1 DESCRI PTION LI POSOVE PREPARATI ON Technical Field
[0001] This invention relates to a |iposone
preparation which is adapted for use in drug delivery
system Background Art [0002] Recently, a large
nunber of investigations have been conducted on drug
delivery system (DDS) for delivering and distributing
a drug to the target lesion site at high efficiency
with high safety. One sprdermproach has been use of a
cl osed vesicle such as |iposone, enulsion, lipid

1, 18P esSsa@rgno particle for the transporter
(carrier) of the drug. Use of such closed vesicle in
maki ng the DDS into practical application, however,
is associated with various problens which need to be
#BHH' Vo critical challenges have been escape
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foreh%ﬂx@ubstance and in vivo control of the

pharmacoki netics. In other words, delivery of the

closed vesicle to the target site,at _high selectjvity
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Background Art

[0002]

Recently, a large number of investigations have been
conducted on drug delivery system (DDS} for delivering and
distributing a drug to the target lesion site at high
efficiency with high safety. One such approach has been
use of a closed vesicle such as liposome, emulsion, lipid
microsphere, or nano particle for the transporter (carrier)
of the drug. Use of such closed vesicle in making the DDS
into practical applicatioen, however, is associated with

various problems which need to be overcome, and critical

challenges have been escape from the biological recognition

mechanism for a foreign substance and in vive control of
‘the pharmacokinetics. In other words, delivery of the -
closed vesicle to the target site at high selectivity is

achieved only when the stability of the closed vesicle in



vesicle in the reticul oendothelial system (RES) such
as |iver and spleen and avoi di ng aggregati on of the
closed vesicle by the interaction (adsorption) wth
opsonin protein or plasma protein in the bl ood.

[0003] one known nethod of ,obviating such problens is
nodi fi cation of the nmenbrane with a hydrophilic

macr onol ecul e. C osed vesicle, and in particular,

théi POS6dESs MBdEhired Wit B1amhydeenll bhgtiBEngMRifeenke closed
have been devel oped for use in clinical practice
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att?ggbgg a lipid such as a phospholipid or a
chol ol to the polyethylene glycol. An exanple of
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macromolecule. Closed vesicle, and in particular,
liposomes modified with a hydrophilic macromolecule have
been developed for use in clinical practice since they have
realized high retentivity in blood, and hence, passive
accumulation in the tissues having an increased vascular
permeability, for example, in the tumor tissue or in the.
inflammatory site (see Patent Documents 1 to 3 and Non-
patent Documents 3 to 5). A typical preferable modifier
used in such modification with the hydrophilic practice is
a derivative of polyethylene glycol (PEG) produced by

; attaching a lipid éuch as a phospholipid or a cholesterol

’,;to the polyethylene glycol An example of the commercmallylw‘ﬂ

avallable versatlle modlfler is a derlvatlve of
’1fpolyethyleneLglycolfproduced by*attachihg‘a'phospholipid
such as diacylphosphatidyl ethanclamine to the polyethylene

glycol.



The |iposone which is subject to such nodification is
a closed vesicle forned froma |ipid bilayer having an
aqueous phase (an internal aqueous phase) encapsul ated
in its interior. Various |iposonmes having different

| ayer structures are known 4 n the art, and exenplary
| i posones include unilanellar vesicles such as a
small unilanellar vesicle (SUV) and a | arge

uni lramelshar vesicle conprising a single layer of a
lipid bilayer and a nmultilanellar vesicle (MV)
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vesicle (SUV) and a large unilamellar vesicle comprising a

single layer of a lipid bilayer and a multilamellar vesicle
(MLV) comprising two or more layers. Use of a liposome
with a MLV structure for prevention of leakage of the
encapsulated drug therein have been proposed (see Patent
Document 4).

[0005]

Encapsulation of the drug in the liposome as
describad above may be accomplished by various methods, and
a method known in the art c¢apable of encapsulating the drug
at a high concentration is the method using ion gradient

such as pH gradient (see Patent Documents 5 to 7 and Non—

. . patent Document 6).

[o006]
[Patent Document 1] JPf5e5q51?3=A
[Patent Document 2] Jp-7-20B57~B

[Patent Document 3] JP-2667051-B



[ Pat ent Docunent 5) USP 5077056 [ Patent Docunent 6]
JP-2847065-B [Patent Docunent 7] JP-2659136-B

(Non- pat ent Docunent 1) Cancer Lett., 1997, 118(2),
p. 153 (Non-patent Docunent 2] Br.J. Cancer., 1997,
76(1), p.83 [Non-patent Dogunent 3] D.D. Lasic,

"LI POSOVES from Physics to Applications", Elsevier,
1993 [ Non- patent Docunent 4] Martin C. Wodl e and

Cer [Pdtertt opde@fent "4PNwECioCAd®I1I7TY Li posones: O d
Drugs, New Therapeutics", Springer, 1997 [ Non-patent

Docppetén®] DérbheA8SEF aEb (o7 Rapahadj opoul os ed. ,
“Medi cal Applications of LIPOSOVES', Elsevier, 1998
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igher than the neutral pH, and in such a case, the
p.% ernal aqueous phase of the

[Non-patent Document 2] Br.J. Cancer., 1997, 7&6(l),
p-83 -

[Non-patent Document 3] D.D. Lasic, “LIPOSOMES from
Physics to Applications”, Elsevier, 1993

[Non-patent Document 4] Martin C. Woodle and Gerrit
Storm ed., “Long Circulating Liposomes: 0ld Drugs, New
Therapeutics”, Springer, 13597

{(Non-patent Deocument 5] D.D. Lasic and D.
Papahadjopoulos ed., “Medical Applications of LIPOSOMES”,
Elsevier, 1938

[Non-patent Document 6] G. Gregoriadis ed., “Liposome
Technology Liposome Preparation and Related Techniques” 2nd

edition, Vol. I-III, CRC Press

Disclosure of the Inventiocon
Problems to be ‘Solved by the Invention-
[0007]

Some of the drugs to be loaded in the liposome are



| i posome should be kept in acidic state whether the
drug is encapsulated in the lipid bilayer or in the
i nternal aqueous phase. Wen a weakly basic drug is
to be encapsulated (loaded) in the |iposonme by using
a pH gradient, the internalg aqueous phase is brought
to acidic condition at a pH of about 4 with a citrate
buffer solution and heated to a tenperature equal to
unetahilghat thaf the thehaseder aigHdon HepefAnaa {1 pH,
the mai n nenbrane conponent (for exanple, about 60C).
anHowAvehchwherakbe ithkelin®e@fal HRRdJIROTHERL SKaHe I N
acidic condition, and as the case nmy be, exposed to

lipoBb8B E8BREHALE Replth@he alcs B S YA wH R ¥rug is
the stability is inpaired during the manufacture or
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deconposition of the drug, in turn, invited |oss of
phgpe transition temperature of the main membrane component
(for example, about 60°C)., However, when the interior of
the liposome is kept in acidic condition, and as the case
may be, exposed to a high temperature, there is a serious
concern that the stability is impaired duxring the
. manufacture or storage by the deterioration of the liposome
membrane. Focusing on this problem, the inventors of the
present invention produced a series of liposome
preparations in which a drug which needs to be kept in an
acidic condition was loaded in a liposome having a membrane
. modified .with 'a hydrophilic macromolecule, and evaluated
such liposome preparations for their storage stability. It
was then found that in some of the liposomes modified with
the hydrophilic macromelecule, decomposition of the drug

was more likely to occur during the manufacture or the



storage stability of the |iposonme preparation. In view
of such finding, an object of the present invention
is to provide a |liposonme preparation in which a high
menbrane stability and a high storage stability have
been realized w thout Iosigg the effect of nenbrane
nodi fi cation enabled by the use of the hydrophilic
macr onol ecul e when a drug should be kept in an acidic
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macr onol ecul e, and then encap sulatln% a drug which
stapiekist¥ 1R A dpiol nebprage dpkabihityo ﬁ’éﬁtbﬁﬂnu fgalized
i nterior aqueous phase. It was then found that that
withoitd Iesingirory zetifegt t 0 merbreng medifieakiar gpabled
the internal aqueous phase, and the storage stability
by dfhg hes¢ i pbstone hydpephildn nacromedbgulepuherda drug
Based on such finding, the inventors further found
shdudlad Wdiekept in an acidic condition due to the
requirement of the drug itself or due to the drug
encapsulation method is loaded in a liposome having its

membrane modified with a hydrophilic macromolecule.

Means to Solve the Problems

[0008]

In view of the situation as described above, the
inventors of the present invention made further
investigation on & liposome preparation which has been
produced by using a phospholipid commonly'uséd in the art
- for the. maln membrane compenent and further modlfylng its
lmembrane with a hydrophmllc macromolecule, and then |
. encapsulating a drug which needs to be kept’ihfap acidic
environment in its interior agueous phase. It was then

found that that lipid is hydrolyzed by the acidic



| i posonme preparations which easily | ose the storage
stability are those having both the exterior and the
interior surfaces of the nenbrane nodified with the
hydr ophi li ¢ macronol ecul e. The inventors then gave
thought to that the situatison should be inproved if
only the exterior surface of the |iposone were

nodi fied with the hydrophilic nmacronol ecul e, and

encnbhmend bifathbhenktiepesama qukibeRapMs@) MY Mhe storage
structure retains its storage stability even when the
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The i nventors also found that nodification o
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contal nl ng am no group, no group, or guam

1i869HRe E@@g%ggt Egchhgghsggg'hgaigget s%%&%g%

ran en | the |nterna UFOUS P ase we _
s e SRR b e b, RO R BT "

onent xh|b|t cell ent stora stablllt The
mﬁ?g@sm MRS BREPoR ol Qe bEPPEaR DEPBNTIEE Wikl th
ngé hgd on the bases of such_ findings. %OOOQ (1
hYPFB o pWéﬁaPQP#SHU&snpr?g?n@ngeﬂﬁ?ranﬁ ?%rgaV%sF Péght
formed froma lipid blla{ conpri si ng
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interior gueous phase _in the vesicle at a pH of up to
exteriqhRepurfiacheof| pbsokirhasmae weye Moddédechersinthe

and wherein
hydrophilic macromeclecule, and confirmed that the liposome

preparation having structure retains its storage stability
even when the internal agqueous phase is under an acidic
condition. The inventors also found that modification of
the membrane with a basic compound {cationating agent)
containing amino group, amidino group, or guanidine group
has the effect of stabilizing the liposome membrane even if
the internal aqueous phase were under an acidic condition,
and a liposome preparation containing such basic compound
#s its membrane componént exhibits exceliént storage
, stab1l1ty., The present lnventlon as descrlbed below has
been compléted on the bases of such flndlnég“ -
[0009]
(1) A liposome preparation coﬁprising a unilamellar

vesicle formed from a lipid bilayer comprising a



the vesicle is nodified with a hydrophilic

macr onol ecule only on its exterior surface. [0010]
(2) The liposone preparation according to the above
(1) wherein the drug is the one which is unstable at
a pH higher than 5. (3) Thg | i posone preparation
according to the above (1) “or (2) wherein the drug

| oaded is at a concentration of 0.05 nmole / nole

.0 : 1. i t] di t th
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(5) wherein the phospholipid is a hydrogenated
onkh d¥hhidts ek eXi9r #EF3%esone preparation accordi ng

to any one of the 9 above (1) to (5) wherein the

phok Ipidis a sphingophospholipid. [0012]
(2} The liposome preparation according to the above (1)}
wherein the drug is the one which is unstable at a pE
higher than 5.
{3) The liposome preparatlon according to the above (1}
or (2) wherein the drug loaded is at a concentration of
0.05 mele / mole lipid.
{4} The liposome preparation according to the above (1)
or (2) wherein the drug lcaded is at a concentration of 0.1
mele / mole lipid.

[0011]

{5) The liposome preparaticon accerding to any one of the

above (1) to (4) wherein the main membrane component is a

phospholipid having a phase transition temperature of at

"_gfggast-SOfC.

{6) The liposome prepération according to any one of the

-*‘abbve (1) to (5) wherein the phospholipid is a‘hydrogenated:r

phospholipid.

(7) The liposcme preparation according to any one of the



(8) The liposone preparation according to any one of
the above (1) to (7) wherein the lipid bilayer
further conprises a lipid other than the phospholi pid
as its nenbrane conponent. (9) The |iposone
preparation according to thg above (6) or (7) wherein
the lipid bilayer further conprises a chol esterol as
its conmponent. (10) The |iposonme preparation according
abbdeealny) obe 05) tWRerabAVenélpnboph8) iphar esnat he |ipid
bil ayer further conprises a basic conmpound contai ni ng
spRi 95 OYRo §EhEEI Paf rom am no group, amdino group, and
guahi'dino group as its conponent. (11) The |iposone
prePgﬁgghon according to the above (10) wherein the
basic compound is 3,5- dipentadecyl oxybenzam di ne
yd h ] [ ' 0 p tign
(BP fﬂ% l?ﬁBQSme ggéﬁérggigﬁeggggggggglggt§5?1%§g o% the

according. to an
i d hili I ' t hyl
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hydr ophi lic macronol ecule is introduced as a

memhERRH PP SR chol esterol derivative of the

macr ono] ecul e.
{9) The liposome preparation according to the above (6)

or (7) wherein the lipid bilayer further comprises a
cholesterol as its component.

(10) The liposome preparation according to any one of the
above (1) to (9) wherein the lipid bilayer further
comprises a basic compound containing a group selected from
amino group, amidino group, and guanidino group as its
component.

{11) The liposome preparation according to the above (10)
wherein the basic compound is 3,5-
dipentadecyloxybenzamidine hydrochloride.

[0013]

;. (12) The liposome -preparation according to any one of the

above (1) teo (11) wherein the hjdrbphilic macromolecule is

. polyethylene glycol having a molecular weight of 500 to

10,000 Dalton.

(13) The liposome preparation according to any one of the



[0014) (14) The liposone preparation according to any
one of the above (1) to (13) wherein the |iposone
preparati on has an average size of 40 to 140 nm (15)
The |iposone preparation according to any one of the
above (1) to (13) wherein t g | i posonme preparation has
an average size of 50 to 1 nm (16) The |iposone
preparation according to any one of the above (1) to

ok, L T3S REATEII P gt .
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to 5. 016 18) A nmethod for producing a |iposone
th%r%ﬁgfégPiﬁLB%gfhe .above (1). conprising the steps

of Erggaiing a vesicle having a unilanellar |ayer

strid of a lipid bilayer containing a phospholipd
so that the interior aqueous phase has a pH of up to

(14) ZThai Adpasprgi prepareiione agicandd gy oy anel pE the
macr onol ecul e to nodify only the exterior surface of

abewie (Vestel él3inwheneapsthat LAgoskacdipFgraratien has an

interior of the
average size of 40 to 140 nm.

{15) The liposome preparation according to any one of the
above (1) to (13) wherxein the liposome preparation has an
average size of 50 to 130 nm.
{16) The liposome preparation according to any one of the
above (1) to (13) wherein the liposome preparation has an
average size of 60 to 120 nm.

[0015]
(17} The liposome preparation according to any one of the
above (1) to (16) wherein the interior aqueous phase has z
pH of 2 to 5.

[0016]

(18} A method for producing a lip050me preparation of the

. -abave Ill,dePFiSing,the,$tePS of

preparing a vesicle having a unilamellar layer
structu;e:of:awlipid bilayer cqntaining a phoSphoLipid'so
that the interior aqueous phase has a pH of up to 57

adding a lipid derivative of the hydrophilic



| i posonme either by prelimnarily adding the drug to
the interior aqueous phase in the course of the
preparation of the vesicle, or alternatively, by
adding the drug fromthe exterior of the vesicle
after preparing the vesiclg{by penetration through
the lipid bilayer. (19) A nethod for producing a

| i posone preparation of the above (18) wherein the

ma ka1 Sc1ENE S UhSd PEly byn IR aftge Odxt 8Ri o 9r 34k eakeMBENRH:
after the preparation of the vesicle by perneation

veddyughsdde lipid bilayer. Effects of the Invention
[0017] The effect of nodifying the nenbrane of the
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the hydrophilic macronpl ecule. More, specificall
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the |iposome nenbrane is highly stable, and 12
extSpE M oiht yehicel 3Eter opreprringi ghenvesécle by

internal aqueous phase in an acidic environnment can
penrt mipre stuerugTHehe | bisbddcptayparati on of the

present invention has an excellent storage stability
(1%l s enetrined cbshryrednpongnt slipesome preparation of the

above (18) wherein the drug is encapsulated by means of ion
gradient method after the preparation of the vesicle by

permeation through the lipid bilayer.

Effects of the Invention

[(0017]

The effect of modifying the membrane of the liposome
with the hydrophilic macromolecule at a lower modification
rate relative to the overall membrane can be higher in the
case of ﬁhe;liposome as described above having the
‘§,pa:ticula:;§ﬁrgcture gomparédg;ﬁ.the.gase of.thell;pggpme_;
having-ﬁotﬁ of the-inﬁériéf ;ﬁacthe exﬁefior éﬁrfééésJ o
modified with the hydrophilic'macromolecule«"lmdre
specifically, since it is free from the unnecessary

modification, the liposome membrane is highly stable, and



terms of drug structure is adequately omtted in the
i nternal aqueous phase which is maintained in acidic
state due to the constraints as descri bed above, and
unnecessary hydrolysis of the lipid is thereby
suppressed to suppress thgsodeconposition of the drug
during the manufacture and storage and enabl e stable
| oadi ng of the drug at a high concentration while

simeltdmangs Ihe lefdesiysihesenthé olibed DRMPKENenternal
nodi fication such as high blood retentivity. OMng to-

aquidtls SIOReE tieSan (€1 i POSHPEr PHAGRE akARNLO shiPBressed.
present invention is highly effective for treatnent
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t he %Sac\)/vi ngs [0018]0 FIG 1 sﬁ%f/vs the TLC i mage a?te?n
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hydrophi l'i c macronol ecul’e PEGS30 2 shows
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hyé?ggﬁggs(g éﬁetfgiid is thereby suppressed to suppress
the decomposition of the drug during the manufacture and
storage and enable stable loading of the drug at a high
concentration while retaining the effect inherent to the
membrane modification such as high blood retentivity.
Owing to such properties, the liposome preparation of the

present invention is highly effective for treatment and/or

diagnosis of a disease.

