SPECI FI CATI ON SUPPORT ACCMULATI NG I N | NJURED PART | N VASCULAR CHA%NEL 57 -
FI ELD OF THE | NVENTI ON The present invention relates to a non-cationic
carrier that attaches to and accunul ates on a danmaged tissue and fills in
the danmaged site, to a pharmaceutical conposition conprising such carrier

i ncorporating or carrying a drug, and to a drug delivery nethod. 10
BACKGROUND OF THE | NVENTI ON Thronbus formation is an essential function in
an organismin that it closes wougsg@idcatRip§ bl eedi ng. Thronbus formation
however, is a main cause of circulatory System di seases due to its
properties of narrowi ng a vascular caliber and interrupting a 15 bl ood fl ow.
For exanple, when the outer wall of the blood vessel is damaged, thronbus
formation plays a role in a biological defense function for maintaining the
perfusion pr eSPRORIAEEVEEE STING IN I IHGHRED BARBIN 0 SEAL ARCHARBYEIhand,
damage to vascul ar endothelial cells caused, for exanple, by peroxidative
response causes arteriosclerosis, and significant devel opnent of such
arteriosclerosis induces thronbus formation. Narrowing 20 of a blood vessel

causeds by the tprahes g NReNget ant i schemi a could be a main cause of
norbidity and nortality. Furthernore, a henostatic reaction by thronbus

formation is deteriorated t hronpocyt openi.a associ ated with the use of
cancer drugs or%h? BE?aergiI%V(?PEé? Eeqitﬁggﬁ’ aa'im\' REGCATST %@aﬁ@c[hg foo?“é?ti on of
bl ood coagul ation factor associated with 1 |iver disorder and results in
di apedet i écquendatehee demegaddissipmand ks inskandamaged sise, to apiannsritidal cel | s,
under such circunstance bleeding in the brain blood vessels or else can
composition comprising such carrier incorporating or carrying a drug, and to a drug

delivery method.
10
BACKGROUND OF THE INVENTION
Thrombus formation is an essential function in an organism in that it closes
wound and stops bleeding. Thrombus formation, however, is a main cause of circulatory
system diseases due to its properties of narrowing a vascular caliber and interrupting a
15  blood flow. For example, when the outer wall of the blood vessel is damaged, thrombus
formation plays a role in a biological defense function for maintaining the perfusion
pressure necessary for blood circulation.  On the other hand, damage to vascular
endothelial cells caused, for example, by peroxidative response causes arteriosclerosis, and
significant development of such arteriosclerosis induces thrombus formation. Narrowing
20  of ablood vessel caused by the thrombus and the resultant ischemia could be a main cause
of morbidity and mortality. Furthermore, a hemostatic reaction by thrombus formation is
deteriorated by thrombocytopenia associated with the use of cancer drugs or blood

disorders such as leukemia or by deterioration of blood coagulation factor associated with



| ead to I ethal change. A clinically effective use of a drug that prevents
bl ood vessel narrowing requires 5 the drug to reach the damaged vascul ar
endotheliumsite at a concentration sufficient to inhibit proliferation of
snmoot h nmuscle cells. However, when this drug is to be systemcally
adm ni stered by intravenous or oral admnistration, the dose of the drug is
limted such that no systemc side effect is produced, in which case a

desired oUfePBRoMBY andYRbulfsSf Widpedddl} HelrdbieroMaGacd BetREdElast@aront r ol
bl eedi ng tendency, it is necessary to 10 selectively deliver a drug to | ocal

damaged vasgul ar .endot hel i al, cell s whe r yt hr.ocyt.e re |likely to | eak
for the sanaohEia SR ubfraich SRoyMEb ool iR HAS Sl Rt Feiena 3t ug
carrier that allows specific accunulation of a drug at a sufficient

concent r atlfasitodethdl chapgeged vascul ar endotheliumsite, i.e., a drug carrier
havi ng a hi gh degree of specific accunul ation property 15 on the damaged

vascul ar endot he\ ¢linmealyteffentitduse diiaghhugithagpreventsisliood vessglatar toying-requires
accurrul ati on on a damaged vascul ar endothelium site, cationization of a

| i posorRe SHE BRGS0 rdadh ONMMALRd VERUlal ehdbtRGfuH M 6Bt 'aQBn@ntrhtiéh LiRGEAT on the
damaged vascul ar endot helium site (Japanese Lai d-Open Patent Application

No. 7-89874).,. However., since lipaosone Lt h positively charged surfaces
coagul at e I%b{t ﬁg&ﬁ?rgﬁgn 8#18“%@& qsﬁlﬁtcg Us 0‘?%‘@5 ‘Wepﬁﬁf iqéugzlé ‘%E%t el ets, they
are difficult to be used as a drug carrier for achieving an effective drug
del i very. sxelemyfally adminigiered by ipravsnenscarerd adminipirgisputhefdophefithedrugisukocyt e
adhesi on, bl ood coagul ati on and fibrinolysis have been studied, and in vitro
el uci dat i dimitef suth dme npsystansasle2ffecess pedduned, i otichsase Hdevireed butcote may
processes found in vitro have not been observed in in vivo studies since
there is np:RaNS ORthbth&HanABaRh @ €htrdT Bleelinh teddRASO Mis AecR¥ahFly Was
10 selectively deliver a drug to local damaged vascular endothelial cells where erythrocytes
are likely to leak for the same reason.
Conventionally, development has been desired of a drug carrier that allows
specific accumulation of a drug at a sufficient concentration on a damaged vascular
endothelium site, i.e., a drug carrier having a high degree of specific accumulation property
15  onthe damaged vascular endothelium site with a high drug inclusion capacity. For
accumulation on a damaged vascular endothelium site, cationization of a liposome surface
is known to result in accumulation of the liposome on the damaged vascular endothelium
site (Japanese Laid-Open Patent Application No. 7-89874). However, since liposomes
with positively charged surfaces coagulate in the blood and distribute as a mass with the
20 platelets, they are difficult to be used as a drug carrier for achieving an effective drug
delivery.

Recently, functions of platelets in thrombus formation, leukocyte adhesion, blood

coagulation and fibrinolysis have been studied, and in vifro elucidations of these processes



devel oped that uses a hi gh-speed confocal mcroscope for inmaging thronbus
formation in a nouse mcrocirculation in real tinme (Falati, S. et al.,
Nature Med., 8(10), 1175-1180 (2002), 5 Celi, A et al., J. Thronb.

Haenost., 1, 60-68 (2003)). This system all ows observation inside the bl ood
vessel in nmulti-color and in real time, and acquisition of inmages of a
plurality of fluorescent probes and data at the sane tine via bright field

channel s. aWﬁlein% g%igrésxst Bi5we0Lod pYSesel faﬁm_ﬂ@im&vpﬁgt B f otkdiDed RSHT

under the mcros Therefore, in vivo studies on p et aggregation,

behavi or of th§§$e.fa&%ors and fi igs in 10 Ehron?us formation process and
the Iike &M8 SHESSHPGIRGE Lo Meintgondiest 8bieEyatigRy of tethis RO otRYsia Mt ed
with |aser and a fluorescent and bright field mcroscope. SUMVARY OF THE

| NVENTI ONdeyriopsy thattuseses high-spped ganéecahmicroscepe fasimagiag thyombyy fafmation in a
non-cationic surface 15 carrier that accumul ates on a danmaged tissue and

t hat f unctmouss nasroairciat@nfiintreat ointer(Ghlating et pl. alNathsd Mied n8(1I0R N ,7511080(2002%e a
drug delivery nethod using the carrier and to provide a pharnmaceuti cal

conposkt i @RICANAM S Nhrb 6. BAISE! 1, 6668 @OBPENT Thid¥GRkh ANoRY 695%31\6@65 a
met hod for directly proving a drug delivery “of a so-called drug delivery
systemin.a.local.area of.an aorgani sm.b serving the. 20 _behavi qr of the
carrier witHSIRE Rlsog s wrim - i fesf Bt A atuifiof AR 2a

hi gh-speed confocal m croscope. The present inventors devoted thenselves to
keen st udipbyality of Slupeesednt pipbepanshdata piethe pasmedme yntsighnield chasngls. . Wiby
succeeded in observing behavior of a carrier wwthin a 3 blood vessel in real

ti me and fldssghtérhailoddreesselrdamage sqre thadealitly laaeraunael tieasic@scapedamaged bl ood
vessel site, thereby conpleting the present invention. Thus, the present
i nventi on ihgredsrel @ViRudies on platelet aggregation, behavior of tissue factors and fibrins in

10  thrombus formation process and the like are making progress using a vascular endothelium

model damaged with laser and a fluorescent and bright field microscope.

SUMMARY OF THE INVENTION
The objectives of the present invention are to provide a non-cationic surface
15  carrier that accumulates on a damaged tissue and that functions as a drug for controlling
platelet functions, to provide a drug delivery method using the carrier and to provide a
pharmaceutical composition comprising the carrier.
The present invention also provides a method for directly proving a drug delivery
of a so-called drug delivery system in a local area of an organism by observing the
20  behavior of the carrier within the organism in multi-color and in real time using a
high-speed confocal microscope.
The present inventors devoted themselves to keen studies to solve the problems

mentioned above. As a result, they succeeded in observing behavior of a carrier within a



(1) A carrier with a non-cationic surface, which can attach to and
accunul ate on a 5 damaged site of a tissue and/or fills in the damaged

site. Such carrier may be one with a nenbrane surface. Such tissue nay be,
for exanple, a vessel such as a blood vessel. Such carrier may be one that
can diffuse outside a vessel. The danage may reach, for exanple, the

endot helial cells. Exanples of such 10 damage include those that result from

laser, | “fb'lédﬁ%ts%ﬁ?ﬁh geglegm? gﬁ(‘gmd(tpeftgl&é;?a?g&@ﬁeciﬁ&ﬁm)asc(c)lgrhgl\réfefs ’onraed%%%gd

etc.), ischemc sor ., cere I schem ¢

i schem a-repeyrfusion d e (e.qg., Ischem a-reperfusion-induced organ danmage
etc.), di@@%{ﬁ%ﬁ%‘é@qﬁ?%‘éé&ﬁ]%&}g B RESFUINEHUS Y ndr one, sepsis, bacteri al
toxin, oxidative stress, tunor or thronbus formation, or bleeding. 15 (2) A
drug transport erFhuarpe pesiseny inveatiemisras dollavecor ding to (1) above. (3) A
pharmaceutical conposition conprising the drug transporter according to (2)

above i ncor por at(1 4 carfiet aith yinog-catioiiiv gurfadeewhith rcamarathitc ahd aeiupgatt AR Ny
function as a drug for controlling platelet functions. Exanples of such

ol atel gt f4RGLLPOR 410 MSICAREANISSH tidiltfle brostasi s, 20 anti t hronbot i ¢
(0] a

action, thro ysi s or anti atherogenic tron. Since the carrier according

to (1) above is effective in filli in a damaged vascular site, the carrier
itsel f may be u¥§ C%{ge%lmﬂ)lB‘@Of‘%?’vltﬁgﬁﬁ%‘?‘é@f‘%s%?ﬁ“ﬁose. A drug incorporated in
or carried by the carrier may be, for exanple, at |east one 4 selected from
a group consi st iSugh tissus mimytben s exaple, avesselcutlvas @blobg vessght such as visibl e
light or ultraviolet |ight, change in tenperature, change in pH, ultrasound,
upt ake by i nfl ®ieRtareier magdbabhéthat ednl diffiseasi#idea degeladat i on, henostatic

agents, antithronbotic
The damage may reach, for example, the endothelial cells. Examples of such
10  damage include those that result from laser, inflammation (e.g., edema (brain edema, etc.),
fever, redness, etc.), ischemic disorder (e.g., cerebral ischemic disorder),
ischemia-reperfusion damage (e.g., ischemia-reperfusion-induced organ damage etc.),
disseminated intravascular coagulation syndrome, sepsis, bacterial toxin, oxidative stress,
tumor or thrombus formation, or bleeding.
15 (2) A drug transporter comprising the carrier according to (1) above.
(3) A pharmaceutical composition comprising the drug transporter according to (2)
above incorporating or carrying a drug.
The pharmaceutical composition may function as a drug for controlling platelet
functions. Examples of such platelet functions to be controlled include hemostasis,
20  antithrombotic action, thrombolysis or antiatherogenic action. Since the carrier according
to (1) above is effective in filling in a damaged vascular site, the carrier itself may be used

as a drug for hemostasis purpose.

A drug incorporated in or carried by the carrier may be, for example, at least one



agents; thronbolytic agents, antitunor agents, and anti at herogeni c agents.
Exanples of 5 the inflammuation-nediating cells include |ynphocytes,

| eukocyt es, macrophages or platelets. (4) A drug delivery method conpri sing
al l owi ng the pharmaceutical conposition according to (3) above to

accunmul ate on a damaged site of a tissue, or a drug control nethod
conprising allow ng the pharnaceutical conposition according to (3) above to

10 accunukéle@edfrom digizageonssting off substhhces Ut arethetildtoby tightwchlasigisibde act on
the danaged site. The action of the above-nentioned drug may be controlled

b ey B n ot t! : . _ “coni :
The car 11 Aght SIS OIBRigH e in Ehth O I lec il P BFasindd lp@kt by 3 (01 ¢

n exanpl e ment’i on ue 1 nc essel such

as a blood yessel. 15 (5 met hod f.or assessing a function. of carrier
conpr i 51 ndBERR AT RAG LT o Tr plalRR Reb ey aruSandaifer o

hi gh- speed confocal w defield mcroscope. The above nethod may conprise
obser vi ngagénss; shrombelytis @gents; ntiiymayiagentpeand jagtatherogenigragants. c dxamplesdfi n r eal
time. Exanples of the above-nentioned carriers include one with a

non- ca$ i omheCinAarhinatién-ni¥diating \welld inakhide hanpiocies lexkvdyRnansisplages orAn exanpl e
of the above-nentioned tissue includes a vessel such as a blood vessel. 5
BRI EF DESCRIEHLON OF THE DRAWNGS Figure 1 shows the sites for gray |evel
determ nation. Figure 2 shows Rh-1ipo behavior follow ng abl ati on of

arteriole. Fi gw)?k gmg ngfll\\’?erymr]ﬁeltlil&ioco?rle;ﬂlas}ggoarllozv?llgl t \é\jpﬂgrm%lglﬂﬂcia Qon?f;os\l/tleorrllu' &
according to (3) above to accumulate on a damaged site of a tissue, or a drug control
method comprising allowing the pharmaceutical composition according to (3) above to
10  accumulate on a damaged site of a tissue and allowing the drug to act on the damaged site.
The action of the above-mentioned drug may be controlled by accumulation of the
carrier, diffusion of the carrier or activation of the carrier.
An example of the above-mentioned tissue includes a vessel such as a blood
vessel.
15 (5) A method for assessing a function of a carrier comprising observing the
behavior of the carrier within a tissue under a high-speed confocal widefield microscope.
The above method may comprise observing the carrier behavior within the tissue
in multi-color and in real time.
Examples of the above-mentioned carriers include one with a non-cationic surface
20  as well as one with a membrane surface.

An example of the above-mentioned tissue includes a vessel such as a blood

vessel.



