherein the mXxing is acconplished by high speed
i nj ecti O 8?“ ’tCI‘?@ I&as into the aqueous Ilposorre suspension. 63. A kit for

the preparation Olelo@waé)ﬁ Eﬁﬁl@feh%rﬁﬁ o Bthe3BEME LirthidiPofltné gas microsphere

composite to the targeted area; and
applying ultrasound energy to the region of pathology in the patient sufficient

to cause the therapeutic agent to be released from the microsphere liposome composite at the

region of pathology.
52. The method of claim 51 wherein the patient is a human.
53. The method of claim 51 wherein each of the liquid-filled liposomes

independently comprises a therapeutic agent.

54. The method of claim 51 wherein the effective amount of the formulation

comprises about 10 to about 10'° gas microsphere liposome composites.

55. A method for preparing a formulation of any one of claims 1-45 comprising:
contacting a suspension of liposomes in a aqueous solution comprising at least
one lipid or one surfactant; and
mixing the suspension with a gas that has a solubility of less than about 1.0%

(v/v) in water at 25°C and | atm sufficient to provide the formulation.
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conprising: a container conprising an aqueous sol ution wherein the agueous
solution conprises at |east one surfactant and liquid-filled |iposones;
and 42 Wovo3B1s381 PCT/ US01/ 25685 a nmeans for introduci mgTarsgasseshat has
a solubility of less than about 1.0% (v/v) in water at 25C and 1 atminto
t he aqueous solution. 64. The kit of claim®63 wherein the container

conpri ses a head space. 65. The kit of claim®63 wherein the head space
conprises at |least one inert gas having a solubility of |ess than about

1. 0% v/ in wat : e f 1:/163
wher ei n%)t'he i ner tef h&%etﬁgggﬁg%ﬁ ?%%E{%rgng%?\ﬂggiggg‘)@%%;llﬁ?lﬁ%iegib? n%)ef%h%}lgai]m 63
wher ei oo .nert gas is a perfluoroether gas. 68. The kit of claim63
whereinthe inert gas is a noble gas. 69. A formulation conprising a gas

m crosphere |iposone conposite suspended in a nedium wherein the gas

m crosphere |iposone conposite conprises: a gas-filled m crosphere; at

| east ofe of a | iThedna&hod af dainf 3¢ waeadeirattie arikiag ivavcomphshedbyf ace of t he gas-
filled mcrosphere; and liquid-filled |iposonmes attached to the lipid or

sur f actwmasoniffeationnse i n nedi cal therapy or diagnosis. 70. The use of a
formul ati on conprising a gas m crosphere |iposonme conposite suspended in a
medi um wherein the gas m crosphere |iposone conposite conprises: a
gas-filled m crosphere; at |east_ one of a lipid and a surfactant adsorbed
onto th¥-surface B meBogakelant $3 &aeﬁﬁnc%g}jw@s&acgﬂ@p@tﬁdiba- gh 3pg

| i posones attatctﬂed to ttﬂe I iepi d.or surfactant; 43 WO 03/015831
PCT/ USOT]CQ‘ES%IS?) the gas nto the aqueous llposome suspension.

59. A method for preparing a formulation of any one of claims 1-45 comprising:
contacting a suspension of liposomes in a aqueous solution comprising at least
one therapeutic agent and at least one surfactant; and
mixing the aqueous liposome suspension with a gas that has a solubility of less

than about 1.0% (v/v) in water at 25°C and 1 atm sufficient to provide the formulation.

60. The method of claim 59 wherein the mixing is accomplished by mechanical
agitation.

61. The method of claim 59 wherein the mixing is accomplished by
ultrasonification.

62. The method of claim 59 wherein the mixing is accomplished by high speed

injection of the gas into the aqueous liposome suspension.

63. A kit for the preparation of a formulation of any one of claims 1-45
comprising:
a container comprising an aqueous solution wherein the aqueous solution

comprises at least one surfactant and liquid-filled liposomes; and
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for the manufacture of a medi canment for treating heart disease,

i nfl ammation, infection, cancer or thronboenbolic disease in a patient in
need of swolstussat ment. 71. The use of a fornul ati on conpPCIIUNY1/2568RS

m crosphere |iposone conposite suspended in a nmedium wherein the gas

m crosphere |iposone conposite conprises: a gas-filled m crosphere; at

| east one of a |lipid and a surfactant adsorbed onto the surface of the gas-
filled mcrosphere; and liquid-filled |iposonmes attached to the lipid or

surfactant; for t eaéﬁﬁ?(#ﬁﬁ?&d\%ﬁmgﬁ gczé_t}'iﬁ?ﬂ5§§§@ﬁﬁilif)pc§flégs%%bh@l.b%e(gjvﬂg_ ina

patient in need o agno i magi ng. /2. "The use of a fornulation
conpri gj RGid 1885 A PSRNREShE hRRRATBoIGAHROSI t e suspended in a medi um
wherein the gas m crosphere |iposone conposite conprises: a gas-filled

m crosphere; at |least one of a lipid and a surfactant adsorbed onto the
surface of the gas- filled mcrosphere; and liquid-filled |iposones
attached.t o t he ITheikit afrclsmrd3acheaein thef amtdifee comprifaacthené spfce.a nedi canment
for ultrasound imaging in a patient in need of such ultrasound inaging. 44

65. The kit of claim 63 wherein the head space comprises at least one inert gas

having a solubility of less than about 1.0%(v/v) in water at 25°C and | atm pressure.

66. The kit of claim 63 wherein the inert gas is a perfluorcarbon gas.

67. The kit of claim 63 wherein the inert gas is a perfluoroether gas.

68. The kit of claim 63 wherein the inert gas is a noble gas.

69. A formulation comprising a gas microsphere liposome composite suspended in

a medium, wherein the gas microsphere liposome composite comprises:

a gas-filled microsphere;

at least one of a lipid and a surfactant adsorbed onto the surface of the gas-
filled microsphere; and

liquid-filled liposomes attached to the lipid or surfactant;

for use in medical therapy or diagnosis.

70. The use of a formulation comprising a gas microsphere liposome composite
suspended in a medium, wherein the gas microsphere liposome composite comprises:

a gas-filled microsphere;

at least one of a lipid and a surfactant adsorbed onto the surface of the gas-
filled microsphere; and

liquid-filled liposomes attached to the lipid or surfactant;
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for the manufacture of a medicament for treating heart disease, inflammation,

infection, cancer or thromboembolic disease in a patient in need of such treatment.

71. The use of a formulation comprising a gas microsphere liposome composite
suspended in a medium, wherein the gas microsphere liposome composite comprises:

a gas-filled microsphere;

at least one of a lipid and a surfactant adsorbed onto the surface of the gas-
filled microsphere; and

liquid-filled liposomes attached to the lipid or surfactant;

for the manufacture of a medicament for diagnostic imaging in a patient in

need of such diagnostic imaging.

72. The use of a formulation comprising a gas microsphere liposome composite
suspended in a medium, wherein the gas microsphere liposome composite comprises:

a gas-filled microsphere;

at least one of a lipid and a surfactant adsorbed onto the surface of the gas-
filled microsphere; and

liquid-filled liposomes attached to the lipid or surfactant;

for the manufacture of a medicament for ultrasound imaging in a patient in

need of such ultrasound imaging.
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