Brief Description of the Drawings

[0018]

FIG. 1 shows the TLC image after the stébility test
of a‘lipig_de;iyative of;gheﬁhydxqphilicrmgqggmglecu;e;,
(PEGeo-DSPE). o

" FIG. 2 shows the;TLC»image~after-the‘s;ébility test
of a lipid derivative of the hydrophilic macromolecule

(PEGsouo-DSPE) .



degradation product of HSPC in the storage test. Best
Mode for Carrying Qut the Invention [0019] Next, the
present invention is described in further detail. A
| i posone is a closed vesicle conprising a
phosphol i pid bilayer, and i3 contains an aqueous phase
(internal aqueous phase) in the interior space of the
vesicle. A liposone preparation is a preparation
accBhpans etls sactiliewpobonings rasddnail econitehtaodr @gGsooo—
| oaded therein. As described above, known |i posones
pseocindeteragwi taesel | ar (nonol ayer) vesicle (SUV, LW)
conprising a single lipid bilayer and a rmultilanell ar

vesithe {MY)a ¢08R'EabREnEVBoAEeHR! @3hi Bird+REl ayers,
and anong these, use of an LUV (large unilamellar

deyLSh Lt £dn | r@&a&tcgfaﬁéyc Eﬁe£ﬁéa9£8r§89 pggeof an SW
smal |l unilanellar vesi cl e) al so preferable In

theFPéesﬁnis'QV%EhOEho UEblOa Hﬁlt' )VS the 14
typlcaf y conprises at pre erably
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I poSofre™ pr epar at |
i nventi on, the | i posonme used for the |oading of the
drug contains an internal aqueous phase at a pH of up

to 5, and the uni|amell ar Llpid bilaxer has a
Best Mode for Carrying Qut the Inventidn

(0018}

Next, tha present invention is described in further
detail.

A lipeosome is a closed vesicle comprising a
phospholipid bilayer, and it contains an aqueous phase
(internal agueous phase) in the interior space of the
vesicle. A liposcome preparation is a preparation
accompanied such liposome as a carrier with a drug loaded
therein. As described above, known liposomes include a
unilamellar (monolayer) vesicle (SUV, LUV} comprising a
single 1ipid bilayer and a multilamellay vesicle (MLV)
;;comprlslng two or more llpld bllayers, and among these, use,

of an LUV (1arge unllamellar ve31cle) is partlcularly

“}éféferable and ‘use ‘of an SUV (small unilamellar vesicle) is .

also preferable.

In the present invention, the unilamellar vesicle



particul ar nmenbrane nodification structure in which

only the exterior surface is selectively nodified

with a hydrophilic macronol ecule. (0020] Such lipid

bi | ayer contains at | east a phospholipid as its main

conponent. A phospholipid i$4an anphi pat hi c substance

which generally contains a hydrophobi.c group

conprising a long chain alkyl group and a hydrophilic
tygtieuml?o&amp&wgsaatptn@aahosm (2ahd gredRriabl9N&omprises

nol ecu Exenpl ary phosphol i pids which may be used

ati DebBe BD%SaEtth@VQBEanveb&@hé@ec&hﬁ%&&%&ﬁ%@p@Wé pi ds
such as phosphati dyl choline |Iecithi

lmBBQ%ﬁEaﬁkéﬁhgb¥9650| phosphati di c acnd
., phosphat I dyl et hanol am ne, phosphatldylserlne and

phogphatidyld t [Wale]o) S
sph?%gg#ye N % Eh?hggéggﬁﬁﬁ)aaﬁhﬁgﬁ %%%*etlc
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erl |ves any o suCh pho
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ati dyl chollne The hos hol i pi ds .as i oned
Pa§569§9P§ RLrBEase: Boki £l Aat i BASRR arE by dg phial OR1Y

hosphol i pi ds". Anpng these, the preferred are
thﬁyﬂﬁ&@éﬁﬁFeéur6ﬁ8§pﬁélF548§t§HEHYa§°H&J98&eH&Féda

soybean phosphati dyl
hydrophilic macromolecule.

[0020]

Such lipid bilayer contains at least a phosphelipid
as its main component.

A phospholipid is an amphipathic substance which
generally contains a hydrophobic group comprising a long
chain alkyl group and a hydrophilic group comprising a
phosphoric acid group in one molecule. Exemplary
phospholipids which may be used in the present invention
include glycercphospholipids such as phosphatidylcheline (=

lecithin), phosphatidylglycerol, phosphatidic acid,

”}.”phosphatldylethanolamlne, phosphatldylserlne, and

phosphatidylinocitol; sphlngophosphollplds such as
'-sphingomyelin*{Sphiﬁgomyelin); natural or synthetic -
diphosphatidyl phospholipids such as cardiolipin, and

derivatives thereof; and any of such phospholipid which has



chol i ne (HSPC) and sphi ngonyelins (SM. The |iposone
may contain either single phospholipid or a plurality
of phospholipids as its nmain nenbrane conponent.
[0021] The liposone used is preferably the one
produced by using a phospRhelipid having a phase
transition tenperature which is higher than the
tenperature in the body (35 to 37C) for the nain

bedfE M ARSI} $1MEEh oS CcOmSHER uHOSPROLLPI Srt (for
prevents unguarded | eakage of the drug encapsul ated

exe{nﬁblté']e Hy PRSQETR €hH | Sy dien SERE P82 €Lay D LhOPfhe P! iThe

he body Such Ilposone is preferably produced at a
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tenperature of the. main nenbrane conponent since

'ccéaQﬂJrPA JE}E 11 L LDOSOUE, o S"‘;ﬁﬁo%ﬁl‘ngii &é:'“ at a

enpera € no exceedlng t ase ransition

L erELAL Wie, éitﬁ%‘e n@ﬂpaagsecmygga reO"

examnple he p TTangi t1on hra uré of the
Phcrsspfi%hpp#%f ST Qw%‘”reﬁ%af?*?%{‘ %%}b o rRTereh el
o R VD o Ay L e Erbt 6. (0022) As

| ong as_t he Ilposone of particular formaccordin

Lt
t Rl eSERRS Iy MY GFORBALBee b Bitice ot aeP RPBRAGHED LA

orrgnglurality of phespholipids as its main membrane
component.,

[0021]

Tha liposome used is preferably the one produced by
using a phospholipid having a phase transition temperature
which is higher than the temperature in the body (35 to
37°C} for the main membrane compenent s2ince use of such
phospholipid prevents unguarded leakage of the drug
encapsulated in the liposome during the storage or in blood
or in the body. Such liposome is preferably produced at a
temperature higher than the phase transition temperature of
.the maln membrane component 51noe control of the llposome :

size is dlfflcult at a temperature not exceedlng the phase

"'ﬁytransition;tempe:atnre of the main membrane cempenent. For

example, when the phase transition temperature of the main

membrane component is near 50°C, the manufacture is



al so contain a nmenbrane conponent other than the main
menbr ane conponent as described above. For exanple, it
is preferable to prepare a lipid mxture fromthe
phospholipid and a lipid other the phospholipid or a
derivative of such lipid (pereinafter sonetimes
referred to as "additional ipid') to thereby form
the nenbrane fromsuch lipid mxture. Exenplary such

praddibihopgakakirphdsohnchiddapd rbkRind My Gt ks fgeg, f LM
t he phosphoric acid, and non-limting exanples

mot8CkHEE: 818hY e 08l ¥ealirAdurd SRNBEAg! g@ﬂdy 60 3
a sterol such as chol esterol which used as

Il {11 be described | ater, and

70?@3&% ﬁ%ﬁéﬁ?hgﬁﬁivatives t hereof. The |iposone is
preigbgghy formed froma nenbrane of a lipid mxture
contarning additional |ipids together with the

phosphol i pi d in nbr ane nponent .. (0Q23 In th

bt L oL RRBLPENGF: A BOCeORs it BRI HeY forp Freording

bi | ayer, the phospholipid ich is the main nenbrane
tocBh%oHEﬁ?e?ﬁpEEE? F1EBnSEPt BEeBroFUCE I 06HEhY LRGISOme may

and preferably 40 to 100% by nole. In the nmeanwhile,
algpecambrinonalierbpruct gpMEARERE ebher thess ther :agoy,

by nole, and preferably 0 to 60% by nole of the
mephrane AEMPPAART| #pi described above. For example, it is

preferable to prepare a lipid mixture from the phospholipid
and a lipid other the phospholipid or a derivative of such
lipid (hereinafter sometimes referred to as “additional
lipid¥) to thereby form the membrane from such lipid
mixture.

Exemplary such additional lipids include a lipid
which is free from the phosphoric acid, and non-limiting
examples inelude a glyceroglycolipid, a sphingoglycolipid,
and a sterol such as cholesterol which 1s used as a
stabilizer as will be described later, and hydrogenated

derivatives thereof. The lipbsdme is preferably formed

.o - from a membrane of a.lipid mixture containing additional

lipids together with the phospholipid main membrane
component.,
[0023]

In the entire membrane lipids constituting the lipid



[0024] In the present invention, the exterior side of
the |Ilipid bilayer as described above is selectively
nodi fied wth a hydrophilic macronol ecul e. Exenplary
non-limting hydrophilic macronol ecul es include
pol yet hyl ene glycol, polydlwycerin, polypropyl ene
glycol, Ficoll, polyvinyl alcohol, styrene - nmaleic
_anhydride alternating copolyner, divinyl ether-
bilawes.c tHihyrhosiehal ipidawihhgh chpotheemain membrane
pol yvi nyl pyrrolidone, polyvinyl nethylether,
comppbryan thy yiet ¢/l ok azan £ it upes y28 hiyb 0k@@%| bpeqmole, and
pol yhydr oxy- propyl oxazol i ne,
prapd natyldr o0&y propyd tetihaanylam de, pol yunet hacryl am de,
pol ydi et hyl acryl am de, pol yhydr oxypr opyl
met hactiyd aheanpel Yoy deox yeidytiagsy! aiFid typically
hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose,
corkfd Masinad t@ngsleg o sl sydidetdgd fa@&am?codtﬂb@g by
hydrophilic macronolecule is preferably, the one in
mohih dihe S0k b Gliul .01 Bonged to the |ipid has
been al koxyl ated (for exanple, by mnethoxyl ation,
eth i@?ion, 18 or propoxylation) in view of
i nptoving the storage stability. (0025] Anong these,
th referred ar ol vet hyl en lyecol . (PEG
ol o1 HEREER RS PR ooy ut $REegiEoT errey Fhe

li];,?v:i!r \géjg.l:ﬂ;eeral égiygsggfggé]g%joégt fa?t isé/ictagtgire}.{;emodified
with a hydrophilic macromolecule. Exemplary non-limiting
hydrophilic macromclecules include polyethylene glycol,
pelyglycerin, polypropylene glycol, Ficoll, polyvinyl
alcoheol, styrene - maleic anhydride alternating copolymer,
divinyl ether- maleic anhydride alternating copolymer,
polyvinylpyrrolidone, polyvinylmethylether,
pelyvinylmethyloxazoline, polyethyloxazoline, polyhydroxy-
propyloxazoline, polyhydroxypropylmethacrylamide,
polyumethacrylamide, polydimethylacrylamide,

polyhydrciypropyl methacfylate, polyhydroxyethyl acrylate,

S hydroxymethyL:gllulose,,hyd#queﬁhylcel;u;ose,r

polyaspartamide, and synthetic'polyamino acid,
The,hydrophilic m&dromdieégle is preferably.-the one
in which the end which is not bonded to the lipid has been

alkoxylated (for example, by methoxylation, ethoxylation,



preparation in blood. PEGis not particularly limted
for its nolecular weight. PEG however, may typically
have a nol ecul ar wei ght of 500 to 10, 000 Dal t ons,
preferably 1,000 to 7,000 Daltons, and nore
preferably 2,000 to 5,000 tons. PG is not
particularly limted for its nolecular weight. PG
however, nmay typically have a nol ecul ar wei ght of 100

or bto%@@.a@qdrﬂn%n RFiehe | iy izQ:Qr Ry 4900 fadt , and
nore preferably 400 to 5000 tons. PPGis no

stapantitqul arly limted for its nolecular weight. PPG
howevér, nmay typically have a nol ecular weight of 100

O Daltons, preferably 200 to 7,000 Daltons,
J nor e preferably 1,000 to 5,000 Daltons [ 0026]

t e bJ Iene
% 41n vefseev(/ %ﬂ?ﬁ:x%en%f Gaz;\baf% &t A IH' y Pengt YTt
fect reaI|2| pral o etent|V|ty in hlo .
<PEgavyaW SEHE EE r BrE dSTeeirth b in
whi ch .has a re etltlve uni t of CH20.n-. Since

Vleﬁs’oﬂfe Rdfe T P ‘%"&9 rFe?rﬁed}FdiVé&}? C%a?xhenghaposome

anphi pathic _property, nanely, since polyethylene
Pr%@%ﬁﬁﬂ1QQs%ﬁﬂhﬁﬂqg ‘both in water and an organic

solvent, and since it also has low toxicity, IS

w EEG i@l dratiasilaping drideed afer i dts |mmkwlﬁgr| n

vivo kinetics of the drugs. A carrier (such
weight. PEG, however, may typically have a molecular

weight of 500 to 10,000 Daltons, preferably 1,000 to 7,000
Daltons, and more preferably 2,000 te S,000 Daltons.

PG is not particularly limited for its molecular
weight. PG, however, may typically have a molecular weight
of 100 teo 10000 Daltons, preferably 200 to 7000 Daltens,
and more preferably 400 to 5000 Daltons.

PPG is not particularly limited for its molecular
weight. PPG, however, may typically have a molecular
weight of 100 to 10,000 Daltons, preferably 200 to 7,000
Daltons, and more preférably 1,000 to 5,000LDaltons.

[0026]

Among these, the most preferable is polyethylene

‘glycol in view of the remarkable versatility and-its effect - -

of realizing preolonged retentivity in blood.

Polyethylene glycol is a straight chain macromolecule



as |iposone) nodified with such pol yet hyl ene gl yco
known for the low toxicity having a drug | oaded
therein (for exanple, a |liposone preparation) is
hi ghly safe. [0027] 1In the present invention, the
term"retentivity in blood! neans that the drug 'S

still enclosed in its carrﬁg and the carrier having

t he drug enclosed therein is still present in the

HRl80q,.0f admgyister ed.
"AS soon as J{:,]V%I %?eased@zg%fsﬂ‘é 1] ggsotr(?e | t

the
poWét?ﬁwoft | é}ﬁ) erSf d %acrtor}r?o we trgaxpfnrix Oetsr?ep :Lpathlc

he carrler USG I'st

r.ol tenti.vit dru nlst ti
PRI 5'@&? 1 AP PO D gl both
, dose. In e present, |nv ntion, the tern1 'expasur
i SAEeT (A AIESHARLS GAKATEA AR PR or k% R el ov

carrier i ves sone actlon on the externa
tOK R TERt S VBHEC IS AT (AT |5t AtHel YA BaR Apd in

exerts its action (for 20 exanple, an antitunor
impatovdme dft ol vap prisedtiany dff Shaardpigs sj Becaggdier (such
becom ng in contact with such site. Wen the drug
asgdtipasionsie moglididteds iwigh tsheheprelatstth wlstneo g lafealheknown
drug, for exanple, a local action on the cells at the
farartdet 1omt donifiicly dreeriirgy tehelddNA Inavddrb Silse yaitas ef fafr
the cell cycle is realized at the very site.
example, a liposome preparation) is highly safe.

[0027]

In the present invention, the term “retentivity in
blood” means that the drug is still enclosed in its
carrier, and the carrier having the drug enclosed therein
is still present in the blood of the host to which it has
been administered.

As soon as the drug is released from the liposome, it
will swiftly disperse into the blood to be exposed to the
blood. When the carrier used is the one with prolonged
rétentivity in blood,'drug administration can be
"jaccompllshed by uSLng the drug of mlnlmal dose.

In the present 1nvent:.onlr the term “exposure" means
~ that the drug”released\té the exterioerromﬁthe carrier

gives some action on the external environment. More

specifically, the released drug exerts its action (for



[0028] Such a liposone can be produced as will be
descri bed bel ow by producing an unnodified |iposone
conprising a wunilanellar vesicle having a lipid

bil ayer, and thereafter selectively nodifying the
exterior surface of the Iipgg bi | ayer fromthe
exterior side of the lipid bilayer with a hydrophilic
macr onol ecul e. When a derivative of the hydrophilic

X1 8C W8t i Sutse a0 o N6 1 FA 88 rd Ao i A I DOMICE HBgat
t he hydrophilic macronol ecul e, the hydrophilit

_sir@ecraqimlw&éneirv& l4n Q?org(%a?éf iMrgdst\ﬁéehtm@%t YHeY the drug

surface of the lipid l ayer o | 1 posone since
: : ; . b
et g 5 s RS R R e o
i1 . . _
ed IS IS ek, JRIRLERHL S LMo e
hyd hahj [ fothe lipid deriyvati f t .
iR o S R Bl e i E R i 1o te o
| i, ted, th pl i ncl ud d havi
ANt ¢ oNEAY (R ophobi ¢ compound) .
Exenp:ﬁg¥ hydr ophobi ¢ conpounds i nclude |ipids such as
t he bholipid and the additional lipid such as a

sterol which constitute the lipid mxture as will be
descHBed® bEPWNDroan st HPEUCHA| #° af i bhadt¢ cdescribed

al cohol , a straight
below by producing an unmodified liposome comprising a

unilamellar vesicle having a lipid bilayer, and thereafter
selectively modifying the exterior surface of the lipid
bilayer from the exterior side of the lipid bilayer with a
hydrophilic macromoleculé. When a derivative of the
hydrophilic macromolecule iz used for the modifier in
introducing the hydrophilic macromolecule, the hydrophilic
macromolecule will be distributed on the exterior surface
of the lipid bilayer of the liposome since the hydrophobic
moiety of the macromolecule will be embedded and stably
held in the lipid bilayer and the hydrophilic moiety of the
- .7 macromolecule will protrude outward from the exterior

‘éﬁffaée;rr - R o | '

[0028] 7

The lipid (hydrophobic moiety) of the lipid

derivative of the hydrophilic macromelecule is not




chain aliphatic amne, and a glycerin fatty acid
ester. Anong these, use of a phospholipid constitutes
a preferable enbodinent. [0030) The acyl chain
included in the phospholipidis preferably a
saturated fatty acid, and bt nmay preferably have a

| ength of Cl14-C20, and nore preferably, a I ength of
Cl16- Cle. Exenpl ary such acyl chains include

pardieallEgy |Limidiest e rQy [thaAnsk fap 18 4 Ol e Sd @R rDYdomgdiena
phospholipid is not particularly [imted, and

hav@hgRl &y Q icRinghsi A @ E%%}?fm Gorkgthgtd onal

group which can react wit philic

Exeg%%&?|h%ﬂo%}%icd%§&ﬁfhéb@%?lud@@[ﬁ&!ﬁ§s Yuddiss the

osphol i'pid having a functional group reactive with
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: am ne having amno group, phosp _ glycero
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Amo%}é%—_%%} ﬁ??gﬁog&%cé%%%ﬁgg‘% i ji.tdutless n&? tprefe:r:al’:le
embodimant.