5 Figure 4 shows diagrans of exenplary anal yses of |iposonme accunul ati on on
damaged sites of arterioles. Figure 5 is a diagram showi ng results from an
anal ysis of |iposonme accunulation on a damaged site of arteriole. Figure 6
shows | i posone behavi or at hi stam ne-damaged sites of arterioles and 10
venul ae. Upper left panel: follow ng |iposone adm nistration and prior to
hi stam ne surface perfusion (A arteriole, V: venula); upper right panel:

followi ng |ipos@REFBERERIPTION OF TRIIDRAWRNGES after histam ne surface
perfusion. Large pores open like banboo joints with respect to venula, and

are filled wthgrhodam ne-labeled |ipgsomes: .| ower panel: |eukocyte
infiltration occl;:ll.ﬁuée gﬁ"r‘%whﬁéﬁ?ﬁ fg)f E@ﬁ%veﬁ?ﬁéﬂ?‘g?tﬂ%i on but, after 15

| i posome admi nistration, |eukocytes result in rolling and adhesi on and
remain within tEEue?shewsRidipp belgvierfellgwing ahlagion ohagerle-ng rel ative pl asma
| eakage in brain edenma nodels and other nodels. Figure 8 is a graph show ng

pl asma | eakage Figuoe aisiovedRhdipotbekdvsordotowingeabla?ion mbetemda. Fi gure 9 is a
graph show ng plasma | eakage in brain edema nodels. DETAILED DESCRI PTI ON OF

THE | NYENTI ON 6 pigréel @ﬁé&@cﬂia%ﬂaﬂﬁ oP LSRN hryl AUERES SFipdhdihe B&utRIG&Idnkd 1 0

detail. 1 . Ceneral description The present "i nvention was conpleted with a
t echni queggrsni n%j a rsﬂ ghr'tesro ed confocal mcroscope for observing, in
mul ti - col 28T YIS PB4 'He, a model havi ng a 5 thronbus formed by damagi ng

a vascul ar endotheliurn by localized | aser beamirradiation. _
Figure 5 is a diagram showing results from an analysis of liposome accumulation

on a damaged site of arteriole.
Figure 6 shows liposome behavior at histamine-damaged sites of arterioles and
10  venulae. Upper left panel: following liposome administration and prior to histamine
surface perfusion (A: arteriole, V: venula); upper right panel: following liposome
administration and 2 minutes after histamine surface perfusion. Large pores open like
bamboo joints with respect to venula, and are filled with rhodamine-labeled liposomes;
lower panel: leukocyte infiltration occurs following histamine administration but, after
15 liposome administration, leukocytes result in rolling and adhesion and remain within the
blood vessel.
Figure 7 is a graph showing relative plasma leakage in brain edema models and
other models.
Figure 8 is a graph showing plasma leakage in brain edema models and other
20  models.

Figure 9 is a graph showing plasma leakage in brain edema models.

DETAILED DESCRIPTION OF THE INVENTION



This technique allows study of behavior of conponents involved in thronbus
formation such as platelets and behavior of a carrier at a danaged bl ood
vessel site. Although controlling dynamcs of a carrier within a bl ood
vessel has conventionally been considered difficult. New findings on
dynamics of a carrier within a 10 bl ood vessel were acquired by applying
t he above-described technique to a carrier wwth a non-cationic surface
(preferably theHepwihdts ths preséit HNeafi6l willBé 8ésrib&f Ardee to as a
"non-cationic surface carrier"). Specifically, a non-cationic surface

carrier was fourlld to G%H&Wdcfés@iﬁt?orn behavior to platelets in that it does not
accunul ate on a hon-danage I't'e of a blood vessel but specifically

accurul ate on a_danmaged site of the bl ood vesse|. It was 15 al so reveal ed
that the non-caff®RrEeRiRYeRbEnN #45 PBPletadovh pisshninue vene abwbniresd i ng on and
filling in a damaged site independently fromthe platelets for it

accunul at esnfohallngicohseoperfgr obsebong)damulti-color tbinpkatthe tasnodehhaviag hows t he
non-cationic surface carrier to be used as a drug for controlling a

pl atel st fhBabLOForaRE b§HamapingladlaSiuldreRiaheRRN by 36dMiREH RFBhASHradiation.
Furthernore, introduction of a drug into the carrier allows the carrier to

be used a 3 t f . i . agent . an tidumr agent or
the like. ikﬁsetﬁale{ﬁ rlr]agletwﬁ’asﬁjdy SO?rbgc ilo\?arb[tfé:gln%&{ngsﬁr%gglg %irnet?lmﬁﬁ? Br O{Iﬁ;e%lqni ke is
introduced into the carrier and a target site of the drug is danaged with

| aser, théuehaslaeletscand hshatiisofgrrarmes af 3 dgmaged;bleod wasselsiteh point the drug
is activated through a change in tenperature, pH or the like, thereby

del i vering the Altiough cortmllgpedyinhinoaldf\p caoier mathirea blebd sietsel haghi | e pl atel ets
do not diffuse outside the damaged bl ood vessel site, the carrier of the

i nvent i on chRgdhtidkAHBHeAtokided HENE@NTRIRSY ShdifgeH dymblids ofiof dansgsvitith ai de
the bl ood vessel. Thus, the carrier of the inventiion can be a drug

trans RB’ t %iootd%gse?wepe\/\fcqairgc[ nga]sp(?yiﬁg ‘it?eaa%'&vé)-%&hﬂ@d ?ecgﬁagg%da (\,/aal’fslgr%ﬁ‘ﬁ asi te.

non-cationic surface (preferably the surface is a membrane) (herein referred to as a
"non-cationic surface carrier"). Specifically, a non-cationic surface carrier was found to
show similar behavior to platelets in that it does not accumulate on a non-damaged site of a
blood vessel but specifically accumulate on a damaged site of the blood vessel. It was

15  also revealed that the non-cationic surface carrier shows behavior of accumulating on and
filling in a damaged site independently from the platelets for it accumulates while drawing
a boundary from the platelets. This allows the non-cationic surface carrier to be used as a
drug for controlling a platelet function and as a platelet replacement aiming hemostasis.
Furthermore, introduction of a drug into the carrier allows the carrier to be used as a

20  transporter for an antiplatelet agent, an antitumor agent or the like. 'When a drug that is
activated by temperature, pH or the like is introduced into the carrier and a target site of the
drug is damaged with laser, the carrier accumulates on the target site, at which point the

drug is activated through a change in temperature, pH or the like, thereby delivering the



2. Carrier According to the present invention, a carrier refers to a

| i posone, an emulsion, a lipid vesicle or the like. Hereinafter, the
present invention is described taking |iposones 10 as an exanple. (1)
Preparation of carrier A non-cationic surface |iposonme is a |liposone with a
non-cationi c menbrane surface, and refers to a stable nolecul ar assenbly
obt ai ned by dispersing a lipid alone or as a mxture with chol esterol or
ot her anphi philic nol ecules in an aqueous vehicle, which (i) 15 has a
nenbrane f grgegore RpQUERAIIDXS EHRRBRRI Gtel Nt eracti on bet ween hydrophobic parts,

1'& Tt

and (ii) is highly filled wi th nol ecul es- Formation of a stable |iposone

all ows, for exa i nner  agueous .phase, to | rporate . t er-saol.ubl e

drug, or a nenb@r}l@eglﬂw%@otn(?t @gf:fxpgloutga?gugocgmatgfgﬁf%gﬁtvggseﬁﬂﬁs, etcﬁglelrlotosone

of the invention can be utilized as a drug delivery systern. 20 As

descri bed Hisdwention thot acamguiased prothsdaaged sitppantallyrfliffuies ontsidsrthe blogd

| i posone is non-cationic. In this case, the lip id constituting the nenbrane

of the |ipasdneThis, thecarmarexftheoinvermionivan bas dneggamspoitérahstutlbas @ dodg tohe

| i posome is not cationic, a phospholipid alone or a mxed lipid of a

phospho] i piddcipitsiabaldgambsidbastiladsifedt ty acid. 8 Liposone can be prepared by

enpl oyi ng a general process such as vortex, ultrasound irradiation, high

pressure punpi ng, high pressure extrusion, forced agitation (honogeni zer),

freezi ng- and-t hawi ng net hod, organic solvent injection, surfactant renoval,

rever sed- phase evaporation, mcrofluidizer or the like. 5 A conponent of a

| i posome with a %on-cdt3d88i ¢ nenbrane may be either a saturated

phosphol i pid or an unsaturated phospholipid as |ong as the surface of the
According to the present invention, a carrier refers to a liposome, an emulsion, a

lipid vesicle or the like. Hereinafter, the present invention is described taking liposomes
10 as an example.
(1) Preparation of carrier
A non-cationic surface liposome is a liposome with a non-cationic membrane
surface, and refers to a stable molecular assembly obtained by dispersing a lipid alone or as
a mixture with cholesterol or other amphiphilic molecules in an aqueous vehicle, which (i)
15  has a membrane formed through hydrophobic interaction between hydrophobic parts, and
(i1) is highly filled with molecules. Formation of a stable liposome allows, for example,
an inner aqueous phase to incorporate a water-soluble drug, or a membrane surface to carry
a recognition site. Thus, the liposome of the invention can be utilized as a drug delivery
system.
20 As described above, according to the present invention, the membrane of
liposome is non-cationic. In this case, the lipid constituting the membrane of the
liposome of the invention may be, as long as the surface of the liposome is not cationic, a

phospholipid alone or a mixed lipid of a phospholipid and cholesterol or a fatty acid.



| i posome is not cationic (Japanese Patent No. 2936109). Exanpl es incl ude
natural phospholi pids such as hydrogenated egg-yolk | ecithin and

hydr ogenat ed soybean lecithin and derivatives thereof,

di myri st oyl phosphati dyl chol i ne, di pal m toyl phosphati dyl choline, 10

di st ear oyl phosphati dyl chol i ne, di ol eoyl phosphati dyl chol i ne,

di i nol eoyl - phosphati dyl chol i ne, phosphati dic acid,

phosphat i dyl et hanol am ne, phosphati dyl gl ycerol, phosphatidylinositol may be
exenplifi s i IR i
phosphol i 39825 hav‘fearlllglgjHa %%ﬁdﬂgﬁ@&g‘#&f@f&g‘gﬁé{sy 12?4 Vsuch&lg%%@rrrlgri zabl e
phosphol i pi ds. i.ncl.ude 15 ) . . . )

1, 2-di ( octlgailea@%r*gﬁsprfﬁswr%wgvamaa RigB prespne SHRN M FRTCRbgitation (homogenizer),
1,2-di(octadepa-2,4-dienoyléphosphatidic acid and 1, 2-bi s-el eost ear oyl
phosphat i dy¢ezingtindethawmgtrhétbod; asgania sodvambdinjentionzaipfactaphesival, i pi d nmay have a
non- pol yneri zabl e | ong chain such as a |inear or branched-chain al kyl group,

acyl groupreverféiRpigt ¥idorAidal MictbReidizer af e Bk@nd non- pol yneri zabl e al kenoyl
group having a carbon 20 number of 2 to 24. As a fatty acid, a saturated or

unsatursated fatty c@rﬁ%&le\g{é{)fn“% lﬁ)&%m th PHERELt R &gm%%gr%g?dﬁgtéﬁtggr? Exanpl es

i nclude nyristic aci C acid, stearic acl i noleic
acid, linolenic,acid and, octadeca-2, 4-di enoj.c.,acid. Myeover, negatively
Char ped | BRauEAphowhaGad O et DR bl A0 TROUDE ae i 1L SMAHEF die ot t he
| i posone, including, for exanple, diacylphosphatidylglycerol,

di acyl phodgivaoindicnaeationiel{JaparephBatpitaVo.APBO HI3i t Bkamples include natural

di acyl phosphati dyl serine and fatty acid. In this case, the content of the

negat i vel ypholgtddipetlsl subh g hydirénatedrepolkaedivhin hid hydtogerattd sofbeah @dcphabl y |
to 50 nol % nore preferably 5 to 20 nmol % 5 Furthernore, a stabilizer may be

e A BN TR SO R R (1

10  distearoylphosphatidylcholine, dioleoylphosphatidylcholine,
dilinoleoyl-phosphatidylcholine, phosphatidic acid, phosphatidylethanolamine,
phosphatidylglycerol, phosphatidylinositol may be exemplified. These phospholipids are
selected from polymerizable phospholipids having polymerizable groups. Examples of
such polymerizable phospholipids include

15 1,2-di(octadeca-trans-2,trans-4-dienoyl)phosphatidylcholine,
1,2-di(octadeca-2,4-dienoyl)phosphatidic acid and 1,2-bis-eleostearoyl
phosphatidylcholine. In this case, the polymerizable phospholipid may have a
non-polymerizable long chain such as a linear or branched-chain alkyl group, acyl group,
non-polymerizable alkenyl group and non-polymerizable alkenoy! group having a carbon

20 number of 2 to 24. As a fatty acid, a saturated or unsaturated fatty acid with a carbon
number of 12 to 20 is used. Examples include myristic acid, palmitic acid, stearic acid,

oleic acid, linoleic acid, linolenic acid and octadeca-2,4-dienoic acid.

Moreover, a negatively charged lipid may be used as the lipid constituting the



specifically includes ergosterol and cholesterol, preferably chol esterol.
The content of cholesterol is not particularly limted, but preferably 10
to 50 nol % for effective stabilization of the |iposome nmenbrane. 10 The
stabilizer may be a generally used stabilizer such as dipal mtoyl
phosphatidyl glycerol (DPPG or palmtic acid (PA). The chem cal fornul ae
of DPPG and PA are shown below. 0 | CH2-CHL;

cro-o. o (AT T EERG e lpl P R pnate
Lar boxy T Ry pBoTHATGenge. dRcy BSPhui asiohaoey aPRIH S PEcEh EE vhen
contained in the liposone: (i) that |iposone has no platelet activation
acti on i nagidyvoln this gase,tihe conentiof theanggptinely ehargedripad is| iop pemsicelady disnitedt r educe
the but is preferably 1 to 50 mol%, more preferably 5 to 20 mol%.
5 Furthermore, a stabilizer may be added as an additional component of the

membrane-constituting lipid of the liposome. Such stabilizer is preferably sterol and

specifically includes ergosterol and cholesterol, preferably cholesterol. The content of

cholesterol is not particularly limited, but preferably 10 to 50 mol% for effective

stabilization of the liposome membrane.

10 The stabilizer may be a generally used stabilizer such as dipalmitoyl phosphatidyl

glycerol (DPPG) or palmitic acid (PA). The chemical formulae of DPPG and PA are

shown below.

0
CH2—CH—CHZ—O—P—O—CHZ—CH—O—ﬁ—(CHz)14—CH3

|

OH OH 0 0
CH,—O—C—(CHy)14—CH>

DPPG
O—C—(CHp)14—CH3

15 PA

A carboxylic type lipid that has no phosphate group may also be used as the

stabilizer. Such stabilizer containing a carboxylic type lipid has at least one of the

10



nunber of platelets in the circulating blood, (iii) that |iposonme does not

i nduce transient adhesion reaction of platelets in vivo, and (iv) that

| i posome has no | eukocyte adhesion 5 activation action in vivo. The present

i nvention conprises such stabilizers. An exanple of the carboxylic type
lipid menti oned above preferably includes a |ipid expressed by the

follow ng general formula (1). ~Al-R1 -A2-HC '--(CH2)n-A R3 (1) (in formul a

(1), any qBfowingReatufdd vaef ca%ainﬁdi:hme%gss&w&\;ﬁmﬂ@%ﬂmsfnglﬂm%ﬂg 10
general formula (1') 0 11 -(CH?),,, ormula (1' Mis a

hyd f

i cat ?né‘ﬁﬂﬁéféﬁe&‘%ﬁ?ﬁ”ﬁ"\y 370 B PRI R o Tbororl® 0t edbebfs” 15
hyd b , . ch h A, A2 and A3
 Vclopendabmper AL eI BichiP e D (4 el BRI does oG rangient and

NHCO, and n is an integer of 1 to 3 indicating the |ength of the nethylene
chai n). Thdhediai reaétyair afqdatblets /g oapands(iv)dhat pippsanseihasmoyleikariytesadihesion may be,
for exanple, 20 a linear or branched saturated acyclic hydrocarbon group or
unsat ursat eftidfinlaction in vivo. The present invention comprises such stabilizers. An example
of the carboxylic type lipid mentioned above preferably includes a lipid expressed by the
following general formula (1).