[0030]

The acyl chain included in the phospholipid is
preferably a saturated fatty acid, and it may preferably
have 2 length of C;4,-Cz9, and more preferably, a length of
C1s—Cis- Exemplary such acyl chains include dipalmitoyl,
distearoyl, and palmitoyl stearoyl.

The phospholipid is not particularly limited, and
exemplary phospholipids are those having a functional group

which can react with the hydrophilic macromolecule as

described above. Examples of the phospholipid having a

.. functional group reactive with the hydrophilic

ymadromdlecuie iﬂciﬁde phospﬁatidyi:éthénolamine-having
-amino group, phosphatidylglycerel having hydroxy_grgup,“and
phosphatidylserine having carboxy group. In the preferred

embodiment, the phospholipid used is



conbi nati on can be used depending on the intention of
its wuse. Exenplary conbinations include a derivative
of a hydrophilic nmacronol ecule formed by the bondi ng
of at |east one nenber selected fromthe
phosphol i pid, the addltlonai l'ipid such as sterol, a
strai ght chain aliphatic aIcohoI a straight chain
al i phatic am ne, and a glycerin fatty acid ester and

phatphaasiyoaenaRahenigel.ected from PEG PG and PPG
When the hydrophilic nmacronolecule is PEG the lipid

is gsebegted in the preferred embodi ment fromthe
phosphol i pid and the chol esterol. The I|p|d

derTH@tl!gidoﬁgrfggiggﬁw%% %gago . esthlnrd%%l 1le

Shosp ol I erivative of ° ero
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o R e B By e bt o e R BR HES A § Fave
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charge,due to the 23 phosphate grou wher eas
coBR{RATI g SAN(RE LABRCAPBRBRLNEY Ont kBe| ABLanfPR Péadts

to the production of a‘neutral lipid derivative. The
use; i FKRRI Y fRtinatione| e biddcpetarivatbretpd a

intention of the lipid introduction. [0033] Anbng
hydgephilps dugersnal egeseoformedhipr bphi bpoding of at least

one member selected from the phospholipid, the additicnal
lipid such as sterol, a straight chain aliphatic alcohel, a
straight chain aliphatic amine, and a glycerin fatty acid
ester and at least one member selected from PEG, PG, and
PPG. When the hydrophilic macromolecule is PEG, the lipid
is selected in the preferred embodiment from the
phosphelipid and the cheolestercl. The lipid derivatives of
PEG fogmed by such combination include phospholipid
derivative of PEG and cholesterol derivative of PEG.

[0032]

The llpld derlvat;ve of the hydrophllzc macromolecule
‘cén be de51gned to have a p051tlve charge or a neéatlve
charge,.or,tb,be neutral by_theuselection of the lipid..
For example, when the lipid selected is DSPE, the resulting

lipid derivative will have a negative charge due to the



macr onol ecul e, use of a phospholipid derivative of PEG
is preferable in the present invention. An exanpl e of
such phospholipid derivative of PEG is polyethylene
gl ycol - distearoyl phosphati dyl et hanol am ne
(PEG DSPE). Use of the PEGPSPE is preferable since
it is areadily available versatile conpound. [0034]
Such |ipid derivative of the hydrophilic
Phosphane| gcolie, nejebeassedlbytaonebfotdhknohnliestthel for
art. For exanple, a phospholipid derivative of PEG
thehlipidswahl kaadpte dhet peoliptflofesfvat heatehit hepid
hydrophilic nacronol ecul e may be synthesi zed, for

deekeaples. byThecatigpd irea) e radedd a6 By NOSRNE A Riébendlng
havi ng a functional group which can react wth the

on Pfte WihtehheolfE6Y £4€NDLpEN ifBE3hYSESomhi ch may be
used in such catalytic reaction include cyanuric

chl pppde; carbodiimde, an acid anhydride, and
glutaraldehyde The phospholipid derivative of PEGis

o0 BERLSR AR SR P
s CEGoRb00F8) 05108 B STRbRATIEIA SR D LPREORES o
el B PR LYo Pleg ST ML OB |, ML REL o 5,
phospholipid derivative of PEG is polyethylene glycel -
distearoylphosphatidylethanolamine (PEG-DSPE). Use of the
PEG-DSPE is preferable since it is a readily available
versatile compound.

[0034]

Such lipid derivative of the hydrophilic
macromolecule may be used by a method known in the art.
For example, a phospholipid derivative of PEG which is an
exanple of the lipid derivative of the hydrophilic
macromolecule may be synthesized, for example, by
catalytically reacting a pﬁosphblipid having a functional
group Whlch can react with the PEG Wlth the PEG.- Exempla;y

catalysts Wthh may be used in such catalytlc reactlon

include cyanuric chloridef;Carbcdiimide;‘an]adid{anhydride, .~

and glutaraldehyde. The phospholipid derivative of PEG is

obtained by such reaction through formation of a covalent




The nodification rate of the nmenbrane lipid (total
lipid) by the lipid derivative of the hydrophilic
macronol ecule is typically 0.1 to 20% by nol e,
preferably 0.1 to 5% by nole, and nore preferably 0.5
to 5% by nole in ternms of d4fhe nodification rate in
relation to the nenbrane |ipid. Wen the drug
encapsul at ed does not need prolonged retentivity in
bopdlobdtwsennthhefunstiohah grugpt andethet ed8G.in |iver
the |iposone preparation is preferably designed so
t haf00BRBInodi fication rate is in the range of 0.25 to
5% by nole in view of inproving the storage stability

of Ihethbkipeesartpiapahaioan. thBe1ibokahe! mayd'contsdn
herein is the total content of the |ipids

sSuSRNEVdESbh 101 & NRa BBHRS 888 OLNEE tﬂanﬂpgd' H@%‘.dr.v tive of
derivative of. the hydrophilic nmacronol ecul efand nore

sué@eﬁ§éf&§ﬁiYictﬂ§c£5ﬁ$f&cﬁi8iQ%tb@f!gggaﬁbBEhihhe

phospholipid and the additional 11 pi en anot her

co@%ﬁﬁ%ﬁfkﬂﬁgfféﬁg bs H?ﬁ%' such anot her surface

ris alsoinc ed in the "total lipid". 25

dor u e 5 8RR E0R BERNEF, ERRLmrBRsrbe ebiroybRre
1igHEEHY O oLi8Ee e iRelhie cofnene poudreRnAhic ni s i n
mad SR JOPLOVES SLAPLLLY 871108 bhROSOTELL0, Phood.2nd
0.1 to 5% by mole, and more preferably 0.5 to 5% by mole in
terms of the modification rate in relation to the membrane
lipid. When the drug encapsulated does not need prolonged
retentivity in blood as in the case of a drug to be acted
in liver, the liposome preparation is preferably designed
so that the modification rate is in the range of 0.25% to 5%
by mole in view of improving the storage stability of the
liposome preparation.

The “total l1lipid” used herein is the total content of
the 1ipids constituting the membrane other”tﬂan the lipid
der;véyiye‘ofm;he hyd;ophilic maqromqlecu}e,‘and;mpre .
-spécificaiiy; thér“total lgbid" inéludes bé&h tﬁe
- phospholipid and the ad&itional lipid. When ‘another
surface modifier is used, such another surface modifier is

also included in the “total lipid~”.




capturing of the liposone in the RES, thereby
inproving the delivery to the target tissue or the
target cell. [0037] In the present invention, the

| i posonme is particularly produced under the

condi tions such that the hydrophilic macronolecule is
distributed only on the exterior surface of the

| i posone, and the outer nmenbrane of the lipid bilayer
is Exgtively nodified by a hydrophilic
macr onol ecul e. I n such |iposone, the hydrophilic
MRCTHATOl i@ et RAIFE AL bl S RGR O] dilkeh exdprd or

menbrane extends outwardly fromthe |1 posone, while

derWah sl @phitle %ydf%%‘l’l‘l'@?&&cﬁ‘m‘}ﬂﬂé&dl% Aid al Iy

absent in the internal aqueous phase since the

ds i@y K ;Qf ;01 ernal t
2SRRI oy et A & SN g JLasns
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.__the intetnal, _aqu phase i s kept .undey an, acidic
MBS BRI YA PEd TS R CSNs lt SRR At mroLds
hydr.ophi |l jc 26 _ macronol ecul e distributed on opposite
CAPLIECe Tt e LPORCRIE din &h¢ RiSer itheraly dawr tinchdhe
bilayer. in addition, stability in blood is realized
de LiiveRYa temkhee -2 rgebu it seue; 19e n'»ém $@nastc cell.
.macronol ecul e conpared to the structure having the
hyd@8sHill i ¢ macronol ecul e on opposite surfaces of the

exterior and interior surfaces of the
In the present invention, the liposome is

particularly produced under the conditions such that the
hydrophilic macromolecule is distributed enly on the
exterior surface of the liposome, and the outer membrane of
the lipid bilayer is selectively modified by a hydrophilic
macromolecule. In such liposome, the hydrophilic
macromolecule chain on the surface of the exterior membrane
extends outwardly from the liposome, while such hydrophilic
macromolecule chain is substantially absent in the internal
agqueous phase since the interior surfacé'Of the internal
f memprane of the lipid bilayg:_is7not mgdified‘ ‘SFabilitY, B
ngrﬁhé membrané is éeéﬁred iﬁ thé-étfﬁétﬁré haviﬁé“such |
- distribution of the hydrophilic macromolecule even if the
internal aqueous phase is kept under an acidic condition

compared to the structure having the hydrophilic



bilayer. [0038] In addition to the phospholipid, the
additional Ilipid, the hydrophilic macronol ecul e or
its lipid derivative, the |iposone of the present
invention may al so contain an additional nenbrane
conponent which is conpatigke with the |iposone as

| ong as the nenbrane structure as described above is
retai ned and at a content not adversely affecting the

maeical] RfnllhQiRrasenited MHENHRNL i X TY RIS W the
addi ti onal nenbrane conponents include a surface

ex‘E‘é@'ﬂdreranQi el drhidt (e ORI e BICrQME ecahe

whi ch brings change in the physical properties of the

adld':d%'lqm [ Qi BNt tt'£ 416%3!0% Firso%atl?'l Md Ry itdhe d@ﬁ%ﬁ%er

of the carrler imting exanples of such
am%%‘i’re%% SRy fRER TS et ena%%“@ﬂnﬁﬁ%‘é‘“%d“%ae
SRS Gy SO AR lbpoor
e ey e

anyl ose, anyl opectin, chitosan, nmannan, cyclodextrin,

bid@¥e™, and car ageenan; conpounds having an acidic
funcﬁhﬁﬂﬁl group; and basic conpounds having a basic

In addition to the phospholipid, the additional
lipid, the hydrophilic macromolecule or its lipid
derivative, the liposome of the present invention may also
contain an additional membrane component which is
compatible with the liposome as lcong as the membrane
structure as described above is retained and at a content
not adversely affecting the object of the present
invention.

Exemplary such additional membrane components include
a surface modifier other than the hydrophilic macromolecule

'which brings change in the physical properties of the lipid

',1}Jto 1mpart a de$1red property with the membrane of the o

carrier. Non- llmltlng examplas of such addltlonal surface

" modifier include a lipid having a compound otherx than the

hydrophilic macromolecule bonded thereto.

{0038)



functional group such as ami no group, am dino group,
and guani dino group. [0040) Anobng such conpounds,
the |iposone of the present invention nmay have a
basi ¢ conmpound i ncorporated therein as a substance
whi ch suppresses hydrolysiszef the lipid. A lipidis
generally known to undergo hydrol ysis dependi ng on 4"
the tenperature and pH A fatty acid ester at Sn-1
poS iH¥emip Iy Jror-nositiren denpgramd< wididy Suscearta bl e
to hydrolysis which produces a lysolipid and a fatty
hyd@icphnisde n@ddon@iletiule GheMuddh s cddi-Hdutide 3-18,
1993). Such degradation products disturb origina

polliyidlat GRFECRS istEh 225 Y TidEdml ARdiRG easad ¢ acid,
perneability of the lipid layer to thereby i mpair the

de%tt i, i #ﬂf n1lahe lrRASUE. ARBUSIAG!Y, MI&S A Whnnan,

which'’s | d be nalntalned I'n an aC|d|c envi r onment

eyl @i et q1 o d=Hf ? aCIaé“ %ﬁiﬁ% $aving an

stability of the In th envi ronnment

acﬁ.lgig.lél %upl%t:.%atqhgxq: tal?l%l ae:ﬁ%mc v éisg@ia\%.%g a pasic

rol’ysi's o can € suppr esse
orporatln ab s conpound in the nbra ne and
BFL R 5EEN 150 NG SR FHE oD FHE
surface 5&?041] The basic conmpound used i s not
JUERACHER FEYR-i ni t ed,

[0040]

Among such compounds, the liposome of the present
invention may have a basic compound incorporated therein as
a substance which suppresses hydrolysis of the lipid. A
lipid is generally known to undergo hydrolysis depending on
the temperature and pH. A fatty ;Lid ester at Sn-1
position and Sn-2 position is particularly susceptible to
hydrolysis which produces a lysolipid and a fatty acid (see
Grit et al., Chem. Phys. Lipids 64, 3-18, 1993). Such

degradation products disturb original lipid compesition

resulting in an increased permeability of the lipid layer

‘ ;g‘to thereby 1mpa1r the Stablllty of the llposome.

Accordlngly, when a drug whlch should be malntalned
in an -acidic environment is to be retained -in the internal
aqueocus phase, stability of the lipid in the acidic

environment should be improved. In the present invention,



and exanpl es include am ne conpounds (i ncl uding
anmoni um salts) such as octadecyl am ne (ODA)

N- net hyl -n oct adecyl am ne ( MODA),

N, N- di net hyl - n- oct adecyl ami ne (DMODA), and
stearyltrinethylannoniun1b? mde (TMODA). A lipid
derivative having gquaterna anmmoni um salt such as
TMODA is preferable in view of its capability of

g S A SR S R i

I j .C ' X o
a AN Etudd3 AR A ch T Mbare positive
5- 508626, . Transfectam djscl osed in JP-A 2-292246,
chaige WH0 il MEAANAGDS

osed i
3,%ﬁ§{¥¥nadecyloxybenzanine hydr ochl ori de di scl osed
in 71 42166, DOSPA, TfxTM 50, DDAB, DC-CHOL, and
DVRILE. [0043] Wen the addjtional surface npdifjer i
a SUBSRAHE IRAING MEef 11 DitParkp st h%fr@cf
a basic functional group bonded to the lipid, this

ands gAMHEE i @aide @RI CARRWIHY el G I nor FEmqp e
noi ety of the cationized lipid is stably held in the

salitig)i gusth @feraifadeny JanpigsonDAnd Nethibi gty of the
basic functional group will be located on the surface

octafdedyd amsms aMODUr f AL (dbimetiy lstr-fearmddeyyamimnut er
menbrane and/or on the surface of the inner nenbrane)

(DMODA), and stearyltrimethylammonium bromide (TMODA). A

lipid derivative having quaternary ammonium salt such as
TMODA is preferable in view of its capability of imparting
a positive charge to the surface of the lipid layer at a
low concentration.

[(0042]

Further examples of the basic compound include DOTMA
disclosed in JP-A 61-161246, DOTAP discleosed in JP-A 5-
508626, Transfectam disclosed in JP-A 2-292246, TMAG
disclosed in JP-A 4-108391, 3,5-dipentadecyloxybenzamine

hydrochloride disclosed in WO 97/42166, DOSPA, T£xTM-50,

i DDAB, DC-CHOL, and DMRIE. .

[0043]
When the additional surface modifier is -a substance
comprising a lipid and a compound having a basic functional

group bonded to the lipid, this substance is called a



of the lipid bilayer of the carrier. Mdification of
the nenbrane with the cationized lipid inproves
adhesion of the |iposone nmenbrane and the cell
[0044] In the present invention, the interior aqueous
layer of the |iposonme is ajza pHof 5 or less,
preferably at a pH of 2 to % nore preferably at a pH
of 3to 5, and nost preferably at a pH of about 4.
caf6Ak géagh.Yﬁlahl sriehabi®sa hOAk Wt Nehd ecétp@ﬁpf@d Oilpld
a drug which beconmes unstable at™ a pH in excess of 5.
T, o] eihn n u a y st
S S o R e R §9d

th@tm819@¥sb@|eﬂbcgé%¥cafﬁgggﬁghg%pg&%agggll&ogéshocated on

Vari ous™ drugs nay 0SOne

en°SGLEREG. oROOKE, (EHETRLE! ¥, LRELAPRUL) £,80801 2 LECL Y08
nuclerc "acrd, pol ynucreoti de, ~géne, anaf'6gs
oulfF, Rhnafl' 1AVRE oAVERE RRFBPEoPT RBFnoACE membrane)

ofaﬁﬂeeiﬁéié”ﬁaiexéflﬁﬁetﬁFoFarégégihéﬁaibﬁg%ﬁ L e

ant agoni st Ehlbltor for smp nmuscl e cel] growth
meRRRRE oY At of! epFaFéPe+zaag}é@a#.awprpﬁﬁﬁbP#BPSlon of the
anti coagul ant, inhibitor for rel ease of chem ca
lipeepme orembranst ahdofhen@eblt or for endothelial cel
growt h, al dose reductase inhibitor, inhibitor for
neséﬂ@ﬁéh

In the present invention, the interior agueous layer
of the liposome is at a pH of 5 or less, preferably at a pH
of 2 to 5, more preferably at a pH of 3 toc 5, and most
preferably at a pH of about 4. BAccordingly, this enables
loading in the liposome of a drug which becomes unstable at
a pH in excess of 5. The pH of the internal aqueous phase
may be adjusted in the manufacture of the liposome by using
a buffer at a physioclogically acceptable pH range.