Al—R!
R?*—A2—HC_ s 3
| (CHy)—A —R

(in formula (1), any one of R', R? and R*is a group expressed by the following
10  general formula (1')
—(CHz)m—y)—OM (1
(in formula (1'), M is a hydrogen atom or a monovalent cation, and m is an
integer of 1 to 5 indicating the length of the methylene chain), and the other two are
15 hydrocarbon groups (e.g., chain hydrocarbon groups),
A', A? and A? are independently the same or different groups selected from C(0)O,
CONH and NHCO, and
n is an integer of 1 to 3 indicating the length of the methylene chain).
The chain hydrocarbon group is not particularly limited and may be, for example,

20  alinear or branched saturated acyclic hydrocarbon group or unsaturated acyclic

hydrocarbon group with a carbon number of 2 to 20 (including acyclic terpene), including,

11



hydr ocarbon group with a carbon nunber of 2 to 20 (including acyclic
terpene), including, 11 for exanple, various hydrocarbon groups that can be
classified into an al kyl group, an al kenyl group, an al kynyl group, an

al kadi enyl group, an al kylidene group, an alkylidine group or the like. In
general formula (1), binding sites of Rl, R2 and R3 are preferably
trifunctional 5 anino aci ds such as |ysine, asparagine gl utam ne, aspartic
acid, glutamc ser.i t hr eoni and t Es iall a

Fr1 funct i oRapami Sl RhREerphere bt R b YheRhe et SR ot wo
equal ly reactive functional groups is partlcularl pref erabl e,

speci f i calalkenylgrpup.tanalkymybgiopp analkadienyhgiogpnanal Izadldsnegtcmpnarndkylacimm group
and two term nal carboxyl groups, or |lysine, asparagi ne and gl utam ne
havi ng ongréwgrenthalikd0 car boxyl group and two term nal am no groups

Aspartic acid and glutamc acid are particularly preferable, and

honocyst ei ne an t o2 & oxyl i ¢
type lipid reprgggﬁ#ﬁ%fggﬁggggfg?ahgﬁggﬁgqfi$'a@?&fé&ﬁgkgnﬂﬂcfngmﬁﬁthA

(1, 5- dlpa|ﬂltOé lﬁ& inate N—SUCCIn éﬁﬁso reﬁerred ta DHSG
(1) 5- 03di REYRYAUIY SRM &5 BeGy PRI 5 5‘3 yeSPAHF addrglaigmi aqi esef‘B? mul a
below. H O-1-CH2CH2-11-N H O O H2 O DPEA 15 O (CH2) 15-CH3
CH2- C- O ( thizpnine @pgityrasine.  Especially, a trifunctional amino ac1d havmg one reactive
functional group and two equally reactive functional groups is particularly preferable,
specifically, aspartic acid or glutamic acid having one terminal amino group and two
terminal carboxyl groups, or lysine, asparagine and glutamine having one terminal
10  carboxyl group and two terminal amino groups. Aspartic acid and glutamic acid are
particularly preferable, and homocysteine and glutathione may also be used.
An example of the carboxylic type lipid represented by general formula (1)
preferably includes DPEA (1,5-dipalmitoyl-L-glutamate-N-succinic acid (also referred to

as DHSG (1,5-o-dihexadecyl-N-succinyl-L-glutamate))) represented by the formula below.

H

O_ﬁ CH2CH2—|C\‘, N ’|‘H ﬁ—O—(CH2)15—CH3
0 0 CH,
CH2—|C—O_(CH2)15—CH3

DPEA
15

Examples of aqueous vehicles include pure water, an aqueous solution and a
buffer solution. The aqueous vehicle may suitably be selected according to the liposome

application, but an injectable solution and saline are preferable in terms of safety in an

12



0 Exanpl es of aqueous vehicles include pure water, an aqueous solution and a
buf fer solution. The aqueous vehicle nmay suitably be sel ected according to
the |iposone application, but an injectable solution and saline are
preferable in terns of safety in an 12 organism The pH of the aqueous
vehicle is not limted as long as it is wthin a physiological pH range and
it does not affect deterioration of stability and change in the aggregate

nmor phol og r j Lcal. . to a .ra in an

or gani s CBFBAT oy AP pf eS8 Hefiels PRt Bt Sas BaPa 1 MR S O Moty o
6 to 9. 5 The |iposaone of the jnvention has.a partjcle size of 0.02 to 250
pm parti @hmlpggaﬁtﬁéf@gaapc} i logs b affeciodeferiagatio stab&rty&egﬁbar@,e iR e
particle size of the |iposome maybe controlled by adding a water-sol uble
subst ance aggrdgatn nagpledogy. v dihie chregetad phiysieldgicalpH refpwd e pH mnghindmat i on and
swel I'ing and subsequent stand-al one hydration, a voltex mxer, a forced

agi tator, opghnithi bRsodlstdhd likeadhdisOfor eRampIRDEIR Q18 Q1 , prafefdbly pHldHod zer, a hi gh
pressure 10 extruder or freezing-and-thawng. In particular, a conbination

of freezing-and j it h. k ghe r he.. igni fi cantl
enhancgs t he fiFﬁgﬁﬁ%ggﬁﬁﬁﬁpgiQﬁg&gﬂ%ﬁfﬁ%$@¥§?gg5§§g?@%§%9¥ﬂé“6ﬁ%é%§éing
time and i nproyes the yield. A water-sol ubltsl subst ance tBat- was not

i ncor por aPEdeRAY puzeefifhl in £ M o rharsEamBiE othe FRACESI18 §fdhe HRossynegray be
filtration, wultracentrifugation or a limting nmenbrane treatnent. Exanples
of the watcentraltddillyl ading aswitst-solelde substahcenndan piepuesdintle tomeredilipnd | ncl ude
wat er - sol ubl e proteins such as henogl obin and al bum n, peptides, nucleic

aci ds and pemider fos aldtalien siidi@sellidg2dndIubEcy@entvR@ididi Rt HyartHac o v 6lkdxdnixer, the
present invention, a suitable nodifier can be added to the above-described

| posone kg Qé]?at&r?amgljagéﬁnh rﬁ#adﬂ?‘t@? ra%%og@ﬁﬁ%&? 5 ﬁﬁcrghui%%ﬁ taaﬂ}gl? Sressure

10 extruder or freezing-and-thawing. In particular, a combination of freezing-and-thawing
with a high-preésure extruder significantly enhances the filter permeability, and therefore
shortens the processing time and improves the yield. A water-soluble substance that was
not incorporated may be separated from the incorporated liposome by gel filtration,
ultracentrifugation or a limiting membrane treatment. Examples of the water-soluble

15  substances used with the present invention include water-soluble proteins such as
hemoglobin and albumin, peptides, nucleic acids and water-soluble drugs.

(2) Surface modification
According to the present invention, a suitable modifier can be added to the
above-described liposome membrane to modify the membrane. Examples of substances

20  that modify the membrane include fatty acids and fats binding to sialic acid or
polysaccharide, and phospholipids, fatty acids and cholesterols binding to polyoxyethylene.
Preferably, the membrane is modified with polyoxyethylene (polyethyleneglycol).

Surface modification with polyethyleneglycol has been confirmed to improve dynamics of

13



20 that nodify the nenbrane include fatty acids and fats binding to sialic
acid or polysaccharide, and phospholipids, fatty acids and chol esterols

bi ndi ng to pol yoxyethylene. Preferably, the nenbrane is nodified with

pol yoxyet hyl ene (pol yet hyl enegl ycol). Surface nodification with

pol yet hyl enegl ycol has been confirnmed to i nprove dynami cs of 13 blood fl ow
(Sakai et al., Bioconjugate Chem stry, Vo.8, 23-20, 1997).

Pol yet hyl enegl.yco chain 4.s hi.ghl ffective,i ssijn he particle

si ze changg’og I“i¢§81§%1 ap’nélf)ﬁ%n]g%%ggaﬂléﬁ?” go[%&%ﬁ)u g?é@er PB@E[B'?‘?"@QIYF?lposorre
in an aqueous _solutign and also in suppressing aggregation. Therefore,

pol yet hy| ehasgyisghly eEfectiveria suppiressing the perticle sizgchangerafilpesometretheor at i on of
filter perneability and cl oggi ng caused by |iposonme aggregation in the
final extsuseqrensitepof diggersiogtsed lipbsopeliy ah hyleone gblytol and gsalin s preferably
0.0 1tol nol%of the mxed lipid, nore preferably 0.1 to 0.3 nol % The

ol ecul ar RSy ae kDo BB NABHes 0P 000l 812 A iy of er 20l y

about 4, 00 0 3. Tissue danage mage According to the

present inventi . the ¢ e of tissue dapage i S no rticularly .limted
bna - bot b BARR feclglionich i Stratea G R Fari] wP B ot nabaper 1
conprises = any damage that does harmto the endothelial cells where such
danaged sthedingbexpsonsten. nfihgpententpfgiolyethyleneghycpbliad isprefesably Adddothat are

caused by physical and chem cal stinulations. Physical stimulations include
| aser, r adiodfoladhe wixed dipid, Meork pkeferabiy 10e]l RO, The moledulan veighof tde
hi stam ne, | eukotriene, thronbin, kinin, active oxygen, oxidative stress,

heavy met gblyem?reh@gl'y@dl id 280010 P)f@(ﬂf#)i:h@er%lytab_gutu,mto-ﬁ@%. infl ammations al so
i nclude edema (e.d.;, brain edema), fever, "pain and redness. Exanples of

extrinsic damage 20 include bl ood vessel damage by injury, and damage by
| aser used for the purpose of

10 3. Tissue damage
(1) Damage
According to the present invention, the cause of tissue damage is not particularly
limited and both extrinsic and intrinsic damage are contemplated. The damage comprises
any damage that does harm to the endothelial cells where such damaged site becomes
15 inflamed. Such inflammations include those that are caused by physical and chemical
stimulations. Physical stimulations include laser, radiation, cut or the like while chemical
stimulations include histamine, leukotriene, thrombin, kinin, active oxygen, oxidative
stress, heavy metal, bacterial toxin, cytokine or the like. These inflammations also
include edema (e.g., brain edema), fever, pain and redness. Examples of extrinsic damage
20  include blood vessel damage by injury, and damage by laser used for the purpose of
disease prevention or treatment. Examples of intrinsic damage include ischemic disorders
(e.g., cerebral ischemic disorder), ischemia-reperfusion damages (e.g.,

ischemia-reperfusion-induced organ damage), disseminated intravascular coagulation

14



di sease prevention or treatnent. Exanples of intrinsic damage include

i schem c disorders (e.g., cerebral ischem c disorder), ischem a-reperfusion
darmages (e.g., ischem a-reperfusion-induced organ danmage), di ssem nated

i ntravascul ar coagul ati on 14 syndrome, sepsis, tunors and thronbus
formations. In addition, intrinsic damage al so includes damage of

endot helial cells resulting from peroxi dative response caused by various

bad fact osgndromb) sepdls, tenes|andithridbdasl fdiyhatioder ilnaddigomSh@inkicsdamageblgss such
as hypertension, hyperlipem a, obesity, diabetes and snoking, as well as

the resul ﬁﬂcﬂﬂie?d%ﬁmgﬁé&%ﬁhﬁéﬁﬁiéllé Rshifif ﬁ&ﬁ?p&sﬁume%é RsPukePHyies A

. bl
tissue for accunu ng the carrier o e I'nvention | not partlcul arly

limted as .lo s.it.c ri ses endothelial .ce]ls. A vessel with

endot hel | Jprieditd Heat's i PR iareels S0died By attidplests i BoRRmther i i cer)
| ayer, and exanples of such tissues include blood 10 vessels and |ynph
vessel s, predrensipnyhypedpamice obedity, dipbgies andsmoking, ag wall aetheitesultieg i nf used
into blood. The bl ood vessel nay be any one of artery, vein and capillary
bl ood ¥esasebrioscldesses Iegibhier, a bl ood vessel is exenplified for the sake of
conveni ence. The carrier of the invention does not accumul ate on an

undamaged bl 0od(%eg3&hula@Bfl ohfisdead specifically accumulates on an
endot hel i al celf site danmaged as descri bed 15 above. The accurul ati on

behavi or of the,carrigr on the.d ed i s alnost the.s .as the

ol at el ot dynan Caoie R AR ing bR (A5 Wang HVE TSI nat BATRRTY Frded Ber s ¢ o
cover the damaged part, and penetrates into a subendothelial space fromthe
damaged vien@usal commitset endothelialealls. shtvessebyitkiendotBglat c¢llschasallimmgl On t he

ot her hand, the carrier of the invention does not interact with the

pl at el et s sfrh@udervgith Msihple ehdarbeliddyelhriyer, endiéxantptescsfGuciutigtieOinclide 8lodd and

defines a boundary fromthe regi on where platelets accumul ate, for
i ndepefdeRtssels and lymph vessels, preferably blood vessels since a carrier can readily be infused
into blood. The blood vessel may be any one of artery, vein and capillary blood vessel.
Hereinafter, a blood vessel is exemplified for the sake of convenience.
The carrier of the invention does not accumulate on an undamaged blood vessel
and instead specifically accumulates on an endothelial cell site damaged as described
15 above. The accumulation behavior of the carrier on the damaged part is almost the same
as the platelet dynamics, in which it accumulates in a single or multiple layers to cover the
damaged part, and penetrates into a subendothelial space from the damaged vascular
endothelial cell site for site-specific filling. On the other hand, the carrier of the invention
does not interact with the platelets flowing in the blood by nature at the accumulation site
20  and defines a boundary from the region where platelets accumulate, for independent
accumulation.
(3) Partial diffusion

When the endothelial cell damage is associated with damage in the basal

15



accurul ation. (3) Partial diffusion Wien the endothelial cell damage is
associ ated with damage in the basal 15 nenbrane of the blood vessel, the
carrier not only accunul ates on the danaged site inside the blood vessel
but a part of it diffuses outside the blood vessel fromthe damaged site.
Therefore, when the degree of the damage is large, the carrier incorporating
or carrying a drug not only stays within the blood vessel wall but also

di ffuses and reaches outside Lhe 5 bl ood vessel. As a result, the drug can
be del i vemsinbspng oftheblopdivesseh shegamrigreiet enly accugplates on sher dapppess site Fsidea

hi gher treatnent effect. Even when the carrier is not incorporating a drug,
it can bl dokblobd vepseldiut atped of ittdeffigses phtside ltlolel ovd sesse] fraah lthef dammgedisisé. de t he
bl ood vessel and thus a high henostatic effect may be expected. 10 4. Drug

delivery Tﬁléaef@euah&pm@rdegﬂag Ofﬂletdﬁﬁlagé RISRE, th@u@rﬁbf Ql'aorp%réiifngg)r'cz?r ing
|ncorporated into or carried carrier tO be used as a armaceutlcal

et Tve subetEngd S”B*hmﬁlﬁ FARRTNGA B R Sl e Qefs‘.roﬁ% FubBoce 1o

t he danaged bl ood vessel site. Accordln to the present invention, the drug
i ncor por at&edivesss! or A arespithe gnygnean b@;ﬂ%kveépd p@’lcwatlywhe. damaged site, whidhed as
| ong as the drug does not interfere with the carrier norphol ogy.