[0045]

Various drugs may be loaded in the liposome as
_descrlbed above Exemplary therapeutlc agents 1nclude_xc
-nuclelc ac1d, polynucleotlde, gene, and analogs thereof;
anticancer»agent, antibioﬁig, enzyme, antioxi@ant;,lipid
intake inhibitor, hormone, anti-inflammatory, steroid,

vasodilator, angiotensin converting enzyme inhibitor,



cell growth, |ipoxygenase inhibitor,

I Mmunosuppressi ve, inmunostinulant, antiviral agent,

Mai |l | ard reaction suppressor, anyloidosis inhibitor,

nitric oxide synthetic inhibitor, AGEs (Advanced

gl ycati on endproducts) inhiﬁitor, radi cal scavenger,

protein, peptide; glycosam gglycan and derivatives

t hereof ; and ol i gosacchari de, polysaccharide, and

riMvatd.\e . 048). ..Jhey .4 o i.on
R S et s S SO PR T
ru i ch becones, st.able at a_JpH not_ less than 5

i) ShARi me e st N AT
. gabexat e nesyl at e, nor.epinephrine br omhexi ne ]
RS o AR SHRA AT AT G ke 29g 9 fhemical

Bl, vitam n B6, carboplatin, genctitabjne .
ST GFTRRECSA i T T S ChdE P e gt ePe 11

sul fate, doxorubicin hydrochl oride, epirubicin ]
IRt e [ siasfe, raditF tanf nigHulh S o hyldHbdH ey deor (togepr)gium

Exenpl ary di agnostic drugs include in vivo 31
cedjlagiesititos Isrek yaenaseX indyi idmt asimmpdiauppressive,

di agnostic agent for ultrasound, an isotope-|abeled
imgyyents fign L aditag rodi i ina Inwegdearety, fdildiam] meetctaioragent

for diagnosis by nuclear nagnetic resonance. O her
surugss aa C fand\e ik s den dapisib istoad, il e |dypieioneyrofhetic

the present invention
inhibitor, AGEs (Advanced glycation endproducts) inhibitor,

radical scavenger, protein, peptide; glycosamineglycan and
derivatives thereof; and oligosaccharide, polysaccharide,
and derivatives thereof.

[0046]

The liposome preparation of the present invention is
capable of stably loading a drug which becomes stable at a
PH not less than 5. Exemplary such drugs include dopamine
hydrochleoride, gabexate mesylate, norepinephrine,
bromhexine hydrochloride, metoclopramide, epinephrine,
vi£émin Bl, vitamin BG, carboplatin, gemcitabine
,‘.hydtqchquiq§,_vinorelbige_tgrtgatef vinqr%st@ne_su;fats,'
doﬁéfubiéiﬁ ﬁydrécﬁloride;-eﬁirﬁbicin hfdfdcﬁloride, and
"daunorubicin hydrochloride.

[0047]

Exemplary diagnostic drugs include in vivo



i ncl ude drugs which does not adversely affect the
menbrane formof the |iposone of the present
invention and which is not affected by inclusion in
or contact with the Iiquid conponent at a pH of up to
5, and any desired drug mayzpe |oaded as long as it

i s adequate for encapsulatlon in an internal aqueous
phase at a pH of up to 5 whether the drug is

dlb abapedki gueh a@a5503tt§y ee48hstTheades," ed Al g%%&Etlc
t he drug | oaded in the |liposone varies depen I'ng

ag@ﬁtt%% Mgergeohna dﬁpgggﬁgwgée& FeHSa 5&f%%&b'e

hat t rug can be |pos at a gh
f d
osbpaghss o/ LShesey adleomr g g g

A M R

POSONE pr para

enﬁ%?’fsgéﬁgﬁér 3 ﬁasﬁl?@ﬁ&fﬂgg?‘% R A

E terHF of t ﬂ Hg concentration in relation to the
inppge Frped ¥ ie PBosBfeafVgrachy afépctasherpembrane

term"total lipid" includes all lipids constituting
formeof| £B6sdAROPPPRICEI FR§ePreserpt ingenthen| ppadwhich is

derivative of the hydrophilic nmacronol ecule, and nore
no§paéferean by @nélusagnainlppiabntﬁgtuuéghthée liquid

phosphol i pid and the additional |[Iipid, and when the
cofnppoevteatoat pHnefaddi tPobal asdr Aagedesired drug may be
loaded as long as it is adequate for encapsulation in an
internal aqueous phase at a pH of up to 5 whether the drug
is therapeutic or diagnostic.

[(0048]

The desired amount of the drug loaded in the liposome
varies depending on the type of the drug. However, it is
preferable that the drug can be loaded in the liposome at a
high loading efficiency . In the present invention,
loading of the drug at a high concentration is realized by
" using ion gradient.

Amount of the drug loaded in the 11posome preparatlon
of the present invention is preferably at least g, 05 mole
‘drug / mole lipid, and more preferably, ‘at least 0.1 mole -

drug / mole lipid in terms of the drug cencentration in

relation to the total lipid in the liposome lipid bilayer.



nodi fier, such additional surface nodifier is also
included in the "total lipid'. In the present
invention, the term"loading"” is basically used to
designate the state in which the drug is encapsul ated
in the cl osed space of the t$posonme (carrier).
However, it may also include the state in which a part
of the drug is confined in the nmenbrane or the state
ThentefricMtothe dhipdd”s iacllacdksd a1 tIheiekst eon@t iswtfiare the
of the nenbrane. [00491 The |iposone of the present
lipogenkl 0appHepalialiedn eX@pptalfed &Rt Alinid derivative of
pharmaceutically acceptable stabilizer and/or

thanhiyaxbgant idepapdons1eeutiBe Al Mot alpeRd M8y, the
Non-limting exanples of the stabilizer include

~tHgar g ipHeh 35caLKes fhe 5&%@,@&1@1& %%‘ntdOLthel %chﬁﬁﬁonal

and sucrose. Wien a sterol such as chol esterol

11E§ad EQH kﬂgn @ﬂg'&'?ggb 'Eb%tQQQ%tE%ﬁﬂ%&d%ﬁf'gﬁrface

nbr ane, such 'stero acts as a stab i zer.

mo2BSLET L00 eXATRLER.9" L% AN LGNt Lclde 81 udea

ascor acid,
( amn E), and in the case of
in %ggph E%Egia%§ PbfAe- of the 4 isomers, namely, a, f3,
rsis acqeptable in. the present jnvention.
UL b

The I§‘t &Eﬁ% PFES Shrd A5 Bffrd O n ek L ERR

selected fromthose as descri bed
basically used to designate the state in which the drug is

encapsulated in the closed space of the liposome (carrier}.
However, it may also include the state in which a part of
the drug is confined in the membrane or the state in which
the drug is attached to the exterior surface of the
membrane.

[0049]

The liposome of the present'invention preparation may
also contain a pharmaceutically acceptable stabilizer
and/or antioxidant depending on the administration route.

Non-limiting examples of the stabilizer include

4ﬁ;-sugars such as glycerol, .mannitol, sgrbitol,;lactose, and-

sucrosge. When a sterol such as cholesterol is used for the
additional-lipidfconstituent'offthe:membrane, such sterol .
also acts as a stabilizer.

Non-limiting examples of the antiocxidant include




above and ot her agents depending on the dosage form
In addition, the stabilizer and/or the anti oxi dant
may be respectively used either alone or in

conbi nation of two or nore. In view of preventing the
oxi dation, the dispersion siss preferably packaged by
filling with nitrogen gas. EOOSO] The Ii posone of the
present invention preparation nmay also contain a

ashEsimcesid calt Ve aceep) abhe® AdgbddMeerdEPLNdi HGuOY (hsr

admi ni stration route. Exanpl es of such additive

exdnigldde  allin PNy SiAd ogh Cale S@Aé@e@f %ﬁ%@é‘% i cghlYone

acceptable organlc sol vent, coll agen, yVvI ny

hpl lid R
o AP B AL I S002.s OB RO s REUR
acryl ate sodlun1alg|nate mater sol ubl e dextran,
in g Lﬁ‘ﬁe%%ﬂ AN st Fhén S tedddiiretranil/iczelthe os

ethylcellulose xanthan gum gum ar abi c, casein,

antgegidant uspt may @ cglected obyerniehefs cdd described

pol yet hyl ene gl ycol, vaseline, paraffin, stearyl
aboye gil ,otsterarddenics (ICPRIMBING seit Uihal desdae (B, In
nannltol sorbitol, lactose, PBS, in 34 vivo

addiiégircad,atﬁlm mﬁ%b@riz&rmﬁazeetmwmoxidant may be
phar maceutical ly acceptable surfactant, and the buffer
respiect 1 piss i ad)i @it hexH someptabd| £n i cohend t vémgobothye or
as described above. The additive incorporated may be
mordlequal elivwselfeeh@denting the oxidation, the dispersion
is preferably packaged by £illing with nitrogen gas.

[0050]

The liposome of the present invention preparation may
also contain a pharmaceutically acceptable additive
depending on the administration route. Examples of such
additive include water, physiological saline,
pharmaceutically acceptable organic solvent, collagen,
polyvinyl alcohol, polyvinylpyrrelidone, carboxyvinyl

polymer, sodium carboxymethyl cellulose, poly(sodium

acrylate), sodium alginate, water socluble dextran, sodium

:75;5carboxymethyl starch pectln, methylcellulose,

ethylceilulose, xanthan gum, gum arabic, casein, gelatln,
agar, diglycérih, propylene'glchl, polyethyleneVglycol;
vaseline, paraffin, stearyl alcohol, stearic acid, human

serum albumin (HSA), mannitel, sorbitel, lactose, PBS, in



fromthe non-limting additives as descri bed above
which rmay be incorporated alone or in conbination of
two or nore. [0051] The |liposonme preparation of the
present invention is not particularly limted for its
si ze. However, when the Iig some preparation is
spherical or approxinately gherical, its outer
dianeter is 70 nmto 140 nm preferably 80 nmto 130

. o h
AL t@Lﬁa@ﬁgﬁéﬁéy SO £ O JTEQ?mI n the case

an mto 140 nm preferably 50 to 130

P R B SN0 S0 SO IR AT Eeely ot
\ J i [ by d i ,
P8 LR PSS, BIeRer Al 0 TR D, Y0 e
W er di aneter was measured in the present invention
RMtH. zetasi zer (3000HS or S ZEM 5002 nanufactured by

Mal t ts). [0052] In th f act f
the TR HOpdi SOTRIE ST 7L T8 19 AeGHero Y raeferced

I s agconplished by fiu%%Ptjon sterilization. For such

£ron g i S HENRATHEYRS 3T sl akrte wieh
smal l er than the bacteriumused for the standard,

M3YarRs \EOBHRARRT D R AT PRt ey o f givalprtmore.

0.3 x 0.8 pmsince it is required in the
{0051]

The liposome preparation of the present invention is
not particularly limited for its size. However, when the
liposome preparation is spherical or approximately
spherical, its outer diameter is 70 nm to 140 nm,
preferably 80 nm to 130 nm, and more preferably 90 nm to
120 nm in the c¢ase of the LUV, and 40 nm to 140 nm,
preferably 50 to 130 nm, and more preferably 60 to 120 nm
in thé case of the SUV.

The liposome outer diameter is the average of the
entire liposome preparation measured by dynamic light
scattering, and more specifiéally; the liposome outer
r_lgiameter‘wgslpe;surgd in the present iqvention withJ_‘,_
:(2etasize£ (3ﬁ60ﬁsrbii5”2EM SOdéfﬁéﬁﬁfaé£ured by M;ivérﬁr
Instruments) .

[0052]

In the manufacture of the liposome preparation, the



sterilization that the |iposonme passes through the
filter while the Brevundi nobnas dimnut is trapped by
the filter. Manufacture of such |iposone having a

di ameter near 100 nm is inmportant also in view of
improving the reliability ofg the filtration
sterilization. [0053] 1In the present invention, the
| i posone preparation of the enbodi nent al so

fieent aterhgitheiadditi uesonpldeded bgd fidhkawe iich
provi ded as a pharnmaceutical conposition. The

stpharameeibhCcal FEONPOSht FON: Pt i bR PteseDizaBYeAl | €Rei S
stored by the nethod commonly used in the art, for

118%8BREkCsholiYasher g 1akma1hew teAReiRleUba e Ui WBed for
or by room tenperature storage at 1 to 30C. (0054]

th@béE?ngégﬁ?rﬁthlgeFBQQ%uWEE%BnEdeH 19980441 h the size

manufacturing the fiposome of particular structure

accordi ng tonéh resent inyention are escri%%d. The
OfnﬁﬁﬁFgcﬂuPex rﬁo ,SﬁBﬁEVé¥,lﬁréeﬁHErF%nPPe& o such

met hods. 36 For exanple, a |iposone dispersion may be
StﬁFéé&Eéalﬁy FhREnghenhd LReFEFEnPAESRSt Hhgougg the filter

conponents such as the phospholipid in a flask E%
whidpnghanBseyandéingorgedindnsly as teRpeest Symtheedditey -

the organic solvent by distillation and vacuum drying
Manbéartsirdueft sufbr iniposhine hayéngom tdiemeter near 100 nm
is important also in view of improving the reliability of
the filtration sterilization.

[0053]

In the present invention, the liposome preparation of
the embodiment also contailning the additives as described
above is provided as a pharmaceutical composition. The
pharmaceutical composition of the present invention is
stored by the method commonly used in the art, forx example,
by storage at a low temperature of 0 to 8°C, or by room
temperature storage at 1 to 30°C.

[0054)]

: ‘fﬂextf pxefe:able metheds which may be usgd_in :
manufacturing the liposome of particular structure
- ‘accordihg te the preserit invention are described. -The

manufacture methods, however, are not limited to such

methods.



interior surface of the flask, adding the solution
corresponding to the interior aqueous phase of the
resulting liposone to the flask, and vigorously
agitating the flask content to formthe |iposone
di spersion. The pH of the ggternal aqueous phase of
the liposonme may be adjusted by adding a pH adjusting
agent to the solution of the internal aqueous phase
to tFloer exampdjeysta tihgpqednie dimpertaisin athyphbe Nexdduddd® by
t hus obtained |iposone dispersion is centrifuged, and
mithegs ther Adnbiranes cowsidiited ikyy deemrirminimen sudh Y ane
the final |iposonme dispersion. The nodification of

phbBehbilpesame ns | ffaes My Uil Afjdric solvent such as
macronol ecul e may be acconplished by the use of a

chderb¥alinye reneling &hePagahald RiddwWsil WAL Id& 1AM 13 tion
chol esterol derivative of the polyethyléne glyco

anfPESLuufNdSHGE PRd feGalden tlraaxfo% aa%qrmgiraa)ae;id d¥ the

addi ng the polyethylene glycol derivative

1nfAUTOUS SRRAUHLOR Ok 1eNG 1A C LR (HleY SRl ur s on
erivative to the I posare di spersion pro uced %As
d I .bed to.thereb d i havi
coflE3SHRB g 10 Eks sHIRHSRE RLAUSE Bdiosare ey ng
repb 8 BEa 6P OSrBARD! A o RE L JHER g Y, S9LEat ing
nen&rane-constitutin% l'i pi d_such as a ,phospholipid
thia{ilAgxkacPBEENt EOF dREM SR8 1IgPsepf itRerRdiod The pH

connnnl¥ used in the art, and
of the internal aqueous phase of the liposcome may be

adjusted by adding a pH adjusting agent to the solution of
the internal aqueous phase to thereby adjust the pH to the
desired pH. Next, the thus obtained liposome dispersion is
centrifuged, and the supernatant is purified by decantaticn
to obtain the final liposome dispersion. The modification
of the liposome surface with the hydrophilic macromolecule
may be accomplished by the use of a derivative such as a
phospholipid derivative or a cholestercl derivative of the
polyethylene glycol fPEG), and such modification may be

_ acqgmplished by adding:theﬁpglyatby;energ%yggliderivative
o?nan aqueous-solutiﬁn éf-theVpblyethyiehé‘ﬁifcol
derivative to‘the‘lippsome~dispersion prdduced as described -
above to thereby produce a liposome having the PEG chain

only on the exterior surface of the liposome.




thereafter adding a PEG having one activated end to
the exterior solution of the |iposone for binding of
such PEG to the nenbrane-constituting lipid such as
t he phospholipid having the functional group. [0056]
Furthernore, a |iposone campe produced by m xing the
conponents and injecting the mxture froma high
pressure injection ermulsifier at a high pressure.

Thi $088bhod is described in detail in Terada and

Yoshimura, et al., "Liposones in |ife sciences",
Spr hgeraedvady]okyaipte8re, mawhbeh produekel by
i ncorporated by reference. (0057] 1In the procedures

pradudesgrabedpabene, cvAtaHsngt achagiaseatonavaichabihg
for use in producing a |liposone having the desired

lipideshichi #9SeMBhdeshBolpgY LiRengMa rBaepakal FARcidnal
Rel at ed Techni ques™ 2nd edition, edited by G

gr&hg98Yi BHéSmetbd LohhbnlFREsBEESS) cWBI abti Saherein

i ncorporated by reference’ The |1 posone di spersion nmay

thQ§e£95§§d£¥d¥ﬁésgdP§§ hé@&ﬂ&gﬁn | LERE$2R%aUSHAT L8Nt he

extruder to reby produce-a i spersion containing
exBBALBILE R85 8EERne Tl s b K8 BipkS bV BECaEK 2nc
co! ERRCEPHYE e EHuI8 b LBERieRa b TR’ B elbehonipia
haggage£he functional group.

{0056]

Furthermore, a liposome can be produced by mixing the
components and injecting the mixture from a high pressure
injection emulsifier at a high pressure. This method is
described in detail in Terada and Yoshimura, et al.,
*Liposomes in life sciences”, Springer-Verlag Tokyo (19%2),
which is herein incorporated by reference.

[0057]

In the procedures as described above, various
techniquesrare availlable for use in préducing a liposome
-having the desired size (“Liposome Technology Liposome
-éféparaﬁioﬁ éna-Relaﬁéd fechniqﬁes” 2ndrédition, edited byr-
G. Gregoriadis, Vol. I-III, CRC Press) which is herein
incorporated by reference.

The liposome dispersion may be forcedly passed



than the desired diameter and a filter for last having
a pore dianeter adapted for producing the |iposone
having the desired dianmeter. The percentage of the

uni lamel lar vesicle increases with the increase in

t he nunber of extrusion thrgugh the filters having
different pore dianeters, and the |iposone dispersion
produced by such repeated filtration can be deened as

thaolighDEIitdrs PPUAMY A Y% ,00R1dS 1Y HULHPd Aauce a

| i posonmes. The term "substantially conprising

dieRiehaTRl orltid108! sihﬂ%%{algm%ﬁ%ge tagg,f the

uni l anel | ar vesicl €s existing 1 n the ntire-carriers
£i0¢eSit8 &S )i <C @RIt fJL preparation is
at least 50% Y?ﬁgta%rlé)fq%rcta%% lé%%%eas Y o6 Ot finFe
i | N F i_n.such.lipqso may b
T .
R e PeSpeh B b R Yy YRR e, e whicn
i; I L. constityting.the |iposone is hydrated
eyRifROLy THERLER" S, Sridelt i B g eneanad 4t L2rger
thereby |oad the drug in the |iposone (passive
thpg Gl g e Sar oy S AMELRGA 2P Ahitdh LET (TN et daving 2
formed between the interior and the 39 exterior of
PO Re L RPBEBRe 2FAPE LS §orh BE odNe Lavdu f hse Lipaiseme hiavdmgh the
the |iposone |ayer according to the ion gradient to
degigerediongtarin The Peposnhes¢ refivtke| vatlilagyllsee
the docunents cited as for the techniques for
vegbedeningrenses| Wpsbokbeofincreadesiinedhei nembdSPor

5192549, and USP
extrusion through the filters having different pore

diameters, and the liposome dispersion produced by such
repeated filtration can be deemed as a dispersion
substantially comprising unilamellar liposomes. The term
“substantially comprising unilamellar liposcmes” means
that percentage of the unilamellar vesicles existing in the
entire carriers (vesicles) constituting the liposome
preparation is at least 50%, and preferably at least 80%.