Speci fi calid favorkkenfot ehightr trémmentiefiect. ndved evhes tisdantiérds ageintarpofating d

coagul ati on promoters, antithronbotic agents, thronbolytic agents, antitunor

agents, 2Qngnid &ﬁ%ﬁlélkqné p&fRGaHed sit BPfh@%ﬁ%d'%EEeptvtaﬂ fom BESRIE el KOG Pessel

formul ations, inhibitors of blood vessel snooth nuscle cell proliferation,

anti bi ot | %hd th%rs]taI hlgh ﬂemosta i ftect I%%D be expected.

10 4 Drug delivery

(1) Drug

According to the present invention, a drug is incorporated into or carried by a
carrier to be used as a pharmaceutical composition. The drug may be a diagnostic
substance or a pharmacologically active substance according to the diagnosing and/or

15  treating purpose for the damaged blood vessel site.

According to the present invention, the drug incorporated into or carried by the
carrier is not particularly limited as long as the drug does not interfere with the carrier
morphology. Specifically, examples of the drugs include hemostatic agents, blood
coagulation promoters, antithrombotic agents, thrombolytic agents, antitumor agents,

20  anticoagulant agents, protease inhibitors, prostaglandin formulations, inhibitors of blood
vessel smooth muscle cell proliferation, antibiotics, anti-inflammatory agents,
antiatherogenic agents, lipid uptake inhibitors, inhibitors of vascular endothelial cell

proliferation, vitamins (e.g., vitamins C, E and K), anti-infectives, dermatologic drugs,

16



anti at herogeni c agents, |ipid uptake inhibitors, inhibitors of vascular
endothelial cell proliferation, vitamns (e.g., vitamns C, E and K),
anti-infectives, dermatol ogic drugs, 16 drugs for sense organs, drugs for
endocrine systens, drugs for digestive organs, drugs for <circulatory
organs, drugs for excretory organs, genital drugs, respiratory drugs,
nervous systemdrugs, diagnostic adjuvants, nutritional supplenents, am no

aci ds andJRige¥t& Rfse orgﬁﬁhd@ s hicBllodFiY sgﬁeM§Qﬂu§§|f@P§1 @itlderbr%f?.@bdrﬂ gl foen-
Target di seases are those t at neet 5t e appl ications of the above drugs.

T, S0 SRl AGS R L  TRANOL  r T U B HRRLREY: 5,

may i ncorporate a gene (nucl ei ¢ acids DNA RNA)) for the purpose of gene
therapy. PYteddrussFHagnoslc sdipyangs, nH‘é&}“’PﬂéBP?J‘SWSWé ping aeidy and proteiRanpl e, a

drug that is 10 activated by light such as visible light or ultraviolet
| i ght or edchredsdichdmaybe asedralionet dran combination. v akaegkt diseases agethose thatmeet at ur e
or pH Moreover, the carrier may incorporate or carry a drug that is

activag edtlﬁYapEgéai%ﬁs Bythe Rbbarakd. OnpHERd rfd i ::ﬂ'%e 2 ihSorPbrafiHeriBlibtin for

degradati on anpl es of inflanmmations inc derma and | eukocyte

infiltrati i.oedema,. brain | es of
the abovesaiei HREBGuef AR PR e rut P aePrahy st iR E T Fhisr T

| eukocyt es, macrophages and platelets, The phrase "a drug is |ncorporated
into the E3FiEl BAY INeAHIPEAtE BALNQ ﬁ@cl@mj—ldS§DNApc&%})£@retae PHEPGs& AL g&fgeous
vehicle inside the carrier. Wen the carrier is a |iposone, a drug may be

i ncor por atlechpynt o the carrier by mxing the drug with the rawlipid in the
aqueous vehicle upon carrier preparation as 20 described above. The phrase

"a drug is carrjefdidtiont R @Al nfly indBRphatel b fOF Sdniphe, RIUYSE At sy
10  activated by light such as visible light or ultraviolet light or ultrasound, or a drug that is
activated by change in temperature or pH. Moreover, the carrier may incorporate or carry
a drug that is activated by uptake by inflammation-mediating cells or enzymatic
degradation. Examples of inflammations include edema and leukocyte infiltrations
(wheal, angioedema, brain edema, brain ischemia). Examples of the above-described
15 inflammation-mediating cells include lymphocytes, leukocytes, macrophages and platelets.
The phrase "a drug is incorporated into the carrier" means that the drug is
incorporated into an aqueous vehicle inside the carrier.
When the carrier is a liposome, a drug may be incorporated into the carrier by
mixing the drug with the raw lipid in the aqueous vehicle upon carrier preparation as
20  described above.
The phrase "a drug is carried by the carrier" means that a drug is physically
attached to or chemically bound to the surface of the carrier. The phrase specifically

means that a drug is bound to an amphiphilic site of the membrane itself, such that the drug
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attached to or chemcally bound to the surface of the carrier. The phrase
specifically neans that a drug is bound to an anphiphilic site of the
menbrane itself, such that the drug 17 is stuck into a |ipid bilayer
menbrane with or w thout penetrating through the nenbrane, or that the drug
i s sandwi ched (bound) between hydrophobic parts of the lipid bilayer
menbrane. The carrier may carry a drug such that the drug is enclosed by a

| i posone lLumen,. 5 ?r.the dru %s retained. .inside a.lipid ﬂo bl e nbr ane or
on"a sur f At autipea pid player Repbrape Suhicy SyibaubReneiring Birugh 8 FETPEME | | ght
and ultraviolet light, change in tenperature or pH ultrasound, uptake by
an infl amvthat the dmg i sandwighed(boupd)\hepesmhydrophpbiglpeay pEthedipid bidyaye or

pl atel et) or enzymatic degradation nmay be incorporated into or «carried by

t he carri efiembrahes drug activati on neans increased onset of pharmaceutical 10
activity, drug liberation fromthe carrier and/or activation of an inactive
drug. When a si : i LS ot i i r for

| ocal | y damagi ngthg cglﬁlggglaggglgg?,%?% ﬁ%hgga?ﬁe:#ugaé&rcr{??g% g}ggﬁﬁ%% iuﬁ%ﬁhged

Site. en the,endot helial .cell. da reaches the basal nenbrane of the
bl ood vesL&the drug{s 1saimeddnsidg g ‘B‘?’ﬁﬁﬁf‘ﬁ?’gbra%ora%ﬁ %45t si de  the bl ood

vessel . A drug incorporated into or carried by the carrier accunul ating on
the 15 damaged b} dod thet ssastivatied by dight weh as visibie lightwnd blttaviget light lchasgevi si bl e
light and ultraviolet |ight, change in tenperature or pH, ultrasound, uptake
by an i nf ligremgiertrer® GitRuitnGowed, biptaky b B0 tiflaghmat@dkBedittng a'éﬂqugh@@?te,or

ia

pl atelet) or enzymatic degradation for effective release of a gnhostic

ncor por af S oPYPoATRERESRL Rl REHYRARE LSRR R nh AR Rbraly il 0
S R, B 5 oA 2L 1S RULRERC L A0S AT SELIERL O hoce
invention varies and ma
10 activity, drug liberation from the carrier and/or activation of an inactive drug. When a
site to be diagnosed or treated is irradiated with laser for locally damaging a blood vessel,
the carrier accumulates on that damaged site. When the endothelial cell damage reaches
the basal membrane of the blood vessel, part of the carriers diffuse and accumulate outside
the blood vessel. A drug incorporated into or carried by the carrier accumulating on the
15  damaged blood vessel site can be activated with light such as visible light and ultraviolet
light, change in temperature or pH, ultrasound, uptake by an inflammation-mediating cell
(lymphocyte, leukocyte, macrophage or platelet) or enzymatic degradation for effective
release of a diagnostic substance or a pharmacologically active substance.
The amount of a drug incorporated into or carried by the carrier of the invention
20  may suitably be determined according to the purpose of the treatment by those skilled in
the art. The dose of the pharmaceutical composition of the invention varies and may

suitably be selected according to age, sex, condition, administration route, and number of

doses. For example, in the case of an antitumor agent, 1 to 5 mg of it can be incorporated
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suitably be selected according to age, sex, condition, admnistration route,
and nunber of doses. For exanple, in the case of an antitunor agent, 1 to 5
ng of it can be incorporated 18 into a | nL |iposonme suspension (dianeter:
100-300 nn). The admi nistration route of the pharmaceutical conposition of
the invention may be a system c adm nistration such as generally-enpl oyed
intravenous and intraarterial admnistrations as well as a | ocal

ad”iniStrﬁﬁ&?ﬁxﬁﬂﬁgoﬁﬁnéﬂﬁg&ﬁuﬁquQQUXSHﬁﬁﬂﬂﬁﬂﬁ.US and 5 intracutaneous
mnistr [

adm ni strations. A tion routes using catheters are al so possible.
(2) Function conirol MWen .a vascular endothelial cell.is damaged, platelets
accunul ate on tﬂée qur&tlog f‘t“Ze ’P’tﬁf BEWC?LH’FB Ofsﬁ’ront?éﬁﬁes‘flggl?t?n T t he
early stage, a substance responsible for plasma colloidal osnotic pressure
such as aPpasyfiemisadnipsoaion yab asaensedlyrmplered intavepoueaibintieriesial cel | s by

vascul ar endot hel i um damage and causes ederma, and this gap will eventually

be an ent admimgstfationd dewelhid aloasitddatinisrstict sudk) a<mitdamukculensibicutahéodsiand ue.
Through these reactions, so-called inflamation reaction is induced,

resul tgng;d opai n L ' ApwWn to be
§ng 1dtﬂc?t§ﬁé@ls ad{glﬁ'}égigftloﬂé A@hidi §ABSE Soutdd \Rhf éaﬂ%ﬁ%&k tgﬁésarlrﬁnlrlfolsglpl%

caused conmon In a vascul ar system assocl ate pl'e organ
failure resul ti@gf rom cancer dissemnation 15 in the bl ood vessel or sepsis
(Katayama T, |keda"WCUILHFHOM Tamatani T, Sakamoto S, Ito M Ishimura Y,
Suemat su M I nmunoneutral i zation of glycoprotein |ba attenuates

endot oxi n- i nduc¥thenpasadar e@ldgth@hal;spgﬂ%da@tageérmatleléumeymelgtev@rttlhe damagesdnul ar
endotheliumin vivo. Crculation Research 2000, 86, 1031-1037.). In other

wor ds, pl sitelodfofim ankronlbas fardehrstabiay elnpthe paity stege, afsubstaeg Réspbhigbla her
accunul ati ng on a damaged endothelial cell 20 site. At a site damaged by an

extrinsi ¢ yf;3nh QBIAHAbsADLL PP&ure RhA K BuiniB IS oA £ ghiPcdustd between the

10  endothelial cells by vascular endothelium damage and causes edema, and this gap will
eventually be an entrance for the inflammation-mediating cells to enter the tissue.
Through these reactions, so-called inflammation reaction is induced, resulting in edema,
fever, pain or redness. These reactions are known to be caused commonly in a blood
vascular system associated with multiple organ failure resulting from cancer dissemination

15  in the blood vessel or sepsis (Katayama T, Ikeda Y, Handa M, Tamatani T, Sakamoto S, Ito
M, Ishimura Y, Suematsu M. Inmunoneutralization of glycoprotein Iba attenuates
endotoxin-induced interactions of platelets and leukocytes with rat venular endothelium in
vivo. Circulation Research 2000, 86, 1031-1037.). In other words, platelets and
leukocytes have properties of recognizing and accumulating on a damaged endothelial cell

20  site.

At a site damaged by an extrinsic factor such as laser, platelets accumulate to fill
in the blood vessel wall to stop the bleeding, thereby keeping the closed nature of the

circulatory system. When the vascular endothelial cell is detached or when the vascular
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in the blood vessel wall to stop the bl eeding, thereby keeping the closed
nature of the <circulatory system Wen the vascular endothelial cell is
det ached or when the vascular 19 endothelial cell is damaged due to

per oxi dative response, platelets accunmulate and forma thronbus at the
damaged site. Platelets have a nature of adhering to a bl ood vessel site
damaged by a tunor, and activating or releasing a substance inside the

pl at el et s ehdvthehaltell istdamagédidueato pefuxidasive esspéiise! platettt@m@ashutité endformhe
vascul ar endot hel i um descri bed above, 5 inflammtion reaction is induced by

| eukocyt eﬁgoﬁbbﬂt't){e dzﬂ% e%gt?l P l%ie‘i‘ét?ﬁézebaq{atnﬂla adﬂe?lﬂg‘?&%f‘o%d%g#l"}l ate on

t he damaged vascul ar th msite. relna exanpl e

control li d vessel function by a the X rrler |nvent|on
Chat | recodinotsd B EauE andi g ng, o Lo AR 6 staat ineie e Wplers Do e
descri bed below rel ative tolgvé5|olo gic functions of various ceIIs 10 (2-1)

Pl at el et sthxombuy atdhatsiter hAt thedamaperhsiternfithesyasalat ¢ralothehremedesershedrabbehavi or
as that of platelets may act as a drug for controlling platelet functions,

Controf | i iflasrhatit@tretioni®midacddbySlepucets. OBripflpmat enlly paéle@st slko pl atel et s
by using the carrier incorporating or carrying a drug appropriate for the

di agnosi's  fikol i SAIERLIREPAS Galledl ASER cRbAELAIRe 15 Specifically, the

pl atel et functions to contro are enDstaS|s anti t hrombot i c
formation, thro . ant i rogenj.c acti.on the |ike, .For, exanple, a
carrier that ac%ﬁﬁ%ﬁéﬁ“&ﬁaﬁﬂ e§ g‘ﬁ@l”&%&f’?‘i HSﬁ’?ﬁ gean by pYiRg they ¢l oses
the damaged site and exhibits a henostatic effect. |If the carrier

i ncor por arasiepef the arvieptien thatireggemessiang aecunaraiss en o dampgedeandothehaltsite odll

coagul ation pronoting effect, the 20 carrier can exhibit a higher henostatic
ef fect. Thudesctibed belowirelatiod tdmsiomgemﬁ;heuibrfswf@hﬂimellﬁ.o enhance the

henostatic function of the platelets.
10 (2-1) Platelets

A carrier of the invention that shows the same adhesion behavior as that of
platelets may act as a drug for controlling platelet functions. Controlling a function
means to suppress or promote functions of platelets by using the carrier incorporating or
carrying a drug appropriate for the diagnosis or treatment purpose in place of platelets.

15  Specifically, the platelet functions to be controlled are hemostasis, antithrombotic
formation, thrombolysis, antiatherogenic action and the like.

For example, a carrier that accumulates on an extrinsically damaged site by injury
closes the damaged site and exhibits a hemostatic effect. If the carrier incorporates or
carries a drug having a hemostatic effect or a blood coagulation promoting effect, the

20  carrier can exhibit a higher hemostatic effect. Thus, the carrier of the invention functions
to enhance the hemostatic function of the platelets.