[0058]

The loadiﬁg of the drug in such liposome may be
f;iggqqmp;ished,jfbf;g;ample,‘py a method in which the lipid

layer constituting the liposome is hydrated with an agqueous

~selution containing the drug=to'théreby load the>dru§*in‘;=

the liposome (passive loading), or by a method in which a

ion gradient is formed between the interior and the



5316771). The preferable nethod used in the present

i nvention in producing the |iposone preparation is the
renote | oading. This nmethod is capable of realizing a
high ratio of the drug to the lipid enabling the
manuf acture of a |iposone greparation at a high

| oadi ng wei ght which is us Pul in the clinica
practice. [0059] This renote |oading is acconplished

St TP P R e E (A LR AR SRS
! ‘. ! . by,
el TS L R Mt B iient v
f | aGi th t I h :
RS Sd S IHDS L0 (Bl EUSURBI R ine
he th f by Na'/K trati .
ASRGTER A AT Ut Or B SR RG99 (e
. [ im ily, .od dli b h t
LRy Ty T P TomT A L Sai T 1
escribed in USP 5077056, and the 40 |oading may be
53 L%Jr?‘ﬁl'i shb& Byefsrabienfetdochiisedodinehe PHESERt s
, herein incorporated by reference. [0061] The
1S A o PRI Gi8Y dihddi RO TmsvREPRHA L it &g drhe

and the exterior of the |liposone |ayer may be
remote loading. This method is capable of realizing a high

ratio of the drug to the lipid enabling the manufacture of
a liposome preparation at a high loading weight which is
useful in the «¢linical practice.

[0059]

This remote loading is accomplished by forming a pH
gradient between the internal aqueous phase and the
external aqueous phase. The pH gradient is formed, for
example, by forming the liposome by the method as described
above at a low pH, and thereafter replacing the external
agueous phase.

[0060]

The graﬂignt fcxmgd.gcross“tbe:}ipqsqme layer“may be
ﬁhe éﬁe formed“by.ﬁé+/k+ cbncent;;ti;n'gfadiént. 'Thel‘T”

- technique of introducing a drug in the preliminarilg;.
produced liposome by the remote loading by the Na‘/k*

concentration gradient is described in USP 5077056, and the



acconpl i shed by using a concentration gradi ent of
anmoni um ion or a concentration gradient of an
organi ¢ conpound having protonatable am no group with
the higher pHon the interior side and the | ower pH
on the exterior side. The gani ¢ conpound havi ng
prot onatabl e am no group is  preferably the one having
a | ow nol ecul ar weight, and exenplary non-limting

lo@&fﬂ@lﬁ§ 'BQ'QQ@OHEEE¥EQE189 ref&f¥gﬁ§1eg thls document
propyl an ne, dlethy am ne, ethy ene

wh%?%gfgaﬂtﬁgin Pg%%org@ dtﬁ éggg ﬁg |ntrodu0|ng a

narl uce I posome by the
re ading by the concentratlon gr adi ent of
nggE§S%$ion Is described in USP 5192549, and the

| oagi no ey be_acgomplisbied By, Geterriog Lo thi s

docUren erérn*hcd rporated,” by erence.

e specifjcall 0 relim
mﬁb Fotf Eeﬁnﬁﬂn’c stebistbats bhe ngg?FB‘ﬁec ﬁ?ﬁ‘r’n‘i“ﬁ& Be1
to nnnnlu salt (for ex

aC%RWE%&%B aBH 35l@?aa.@ PC%Ftﬁ ﬂPuﬁFF hePE PSrﬁEﬂ°B§um

replacing the 41 exterior nmediumw th a nmediumfree
1°$r%ﬁ1%h%o%ﬁﬂ%ﬁ¥ﬁﬁ%PBngragb?“Ex%ﬁpPQ SGERBE SBFEPHBA.

The ammoniumion in the interior will then be by
haging | ppebepataylanmpine grauPpvbtbnthanbiigherapboanathe

wi || di sappear by dispersion through the lipid |ayer.
in¥grhor heide sappetinantevef pHeon the exterior side. The

organic compound having protonatable amino group is
preferably the one having a low molecular weight, and
exemplary non-limiting examples include methylamine,
ethylamine, propylamine, diethylamine, ethylenediamine, and
aminoethanol.

[0062]

The technique of introducing a drug in the
preliminarily produced liposome by the remote loading by
the concentration gradient of ammonium ion is described in
USP 5192549, and the loading may be accomplished by
_..referring to thls document which is herein lncorpo;gted by
‘reference. More spec1flcally,la“llposome is prellmlnarlly o
produgedfinaan agueous buffer_solution containing: 0.1 tQ,
0.3M ammonium salt (for example, ammonium sulfate), aﬁd a

gradient of ammonium ion is formed by replacing the



amoni a, the equilibration in the |iposone
continuously shift in the direction of the proton
formation, and as result, the protons are accunul at ed
in the liposone and a pH gradient is formed between
the interior and the exterig of the |iposone. Wen
the drug is introduced in the dispersion of the

| i posonmes having such pH gradient, the drug will be

ex@RGARIUhRIAGin Wildle d IRREQIR . £ 468 om e AMRUHHUR ion,

salt used in formng the ammoniumion gradient IS not

£ R 1d 10 d A8 &1 and £Xefpkal oﬂgmmj.gﬁ‘ 53l tHe
te ydroxide,

include anmoni um sul fate, anmoni um
iR D308t aLG, L AMRNIN G AG AMHA LY
phosphat e, AmToONI UM CIt ra é’fiqéa?rxrréotgel%m SUCCl ae’and

ni ym, l.act Qbi onate, . i um carbqnat e, anmoni um
PrRfitvarde SRE RO A PRty e Lo

radie&é between the interior and the exterior f the
ooty Bt & T-or [ o Plfs g SBREFSRBER0PS, the
The techni que of form ng a pH gradi ent between the
ARG A o -1 @ id i@ TN ditort sy LROSqMso R P ars g
an iqnophore and introducing the drug in the |iposone
shfty dipttde sddiesfiion afeddrs RuPhan USETsE3Te2 anghps
the drug introduction may be acconplished by
resafldnr ithg Py atieins dasudsmumwiiatied sithdrhs liposome and a
i ncor porated by reference.
pH gradient is formed between the interior and the exterior
of the liposome. When the drug is introduced in the
dispersion of the liposomes having such pH gradient, the
drug will be encapsulated in the liposome.

[0063]

The ammonium salt used in forming the ammonium ion
gradient is not particularly limited, and exemplary
ammonium salts include ammonium sulfate, ammonium
hydroxide, ammonium acetate, ammonium chloride, ammonium
phosphate, ammonium citrate, ammonlum succinate, ammonium
lactobiconate, ammonium carbonate, ammonium tértrate, and
, ammonium,@xalate.

[0064]
The pH gradient béﬁweag-the'interior‘and the exterior

of the liposome may also be formed by using an ionophore.

The technique of forming a pH gradient between the interior



(0065) More specifically, the pH gradient formation
between the interior and the exterior of the |iposone
and the subsequent drug introduction by the renote

| oadi ng may be <carried out by the procedure as

descri bed bel ow. A Iiposonﬁgglspersion i s produced by
m xi ng the nenbrane-constituti ng conponents such as
the phospholipid in a flask by using an organic

and® %}Yé‘ "Ex@é!;fbﬁsof h10& Of B50% omé Vi'lé‘%né hen Oiﬁﬁg?ﬁor and

solvent by distillation and vacu ing t estd

int o Lgémcg U by efn%%hf%%c%cﬁn %{,9&6185%!&?5 is

ding an acidic
t| n, at f@ f%% % the F
e §ikt %ols%n%s"ﬁ'gf YL H R RO LIRS @%?lé%’éloanfaaé be
rmed by repl acing the solution,i

ac'f%%&q@# GV e THTELRS s ohals focumSaf vt bR 18 Mheredn
., agueous hase such nmeans as gel filtration, or
1“%9? ?ﬁﬁ? T ¥Usting the pH of the exterior

aqueous hase of the |iposone to a pH range near the

neut9%$5 H (for exanple, near pH 7 to 7.5) by means

of an adequate pH adjusting 43 agent. As described

abd¥ere t sreebli cathyi obhof piharad gatoﬁermﬁthonhbetween

hydr ophi i ¢ nmacronol ecul e may be conducted in the
therigsernicnarnd i te eextheridefof etlve hipesome hand oblde ng

of the drug as long as the drug is | oaded after
sufsEqoay: tdengnidaredbet ivmesib gl ehof rémetd i poadbnd ayey . be
carried out by the procedure as described below.

A liposome dispersion is produced by mixing the
membrane-constituting components such as the phospholipid
in a2 flask by using an organic solvent such as chloroform,
removing the organic solvent by distillation and vacuum
drying the residue to form a thin layer on the interior
surface of the flask, adding an acidic buffer (for example,
a buffer solution at pH 4}, and shaking the flask.
Optionally, the liposome of the desired size is collected,
énd a pH gradient is formed by replacing the solution in
the exterlor of the llposome w;th an exterlor aqueous ‘phase
by such means as gel flltratlon, or alternatlvely, by
" adjusting the pH of the exterior aqueous'phase'of the

liposome to a pH range near the neutral pH (for example,

near pH 7 to 7.5) by means of an adequate pH adjusting



[0066] Parenteral admnistration routes of the

i posone preparation include intravenous injection
such as infusion (iv), intramuscular injection,

i ntraperitoneal injection, and percutaneous
injection, and the adm nistration route may be
adequat el y sel ected depenmrégon the age and the
synptons of the patient. Mre specifically, the

aééﬁesorﬂ% C&rm@d bR, b‘9‘“@q‘mc{]lby |n1T%US| on otfh? he

exanp e, by syringe |nJect|on or
12, L9 terna |ve% t he
LpRLERe sf‘?f‘%ﬁﬁ*nh%q@%%éccgm DT T
heter 10 t nteri .of tg 0 %ost bod
RISt e, L %%%9 | iR EEeR bt e pohepREE op2 atter
and. gui di ng end. of the catheter to the
BB rhRees ‘é‘i’t%’,E E\?ﬁ %ﬁ%n?%t%???iga?h@?u 588nme® 103ded atter
$ ratlon t hrough. the catheter to the desired
he ik lamel +2Gi BRSinlet fk TR HPifdolPléﬁxﬁr -
site, or alternatively, to a site which is expected
to teOBEbod flow in the upstreamof the target site.
[0067] 44 The |liposone preparation of the present
i nveherent¢sahdadminietvdtionarputeencisvhéetipgsbmem
a disease at an anount sufficient for healing or at
plepstatpbon | Bhchedd | ot rafendes sympéomiasssecht @sd wnfhsion
the di sease. For exanple, the effective dose
( Bncapsut admdscwldheih i posbom, pLepedpét bboneal injectioen,
and percutaneous injection, and the administration route
may be adequately selected depending on the age and the
symptoms of the patient. More specifically, the liposome
preparation may be administered, for example, by syringe
injection or by infusion of the pharmaceutical composition.
Alternatively, the administration can be accomplished by
inserting a catheter to the interior of the patient or host
body, for example, in a body lumen such as blood vessel,
and guiding the distal end of the catheter to the target
" site, and administéring-the liposome preparation through
,,fthe catheter to the desmred target 51te or the reglon 1n,,_
the v1c1n1ty of such 51te, or alternatlvely, to a 51te
which is expected to the blood flow in the-upstream of the

target site.

[0067]



is generally selected fromthe range of 0.01 ng to 100
nmg per body weight of 1 kg per day. However, the

| i posome preparation of the present invention is not
limted to such a dose. The |iposone preparation may
be adm nistered either aftgy the onset of the

di sease, or before the disease onset when the onset
of the disease is expected for a preventive pur pose

SOt MEEEEME Frdiadde SISt tise $40F of ©Flend{6n is

dosage period is adequately selecte dependi ng on the

adRAR G IRYTRIOS it il Rald @M in @B 68 di 068 at an

Next, the present invention is described in further

arrgﬁttrﬁ:' |suBE ISR i 1RGPS AN JEX XA PShealing
which by no neans Iimt tHe scope of the present

oﬂrg\;ﬁ%méxﬂg& Oﬁh%s‘ttsggﬁ%ﬁ%ng\ileﬁﬁ&aﬂr&m%l t as scr?%mgle'
erigsdte 33%?%?;" c%%%‘?'%%%e&ﬁ E**L‘av. R ion
LR U OB ool b 0165 0 9l
il S 59 RIS SR B
pgg%an%i%ﬂm%fe%%ga%reseé¥“1£¥ee¥¥%énls not limited to such
a dose. The liposome preparation may be administered
either after the onset of the disease, or before the
disease onset when the onset of the disease is expected for
a preventive purpose so that symptom after the onset is

ameliorated. The dosage period is adequately selected

depending on the age and symptoms of the patient.

Examples

[0068]

Next, the present invention is described in further
detail by referrihg to Examples and Test Examples which by
~ O means llmlt the scope of the present 1nventlon

The components used in the Examples and Test Examples

. had the molecular weight as described below. .

Hydrogenated soybean lecithin (abbreviated as HSPC:

SPC3 manufactured by Lipoid having a molecular weight of



Pol yet hyl ene gl ycol 5000- phosphati dyl et hanol am ne
(abbrevi at ed as PEG090- DSPE; a product manufactured
by NOF Corporation having a nol ecul ar wei ght of 6075)
3, 5-di pent adecyl oxybenaam ne hydrochl ori de (having a
nol ecul ar wei ght of 609. 41) t adecyl am ne
(abbreviated as ODA;, a prodﬁ t manufactured by Tokyo
Chemi cal Industry having a nol ecular weight of

79869. 51), N-net hyl -n-octadecyl am ne (abbrevi ated as
NDDA manuf act ured by Tokyo Chem cal Industry having

N, RI-@(??}% hﬁr&r?g%gg vidt am ne 3(acb or]'e’vi Attt duchl\/O)A
maﬁu\%lra%@lﬁged%&gfg%ﬁgérye %a@ﬁtngoiﬁ‘/ %1%@ JAY TYe 286, 65)

Stwo%rkx’ e “ﬁl'rni""%b'r”e%%rt% Bl S
I h f bi
ooBug RSB 0% Yoo °'ﬁ“meeocwr
we[éﬁinﬁleq%§|53ea mol ecul ar wei ght of 579.99). [0069]

paration of |iposone containing
doxorub|C|n Exanple 1 shows preparatjon of the

| i pdSdretdyiene glesad 4R miPhatidty HRRAMIRR

roduced by addi ng
(abhreviated as PEGspge—DSPE; a product manufactured by NOF

Corporation having a molecular weight of 6075)

3,5~dipentadecyloxybenaamine hydrochloride (having a
molecular weight of 6095,41)

Octadecylamine (abbreviated as ODA; a product
manufactured by Tokyo Chemical Industry having a meolecular
weight of 269.51),

N-methyl-n-octadecylamine (abbreviated.as MODA;
manufactured by Tokyo Chemical Industry having a molecular
weight of 283.54),

N,N-dimethyl-n-octadecylamine {(abbreviated as DMODA;
a product manufactured by Tokyo Chemical Industry having a
..,molecular welght of 297 56],

* Stearyltrlmethylammonlum bromlde {abbreVLated éé
- TMODA manufactu:ed-by TokyQ:Chemicglrlndust:y.having‘g_\
molecular weight of 392.5},

Doxorubicin (Doxorubicin Hydrochloride USP23



a lipid derivative of the hydrophilic nmacronol ecul e
(PEGsoo00- DSPE which is a

di st ear oyl phosphati dyl et hanol am ne derivative of

pol yet hyl ene gl ycol having a nol ecul ar wei ght of 5000
Dalton) to a |iposone produQ%d as descri bed bel ow
under a low pH condition (pH4) to provide a
hydrophilic mnacronol ecul e (PEG chain) on the exterior

mahiltadtereld Hie BORVUAY HaviiB A Rcd e '»}b%%and

thereafter introducing a drug by ion gradi od.
57idy.digggenat ed soybean phosphati dyl choline (HSPC) and
chol esterol (Choi) were dissolved in t-butanol at a
ol afgodati o (HSPC: Chol ) of 54:46, and freeze dried to
produce a mxed lipid of the nmenbrane conponents.

E§%%§M glyutg Qf Gl Ly | i &QQQTS QEM ol uti 0 .
{ tri og“lsur]n ciI%?’aE\lt eat\%gs r%%x&e}'g".p <01 Ut on Jﬁ‘olrn% hcg‘pxo ubicin

intesj agquequ hase was Jprep qg&by adj usting.the

ot £5 SRy I SR L AR R R e b 45, o e

phase was prepared, by djusting the pHto 7.5, 59070,
g R N (R S NS N LECE

3bove s wei ghed, and to this was added 10 nL of the
@ SoPAfh GRTIFAtENE Oft ShitoMYARRRiS ish AasronRl af 3k ar e

was placed in an  incubator at 68C for 15 m nutes for
(PEFaropT RYFE WL G L8t RdAiGEERTOELPERSPHaFLdydeshanolamine

crude dispersion of the liposone. Using an extruder
degiyAtiye fe@odyetiyders eivaslai@y)intha molecular weight
of 5000 Dalton) to a liposome produced as described below
under a low pH condition (pH 4) to provide a hydrophilic
macromolecule (PEG chain} ¢on the axterior surface of the
exterlor membrane of the liposome, and thereafter
introducing a drug by ion gradient method.

Hydrogenated soybean phosphatidyl choline (HSPC) and
cholesterol (Cheol) were dissolved in t-butanocl at a molar
ratio (HSPC:Chol) of 54:46, and freeze dried to produce a
mixed lipid of the membrane components.

300mM solution of citric acid and 300mM solution of
. trisodium citrate was mixed.. A'solution for the interior
agueous pﬁase was-prépéfed by édﬂﬁéting the pH tb-d}d) and
a solution for the exterior aqueous phase was prepared by

adjusting the pH to 7.5.

[Q070]



has been heated to 68C, the crude |iposone dispersion
was passed 5 tinmes through a filter having a pore

di aneter of 200 nm and after changing the filter to
a filter having a pore dianeter of 100 nm the
filtration procedure was rggeated twice by using this
filter (a filter wwth a pore’ dianeter of 200 nmx 5;
afilter wwth a pore dianmeter of 100 nmx 5; and a

filtenmig b diy eidiaelg)i OfpAQidER Xas Hed O {164 ePYove
produce a LUV |i posone drspersron The sanple after

watsh%e@éhréﬁs' QAR ¢9QlLq N RYdLa PUD- ﬂWékoi@ﬁon of

t hus prepared | i posone drspersron was subjecte

th ehn&br&EQt' a %roﬁ%gﬁ%yge& goﬁ uteggeg?%r %%c%dFﬂ%tan

| ow) that ha been su str

in%?k%%bgr %%qufo hfge %8u£?§r§g¥ 8?% %foﬁn%a gitated

ent

. b t 10072 Th
Wl%?%p&’?grsxa?rse P%?’ﬁi@%ge&r & e, bt an, ok %'15% Aggpome.
eval uat ed antitativ deter natron of 48 th
Usipcr SxeedaT BB R Y LhT & iianes] that
uantrtatrve det erm nati on of _t he HSPC,
haPEgGgﬁ‘o hggsed (Cﬁ’aﬁﬁf'%ctE’f‘%dcﬁydﬁloklﬁ’ﬁ?ﬁ’a?aflilaﬁ?rﬁégn was
added to a concentratron of 1.0 by nole, and_the

PagERoy Pe SIEESaGNERLSH Zatf dGe HAavimanioan poss 1 aniah oL

i ntroduce the PEG5000- DSPE.
200 nm; and after changing the filter to a filter having a

pore diameter of 100 nm, the filtration procedure was
repeated twice by using this filter (a filter with a pore
diameter of 200 nm x 5; a filter with a pore diameter of
100 nm X 5; and a filter with a pore diameter of 100 nm x
5) to thereby produce a LUV liposome dispersion. The
sample after the extrusion was cooled in an ice bath.

[0071]

The thus prepared liposome dispersion was subjected
to gel filtration through a gel column {Sepharose 4 Fast
Flow) that had been fully substituted with the exterioxr
aqueous phase to thereby obtaln a pH gradlent.‘ The sample
after the gel flltratlon was coolad in an ice bath o

~..10072]

The lipid in the liposome after the gel filtratiom

was quantitatively evaluated (quantitative determination of



[0073] Next, amount of the doxorubicin hydrochloride
was cal cul ated based on the HSPC concentration that
was calculated in the quantitative determ nation of
the HSPC so that the ratio of the doxorubicin
hydrochloride to the HSPC ygs 0.2 (Ww), and the
requi red anount of the doxorubicin, hydrochloride was
wei ghed according to the cal culation. A doxorubicin
thigy HEEEN - or Basedobut tba HEPCOcopkehtwasiphepaledl atsdnd n
10% sucrose solution (pH 9.0). A predeterm ned anount
thef qubetdoradivei cieneftytdnachloor iofe 3@ Wdm (EHE.IRLBPE
was added to the |iposone dispersion, and the m xture

(mans fasturedd bgt NOPCChRbRA tToRYt G d Qe Y a
i ntroduce the doxorubicin hydrochloride in the

cohtpaseneiohhe rsanpkebyahibel,t BEAVHY WRiGidle was agitated
hydrochl oride introduction was cooled 1n an ice B&Eh,

atCabed ifdF ad Qi NRGe £ 0NN UCE S5 | 19k Roa koL gf'ﬂi REGz000-

(Sepharose 4 Fast Flow having a di aneter

psgpd a length of 20 cm) fully substituted with 10%
sucrose (pH 6.5) to renove the doxorubicin
hydrggqggride that had 49 not been introduced in the
Iipésone. [0074] In Exanple 1, the phospholipid of

t he.l

PRONSIEr s BE EETEEL LORE e AR POy T Py e
ca e hEq peRa°Bh! BhEOHsBL LORCEREORETLE Bhat was
calculated in the guantitative determination of the HSPC so
that the ratio of the doxorubicin hydrochloride to the HSPC
was 0.2 (w/w), and the regquired amount of the doxorubicin
hydrochloride was weighed according to the calculation. A
doxorubicin hydrochloride solution at 10 mg/mL was prepared
using 10% sucrose solution (pH 9.0). A predetermined
amount of the doxorubicin hydrochloride solution (10 mg/mL)
was added to the liposome dispersion, and the mixture was
stirred at 60°C for 60 minutes to thereby introduce thé
doxorubicin hydrochloride in the 1iposomé.' The sample
after the doxqrpbicin!byd;ochlq;;de int:g@ugtign was cooled
in an ice bath. Gel filtration was conducted using a
ceolumn (Sepharose 4 Fast Flow having a diameter of 2.8 cm
and a length of 20 cm) fully substituted with 10% sucrose

(PH 6.5) to remove the doxorubicin hydrochloride that had




| i posonme was determ ned by neasuring absorbance at 480
nm using a spectrophotoneter for the solution
prepared by adding 2 nL of nmethanol to 40 L of the
doxorubicin |iposonme. The |iposone size was neasured
by diluting 20 L of the |ipgsonme dispersion wth
physi ol ogi cal saline to 3 nL, and neasuring average
| i posone di ameter using Zetasizer 3000HS (Ml vern
nokndeenneatshdlieed iiposere 1apudeeed is shown in Table
1. (0075] (Conparative Exanple 1) Preparation of
l'i pgqe@ma jcont ai ni ng doxorubi cin Conparative Exanple 1
shows preparation of the |iposone outside the, scope

of the ERREGSAR 1,| RN PHEbpREIS pild ROS A PIERM &L Qs
was produced by using the’'liposone conmponents which

» f t
S el R R s LS M S
maﬁgfgggﬁrgggﬁgyg%k%h%uE@pﬁgémyééﬁger | ayers of 50 the

I posone y introducing the lipid derivative

S PP ER e oo Tt FBOHE (ST L o 10 the
R e e e S R A e LR
usgg?:_;t \é\ggp\é\%%:_gclg% bt%?n%t%ars ef%ro r%l‘tteh%oq%ﬁ):cit_c%o r;:)cr%rj]ptarraetci %ny
adding 2 mL of methanol to 40 uL of the doxorubicin
liposome.

The liposome size was measured by diluting 20 ul, of
the liposome dispersion with physiclogical saline to 3 mL,
and measuring average liposome diameter using Zetasizer
3000HS (Malvern Instruments). The liposome produced is
shown in Table 1,

[0075]
(Comparative Example 1) Preparxation of liposome containing
doxcrubicin

Comparative Example 1 shows preparation of the
zll;pqsome_quts;de t??;%FQPE.Pf the,presggt_inveny;qn. Th?,_

Liposome preparation was produced by using the liposome
- components whiqh §;aw;he same as thosg,pf Example 1 except
that the hydrophilic macromolecule (PEG chain) was

distributed on both sides of the inner and outer layers of



l'ipid mxture, 0.073 g of PEGS000- DSPE was wei ghed so
that the PEGS000-DSPE was at 2.0% by nole. After
adding 1 nL of ethanol 1 nL, the m xture was

di ssolved in an incubator at 65C for 30 m nutes.
After confirmng the conpl efg dissolution, 10 nL of
the interior aqueous phase was added, and the m xture
was agitated by heating to 65C for 60 ninutes to

ther eppbeohbebeitger| bposatroduehansikae 11Pis derid@tive of
| i posonme di spersion was processed wth the extruder

théYh{€pephi Ndct hecRbReedRNE 0N PECAIPL B3 dE) a89mbh D €aneously
sanple after the extrusion was cooled in an ice bath.

wlmoezﬁ& 17P8sbRYS sBLARRL B | i posonme was subjected to
filtration by repeating the procedure of Exanple

QHgQFe?ﬁgghaiggu”% %%e %&ﬁ%t %ﬁ% ﬁﬁ%@hﬁé"yhlch

had Eeen fituted t teri 6r aqueous

waBBRE banb ELPHe SRELECA BH %ooﬁ‘g 1 (el ~ 4
00771 51 . The h f
i .T’??L‘f’%ﬁhﬁgs 88nPreas: 08 ShBOBREE: %8&%&%&@??3& §f the
B
1150 kPR Poeb T3 e ol PR DSPE et Felfied so that

doxorubi ci n hydrochl ori de was cal cul ated so, that the

the JPEGsoes~ RIRE dtR®rabi€i B BY dRotdt otideet ddidgudpanl of

was 0. 2 (mﬂm@ Based on the thus ) )
ethancol he mixture was dissolved in an incubator at

65°C for 30 minutes. After confirming the complete
dissolution, 10 mL of the interior aqueous phase was added,
and the mixture was agitated by heating to 65°C for 60
minutes to prepare the crude liposcome dispersion. This
crude liposome dispersion was processed with the extruder
by repeating the procedure of Example 1, and the sample
after the extrusion was cooled in an ice bath.

[0076]

The thus prepared liposome was subjected to gel
filtration by repeating the procedure of Example 1 through
& gel column (Sepharose 4 Fast Flow) that had been fully -
substltuted w1th the exterzor aqueous phase to thereby
- obtain a pH g;adient. The sample after the gel filt;gtipn
was cooled in an ice bath.

{0077]



cal cul ated anount, required anmount of the doxorubicin
hydr ochl ori de was wei ghed, and doxor ubi cin

hydrochl oride solution at 10 ng/ nL was prepared using
10s sucrose (pH 9.0). By repeating the procedure of
Exanple 1, a predeterrn'ned5 nmount of the doxorubicin
hydr ochl oride solution (10 /L) was added to the

| i posone dispersion for introduction of the

dox @iHdiiGidy DA QY o s orfd Ch #16 aQé(oéé'ng%Etr?%iéon

hydrochl ori de that had 'not been encapsul ate

waltsihE%%@%t‘é%%ﬁeﬁ'}p\é%-l%éﬂgcﬁfaﬂﬂ%%&ﬁﬁ@%éﬁ%ﬂ&i&en of

e |1 posone, anount oxoru ori
e Paatl, e PR e BR bAS, SRRl 6 1.
o P T BB P T S THosoe g o oaide was
o Rt 62 S prdacen G TR e ati on of
oAb FVE T o e A e e e ehus

seqd for, the nenbrane  conmponent. SM and Chol were
cadFEd 5P 2RO o AR LR 2005 of The AqHowPLoLn

solution of chloroformand nethanol, and the sol vent
hygaechdrsies wisdvedighest endadoxaradicin hydrochloride
solution at 10 mg/mL was prepared using 10% sucrose (pH
9.0}.

By repeating the procedure of Example 1, a
predetermined amount of the doxorubicin hydrochloride
solution (10 mg/mL} was added to the liposome dispersion
for introduction of the doxorubicin hydrochleride, and the
doxorubicin hydrochloride that had not been encapsulated in
the lipcsome was removed.

Amount of the phospholipid in the liposome, amount of
the doxorubicin hydrochleride encapsulated in the liposome,
and the liposome size were measured by repeating the
Procedure pﬁ;gxample_}. VThelligpspme produced is shgwn in
pable 1. R o

[0078]

[Example 2) Preparation of a liposome having doxorﬁbicin

encapsulated according to the present invention



pressure to thereby |eave a thin [ayer. 300mM sol ution
of citric acid and 300nmM sol ution of trisodium

citrate were mxed, and a solution for the interior
aqueous phase was prepared by adjusting this solution
to pH 4.0. 0.30 g of the |gpid mxture was wei ghed;

and 5 nL of the solution for the interior aqueous

phase was added to the lipid m xture, and the mxture
was Ty dvadcret idlg AHe floipdébra Nt fsaratibd 06M the present
di spersion of the |lipid was realized by occasionally

in¥@RitGah!, NG kel NLWiQ dbridaliid Yoish 1 RS FAL QL d
had been heat ed tol%c Usi ng aln %xs{%ﬁfder e 198 an

choTRRYf actuked R lgsneps JBiOTREY angs)chd aleriis:heen

mai ntai ned at a tenperature of 65C, the resulting

co#bBBQnQLSp§HSEQB @ﬁﬁlp@§?%28§s%bﬁ%%d %Qr%u%%lngEEEQQ of

aving a pore dianeter o nm anot her I mes
t.hzough _a ﬁ# r Iy Q 'ﬁﬁﬁg r 200 nm
55émg aft &r e ée%]igisr?gq}\et%'e%q* iacf$e"rr]-ﬁl¢g"‘l a |rﬁ?t'-:teﬁr)':I having a ' and
pore. dianeter of 100, n epeated filtration through
e B LR e oyt e T e A 9T 110 ST S or e
di aneter 53 of 40Q nmx 3; a filter with a por .
Pr§SEHECe o NeFGYmieaye 3 thin davgsy glaﬁﬁ‘fﬂes&ﬁé‘ﬁéPé‘r of
of 100 nmx 5; and a filter with a pore dianeter of
CLTGGCnﬁF%dSFPdTQQQﬁMnﬁQ;Wﬁ%Qﬂ th&risadie giigate were
,cooled in an ice bath. The thus prepared |iposone was
mixgej e@ndld ar gogaition |SoratGheh Mgy AgEcwoIRiEse was
(Sephar ose 4 Fast Fl ow)
prepared by adjusting this solution to pH 4.0. 0.30 g of
the lipid mixture was weighed, and 5 mL of the sclution for
the interior aqueous phase was added to the lipid mixture,
and the mixture was hydrated at 70°C for 10 minutes.
Uniform dispersion of the lipid was realized by
occasionally sonicating the mixture in a bath-type
sonicator that had been heated to 55°C.

Using an extruder (manufactured by Lipex
Biomembranes) that has been maintained at a temperature of
65°C, tha resulting lipid'diépersion was passed 3 times
.. through- a'filter having a pore diameter of 400 nim; another
3 times through a filter having a pore diameter of 200 nm;
and afterlchanging thérfilter:tOja filter having a pore

diameter of 100 nm, repeated filtration through this

filter was conducted twice (a filter with a pore diameter



that had been fully substituted wth physiol ogi ca
saline. The sanple after the gel filtration was
cooled in an ice bath. [0079] The lipid in the

i posone after the gel filtration was quantitatively
eval uated (quantitative detggm nation of the SM
Based on the thus SM concentration calculated in the
quantitative determ nation of the SM PEGO000- DSPE was

ofaddedninoxa 3GoRCERN A el 0p6a% Rl r 3 A0 nm x 3;
m xture was agitated at 60C for 30 mnutes to thereby

a Enteedueetht BepBEEO@aaMASRE J¥exioo d¥PuNts 0fadde fllg:er
doxor ubi ci n hydrochl ori de whi ch corresponds to 20%

wifRl 8 PBrEhalbﬁEQErl bigi dogonked s9f. ©HE LLRABSANE YRS the
cal cul at ed based on the SM concentration that was

exﬁﬁhggbﬁt@gslEobﬁgdqggnghtqklv%aﬁegern1natlon of the

M and the required anount of e doxorubicin

Egﬁggﬁgk?’gkdgﬁ\g@%&gﬁ %bl Cl n%hotrﬂ'% l"t}:’&ledceesdoI it |goer‘?' at
e BB, VRSBS00, S
Ik botic e e Eactt IS
Thﬁya?raaéﬁ 35 8onhoe geamélﬁﬁtggﬁ%?ﬂw%%@éﬁdr dgq 2 ice

65C for 30 minutes to thereby introduce the
agxor ubi ci n hydrochl oride in the

[0072]

The lipid in the liposome after the gel filtration
was quantitatively evaluated {quantitative determination of
the 8M). Based on the thus SM concentration calculated in
the quantitative determination of the SM, PEGspe~DSPE was
added to a concentration of 0.75% by mole, and the mixture
was agitated at 60°C for 30 minutes to thereby introduce
the PEGsgoo—DSPE.

Next, amount of the doxorubicin hydrochloride which
corresponds to 20% by mole of the total lipid content of
the llposome was calculated based on the SM concentratlon
that was calculated in the quantltatlve determlnatlcn of
: the,SM:and.the required amount of theﬂdoxcrpbicin
hydrochloride was weighed according to‘the calculation. A

doxorubicin hydrochloride solution at 10 mg/mL was prepared



| i posonme. The sanple after the doxorubicin

hydrochl oride introduction was cooled in an ice bath.
Gel filtration was conducted using a columm
(Sepharose 4 Fast Flow) fully substituted with
physi ol ogi cal saline to rengée the doxorubicin
hydr ochl ori de that had not en encapsulated in the

| i posonme. [0080] Amount of the phospholipid in the

ushhgo %@%,ioqgsg;in@atlggﬁﬁ% .doiéx%%%h%itt@ﬁgﬁﬂh&c hkQthde of the

nc¢apsdl at e i posone, I posone’ si ze

e
o EpTRas) rhggu@%hl%gigaﬁerf%gﬁa%gba&o R4 ';edtl;ésl]Tahaeded to

posSome produce own in l'e 1. [
ol Sobelieh s MRS MPTRTR SO LR co o
7-8,58ns SHRAPH (o TSR | SBB0OSISRE S 4 By o
D! 81,5 50402 Bl 2 0. Chol 4, PEGR000- pSPE
thereby introduce the doxorubicin hydrochloride in the
liposome. The sample after the doxorubicin hydrochleride
introduction was cooled in an ice bath. Gel filtration was
conducted using a column (Sepharose 4 Fast Flow) fully
substituted with physioclogical saline to remove the
doxorubicin hydrochloride that had not been encapsulated in
the liposome.

[00BD]

Amount of the phospholipid in the liposome, améunt of
the doxorxubicin hydrochloride encapsulated in the liposome,

and the liposome size were measured by the same method as

Example 1. The liposome produced 1s shown in Table 1.