A carrier that accumulates on an intrinsically damaged site can prevent or lyse a

thrombus derived from accumulated platelets through the action of the drug incorporated

20



A carrier that accunulates on an intrinsically danmaged site can prevent or

| yse a thronbus derived fromaccunul ated platelets through the action of
the drug incorporated 20 into or carried by the carrier. Thus, the carrier
of the invention can function to suppress the accunul ation function of the
platelets. (2-2) Leukocytes As descri bed above, not only platelets but also
| eukocytes accumul ate on a 5 damaged vascul ar endotheliumsite. Since the

carrier Ofinihhp ching 'Bsf'tf?é‘ca?h&m ThhlthSarri@CTYRR LA QR indBARY Sehprascul ar
endotheliumsite to platelets, the carrier is expected to show nllar

adhesi on avi or.t.0 es and thus can function as a drug for
C0ntr0||IR§B%§HE%Eé?8%P%#%PPShI lx%c,sontrol | eukocyte functions neans that a
carrier incorporating or carrying a drug that suppresses or pronotes
physi ol ogi ¢ act (ZRsLedkorptep eukocyt es functions as a | eukocyte. There are
mainly three types of |eukocytes, nanely, |ynphocytes, nonocytes and

granul ocyt es, whaisatesqitey abawen noodrts platelétsrbmtrudsof lewladcy @8 accubuditeloauk ocyt e
functions to be controlled include m crobial

phagocyt O%hﬁfagéﬁdsbﬁlﬁﬁédd@ﬂ{eﬁhﬂes%I OBincd Bf¥cafried OF BIRSRTent DR ﬁ&%?snﬁﬁl%} nst

i nfection, I nf arrmat Ion action, parasite destruction, pronoti on of
i redi ate _al | eralc rea tion .and For carrier that
scoumi at SEBRIS LT Firaf e sBydBeuiw s LS Rabis Brditer i etndier g
foreign viruses, mcrobial invasion and infection, A carrier incorporating
or carryi sbow sumilas adhesiabeRAvIanta thatafdenkarytarandohus ean fupetéaneasiadrug &eni on or
the like is capable of exhibiting a higher degree of |eukocyte-Ilike
function, cohieoltiag téukocyeafunfioms. s doicoanoldeulaicete\fandtions neyhothanesarter g-, | L-1,
IL-2 or IL-4) to activate nonocytes or |ynphocytes. A carrier that
accunul at &gcPhording Ot dakYfigCAdrhY (KR SRYREsS drroftsted BhAGdIbSR alfions of
10 leukocytes functions as a leukocyte. There are mainly three types of leukocytes, namely,
lymphocytes, monocytes and granulocytes, which play main roles in immune function.
Such leukocyte functions to be controlled include microbial
phagocytosis/sterilization/digestion, body's defenses, defense against infection,
inflammation action, parasite destruction, promotion of immediate allergic reaction and
15  else.
For example, a carrier that accumulates on an extrinsically damaged site has
actions of preventing foreign viruses, microbial invasion and infection. A carrier
incorporating or carrying a drug having an antimicrobial action, antibacterial action or the
like is capable of exhibiting a higher degree of leukocyte-like function. The carrier can
20  also incorporate various cytokines (e.g., IL-1, IL-2 or IL-4) to activate monocytes or
lymphocytes. A carrier that accumulates on an intrinsically damaged site has an action of

preventing leukocyte infiltration and a body fluid leakage from a blood vessel to a tissue.

The infiltration of leukocytes from a blood vessel is known to cause inflammation of the
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preventing | eukocyte infiltration and a body fluid | eakage froma bl ood
vessel to a tissue. The infiltration of |eukocytes froma blood vessel is
known to cause inflanmmation of the 21 tissue via cytokine liberation, and

t he | eakage of body fluid is known to cause system c or |ocal edenas (e.g.,

| eg edema or brain edema). The carrier of the invention exhibits a function
of preventing such | eukocyte infiltration or |eakage of body fluid that can
be a cauggehid awaﬁaﬁn!;ér%n and méaeauagéofs@adwﬁrld %fkﬁol%h o4 dyeRnfl 0 has a
function of control Ilng eukocyt e functlons (3) Drug action Since a
carrier o i nv nt| artia out5|d bl ood v e it can
o " ef 1 eclaet e Pt (Shy Bk B8 of biah Memalaa T i Bs BgRmat 6 hﬁ the
treatment of thronbus or 10 damaged blopd vessel site. By addin

f | uor escefincobef preventingsuck lenkerytelndiltiationiey lqakags ofihpdy Hndithayca esa te to

be di agnosed or treated can readily be identified in | aser diagnosis or

t r eat ment caushef aiflamnfiawnl i t ati ng site-specific drug activation. The |aser in
this case is used for different application fromthe |aser for making
damagesto a bl oQghy @Sékrier b7 B lerfof afs%rlfa'sg'fu&ftloﬁla?cbrm’cﬁm% Qﬂké rporates
or carries a drug that is activated by 1ight such as visib ht or
uItraV|oI§} ¥ %% tenperature, pHor the like, the effect of the drug can
be exerte e's selections of desired period, desired site of action and
desired action level. A drug is delivered by being incorporated into or
carried by a cafﬁﬁ@ﬁg@ﬁ&m 20 accunul ates on a damaged bl ood vessel site so
that it can act specifically on the danaged site. The activity of the drug
can be control | Bihcdby cacetofdhatinvention pirtialkdy diffuses @tdidesablood vessel, it can be

effective from outside the external wall of the blood vessel for the treatment of thrombus or

10 damaged blood vessel site.

By adding a fluorescent substance that can be excited by laser to the drug, a site to
be diagnosed or treated can readily be identified in laser diagnosis or treatment, thereby
facilitating site-specific drug activation. The laser in this case is used for different
application from the laser for making damage to a blood vessel.

15 When the carrier of the invention incorporates or carries a drug that is activated by
light such as visible light or ultraviolet light, temperature, pH or the like, the effect of the
drug can be exerted at one's selections of desired period, desired site of action and desired
action level.

A drug is delivered by being incorporated into or carried by a carrier that

20  accumulates on a damaged blood vessel site so that it can act specifically on the damaged
site. The activity of the drug can be controlled by accumulation, diffusion or activation of
the carrier. The present invention provides such drug delivery method and drug control

method.
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the carrier. The present invention provides such drug delivery nethod and
drug control nethod. 22 5. Qbservation inside a blood vessel using a

hi gh- speed confocal wi defield mcroscope The present invention provides a
met hod for observing behavior of a carrier in an 5 organi smunder a

hi gh- speed confocal w defield m croscope. This nethod all ows observation of
carrier behavior within a tissue (blood vessel) in nmulti-color and in real
time. In addition to the carrier, platelets or |eukocytes (hereinafter,
also referred to as "platelets and others”) froman organismor a target

Thei v bohavi or . STHE ARG TASRRH “Enel BrnecthBbehORabrl SohoH oniy

effective in studying selectivity, aggregation and dynam cs of a carrier
Wi t hi n anmigfogeadesm (1) Preparation of subject animals to be observed
Subject animals are not limted as long as their blood vessels can be

observed under Tae pasémdmentibal efovided amhath@bop pbsertitg bpisi@rdtial carrin ima mal
that is used widely in the 15 studies of drug carrier dynam cs. Preferable

animal § i Q)?%(dﬁ% fifer a9%$§§gﬁk&f05@% fieltPAR6cops UNEHS mefiRfabiifowsd09: Pi g,

cat and nonkey. More pre ly, animals are rat, guinea pig, nouse and
hanster. Anesthesia of.t subj ect. ani mal s, i erforned. by, a thod .used in
Goner ol SRpeReateR f sfirist AeevitRaR s ASTE Gloa vBiSED & Farti-Colar o nget e,
chloral hydrate, 20 urethane, diethyl ether or the |like, or a conbination
t her eof ndly addition tathe parsies paielgts oateukeetest (hersinafter elso defaed tnest "plaseletsi t an

action on the blood vessel like vasodilating action. Admnistration into
t he subj eahd athierst) Sonew ddganian b &chrgdttsité hay aBodadludeseerdliatogded foke f or

simultaneous observations of their behavior. Thus, the method of the present invention is
10  highly effective in studying selectivity, aggregation and dynamics of a carrier within an
organism.
(1) Preparation of subject animals to be observed
Subject animals are not limited as long as their blood vessels can be observed
under a confocal widefield microscope, but preferably an animal that is used widely in the
15  studies of drug carrier dynamics. Preferable animals include rat, guinea pig, mouse,
hamster, suncus, rabbit, dog, pig, cat and monkey. More preferably, animals are rat,
guinea pig, mouse and hamster.
Anesthesia of the subject animals is performed by a method used in general
animal experiments. For example, pentobarbital sodium, ketamine, chloral hydrate,
20 urethane, diethyl ether or the like, or a combination thereof may be used. Preferably, an
anesthesia method does not exhibit an action on the blood vessel like vasodilating action.
Administration into the subject animals may be carried out in use and dose appropriate for

each of the sedatives and anesthetics.

23



each of the sedatives and anesthetics. 23 A catheter is inserted into the
vein of a subject ani mal under anesthesia, and a conpound for fluorescently
| abeling platelets and others is intravenously adm nistered via the
catheter. The insert position of the catheter is not particularly limted
but preferably fenoral vein in view of catheter stability, subject aninal
safety and the chance of damage 5 on the observed site. (2) Labeling of

platel ets and otAeitketéris @fsééd info o SeInVeT aubied AlimBlalRNéT Siestesia, Admged
bl ood vessel site with a mcroscope, the platelets and others are | abel ed

with a fl L&%Eﬁ%ﬁﬁ’&‘f‘or %resg%?ﬁlgﬁﬁtﬁegingfplatagﬂmg&'g %rsfig’,'[f té@?ﬁddﬁ%&xﬂﬁgf&%\rﬂha S

and others i ude those ve ‘ester bond I n

exampl e, carboxyl fl yorescei n di acetate succinimdyl ester; DA- SE | ( CFSE)
The | abel B GOMSGund T SRFREBFUGR SF Lt HEL (HIt SEbulegy iaisd Ry RisiblNe
pernmeability but does not produce fluorescence at this stage. Wen CFDA- SE
i's incor domarabyeinnn yiewhe! qathetas|stabdity subjecttraimal sefsteanditha ¢hinselof dkmagdy
esterase in the cell, by 15 which the conpound becones a fl uorophore,

t her eby erontthé besestadaitg. f | uor escence. Once the conpound is incorporated
into the cell, it stays wwthin the cell and thus cell |abels are not

el imnated duri Q?) ]gageg?g?p?gl{;[e s 8fd 4RsQy- (3) Labeling of carrier A
agen 0

fluorescent |abe ( e carrier is not particularly limted as |ong
"abel i ng [ho. pl 48 814 & Biarve GUHERLOLRBYEA LT AERL PG PbBIEIBS Toxas Rod
and fluorescein. If the platelets are |abeled with CFDA-SE that devel ops
green col anicrashepe, Higgllattlets anH ethens aredabeled withed Bnarisbgent dye.  Examples of
compounds for labeling the platelets and others include those that have ester bond in the
10  molecule, for example, carboxylfluorescein diacetate succinimidyl ester: CFDA-SE
(CFSE).
The labeled compound is incorporated into the cell for having membrane
permeability but does not produce fluorescence at this stage. When CFDA-SE is
incorporated into the platelets and others, ester bond is broken by esterase in the cell, by
15  which the compound becomes a fluorophore, thereby emitting strong fluorescence. Once
the compound is incorporated into the cell, it stays within the cell and thus cell labels are
not eliminated during a long period of assay.
(3) Labeling of carrier
A fluorescent label agent for the carrier is not particularly limited as long as it
20  presents different color from the compound used for fluorescently labeling the platelets and
others above, and includes rhodamine, Texas Red and fluorescein. If the platelets are

labeled with CFDA-SE that develops green color, the label for the carrier is preferably

rhodamine that develops red color. The carrier to be infused, as a solution containing
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rhodam ne that develops red color. The carrier to be infused, as a sol ution
containing 24 35% by volunme of the carrier (liposone), is 10 to 2000 L,
preferably 50 to 400 pL and nore preferably 250 pL per rat weighing 100 g.
The nethod for adm nistering the carrier nmay vary according to purpose, and
i ncl udes intravenous adm nistration as well as intraperitoneal

adm ni stration, intranuscular 5 adm nistration, subcutaneous

admi ni st r af%sy, vahamalbf d@drdarries (li gtsbmn), id 1GsID0D mbn preferablyi 50its 4oauland or al
adm ni stration and topical admnistration. Furthernore, according to the

adm ni st r afrOpref@iK19950 cp@f fdt%en%h%'g( } ng a pharnmacol ogi cally accepted
exci pient or " base may e adm ni stere 4) Cbservati on of bl ood vessel 10 A

fluorescently | Eﬁel eﬂ]é)g1 au ) o 2 use i boge-gescri bed cat heter.
Fol | owi ng the s %d%ﬂ%se’l g ?fgaéPV m?’h‘éar%la{i%od VEJILBYPEPT 8¢ o be
observed is placed on a glass coverslip.for in vivo ghservation. The site
to be obsHKcluslgs irgramoqﬁafimreﬂraéwws “{eilrﬁﬁt“éEPPﬁIlEOHS‘Elg‘ﬁ“‘&?\‘sﬁmt&ﬂc%@muﬁ@é@fon of
nmesenteriumis preferable, and also includes circulatory organs such as
brain,sli uémimsmtidh,wbwtmous adrhinistfatidhenasdl tadmimstbeionps arspeldhdnanper f used
with a buffer generally used for biologic sanple (e.g., Krebs buffer).

Pref er abl Ydmidierabibh f &1 4688 8isirsticiPdndI8 ﬁl@ﬂ a\ﬂhltillﬂst%ﬁl@nNz’Fﬁrﬁl&:%re alb& iy grtBUSI on

is carried out under conditions that keep the tenmperature warmat 3 S0 as

not to prgduce.effects o sanp endot hel i al
ol 15 b o Fie s oo ol ke Biishd ¢ TR BTl fitaften ERIRENCRG Vi o
t he above-described catheter. Wthin 1 hour, a blood vessel to be damaged
i s sel ect base @b’al?ﬂﬁ@%m@fef?%e bl ood vessel s subj ected to danage include an
artery, a vein, a capillary blood vessel and a | ynph vessel.

(4) Observation of blood vessel :

10 A fluorescently labeled compound is infused via the above-described catheter.
Following the subsequent abdominal surgery, the blood vessel site to be observed is placed
on a glass coverslip for in vivo observation. The site to be observed is not particularly
limited although an ileocecal region of mesenterium is preferable, and also includes
circulatory organs such as brain, liver and digestive tract.

15 The site to be observed is perfused with a buffer generally used for biologic
sample (e.g., Krebs buffer). Preferably, the buffer used is saturated with 95% N»/5% CO,.
The perfusion is carried out under conditions that keep the temperature warm at 37°C so as
not to produce effects on the sample.

(5) Damage on vascular endothelial cells with laser

20 Next, the fluorescently labeled carrier is infused via the above-described catheter.
Within 1 hour, a blood vessel to be damaged 1s selected. Examples of the blood vessels
subjected to damage include an artery, a vein, a capillary blood vessel and a lymph vessel.