[ Exampl e 3] HSPC: Cho
hydr ochl ori de
rati o of 50/42/8,

to obtain a |

acid and 300nmM sol uti on of
and the sol ution was
t hereby prepare a solution for the interna
phageoed)30 g of the lipid mxture was wei ghed,
m the solution of the interna

m xed,

of
adjusted to

: 3, 5-di pent adecy
was di ssolved in t-but

and
i pid m xture. 300mM sol u

dj ust ed

pH 4 was addgg and the

| oxybenzam ne
anol at a nol ar

the solution was freeze dried

tion of citric

risodiumcitrate were

topH4 to
aqueous
and 5

aqueous phase was

m xt ure was

hydrated at 70C for 10 n1nutes Unlforn1d|sper3|on of
e PT O wWay - TearTzed Uy 50 ocCast SOy 1
the mxture ifn, rpe té’é’r‘? fgtor %ﬁz had ?ﬁ%"ﬁnigged
heated to 55C. mol n ? Ifna Tt ur e g
Li pex Bi onmenfjr anes has been naln 4 ‘ned
tcmcrat ure—af 7’2(\(‘ fha r-estitj ng [ di-s
was passed 3 tlnes ough a filter aV|ng a pore
Exhmoes €1 of C HAFP 5‘ ﬁggwt’hr%f’ Gh a ffilg.e haVing ;11
pore di anet er| pdl and 10 timeg through fa filter
noko r~| annt Ar ht A1 n ~An I 1N/
I]aV'I I'Iy u. PUI Ul AT Tt CT .I. PIII L U MU AT 11 ATl UV
e had a size jof 111.3
5%7 iE]éif%us r}%e;% r? & ?'%‘8 Ereqjs%lggperslm aas 0.13
Jected tq gel™ ¥ atlon by adding to a co] um
\Dcplldl ose 4 TFast Fowhavt g—=& t-areter—of—4—5—~cm
and a | ength iqf, .29 SMprs
. : . sopop—DSPE
Example 2 — 54:46:0.75 107.4 0.12
[0082]

[Example 3]

RSPC:Chol: 3, 5-dipentadecyloxybenzamine hydrochloride

was dissolved in t-butancl at a molar ratio of 50/42/8, and
the solution was freeze dried to obtain a lipid mixture.
300mM sclution of citric acid and 300mM solution of

trisodium citrate were mixed,

and the solution was adjusted

to pH 4 to thereby prepare a solution for the internal

o aqueous phase.

0 30 g of the 11p1d mixture was welghed and 5 ml of
_ the solutlon of the Lnternal agueous phase was adjusted to
pH 4 was added, and the mixture was hydrated at 70°C for 10

minutes. Uniform dispersion of the lipid was realized by



and eluting wth physiological saline, and the
exterior aqueous phase was substituted with
physi ol ogi cal saline. [0083) PEG000-DSPE was
di ssol ved in physiological saline to a concentration
of 10 ng/m., and this sol utgen was added to the
exterior aqueous phase so that the PEGSDOO DSPE
constitutes 0.75% by nole of the total l|ipid content
ocoisidmallypospieatind the mixture wasai hathatggeat 60C
for 30 mnutes with stirring. Doxorubici nwas
somissobyethat pagsbeéngheatedatbnsst® ascagcant extirder
of 10 mg/ L, and this solution was added so that the
(maloxpicbh £éA PNELipedt BSorROMbBYnEB) exRbtt Rest gtah 57
lipid content of the |iposone, and adjusted to pH 7.4

ma 1%t Aihed NaNoOH Sfpsab Hh AL edr S@ﬁ*d{mﬂw&%@ﬂ‘?ﬁgf&b‘lrﬁ}ied

The solution was then i ncubated at 650C for

didHOE £Sn 2 if%%%saséa ﬁh@iﬂé@C@H%&gasadf%f{%}?eﬂ?\??ﬁg;a

the phospho of the i posone”™was quanfrtative
determ ned as.i he casg. of anple 1. The_ |iposone

PoL§ ; l%%t%agﬁrgda oK™ i  ubHRGS E@@ggu%}f‘ 2t ’eﬂ"?ﬁo‘%ﬁ%ﬂg a
di spersion with physiological saline to 3 nL, and

Porradinnepnvef afe? | itposaned HP abbhes tlkiogoes afikberS
ZEM 5002 (Malvern Instrunents). Anmount of the

ha®¥@TAIpSEE o eaeapsl st ed. i Nuhheo! bipesoReak thgyamount
drug | coaded =
dispersion. The resulting liposome had a size of 111.3 nm.
The thus prepared liposome dispexsion was subjected
to gel filtration by adding to a column (Sepharose 4 Fast
Flow having a diameter of 1.5 cm and a length of 25 cm),
and eluting with physiological saline, and the exterior
agueous phase was substituted with physiological saline.
[0083])
PEGspoo—DSPE was dissolved in physiological saline to a
concentration of 10 mg/mlL, and this solution was added to

- the exterior aqueous phase so that the PEGsp0o—DSPE

constitutes 0.75% by mole of the total lipid content of the

" liposome, and the mixture was incubated at 60°C for 30 1.

minutes with stirring.
Doxorubicin was dissolved in physiological saline to
a concentration of 10 mg/mL, and this sclution was added so

that the doxXorubicin constitutes 20% by mole of the total



drug/lipid) was determ ned by neasuring absorbance at
480 nmw th a spectrophotoneter for a mxture of 0.1
mL of the doxorubicin |liposone with 0.3 nL of IN HC1
and 3.6 nL of isopropanol. The ampunt of the
doxorubicin was 0.12 nol/ngl. [0085] [Test Exanple
1] PEG5000- DSPE (manuf act ured. by NOF Cor porati on) was
di ssolved in each of the following 4 buffers to a

11 ARC QR RHOR Ofc e MgHsornd 4he el
12;1 65C for 90 m nut egBSOEGéOOO aﬂé’was aﬁé‘\%SpH heas §tking

1Ndh~1%%>@1| e dalt e o B AR U df&ge%&%&ﬁ?ﬂa{@' O&h%f 10

and the 58 solution"was Sstore t 40C for

Buf.f : I 5 2
o R o PG, 30 BFPErS 3§ :
C|tr id (300mV), pH 4.0 Buffer (4); citric acid
(3004%6864% 7 5 [0086] 10 gL of the thus stored

sol ted at 0 1l cm bov
|om£f' GRS 14 ﬂgeeﬁfcpﬁfﬁ%# Thges S PhdEhopipic
Thi,s silica gel thin |layer was, then p ced Ina
c>fgl q&cl?ﬁtsé’i“ﬁe 3h g ardd &Jr¥e dst erFé‘Hr}%Pa as in the

equilibrated with the devel opi ng solvent which was a
cagiex&d §FEHEilen lof chl orof orm net hanol, and

The liposome size was measured by diluting 100 pL of
the liposome dispersion with physiological saline to 3 mL,
and measuring average liposome diameter using Zetasizer §
ZEM 5002 (Malvern Instruments). BAmount of the deoxorubicin
encapsulated in the liposome {(the amount drug loaded =
drug/lipid) was determined by measuring absorbance at 480
nm with a spectrophotometer for a mixture of 0.1 mL of the
doxorubicin liposome with 0.3 mL of 1IN HCl and 3.6 mL of
isopropancl. The amount of the doxorubicin was 0.12
mol/mol.

(0085]

[Test Example 1]

PEGmmo DSPE (manufactured by NOF Corporatlon) was -
dlssolved in each of the followlng 4 buffers to a
conGEntration‘of 5 mg/mL, aﬁd'ﬁhe‘solution was:heatedeat
65°C for 90 minutes. PEGsgp-DSPE was also dissolved in the

same buffer to a concentration of 10 mg/mL, and the



ammoni a (28) (85:14:1) for devel opnent with the

devel opi ng solvent for about 15 cm and the

degradati on product was searched by iodine col or

devel opment. The results of this thin |ayer

chromat ography (TLC) are shggn in FIG 1 to 2. FIG 1

shows the results of the TLC for the PEG000- DSPE

sol uti on which had been heated to 65C for 90 m nutes,
sodnd iohl Gas2 sslowd e avesuFés pfwsdr. TLC for the

PEG5000- DSPE sol uti on: which had been heated to 400C

for shrgRek. (Ihncrpasmivh INE JRY Wabndpt observed at
the position of the degradation product (lyso-Ilipid)

bef eng rand @ht.en, thethgald N omge U , pH 6.5
Lyso- PEG St(d)} for the J"PEGSO(r)](o-DS E "that gg%eef?

i sslesad |3)the RULLEL A A3l S g £ i gher

ereas I ncrease In the spot was in the case

of E Q- Pg.tht.hd N, di [v in the

buf gl‘r%tJag GE:_J((|C%I3|4%§[t 6@7%01'?:3((3%@ |§'§'€ 73‘%’2\/\5 t he data

of ié@%%lity of the Ilipid derivative of a hydrophilic

nmacr Iécule (PEG000- DSPE) under acidic conditions.

The data show that the PEG5000-DSPE is degraded when

it 1§ Héardd tived&hugeisgiorede grdivtiions wasufsbortteg) at a

citric acid, pH4.0). This in turn neans that, when
poshtibnpdsome absvgr ttiecddwey andeblodhen sidbdicah gelle thin

PEG5000- DSPE i s kept under acidic buffer conditions
lageri nft Be easea @0 EanparaisveiEkaspyel lthihelayer was
then placed in a glass container that had been
preliminarily equilibrated with the developing solvent
which was a mixed solution of chloroform, methanol, and
ammonia (28) (85:14:1) for development with the developing
solvent for about 15 cm, and the degradation product was
searched by iodine color development. The results of this
thin layer c¢hromatography (TLC) arxe shown in FIG. 1 to 2.
FIG. 1 shows the results of the TLC for the PEGsge~DSPE

solution which had been heated to 65°C for 920 minutes, and

FIG. 2 shows the results of the TLC for the PEGsggo—-DSPE

: A,,_solutiohgwhiCh_hadrbeen heapéd'tp 40°C. for 1 wéek;,

Increase in the spot was not observed at the position of
the degradation product (lyso-lipid) before and -dfter the
heating {see the spot of Lyso-PEG Std) for the PEGsgu—DSPE

that had been dissolved in the buffer at a pH of 5 or



PEG5000- DSPE i s expected to degrade during the
manufacture or the storage. In the case of the

| i posonme produced by the nmethod of Conparative
Exanple 1, the internal aqueous phase is acidic, and
t he PEGS000- DSPE in the reg%gn in contact with the

i nternal aqueous phase is al'5So expected to 1yze. The
results are shown in Test Exanple 2. [0088] [ Test

hiiGRRIT Wi e2le SO MRAHSAE Ofn deq adald Qi Pehad e Vtﬁ-f‘é" case
the |iposonmes of Exanple 1 and Conparative Exanpl e

fn%ﬁé\NEGEo YRepsE Eh@@sﬂgﬁsb %ﬂdHﬁggoigeﬁhQnEégggkﬁg%Ef at

nparative Exanple 1 were stored at
piMgek or 2 weeks, and the |iposones were then eval uated
for 60 their residual content of the PEG5000- DSPE by
HPLq results are shown in FIG 3 by the residua
content f the PEG5000- DSPE for the PEG Iiposones

emdat SR © (TR A o i S ey Of the

.PE 000- DSPE decreas case of the Ilposone of
Lip BT o, AP IAHGRANEW: T ot~
b of the PEG5003- DSPE wher eas no gnlflcant change in

HEgegy ACicds eandidd odisser Wba Atat pRovatbakf thie

posone of the present invention produced in Exanple
PEqumn PRBECAsi AgorhdedbyBabeisf i6hBedtgAadaErEnachfiche

PEG5300- DSPE. Wien the degradation of the PEGsoao- DSPE
conglifdionsntibgffer (3), citric acid, pH 4.0). This in turn

means that, when the liposome is produced by a method in
which the PEGsgqe-DSPE is kept under acidic buffer
conditions as in the case ¢f Comparative Example 1, the
PEGsqo0—~DSPE is expected to degrade during the manufacture
or the storage. In the case of the liposome produced by
the method of Comparative Example 1, the lnternal agueous
phase is acidie, and the PEGsgp—DSPE in the region in
contact with the internal agueous phase i3 also expected to
lyze. The results are shown in Test Example 2.

- [0088]
[Test Example 2] Comparlson of degradatlon behav1or between
the llposomes of Example 1 and.Comparatlve Example 1

The two types of liposomes produced in the Example 1
and the Comparative Example 1 were stored at 40°C for 1

week or 2 weeks, and the liposomes were then evaluated for



instabilization of the lipid bilayer, |eakage of the
drug introduced in the |iposone, aggregation of the

| i posonme, decrease in the effect of preventing
adsorption of the Iiposone to plasma protein or
opsonin protein, |oss of % posone stability in blood,
and the |i ke associated wt t he degradation of the
PEG5000- DSPE are al so prevented. [00891 [Exanple 41

thbipi dewaaamewhednﬁootfh@heHﬁﬁﬁsuos:h@pra;a @ph@si Grhe
lipid ((1) ODA, (2):MODA, (3) DVODA, or(4) TMODA are)

re8hids Heleaghaahl 9n0F180 3 8¢ £hd, r@@@dhﬁ?cs%oh'tgh@s of the
were dissolved 1n ethanol. After confirmng t

PEED ”P'ﬁé@zdf gowé' oil %%%s wf.gd 2 Mo f

armroni um sul fate sol utTo adde and t he

Xy r\é@mgg' LSl neatias Lo Sac ALLGE S
dlgp <o v e agl o ?n by filter  havi
cng' 2BELALAT WARLBAROSS Bnt #E?sorod?%%@ Ged i £

extr ( mﬁlch had ? ﬂ heated to 68CE and _ af
Caéﬁaﬂg Eget AePRPRE; © EhencCBRe=AaiRgPa e et er

of 100 ri the di spersion Eassed 5 tinmes through
ingheatingt & EaﬁesredﬁpaonAPfthec EferiongDE BE afeFRds no
filter having a pore dianeter of 100 nm the
signipéranbnchangpasbetihanoenéduslt cansentr vaghobiegved in
filter at 2.0 MPa. 2 nL of the PEGsoo00- DSPE sol ution
th¢36a¥4 ofpthe LRSoeaner pfwbbeagdedent thwesfphepabtaced
t he
in Example 1 in indicating the absence of the degradation
of the PEGsue—-DSPE.

When the degradation of the PEGse0p~DSPE is prevented,
instabilization of the lipid bilayer, leakage of the drug
introduced in the liposcome, aggregation of the liposore,
decrease in the effect of preventing adsorption of the
liposome to plasma protein or opsonin protein, loss of
liposome stability in blood, and the like associated with

the degradation of the PEGs~DSPE are also prevented.

[00B2]

'_;LExample 4]

Lipid were welghed so that HSPC Chol and a basic
Jlipid ((1) oDA, (2) :MODA, (3) DMODA, or (4) TMODA are) at a
molar ratio of 50 : 42 : 8, and these lipids were dissolved

in ethanol. After confirming the complete dissclution of



extrusion so that rate of the PEG000- DSPE
introduction was 0.75% by nole, and the m xture was
agitated with heating to 60C for 30 mnutes to
t hereby introduce the PEGS000-DSPE. The sanple after
the introduction was cool edgin an ice bath. Structure
of the basic |ipid used are shown bel ow. [0090] 62
ODANH2 H MDA M Me | DMODA ne Me TMODA N " -Me
thkelip@d91® Tie oifh asmmpndmar et llfates el ubisper (@ WM vas
subjected to gel filtration through a gel colum

addBephandsehé kasturkl ewls bkatahad haem hddting to 68°C.
substituted with a 10% solution of sucrose (pH 9.0)

Aftert heeekymphkdibna ofHtBeadigg Rzt i DR witd e rafder thize

gel filtration was cooled in an ice bath. [009 {
dibpeteiandual ghskle doxQmdli ¢hi el achHiatide MRSng a
pore diametex of 200 nm at 1.0 MPa using an extruder which
had been heated to 68°C, and after changing the filter to
the one having a pore diameter of 100 nm, the dispersion
was passed 5 times through this filter at 2.0 MPa. After
changing to another filter having a2 pore diameter of 100
nm, the dispersion was passed another 5 times through this
filter at 2.0 MPa. 2 mL of the PEGspo-DSPE solution (36.74
mg/mL (RO water) was added to the sample after thes
extrusion so that rate of the PEGsugp~DSPE introduction was
0.75% by mole, and the mixture was agitated with heating to
60°C for 30 minutes to thereby introduce the PEGsuu~DSPE.
The sample after the introduction was cooled in an ice

bath. Structure of the basic lipid used are shown below.

[0050]



cal cul ated based on the HSPC concentration that was
calculated in the quantitative determ nation of the

HSPC so that the ratio of the doxorubicin

hydrochl ori de (Dox) to the total Iipid (ol e/ nol e)

was 0.16 (Dox / total lipids, (Ww = 0.18). Based on

the cal cul ation, the reqU|red anount of the

doxor ubi ci n hydrochl ori de was wei ghed. A 63

doxor ubi ci n hydrochl oride solution at 10 ng/ nL was
obpar ed _.ng~10%-sycr sehut i ( 9. A NH,,
predeterm ned  anount oOf theé doxorubiTin hydrochl oride
solution (10 ng/ ) was added to the |iposone

di spersion, and the m xture was stirred at 60C for 60
mnutes to thereby introduce the doxorubicin H
N@g& ochl ori.de in_the.lipgsone.. The _.sample ter the N.

rubi ci n dro ortde Mtroducti was-coohr€d i Me

an ice bath. Gel filtration was conducted using a

col um (Sepharose 4 Fast Flow having a dianeter of 2.8
cm and a length of 20 cm fully substituted with 10%
sucrose(pH 6.5) to renove the doxorubicin ve
WO, e} Sl Pt Pt

I posone. | 3] he™"esuM™M’ ng™~"I p0sOne pfr eparati oris Me
(1) to (4) «corresponding the basic lipids as

descri bed above were evaluated for the anount of the
phosphol i pid, |iposone size, and Zeta potential. In
this Exanple, the phospholipid of the |iposone was Me

/
TMODA ‘\/”\v/\\/”\v/“\/”\v/“\/”\v/\\/NLM°
\
Me

{0081]

The thus prepared liposome dispersion was subjected
to gel filtration through a gel column (Sepharose 4 Fast
Flow) that had been fully substituted with a 10% solution
of sucrose {(pH 9.0) to thereby obtain a pH gradient. The
sample after the gel filtration was cocled in an ice bath.

[0092]

Next, amount of the doxorubicin hydrochloride was
calculated based on the HSPC concentration that was
rcalculated in the quantltatlve determlnatlon of the HSPC ‘so
that the ratiorpf the doxorubicin hydrochloride {(Dox} to
the toﬁal-lipid-(moie/molé)-was'O.is {Dox / total“lipid
(w/w) = 0.18). Based on the calculation, the required

amount of the doxorubicin hydrochloride was welghed. A



quantitatively determ ned usi ng Phospholipid C Test
Wako nmanufactured by WAko Pure Chemical. The |i posone
size was nmeasured by diluting 20 L of the |iposone

di spersion with physiol ogical saline to 3 nL, and
measuri ng average | i posone dj aneter using Zetasizer
3000HS (Mal vern Instrunents).' 64 Zeta potential was
nmeasured as described bel ow. About 2.5 nL of RO water

dose@,@uwémdw&gcem@rgdé gb18¥LbR98t By ﬁaxintngaghsrepared
pl unger, 20 gL of the I|iposone dispersion and 20

usgﬁébf§§°s§cEE§E“ESfutﬂéﬁoﬁgg g.BﬁomaﬁgE%ééféfﬁlﬁéﬁ

inge, and air was renov ushi plunger.

a6 SYE &@ﬁop&igfgtgygxoehfssﬂdéogo &8,3 gpdmg/m

un| orm di spersion o yringe conten

P EBbAL , TEAHESH UL RG890 00R0 Ber D8 upe

neasurenents o)

rod C 4 ar hown n FIL.G ,2 together
st{rped %eé&r&%?ﬂ'lp@n Etssnetq.' SRR e

2% 094 npl e 5] L|p|d wer e wei ghed so
dowa\ebm hysigpch walfae be@; Ehe| Hapasmﬁ/oo/sshwegn%e

molar ratio of (1) 53.5: 45.5 : 1, (2) 53 : 45 : 2,
afyay ghe: dagoruliichn hugraghloride. gntregductiny vassgooled

lipids were dissolved in ethanol. The |iposones were
inpampicedodih r efiedt i fuid trad isurb sep eranduaiped wsind a
column (Sepharose 4 Fast Flow having a diameter of 2.8 cm
and a length of 20 cm) fully substituted with 10%
sucrose(pH 6.5) to remove the doxorubicin hydrochleoride
that had not been encapsulated in the liposome.