A laser beam used for making damage is pulsed light of nitrogen-dye laser. For example,
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A | aser beam used for maki ng damage is pul sed |light of nitrogen-dye | aser.
For exanple, 25 laser irradiation that gives light flux with a dianeter of |
[imon the target site under a mcroscope objective | ens gives damage to

t he vascul ar endothelial cells in a site-specific manner. (6) In vivo

i mgi ngs of thronbus formation and carrier dynamcs 5 A systemrequired for
i magi ng the damaged bl ood vessel site may be obtained by nodifying the

met hod of I4sat &tadiagion ahat g(viealight s with a @iametd¥adfur en Wh dheciarpet sib drfder a
1175-1180(2002)). This nodified system has an inproved epi-illum nation

m cr 05COp%ich&Jbe%bﬁerc{i{/‘@fé‘d% %{‘TISE HhRagd B 1R %Eulﬁloerﬁ?ﬂ{e}ial%ils thd F‘Eéﬁs ifft an in

Vi vo m croscope, a Wwater rsion lens or an otl 1 mrersion Wwth a
certain nunerical aperture is required. 10 Specifically, 60x water inmersion
lens (LUMPA™{ th a nunerical aperture of 1. 1 is preferable. According to
t he present invention, when a N pkow di sk techni que scanner is used as a
confocal mi crosé@dda vivorimagingp et dsgrabyg formatiaandicaaier dynaseicabl e to di spl ay up
to 720 frames per second. An exanple of the laser for exciting fluorescence
i ncl udés a dual A dysemlizqairgbfof knygih@theldamaged bbb védielssite asrbe dbtainedbeence
can be obtained with a confocal m croscope having excitation wavel engths at

488nm and t i i sl en dye laser is
g&e}gﬁpam B &R dLITTAIRUS al SFAIR ge.fliaw NQtul’@ﬁ’ﬁg%cn{eéb?{lf@?’,

used. Ala I's introduced into th ght pat uor escence
iated to.the

ndot hel | A1 75t FU2BFO} s TsH 35e0 185 2 MOROF HEHILUABRPRAVPSECS ¢ he
objective |l ens, The | aser generates 4-nsec energy pulse at a frequency of 3
to 101- 1Zvth a trinecylar ubee ’<g§\f0fﬁ@ tB IcaioY OVieh S| Wilhatl igiee @icaPRSPBS, adFatethout 0. 5
~m . The pul se energy is quantitatively controlled appropriately with a
di gi tal camnhreedidrelens or an oil immersion lens with a certain numerical aperture is required.
10 Specifically, 60x water immersion lens (LUMFL) with a numerical aperture of 1.1 is
preferable.
According to the present invention, when a Nipkow disk technique scanner is used
as a confocal microscope, the microscope will theoretically be able to display up to 720
frames per second. An example of the laser for exciting fluorescence includes a dual-line
15  argon/krypton laser. With this laser, fluorescence can be obtained with a confocal
microscope having excitation wavelengths at 488nm and 568nm.
When a thrombus is formed with laser, nitrogen dye laser is used. A laser beam
is introduced into the light path of epi-fluorescence (epi-illumination port) so that the laser
beam is radiated to the endothelial cells of the small blood vessel of the mesenterium via
20  the objective lens. The laser generates 4-nsec energy pulse at a frequency of 3 to 10Hz on
the surface of he blood vessel having a diameter of about 0.5 um. The pulse energy is

quantitatively controlled appropriately with a digital controller.

A color CCD camera is connected to the center of the substrate of the trinocular
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A color CCD canera is connected to the center of the substrate of the
trinocular 26 m croscope so that a color imge can be recorded with high
spatial and tenporal resolution. (7) Imge analysis The fluorescent images
are collected by three different ways using exciting light at 5 the
excitation wavel ength of the platelet-|labeling dye, at the excitation

wavel ength of the carrier-|labeling dye and at both excitation wavel engt hs

t o obtai nnisRgaspead thehaslorimade éddcve etatiel with highl spatidiehavémporefl the carrier
only and behavior of both of the platelets and the carrier, respectively.
The excitin@lioght is a | aser beamobtained via a filter set for each dye.
10 The fluorescent image is first processed with an 8-bit digitizer
connected to a %ﬁ uter,land t hen the pixel-based data is converted to gray
| evel . The gray ECBPYHE site of interest is nunerically converted with

digital inmaging software. Spatial distribution of the fluorescently |abeled
carrier in the péeiflupessentimages ard epdlegted hyrthgeaidifierant wagssang pxritngskgltetl by
gray level determnation. Specifically, Iine 15 scanning is carried out

al ong bhe thogithtish wadelengtisofthe phigel&llabeling @iy s et tiaékchtadiOwhVedength of the
cross-sectional direction perpendicular thereto with respect to the danmaged

site of tReichlaRMnY 855l #Bblh exEifiidd WEveRTARIH Yo I the
carriers tﬁre{!te Ieaﬁg%ggit o%% tl-"heeX E?ttl)od vgz@gméﬁgbt?Lnelﬂzdgg |8fa C g% 3€{hgri stic
of the distribution thereof.., Hereinafter, the present_invention wll be
Gescrs bot PAES caBe PRREIY OF the oty 0B 4ndpebpg Gorh o Lo PILHERBR Mehongver
is not limted to these exanples. EXAMPLE 1: Preparation of |iposone One g
of m xed Ichisied rpﬁwg@rel)(.Dﬁﬂ@excmng light 1s a laser beam obtained via a filter set for each

dye.

10 The fluorescent image is first processed with an 8-bit digitizer connected to a
computer, and then the pixel-based data is converted to gray level. The gray level of the
site of interest is numerically converted with digital imaging software.

Spatial distribution of the fluorescently labeled carrier in the periphery of the
laser-damaged blood vessel is assessed by gray level determination. Specifically, line

15  scanning is carried out along the longitudinal axis of the blood vessel and along the
cross-sectional direction perpendicular thereto with respect to the damaged site of the
blood vessel wall. The line scanning gives the amount of the carriers that leaked out of
the blood vessel and the spatial characteristic of the distribution thereof.

Hereinafter, the present invention will be described more specifically by way of

20 examples. The invention, however, is not limited to these examples.

EXAMPLE 1: Preparation of liposome

One g of mixed lipid powder (DPPC
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27 (di pal m toyl phosphati dyl chol i ne)/ chol est er ol / DPEA/ PEG DSP

(N- (nononet hoxypol yet hyl enegl ycol - car banyl ) di st ear oyl phosphat i dyl

et hanolam ne) _ 5/5/10/0.033 (nolar ratio)) was dispersed in 25nL of saline
and agitated at room tenperature for 10 hours. The resultant was passed
through a filter with a pore diameter 5 of 0.22 mtwice in an extruder to
obtain |iposone dispersion with an average particle size of 263 + 43 nm

Li pi d cong¢giphliiioyfhobphasiallichélinégehaledtetol/ DPEAZEGIDSE this di spersi on,
separately prepared t adecyl odam ne B (from Mol ecul ar Probe) in ethanol

sol ution I i i.tati:ng, f her

subj ect ed (lt(lb(gg{nhg;&?rhg \Qgﬁdgégﬂg g%l}(t)c%ﬁ'\?mg?gmﬂ)%fteh%g ﬁ%’é’ E@}? #lg?lcf é@ghngéés)o nmes were
precipitat by ultracentrifugat.ion 10 (100,000.9, 60 mn., + 150,000 g, 30
mn). A é?ﬁqwg-oémﬂﬁr BittoNkiv deedn é%@géﬁaal"@tqagﬁs}tat@%ﬁfamnhg in the
supernat ant were renoved. Saline was added to redisperse the vesicles and

t he resul temperstas foad8 bdutshr hetesaltdnt tae pagspd throuphen@lterrwith 4 fogrdiamebe
charge of the nenbrane of the obtained |iposone was neasured and zeta

potent sal ofB2fieyRtice g1 HVextAReFrSAMREliBosofRadispersoPivith AR as6aBe patiaisie by

i mage anal ysis nethod 1. Biom croscopic systemand m crocircul ation
observi ng/ I Ghi SYS: ﬁm! ?gh e t 0 . Of:
Labor at or frfz{r%u?rirglpr}%én%/%ﬁg, C oofatlgﬁwi@é’?gfagggﬁﬁei t(;I% l%)i I\Bfeéfghsalwk%goonrdi ng to
t he met hod of Suematsu, et al. uenat s et 20 al. Lab, Invest 1994), nmale
W star ratsePyaieypreged @f@gecyéégﬂfa%%ﬁdfw%wﬁaﬂlég Prebe; weeahwﬁ solution
intramuscul ar injection of pentobarbital sodiumat 50 ng/kg, and a catheter
was i nser t(bag/limit)ovas drepped £br 605 - whilaagriatingt and foahdyoupjettedted beum ofli acet at e
succinimdyl ester (CFDA-SE) at 1ng/ kg for biostaining of the platelets in
the body. agijtation with light being shielded. Liposomes were precipitated by ultracentrifugation
10 (100,000 g, 60 min. + 150,000 g, 30 min.). A slight amount of unintroduced dye and
ethanol remaining in the supernatant were removed.  Saline was added to redisperse the
vesicles and the resultant was passed through a filter (pore diameter 0.45 pm).
The charge of the membrane of the obtained liposome was measured and zeta
potential was found -2.6V.

15

EXAMPLE 2: Analysis of liposome behavior by image analysis method

1. Biomicroscopic system and microcirculation observing/recording system
Rats were bred under the control of the Laboratory Animal Center, School of
Medicine, Keio University. According to the method of Suematsu et al. (Suematsu M, et
20 al. Lab Invest 1994), male Wistar rats (200-250g; Clea Japan, Tokyo) were anesthetized by
intramuscular injection of pentobarbital sodium at 50 mg/kg, and a catheter was inserted
into a femoral vein to administer carboxyfluorescein diacetate succinimidyl ester

(CFDA-SE) at 1mg/kg for biostaining of the platelets in the body.
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28 The nesenteriumat the il eocecal region was opened extraperitoneally to
observe the mcrocirculatory systemw th an erecting-type confocal | aser

m croscope. A 60x objective lens was used. Wthin the |light path of the

m croscope are inplenented an argon | aser capable of |aser output at 488 nm
that allows imaging of the 5 CFSE fluorescence and | aser output at 568 nm
that allows imagi ng of Rhodamne B, as well as filters that allow the formner

green fl UoresC?%‘é_rﬁés@ﬁl@piu“&?tﬂeﬁkﬁ_@&afﬁgiofnl\%%_rc?%ﬁ@d‘&&ra BidR&IR oRBtdvat the
sane time for imaging the nmerge, with unrestricted fllper sw tching. An

i mage obtgjned w.th . transmited |ight.w thout the filter was al so possible.

| addi v ghe Pt anS ol Fiah S aR Finb S direpRirelPe "anc
gquantitatively controlled was al so 10 inpl enented (for m cropoint |aser

abl ation) so thdt 6Q?5/0tp¢<é’c}’|er¥‘§15a”4§él§¢¢edeEltnéh@flglﬂtH@ﬂbP%G MigHOEGAPEAssel on t he
center of the display of the m croscope, cell damage can be produced wth a
1-m cron limplemenkeadxan aFgen lasdrgapabdaef Igser oatpubst 488rmne chat allgw Oidhagengd sfahe

bl eedi ng acconpani ed by breakthrough bl eeding (i.e., acconpani ed by basal

menbr age (@AM ork LendlPdHAd8seP Butpb W8 nfhdPiIRN S ifla ﬁl%l JfFRHOBYRInEI B Gs
junctional |eakage of only a few 15 erythrocytes mnghout the formation of

fear ooy onva/eeealiP Haf AR e o erteh Thgtusodics Jond. e Tt BBl dereesfieny 1o

three indexes: (1) the presence of breakthrough bleedjn% caused by basal
mermbr ane d¥eRgs botipat thersamsy time fr dmaging the merge, Wil pargsiristedfilten switplinglanmaged
point being the origin, and (3) the presence of erythrocyte | eakage to the
20 subendathmhdgel obsgiedlewials tramsttitted Hghd withoat the dittermisat eldo Ipbgsittle.i nimgrldition,
Experinents that did not involve these three variations was regarded no

damage doraeni%géa 41222} WhesesLtpM R ah B8 BkelylaRd QUARItatRIPRiNed WRIER,Of the
pl atel ets and The 'Rhodam ne B-coated |ipbdsones, a highly sensitive

camer 610( Cslr%]ppe’meﬂ?e%trrsnlcj:ro%%%t e’ gglat%% s& that Qj;') Sgcfnrg] atcn:es"irelzd g‘lre':tof the blood

microvessel on the center of the display of the microscope, cell damage can be produced
with a 1-micron light flux. The output energy can be varied to produce from bleeding
accompanied by breakthrough bleeding (i.e., accompanied by basal membrane damage) to
damage on vascular endothelial cells involving junctional leakage of only a few

15  erythrocytes without the formation of primary platelet aggregates.

Specifically, with this system, different degrees of vascular endothelial cell
damage can be produced according to three indexes: (1) the presence of breakthrough
bleeding caused by basal membrane damage, (2) the presence of platelet aggregates with
the damaged point being the origin, and (3) the presence of erythrocyte leakage to the

20  subendothelial space as recognized in a transmitted light image. Experiments that did not
involve these three variations was regarded no damage done with the nitrogen dye laser.

In order to obtain images of the platelets and the Rhodamine B-coated liposomes,

a highly sensitive CCD camera (C5810, Hamamatsu Photonics) was equipped in the light
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29 path of the mcroscope while all of the inmages were saved as 8-bit col or
digital DVD i mages. The |iposones were prepared according to a previously
descri bed nethod with an average di aneter of 263 nm After recording the

m crocircul ation i mage of the control, |iposone dispersion (where
proportion of |iposone in the dispersion is 35%by volume 5 (estimted
nunber of |iposones in the sanple being 4.8 x 1012 /M)) were infused at 250
P1 per r ahthwfitighinitgostOpe gyhil@all antheVimagesprdrokavied agigchipgslomdigitalTBVDabl at i on
and analysis for 30 mnutes follow ng mcropoint |aser ablation. 2. |Inmage

anal ysi s gfﬁ&él}:gd diﬁigggp%s%me% Berd £x‘é§gcédr<?lﬁéh‘?%§g&h&@%_%%g%gﬁt%@%ht ative

anal yses ution an nmount o m ne | posones
herei nafter, alsqo refer to a Rb-11po) ,that | eaked fromt bl ood
ootel Moerl et Sealer OF 750 BB nAe oL (e b O AL AR LA HOBH L { o

(point of injury, damaged site) on the blood vessel wall, intensity of

f | uor escehpesdnsadierersion {wikere prpatisnd|lipgsompuiche disgerdionas #3%ndy vallwng t he

| ongi tudi nal axis or the normal axis of the blood vessel in 8-bit gray

| evel §0- 2&G)natddmg@ebeanliyssomes of theaaaplkDe(nybt &Wa0FHn)) were ldfisedas 250 Lmagi ng
Corporation) was used to determne the gray |evel along the |ongitudi nal
axis of t I 1 0d; Lt : t

S cron Poer GaERHERR e £ afairban NiEiofint Bt RARRH b indlgfiERr

determ nati.on expressed as avgrage val ues (standard error) for

di fferent “HP?‘&%‘A?"@IP&“ YR 'A% 89210l r  different animals, with the
central value being the average of values determ ned at about 10 20 sites
wi thin each of 2hkmagaianalisis methadanges. 3. Results (1) Li posone behavior in
normal mcrocirculation Wth the CFSE-I| abeling protocol enployed in this
exanpl e, about 8@8%dajn thBeecorded fluorescent images, semiquantitative analyses of

10  distribution and amount of Rhodamine B-labeled liposomes (hereinafter, also referred to as
Rh-lipo) that leaked from the blood vessel were conducted. With respect to the nitrogen
laser irradiated site (point of injury, damaged site) on the blood vessel wall, intensity of
fluorescence leaked to the subendothelial space was determined along the longitudinal axis
or the normal axis of the blood vessel in 8-bit gray level (0-255). Image analysis software

15  (MetaMorph 6.1, Universal Imaging Corporation) was used to determine the gray level
along the longitudinal axis of the blood vessel at 2-micron intervals or along the normal at
5-micron intervals as shown in Figure 1. Data of the gray level determination was
expressed as average values (standard error) for different arterioles and venulae of four
different animals, with the central value being the average of values determined at about 10

20  sites within each of the unit micron ranges.