[0093]

The resulting liposome preparations (1) to (4}
corresponding the basic lipids as described above were
evaluated for the amount of the phospholipid, liposome
size, and Zeta potential.

In this Example, the phospholipid of the liposome was
guantitatively determined using Phospholipid C-Test Wake
_,manufactured by Wako Pure Chemlcal

The llposome gize was measured by dllutlng 20 uL cf
the liposome dispersion with physiological saline to 3 mL,

and measuring average liposcme diameter using Zetasizer

3000HS (Malvern Instruments).



Exanple 4. As in the case of Exanple 4, the resulting
i posone preparations (1) to (4) corresponding the
ratio of the basic |ipid as described above were

eval uated for the anount of the phospholi pid,

|'i posone size, and Zeta pgential. The results are
shown in Table 2. 65 [0095] Table 2 Lipo- Zeta Layer
constitution some poten- (nolar ratio) size, tial, nm

mv Zé&xanpbeedt HSPGr&botaePEGraa0abPSREStEALEd- belows
54:46:0.75 Exanple 4(1) HSPC : Chol : ODA

PEGOOOt DSPE thl9% % Ro2wablrdda8: OnéeocHOReq: ighal 2.5 mL
MODA : PEG5000- DSPE Exanple 4(2) = 50:42:8:0.75 118.2

syBi | b P 3
Y 139850@}2 818'3(?3) b (e%\/u@% HECRA0QHASHE o slopkh

di s L0 addVIR ‘5hfgg%%o éjéhé e fe §Qtfgd§ 7Prom

ample 5(1)- HSﬁHEQ%g : TMODA : PEG00o0- DSPE = i%%
the3t§p é%'éﬁ 3§E£n&% and air was removed by pushing the
plunger. The syringe was horizontally placed for mixing
and uniform dispersion of the syringe content, and Zeta
potential was measured using Zetasizer 3000 HS.

The measurements for the liposome preparations (1) to
(4) produced in Example 4 are shown in FIG. 2 together with
the measurements of the liposome preparation of Example 1.

[0094]

[Example 5]

Lipid were weighed so that HSPC, Chol, and a basic
lipid (TMODA) were at a molar ratio of (1) 53.5 : 45.5 : 1,
(2) 53 : 45 : 2, (3) 52 : 44 : 4, or (4) 45.4 : 38.6 : 16,
and these lipids were dissoclved in ethanol. The liposomes
were prepared by repeating the subsequent procedure of
Example 4.

~As 'in the case of Example 4, the resultlng llposome
pfep#faflons (l) to (4) correspondlng the ratlo of the
'basig*Lipid as described above were evaluated for the
amount of the phospholipid, liposome size, and Zeta

potential. The results are shown in Table 2.



Exanpl e 5(2) HSPC. Chol : TMODA: PEGsooo- DSPE = 120.6 - 3.
53:45:2:0.75 Exanpl e 5(3) HSPC. Cho
124.3 -1.6 52:45:4:0.75 Exanpl e 5(4)

HSPC: Chol : TMODA: PEG5000- DSPE = 110.3 5.1
45.4:38.6:16: 0. 75
of PEGin the |liposone preparation The |iposone
preparations prepared in Exanples 4 and 5 (the

i pdS&x®&]preparati on (4) in these Exanpl es) were
stored at 40C for 2 weeks,

0

: TMODA: PEGs000- DSPE

[0096] [dest Exanple 3] Degradation

andneasured for the anpunt

of the PEG000- DSPE by HRIe The residual content of
the PEGS000-DSPE in relation to the PEG | i posone
stored at 4CT are shown 1n Tabl e 3 together iBothqg zeta
results for theaydi pospsei prepghati on of Examgbfiel |poten-
(prepared by jughdis AO-£H6;icpasi c conpound) (Teshze, |tial,
Exanple 2). It was denobnstrated that the nm mv
T TTCOT POT cl:ll OT p¢ VELB :ql &oNE suppressgs-the
Exdemspeast in the §@nggn? A8 BEEEOoO DSPE |31&.9 -6.1
rantrer deCI € IIL basi-¢
Ezampband(lloogﬁ ﬂ" él OC %%%?“ congtliioutri dn 2.2
caont.ant (OA - h
S HSPC : Chol : MODA : PEGsg00—DSPE
Example 4(2) = 50:42:8:0.75 118.2 1.9
HSPC: Chol : DMODA : PEGgpoa—DSPE =
Example 4(3) 50:42:8:0.75 120.3 2.7
HSPC : Chol : TMODA : PEGs5g00—DSPE =
Example 4(4) 50:42:8:0.75 113.1 4.6
HSPC: Chol : TMODA : PEGsgpp—DSPE = _
Example 5(1) 53.5:45.5:1:0.75 1159.0 3.3
HSPC: Chol : TMODA : PEGgqpo~DSPE = -
Example 5(2) | .37 ,c 5 5 76 120.6 3.0
HSPC: Chol : TMODA : PEGsqps~DSFPE =
- hind . 6
Example 5({3) 52:45:4:0.75 124.3 1
HSPC : Chol : TMODA : PEG5000—DSPE =
. -1
Example 5(4) |45 4:38.6:16:0.75 110.3 | 8
[0096]
[Test Example 3] Degradation of PEG in the liposome
preparation
The liposome preparations prepared in Examples 4 and

5 fthe liposome preparation (4) in these Examples) wer
stored at 40°C for 2 weeks,
content of the

the PEGsgoy—-DSPE by HPIC. The residual

a

and measured for the amount of

PEGsgoo~DSPE in relation to the PEG liposome stored at 4°C

are shown in Table 3 together with the results for the

liposome preparation of Example 1 (prepared by using n

)




(ol ar

PEG000- DSPE 97.6 =
TMODA: PEGsooo-DSPE 99.0 =

Chol :
5(4) 1 HSPC :

45.4:38.6:16: 0. 75 (0098]

rati o) of PEG5000-

Choi TMODA :

OoSPE Exanple 1 HSPC:. Chol
54:46: 0. 75 Exanpl e 4(4) HSPC
50:42:8:0.75 Exanpl e
PEGSo000- DSPE 101.7 =
[dest Exanpl e 4) Degradation

of HSPC in the |iposone preparation The |iposone

preparations prepared in Exanples 4 and 1 were stored
baati c4@Gripeiint )\We@e st EXampalks 2z )and igeaasr ednohet rated that

content (% of the degradation product of the HSPC by

thePigcoke ré@nients f WYheOhbaddie: degiRdat

HSPC was cal cul ated as descri bed bel ow.

t he

d Qupgyrsiids Gfhe

[ 0099]

deEoRrlzeR!t if thie de@afald ORHY TR CDsHEPEn( 2) manner

{(total peak

area of the HSPC degradation

aeiofuctc) ol ol eRlrr o A1t dailupeak area

of the

HSPC degr a

tion pro

X 100 [0100] 67 The

the Test Exanple 4 are shown in FIGS. 4

resul f
anstgO%@ shown in FIG 4,

the content (% of the

Table 3
Residual
Layer constitution content (%)
(molar ratio) of PEGsoeu—
DSPE
Example 1 isgngZ?t:ggG“mrDSPE 97.6
Example 4(4) EsggfEg?éi%ﬁ%%A:PEGmmW—DSPE 59.0
HSPC:Chol : TMCDA : PEG ~DSPE
Example 5(4) | 7%, ot o e 60,75 101.7

fo098g]

[Test Example 4] Degradation of HSPC in the liposome

preparation

The liposome preparations prepared in Examples 4 and

1 were stored at 40°C for 1 week or 2 weeks, and measured

for the content

{%) of the degradation product of the HSPC

by HPLC. The content (%) of the degradation product of the

HSPC was calculated as described below.

Content of the degradation product of HSPC (%) = {({total peak

" area of the HSPC degradation product}/(total peak area of HSPC +

total peak area of the HSPC degradation product)} x 100

f0100]




degradati on product of the HSPC of the |iposone

preparation of Exanple 4 is lower than the |iposone

of the Exanple 1, indicating the suppression of the

hydrol ysis of the HSPC It was al so indicated that

the content (% of the 3{ -Aadation product of the
ent

HSPC was not | argely depen on the structure of
the basic conpound. FIG 5 shows content (% of the

degﬁﬁgakbgﬁleEOQBCEheOEeEEeEH§RSlb”4r%E%t %%whp h?%:ss
content (% by nole) of the basic conpoun
4 éggt speriods of O week, 1 week, and 2 meeks (CNV 1w

2Win FIG 5) for t he Ilposone preparations of
the g 4 shgwn ontent (9% of
t he gégra atlonégsodgéttg Cﬁe ﬁgﬁc(st %su%%?essed
Wi t ncr e o b th
de%5§$%£t8ﬁp8ﬁﬂ 888 198, Hhe E8RECRF %éé {4B9s8he"prebitat on
radati on, of (.t he PEGsoo00- DSPE ca be prevented
g’gﬂmﬁ et helPEEPTEpI Hha{‘P’EE%oébPBéPE? 8h the Eéi‘f“BRPoEL
] of the lipid bilayer as described above. In addition,
indpeafen?a 5?|6HPBFeFﬁé°PEE£OEDFDBPErﬁﬁMS%ﬁer the HSEC.
hydrol ysis of the HSPC can be further prevented by
Itjvesodbepngndipased ebapotihe Fantpet| (g dofafe, and
the 68 |iposone preparation can be stabilized even if
degradayioni phodunbubl bbeuHBEBE wAsavpli éacgrdivt dependent
retained in the internal aqueous phase. The present
oni tivenstonctaseeafibtbhd basic compound.

FIG. 5 shows content (%) of the degradation product
of the HSPC in relation to the content (% by mole) of the
basic compound (TMODA} at test periods of 0 week, 1 week,
and 2 weeks (0W, 1W, and 2W in FIG. 5) for the liposome
preparations of the Example 4. As shown in FIG. 5, the
content (%) of the degradation product of the HSPC was
suppressed with the increase in the content (% by mole) of
the basic compound.

[0101]

As described above, degradation of the PEGsyo—DSPE can
. be prevented by loadlng the PEG llpld (PEGsmm-DSPE} on the N
exterior of the llpld bllayer as descrlbed above In
addition, the .degradation of the PEGmmu-DSPE-and—the S
hydreolysis of the HSPC can be further prevented by

introducing a basic compound in the lipid layer, and the



to prevent instabilization of the [ipid bilayer,
| eakage of the drug introduced in the |iposone,
aggregation of the |I|iposonme, decrease in the effect
of preventing adsorption of the Iiposone to plasnma
protein or opsonin protein, ggoss of |iposone
stability in blood, and the like. 69 CLAIMS 1. A
| i posonme preparation conprising a unilanellar vesicle
1 ifporsveet forepaardtimind dad dyers tedoiplri sedigeven phdsphdtigiwhich
as the mai n nenbrane conponent, and an interior
shaglebis LIRS idh tdei diesiddeiaiich phs Ofetdiddd Sin the
wherein the |iposome has a drug | oaded therein, and
inMerRilN adukue Prdlsa | s TRRdbireedn il v@ R SHORRId iehabled
macronol ecule only on its exterior surface. 2. The
td | ArRRAAN Y A IE Nthd oL B A Bilhaydberfddkage of
the drug is the one which is unstable at a“pH hi gher

tHeh @y i3t rHi ddcP G0 B P TIERSY Mk ﬁfmfﬂ!é’sl%ﬂ Q£ @ dn
1 a

or 2, wherein the drug | oaded is a concentration

. Qnidp Jmd l.e Ju pi ﬁh? ' .
hg{roespar ation r%cf%:sor |nnéh-ltég %faeldtrﬁ 1 c}irf%s) %ergeiahd?%‘?tlon
r I dis,at concentration of 0.1 . mle ./ nol
of 14 1R o, BRI b et Pl ol Soss

o2 st LBpih Y 4 WKL e JRL iRy ane



phosphol i pi d having a phase transition tenperature of
at 70 least 50C. 6. The |iposone preparation
according to any one of clains 1 to 5, wherein the
phospholipid is a hydrogenated phospholipid. 7, The

| i posone preparation accorddgng to any one of clainms 1
to 5, wherein the phospholipidis a

sphi ngophosphol i pid. 8. The |i posone preparation
according to any one of ailmiMs 1 to 7, wherein the
lipid bilayer conprises a |ipid other than the
phospholipid as its nenbrane conponent. 9. The

|'i ppsone N epgEd FesOd fh b & M2 fhg 04 Unilamellar
wherein the lipid bilayer further conprises a

ve§{61§3f8%ﬁéda§rbﬁ3aCPE?QHGBEla}Qr EB&thEQﬁ@”E

preparation according to any ohe clains™1 to 9,

ph%@i weaé.ieﬁg Hakﬁyﬁémﬁysﬁgermgegeatseana basic

contalning a group sel ecte rom amno

in€dot Oy n@&é’éﬁé’ HhELE. 1 H‘”thuégégci‘@ gt dPpftSo Lftﬁ 4te, 5

npone posone” preparafi on accor di'ng
to Cla|n11

h 3 ] .
“h‘awe%t%*a%c%%%%%ﬁz ﬁ%dﬁnﬁé‘ﬁgé}égﬂ%%ﬂsmmf and wherein

the vesicle is modified with a hydreophilic macromolecule

only on its exterior surface.

2. The liposome preparation according to claim 1,
wherein the drug is the one which is unstable at a pH

higher than 5.

3. The liposome preparation according to claim 1
or 2, wherein the drug loaded is at a concentration of 0.05

mole / mole lipid.

4, The liposome preparation according to claim 1
or 2, whereln the drug loaded is at a concentratlon of 0.1

ole / mole llpld

5. The liposome preparation according to any one
of claims 1 to 4, wherein the main membrane component is a

phospholipid having a phase transition temperature of at



12. The |iposone preparation according to any one of
clains 1 to 11, wherein the hydrophilic nacronol ecul e
is polyethylene glycol having a nol ecul ar wei ght of
500 to 10,000 Dalton. 13. The |iposone preparation
according to any one of clains 1 to 12, wherein the
hydr ophilic nmacronol ecule is” introduced as a
phosphol i pid or chol esterol derivative of the

1eBBEreget ecule. 14. The |iposonme preparation according
to any one of clains 1 to 13, wherein the |iposone
preparation has an average size of 40 to 140 nm 15.
The |i posone preparation according to any one of
claignms 1t tLQn S
an Shver aoi e T Oro s b et KSR IR RGRREG LG e G one

ofpgfﬁ ahdl hoanﬁcoF«ﬂe%lhotﬂay aneh31ighchaime 1 to

er ei é osomnme pre aration Kas an aver age
7. The |iposone preparation

hy3kESeRnned, ngﬁygsﬂépl o e e e

i nterior aqueous phase has a pHof 2 to S 18. A
met hod for producing a |iposone preparation of claim
1 conpr|5|ng the steps of pregarlng a vesicle having a

uni Fanel | aFN% ayERos IhE REFEPRTOF L0 | PEFATRINGYEP any one

contalnlng a ghOSEhO|IpId SO
of claims erein the phospholipid is a

sphingophospholipid.

8. The liposome preparation according teo any one
of claims 1 to 7, wherein the lipid bilayer comprises a
lipid other than the phospholipid as its membrane

component.

o. The liposome preparation according to claim &
or 7, wherein the lipid bilayer further comprises a

cholesterol as its compeonent.

'107' The llposome preparatlon accordlng to any one
of clalms 1 to 9, whereln the llpld bllayer further |
comprises a basic compound;containing-a‘grogp selected from
amino group, amidino group, and guanidino group as its

component.



that the interior aqueous phase has a pH of up to 5;
adding a lipid derivative of the hydrophilic

macronol ecul e to nodify only the exterior surface of
the vesicle; and encapsulating the drug in the
interior of the |iposone ez#her by prelimnarily
adding the drug to the inteéerior aqueous phase in the
course of the preparation of the vesicle, or
alternatively, by adding the drug fromthe exterior
of the vesicle after preparing the vesicle by

pen%ﬁ[atiofhéhiQﬂggoﬁgepLEBEQaQEEﬁySEcording to claim 10,
wherein the basic compound is 3,5-

dipentadecyloxybenzamidine hydrochloxide.

12, The liposome preparation according to any one
of claims 1 to 11, wherein the hydrophilic macromolecule is
polyethylene glycol having a molecular weight of 500 to

10,000 Dalton.

13, The liposome preparation according to any cone
of claims 1 to 12, wherein the hydrophilic macromolecule is
introduced as a phospholipid or cholesterel derivative of

the macromolecule.

14. The liposome preparation according to any one
of claims 1 to 13, wherein the liposome preparation has an

average size of 40 tc 140 nm.
~ 15, ‘The liposome preparation according to any one
of claims 1 to 13, wherein the liposeme preparation has an

-average size of -50 to 130 nm.

16. The liposome preparation according te any one



72

of claims 1 to 13, wherein the liposome preparation has an

average size of 60 to 120 nm.

17. The liposome preparation according to any one
of claims 1 to 16, wherein the interior aqueous phase has

pH of 2 to 5.

18. A method for producing a liposome preparation
of claim 1 comprising the steps of

preparing a vesicle having a unilamellar layer
structure of a lipid bilayer containing a phospholipid so
that the interior agqueous phase has a pH of up to 5;

adding a lipid derivative of the hydrophilic
macromolecule to modify only the exterior surface of the
vesicle; and

encapsulating the drug in the interior of the
liposome either by preliminarily adding the drug to the
interior agqueous phase in the course of the preparation of
the vesicle, or alternatively, by adding the drug from the

exterior of the vesicle after PrePa?iUQ_Fh?,VQ?iCIE by

penetrétion thfoughlthé lipid biléyer;:x