3. Results
(1) Liposome behavior in normal microcirculation

With the CFSE-labeling protocol employed in this example, about 80% of the
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30 platelets in the circulating bl ood were stained. These platelets gave an
i mge of a green dashed line on the display. Wien Rh-lipo was infused,
fluorescence nmonentarily passed across the viewing field and a part thereof
slightly stained a suspected junction of the venula endothelial cells and
nostly distributed in the blood space. In this case, since the 5 col or tones
of the CFSE-stained platelets showed no change and gave green col or, the

adm ni st enggelfiA tlfé‘?:lﬂé@ﬁtlﬁgﬁlé@iﬁ(?lvetr@stﬁﬁ‘x\é@ aThe¥pfbaas gatdf ardigldid orAGRsROr at ed
wi thin the platelets. No S|gn|f|cant change was observed in the transient

- 11 po. acinee dop an s B8l S ReE kRS Lol eRg t 0%5%}%?2“6' SRS BB posome

has no influence on the behavior of the platelets. 10 Llposone behavi or
associ at ed<iiss teieyip dield andaspart 'gfﬂeaf $lt&hﬂm5@rr85@1 saﬁpqczﬁgévncawmaﬁt itk was
performed in arteriole and venula (dianeter 20-40 micron) under the

condi t i onyenids enddsbelial pel(sland ahastly dmittibuted meth¢ biond Ispaer Emthiggasé, | samerthen t h
an energy pulse of 4-nsec radiated at 5 Hz for about 5 sec., with an out put

at thesl aggfor tdred B5{HelCINE-SViinkd Emenag Ehdweddid HAfgd\end- %al;é gFéeﬂlébﬂ)erhé hows the
behavi or of Rh-lipo after the ablation of arteriole. Tn the figure, arrows

aspoct | var g SRES TR ks HlinBa fo BRE alobERAGREN beeiic By AT 5 e

ri ght panel shows behayi or of the CFSE-|abeled platelets; the |ower |eft
panel showseiegisgedioisERyécast change wae Rbsered IBFhettﬁ@SRHt Mfﬁaoaﬁ%ﬁcvﬁ@of the

CFSE-| abel ed platelets in multi-color; and the |lower 20 right panel shows an
i mage obt pilateletswo the viasararent othelidl icglhs aftdﬁ&hhliipo adrfieistrag@ondBhesé odstilesm ng

abl ation, | eakage of the |iposonmes fromthe bl ood vessel was confirned, and

from t“ﬁesﬂ&éﬁgﬁ%ﬁi’ﬁﬁﬁi‘%ﬁkgﬁﬁ‘pﬁé‘?ﬁi'i%sﬁiﬁf‘ﬂnﬁ%‘?e R e
panel )10 i posom%z)l If’ii%(s%%e behavior associated with micropoint laser ablation
Micropoint laser ablation was performed in arteriole and venula (diameter 20-40
micron) under the conditions described in (1) above with a certain laser energy (laser with
an energy pulse of 4-nsec radiated at 5 Hz for about 5 sec., with an output at the laser
transmitter exiting port being 300 pJ).

15 Figure 2 shows the behavior of Rh-lipo after the ablation of arteriole. In the
figure, arrows indicate the damaged sites while A and V represent arteriole and venula,
respectively.  The upper left panel shows behavior of the Rh-lipo; the upper right panel
shows behavior of the CFSE-labeled platelets; the lower left panel shows merged image of
the behavior of the Rh-lipo and the CFSE-labeled platelets in multi-color; and the lower

20  right panel shows an image obtained with transmitted light. Within a few seconds
following ablation, leakage of the liposomes from the blood vessel was confirmed, and at

the same time several platelet clots were formed. As can be appreciated from the

Rhodamine-labeled fluorescent image in red (Figure 2, upper left panel), liposome leaked
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31 fromthe junction of vascular endotheliumin the vicinity of the damage,
and, instead of diffusing along the |ongitudinal axis of the bl ood vessel,
stayed at the boundary (subendothelial space) between the basal nenbrane
and the endothelial cells, showwng |imted accunul ation. These findings
prove that the lipo some used in this exanple 5 accunul ates specifically on
the damaged site of the vascular endothelial cells and fills in the

subendot h@lonfthe§P@agidn ofRadchRr ehdiheliiania, theVichydT thd @dridgRt snd disted ofmal |
aggregates based on the danaged point, no overlap with the i posone was

recogni ze shown in the
mer ged | ngge ?ﬁogﬁééeﬁg l&fg?)t%f?ﬂ‘ Bﬁ{ prtg%iéh%%%ﬁgﬁﬂg%% as,\ﬁt(,s)[ H?]#dt the negatively
charged |i poso this h accunul ated o amaged site
o thoar aEBOREe BRShasE) betercihe BRahmeRbrHE B o thenal clp shonaayi or of
Rh-1ipo was seen mhen the vascul ar endothelial cells of the venula were
damaged adingtedwacurulaidrgurkhese findingeprovathahthedipesomensediipthinesanigand wher e

pl atel ets adhered to | eukocytes rolling in the vicinity of blood vessel

wal I, er w@xﬁmatesis@arﬂchﬂ%r bi thetaeiaged siteest thevascplanbidthielihPcallgane gidls @  of
i posorres m xing up with | eukocytes. In Figure 3, the arrows indicate the

damaged si esents venul a. The upper left panel shows behavi or
of the tﬁﬁealbmdtﬁ h\‘{l : %gé ri ght panel shows behaV| or of CFSE-I abel ed
platelets thelo r Ief arrer rraeof hhe beh VIOI‘ of

Rh-1ipo and CrsEmt ﬁeihéaﬁwda?@r%lsg plaieletifprmed éma Redieates hesed GRate r ght
panel shows an inage obtained with transmtted light. 20 (3) Accunul ati on of
Rh-1i po i damageipant, sobeertiptwigh ihgllipsgamewrs papgnizedsindwyetliebetwsen bathf r om
anal ysis of |iposone accunul ation at the damaged sites of the arterioles.
The ar r owglubrténrtewhNandlpapdednin tiRSmergbeinpReFipufd ibRer lefilpandly  Thigure 4

show i mages of Rh-1ipo accunul ation at the damaged sites of arterioles with

10  shows that the negatively charged liposome used in this example has accumulated on the
damaged site without depending on an interaction with the platelets. Similar behavior of
Rh-lipo was seen when the vascular endothelial cells of the venula were damaged as shown
in Figure 3. In venula, however, Rh-lipo was found where platelets adhered to leukocytes
rolling in the vicinity of blood vessel wall, or was found partially incorporated into platelet

15  aggregates of liposomes mixing up with leukocytes. In Figure 3, the arrows indicate the
damaged sites while V represents venula. The upper left panel shows behavior of the
Rh-lipo; the upper right panel shows behavior of CFSE-labeled platelets; the lower left
panel shows a merged image of the behavior of Rh-lipo and CFSE-labeled platelets in
multi-color; and the lower right panel shows an image obtained with transmitted light.

20 (3) Accumulation of Rh-lipo in vascular subendothelial space

Figure 4 shows the results from analysis of liposome accumulation at the damaged

sites of the arterioles. The arrows indicate the damaged sites. The panels on the right in

Figure 4 show images of Rh-lipo accumulation at the damaged sites of arterioles with

32



32 dianeters of 22.4, 21.7, 23.0 and 26.0 pmfromthe top, while the |eft
panel s show graphs representing |iposone | eakages in the arterioles. The
anal ysis took place at least 5 mnutes after the ablation when the |iposone
| eakage and the accunul ation reach the steady states. The average val ues of
these data are plotted in Figure 5 where |iposone 5 accunmul ati on was
confirmed to concentrate within about 30 mcron fromthe damaged site. The

anal ysi s ighnidiés 0000! 2 A rBCs b eb 3 ﬁ&ﬁ\eﬁéitoa,cwﬂyh@tlé@Bade@sCﬁJoygqpﬁso the
damaged site wth [ittle particle nobility to the other side o he damaged

site. On the ather.hand ccunul ation. in t venul.a Wit hi wi dt h of
Sbout 40 HEFENUCR PSR e BB At ol o dfe SFHRAIE okttt o " he
normal direction was also simlar to that in the 10 arterioles, although

| i posone Mypytes aljerithe ablation when the dipasomglepkagg apd thepcpemulsfigpregeh thee  danmged
site was occasionally observed. For both of the bl ood vessel types, i.e.,
arteri ol esteadylstatenul Bhke avtehazelviahes ofithesesdatla aneipldtteidhin Figxa fplvkerb digosuated ons  of
accurul ati ng on and | eaking fromthe damaged vascul ar endothelial cel

site, and shomasiRCes YR hedtPbmBfrdd WithMGobt IRieS fFbintthe AxRgnAQfbe!l i al
15 space while these actions were independent fromthe interaction wth the

pl atel et s.., EXANPLE. 3: Li posope behgvi gr under infla tion. stinulation The
bresent - ol earavaIF g mofadaiEetor five Hoatkd Bl o R o5 ririsrd of
mesenteriumwi th a general inflammation substance instead of mechanica
sti nul at i 6ie withdittlg partighe meobifity to shecpther sideeofithy damagsdister s©n the etherdynd,
substance. In the sane manner as the nethod of Exanple 2, male Wstar rats
(200 to 23a6cugjulavermeinahe séruddtel wasdvidyin arvidthmfaboltatO mity@ctdnoaningfar@andttbdar bi t al
sodiumat 50 ng/kg, and a catheter was inserted into a fenoral artery. The
nmesent eri Wimated diR. | IDRQABGHRIN 1hBWE ASTMAREirQRBASFs ARo similar to that in the
10  arterioles, although liposome mobility to the blood vessel wall on the other side of the
damaged site was occasionally observed.
For both of the blood vessel types, i.e., arterioles and venulae, the liposome used
with this example had actions of accumulating on and leaking from the damaged vascular

endothelial cell site, and showed accumulation on and filling in the vascular subendothelial

15  space while these actions were independent from the interaction with the platelets.

EXAMPLE 3: Liposome behavior under inflammation stimulation

The present example aims at revealing liposome behavior upon stimulation of
mesenterium with a general inflammation substance instead of mechanical stimulation.
20  Histamine was used as the inflammation stimulating substance. In the same manner as
the method of Example 2, male Wistar rats (200 to 250 g) were anesthetized by
intramuscular injection of pentobarbital sodium at 50 mg/kg, and a catheter was inserted

into a femoral artery. The mesenterium at the ileocecal region was opened
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extraperitoneally to observe the mcrocirculatory systemw th an
erecting-type confocal |aser mcroscope. A 60x objective | ens was used. The
| i posome di spersion prepared according to the nethod in Exanple 1 was
infused into the fenoral vein via the catheter for 250 | per rat weighing
100 g (250 5 pVIOQg rat, where proportion of |iposone in the dispersion was
35% by volune (estimated nunber of |iposones in the sanple being 4.8 x 1012

/i) Ten_eﬂ@rzﬁi&i?&xe@l’l’\i &) ol skRe SR dr &G 1abdty s?éﬁ&ﬁ rWithSdrodtedtftaL tyBE Borfi8EI USi ON)
of histamne (30 p began (flow rate: 2m/mn) and |iposone behavi or was

pi cked upf : 1 put e : 1.ne-label ed fluorescent images of
Iiposorresla}sglrrtn#g%??ggri‘gpg)éyéh%tﬁ%ﬂgﬂ\p’e%u sg@. 10 (V) 0 and 2 mnutes after the
hi stam ne perfusion are shown . in the ypper left and right panels in Figure
6. The | ower pan8f IRPROMRE %Wq%@@%ﬁ?g?ﬁé’dd‘ﬁﬂ ththemgthod intBsampleyhvas i nut es
after the histam ne perfusion. After 2 m nutes of surface perfusion with

hi st ami ne jinfusadgetoptbe ésnarhl wears vialthe catieaterdbh2$0 gll pec edtiveeigifing h@0 g €260 a opened,
and | eukocytes (WBCs) were confirmed to be 15 rolling and accunul ating on

the | asge  PPOGSrat, Fitgs ﬁro?onioawiﬁam ih thé\GispertiBa Wak 3996 Y Sdlamk P& tiRpEdusi on,
| eukocytes that infiltrated to the periphery seened to |i'berate cytokines

to cause tj } fIﬁFQ%a-i T re L Qb nel in Figure 6 shows that

t he Iipoélggnlz)gre%fcﬂcbl?ﬁu a etgﬁsaglrﬁ(]gP#FE%isn{;l%et/néﬁje%ned | arge pores. Briefly,

| i posomes were found to fill in t,hg | arge pores that are entrances for the
Us

| eukocytes to edeRpminyies afteg ipesomeynfusione ppeefysipp éuistapgyPerfusiary of histasmiaeg,
(accurul ation) by the | eukocytes. For inflanmmtion reaction wth histam ne
or the |i k¥ uM)begpdifiongrats 2mivenih)eangdipopame belasioneen pidked epdot Hemimltescel | s
is an inportant factor for determ ning the degree of the inflamrmation
reaction. The riksfatdifel|aBEled fhofed€ent AR bf Rpotomek R IHAATREHICN(LPdRIBnbYe 34
10 (V) 0 and 2 minutes after the histamine perfusion are shown in the upper left and right
panels in Figure 6. The lower panel shows an image obtained with transmitted light 2
minutes after the histamine perfusion.
After 2 minutes of surface perfusion with histamine, large pores of vascular
endothelial cells of the venula opened, and leukocytes (WBCs) were confirmed to be
15  rolling and accumulating on the large pores (Figure 6, lower panel). As a result of
histamine perfusion, leukocytes that infiltrated to the periphery seemed to liberate
cytokines to cause tissue inflammation. The upper right panel in Figure 6 shows that the
liposomes accumulate on and fill in the opened large pores. Briefly, liposomes were
found to fill in the large pores that are entrances for the leukocytes to enter the tissue,
20  thereby suppressing tissue invasion (accumulation) by the leukocytes.
For inflammation reaction with histamine or the like, the opening of the large

pores between the endothelial cells is an important factor for determining the degree of the

inflammation reaction. In particular, in the case of acute inflammation caused by
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hi stam ne, edema is known to be caused by early | eakage of body fluid with
| ess protein conponent frominside the blood vessel to the tissue via the
| arge pores and the subsequent gradual | eakage of body fluid containing
pl asma protein frominside the blood vessel to the tissue. Such
inflammation is known to generally occur in the venulae. As can be 5
appreci ated from Figure 6, accumulation and filling by the |iposome of the

i nvent i onpeingine, AASAE Y EkhoWH 66 uerbame b&%ﬂ&@@ak@%@o%d? RIS Kith 1693 pr&i8in

arterioles. Thus, this exanple shows that the osone of the |nvent|on has

functions of an 1 nf tlon and sUR | the
o anma FomPoRat B PR VR MG B e TR po B PR FRELR e,
nouse tissues In this exa Evans Bl ue tracer was used to test and assess
pl asma | edredyal lpakage pbbey :Elolaéaoeé@e}gsplmwmmﬁom 1ggide the(tloed vess¢litg the,
ki dney and | ung) of a nouse (C57BL/6). (1) Preparation of |iposone 15
Li posonestivsiee Suepmflenhmanoh ek awmetorgenerelly ascuExathplvenilaé. o Abtaite a | i posone
di spersion with an average particle size of 247 -h 129 nm a volune ratio of

35%inst hﬁ;&pr@blﬁﬁﬁrfﬁnﬁ)légﬁf% ReEUhBhGotARCHANAE B kmwsoﬁ@%mhe%éemoawre ld (2)
Test net ho nouse was anesthetized wi th urethane (60

ng/ kg) / U- chl or Io e ( / was i nserted |nto the vein
of the fe ??ﬂe %FBPP@%gﬁg‘?%Scﬁ%Q "ﬂﬁﬁ?ﬁgj ton (spont aneous
ventilation). The I| posone di spersion mes infused fromthe vein of the
fenoral regi on 3hus th‘ﬂF’@m%ﬁW sibaghe lipamaeafithe inyensiandias dignghieanat e a brain
i schem a nodel, bilateral conmmon carotid artery

accumulating on an inflammation site and suppressing the inflammation.

10 EXAMPLE 4: Assessment of plasma leakage in each of the mouse tissues

In this example, Evans Blue tracer was used to test and assess plasma leakage in
blood microvessels of various tissues (brain, liver, kidney and lung) of a mouse
(C57BLY/6).

(1) Preparation of liposome

15 Liposomes were prepared in the same manner as Example 1 to obtain a liposome
dispersion with an average particle size of 247129 nm, a volume ratio of 35% in the
dispersion and particle concentration of about 4.5 x 10%/pl.

(2) Test method

A mouse (C57BL/6) was anesthetized with urethane (600 mg/kg)/a-chloralose (60

20  mg/kg), and cannula was inserted into the vein of the femoral region following tracheal
intubation (spontaneous ventilation).

The liposome dispersion was infused from the vein of the femoral region at 5 pl/g

mouse weight.
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(BCCA) was occluded for 1 hour before being subjected to reperfusion. Evans
Bl ue was infused fromthe vein of the fenoral region. The stock solution of
Evans Bl ue dye was 3% w v (in PBS) that had been filtrated through a filter
and stored 5 at 4C. The stock solution was 4-fold diluted in PBS (1%
solution) and the anmount infused was 5 pl /g nouse weight (50ng/kg). The
above-descri bed perfusion (ischem a perfusion) was continued for 4 hours,

foll oned by hea | 1 i1 3 . When
the mouse " t1 song et & hrebdrEn BERRN:firhfathcteh et cBhh o ooy

par af or mal yde di ssol v iin 10, 5 citric acid. By . fixing pHto a |ow
val ue, bi ﬁgﬁﬁégb@ﬁ\%gﬂdﬁﬁgﬂﬁéq@PﬁBe agc\]geg} eﬁte%\ﬁﬁéepre #PRed. The ventral

part of the nouse was pinned on a corkboard, and chest cavity was opened to
expose the hear EvasiBlupmias énthised frere dhecvenmef tha demergbireginno (Ithe stogk soluon ri cl e
(just right to the apical end), followed by perfusion. Small cut was made in

the left ofEVANBIuktyé Svay8Yywiv(ROPB S that Iaddseed kigttAéd/t @ filh 20¥8¢ aad ¥tobddood and
Evans Blue fromthe 15 vessel as descri bed above. Each of the npuse tissues

(braing liyed ' - V i B P ' buf f er
and ca? ef Sﬁ)? V\nkr;)ﬁéi" ?C\}/l\nc‘ktas E%@g% t%% ami%fgrﬁmseﬁg)#%g{lé@c%aé@ %rhgﬁrﬁl ssues,
each of thegélée\cﬁas pgaa@ed in a 41% ass vial together with 0.5m of

f or manmi de MBSV L' EVIHSE WEE ééHr‘%ﬁ“ ~at 55C overni ght, and Evans Bl ue was
extracted. 20 On the follow ng norning, 100 | each of the

f or manmi de- ext r adhedbavengsseritwdpetfusing {iechesda perdusiory wastcostinuegdbhéhowiist h t he
standard Evans Bl ue solution to determ ne the anount of Evans Blue in each

sanpl e wi fHllcvSIRBChdateefuSioR tath (00RO Qittate EW&Q%H}EBQEBTCG Yeedrthe RedseD
val ue, concentration of Evans Blue (ng/ng) was 36 determ ned by a conversion

using a stRnfarfl SUJ Kol GRIRH, BIWAS pSseB W8 9 Pal dBrnfiidehyde dissolved in

10 50mM citric acid. By fixing pH to a low value, binding between Evans Blue and albumin
was retained. The ventral part of the mouse was pinned on a corkboard, and chest cavity
was opened to expose the heart. 21G butterfly needle was inserted into the left ventricle
(just right to the apical end), followed by perfusion. Small cut was made in the left
atrium. It is very important to completely wash away any blood and Evans Blue from the

15  vessel as described above.

Each of the mouse tissues (brain, liver, kidney and lung) was washed briefly with
a citrate buffer and carefully wiped with paper towel.  After weighing each of the tissues,
each of them was placed in a 4ml glass vial together with 0.5ml of formamide.

Each glass vial was agitated at 55°C overnight, and Evans Blue was extracted.

20 On the following morning, 100 pl each of the formamide-extracted sample was transferred
to a cuvette together with the standard Evans Blue solution to determine the amount of
Evans Blue in each sample with a spectrophotometer (ODgz to OD75).

From the determined OD value, concentration of Evans Blue (ng/mg) was
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formam de and agitated at 55 C overni ght before use. The converted value is
expressed as an anount of Evans Blue (ng) to the weight of each nouse
tissue (ng). A control that omtted the bilateral conmmon carotid artery
(BCCA) occlusion and 5 the subsequent perfusion (ischem a perfusion) in the
above-descri bed test nethod (Shan) as well as a control that omtted the

| i posone infusion (Vehicle) in the above-described test nethod were also
exani ned. degyminedtbyracconversioangingssswansiarheurihe Fvass Blus agseaddpdimlmhofi gures 7
to 9. 10 Figure 7 shows relative Evans Bl ue concentrations (ng/ng) in
various tifosheside hd agitated at\58FC okérdiphy befoet usengThavcddvettbdvaladisdxprazsedl t he
present exanple where the Evans Blue concentration in the shamcontrol is
t aken as j : . i (ng/ mg) in each
tissue injag%ng@ggchﬁe@vﬁgFgg%a(ﬁgfﬁgﬁ}éﬁ%lggi ?ﬁeagﬁ(ﬂg)ﬁll?ﬁlgg%g (l\&}g)e'w of the brain.
15 Fromthese results, .anong the various tissues, plas | eakage in brain
with the vehi cracnsl Paf otieddhe biktertoomman Giphd Bay (BCCA s Raagd hat
with the sham control while ﬁl asma | eakage with the present exanple was

f ound Pedubeshbsequent perdision (jsehernia psrfasian) ingheishoyelescribed deshimeHwdt(Share)

i schem a operation, no increase in the Evans Bl ue | eakage was recogni zed.
Thus, the dsivatissnrcoafrol thet omivied thediposase frfusion {Vehedl€)da the/aboye-lefpibed sesor 20
inhibit an inflanmmation-i nduced damage such as brain edema in the bl ood

m crovess i L dqd ssue if such event occurs or if such event is
i kely toq%(%gﬁdpwe{e%ﬂg%%édAPPu CABI LITY 37 The present invention provides
a carrier with 2 ngqr;—catli oni.c surface, which can attach to and accunul ate
on a damaged si t® bt islisand@ssessmeili ch can specifically fill in the

The results are shown in Figures 7 to 9.

10 Figure 7 shows relative Evans Blue concentrations (ng/mg) in various tissues
(brain, liver, kidney and lung) with the vehicle and the present example where the Evans
Blue concentration in the sham control is taken as 1.0.  Figure 8 shows the Evans Blue
concentration (ng/mg) in each tissue in an absolute value and Figure 9 is an enlarged view
of the brain.

15 From these results, among the various tissues, plasma leakage in brain with the
vehicle control was particularly significant as compared to that with the sham control while
plasma leakage with the present example was found reduced effectively. In the brain,
kidney and lung without the ischemia operation, no increase in the Evans Blue leakage was
recognized. Thus, the liposome of the invention was found to effectively suppress or

20  inhibit an inflammation-induced damage such as brain edema in the blood microvessels in

the brain tissue if such event occurs or if such event is likely to occur.

INDUSTRIAL APPLICABILITY
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damaged site, and a pharnaceutical conposition conprising such carrier. The
phar maceuti cal conposition of the invention maybe used as a drug for
controlling platelet 5 functions such as henostasis action and
antithronbotic action. In addition, the pharmaceutical conposition of the
invention may be used as a drug delivery system (DDS) for a damaged bl ood
vessel site. Furthernore, the present invention allows observation of

carrier behavi Ofl"hWIpFé?.éﬁl 1ﬁ‘venhb§§Hﬁrldé§ aBdtder vl LhorRBfiohlt suff@te, WHIEh &% USIing a
hi gh- speed confocal m croscope. A 10 nethod of the invention “al | ows direct

observati g f am cs.of ac VeSS d us, can be
used for PRadtihaa Tt BarBhleadd sl ot Blei s FRERRsioc ghighTye
selective drug carrier. 38 WHAT IS CLAINED IS: 1. A carrier with a

non- cat i odp@as%k Nitgcand yahamagetical COMAoFILPa C@‘P?P’as’ﬂ&ﬁ%@’e‘é”é@rt elB¢ a tissue. 5
2. Acarrier according to claim1, wherein the surface is a nenbrane. 3. A
carrier a(phmmdicatgidabc(ahpcbwioxmfeh@fnveﬂltiadmmaﬂbamédZs awlingy forr cotthaling platedeti s a

vessel. 4. A carrier according to claim3, which can diffuse outside the
vessel 5 5.fydutias Edc@nras@i@ﬁlggtghg‘gcd& Al bt Aol achbR! M aAdARM the Wherein the
vessel is a blood vessel 10 6. carrler accordi ng to cIa|n11 wherein the

damage reaghes an.e dothella rier r to C
wher ei n ¢ RO sRdicL compLL Cff‘*ﬁ e PEEHE 120 S TRERER e Rl RS,
i schem ¢ dlsorder i schem a-reperfusi on damage, bacterlal tOXIn OX|dat|ve
stress, t dorrdasnagedbinadiessebsittati on, or bl eeding. 8. A carrier according to
clain17 wherein the inflammation is brain edena.

Furthermore, the present invention allows observation of carrier behavior within a

tissue in multi-color and in real time by using a high-speed confocal microscope. A
10  method of the invention allows direct observation of dynamics of a carrier within a blood
vessel, and thus can be used for research and development of a novel drug carrier or a

highly selective drug carrier.

38



15 9. Acarrier according to claim7, wherein the ischemc disorder is
cerebral ischemc disorder. 10. A carrier according to claim7, wherein the
i schem a-reperfusi on damage is ischem a-reperfusion-induced organ damage.
11. A drug transporter conprising the carrier of any one of clainms 1 to 10.
20 12. A pharmaceutical conposition conprising the drug transporter of claim
11 incorporating or carrying a drug. 13. A pharnaceutical conposition
accordi ng lrQi Aﬁ?E gch functions as a drug for controlling a platel et
function.v?gAﬁiscilp af%ggéutical conposition according to claim 13, wherein
the platelet function to be controlled conprises henostasis, antithronbotic
formation, thronbolysis or antiatherogenic action. 15. A pharnaceuti cal
conposi tion according to claim12, wherein the drug is at |east 5 one

sel ect ed flr om aAgeigs vabnsne-¢atgnest susfapes meneheeantdeeumuelats anca damagsd sivg of i ght |
change in tenperature, change in pH ultrasound, uptake of an

i nfl ammat hensysedi ati ng cell or enzynme degradation; henostatic agents;
antithronbotic agents; thronbolytic agents; antitunor agents; and

anti at her goeni ¢ \auaRk Seodfing b BARK TGAUEIAL GAIERISh HeBR, ARCOT ding To cl aim

15, wherein the 1 i on-ne Ing ce I's a ['ynphocyte, a | eukocyte,
a macrophage or ,a platelet. 17. A drug deliver t haod conprising all ow ng
Che. phar mdceut | AGRTSARESHNE Sh et 0B B Hg 1 442 SHETOR the SHPHE SEDEST 16 ¢ o
accunul ate on a damaged site of a tissue. 18. A drug control nethod

conpri si ng. al | oicatriaraecqrfiag tacleim B cwhich sap difuise owtsidathovesselg t o any one of
clainms 12 to 16 to accunul ate on a damaged site of a tissue and

5. A carrier according to either one of claims 3 and 4, wherein the vessel is a blood
vessel.

10 6. A carrier according to claim 1, wherein the damage reaches an endothelial cell.
7. A carrier according to claim 1, wherein the damage comprises those that result

from laser, inflammation, ischemic disorder, ischemia-reperfusion damage, bacterial toxin,

oxidative stress, tumor or thrombus formation, or bleeding.

8. A carrier according to claim 7, wherein the inflammation is brain edema.

15 9. A carrier according to claim 7, wherein the ischemic disorder is cerebral ischemic
disorder.
10. A carrier according to claim 7, wherein the ischemia-reperfusion damage is

ischemia-reperfusion-induced organ damage.
11 A drug transporter comprising the carrier of any one of ciaims 1to 10.
20 12 A pharmaceutical composition comprising the drug transporter of claim 11
incorporating or carrying a drug.
13. A pharmaceutical composition according to claim 12, which functions as a drug

for controlling a platelet function.
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15 allowing the drug to act on the damaged site. 19. A nethod according to
claim 18, wherein the action of the drug is controlled by accunul ation of
the carrier, diffusion of the carrier or activation of the carrier. 20. A
met hod according to any one of clains 17 to 19, wherein the tissue is a
vessel. 21. A nethod according to claim 20, wherein the vessel is a bl ood
vessel. 20 22. A nethod for assessing a function of a carrier conprising

observi ng jyhe b Wkﬂﬁceuﬂtaltclaﬁlpggi{iﬁh\gé%)ﬁg% b ciBint 15 Wﬁerém‘i!%?l%eg% gh- speed

confocal w defie m Ccroscope. according to c , Wherein

t he observation of the rrier .behavior . within a tissue.is perfornmed in

Ul £+ col GRRSRA tf he FaroTER atprgedmoRtassy s BeBa bRt REmHRbAS Sher ei n
the carrier has a non-cationic surface- 25. A nethod according to claim 24,
wher ei n t [stiatherogewc agticm. menbr ane 26, A net hod according to claim 22,
wherein the tissue is a vessel. 27. A nethod according to claim26, wherein

the vessellsis aAdpierasesicsllcompbsition according to claim 12, wherein the drug is at least
5  one selected from a group consisting of substances that are activated by light, change in

temperature, change in pH, ultrasound, uptake of an inflammation-mediating cell or
enzyme degradation; hemostatic agents; antithrombotic agents; thrombolytic agents;
antitumor agents; and antiatherogenic agents.
16. A pharmaceutical composition according to claim 15, wherein the

10  inflammation-mediating cell is a lymphocyte, a leukocyte, a macrophage or a platelet.
17. A drug delivery method comprising allowing the pharmaceutical composition
according to any one of claims 12 to 16 to accumulate on a damaged site of a tissue.
18. A drug control method comprising allowing the pharmaceutical composition
according to any one of claims 12 to 16 to accumulate on a damaged site of a tissue and

15  allowing the drug to act on the damaged site.
19. A method according to claim 18, wherein the action of the drug is controlled by

accumulation of the carrier, diffusion of the carrier or activation of the carrier.

20. A method according to any one of claims 17 to 19, wherein the tissue is a vessel.
21. A method according to claim 20, wherein the vessel is a blood vessel.
20 22 A method for assessing a function of a carrier comprising observing the behavior

of the carrier within a tissue under a high-speed confocal widefield microscope.
23. A method according to claim 22, wherein the observation of the carrier behavior

within a tissue is performed in multi-color and in real time.
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24

25.

26.

27.

A method according to claim 22, wherein the carrier has a non-cationic surface.
A method according to claim 24, wherein the surface is @ membrane.
A method according to claim 22, wherein the tissue is a vessel.

A method according to claim 26, wherein the vessel is a blood vessel.
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