Consol i dated specification 22 12 2005 NEGATI VELY CHARGED AVMPHI PHI LI C BLOCK
COPOLYMER AS DRUG CARRI ER AND COWPLEX THE TH POSL.TI.VE D DRUG
5 TECHNI CAL FI ELD The present invention rel%a%tgg%ll E)edés‘p%}d%nlo\l}le??f c §%ed
polymeric mcelle type drug carrier which forns a conplex with a
positively charged drug. Mre specifically, the present invention relates
to a negatively charged polyneric drug carrier which conprises an A-B type
bl ock copol yner wherein A is a hydrophilic polyner block and Bis a

hydr ophobi ¢ 10 bi odegr adabl e pol yner bl ock and wherein one end of the

hydr ophobi ¢ po r ock(B) is _covalently bound to one anionic group. The
negati vely chﬁéﬁ%&%’e‘é (%EIBIWRHI-,-%MQ&IFOGK ¢RPY-EAER i nvention
forms a conplex with the positively charged drug via electrostatic
interactions. The %ﬁWWGQ&BBII?RBX@Dcﬁ? LEXEHEREQK 8WITHn can be used
in drug delivery and are especially useful for delivery of cationic

bi oactive agents. 15 BACKGERSITIMEIMNHEHARGYD DRBizodegr adabl e pol yners are
gaining attention as drug delivery systens. R Langer, New Mthods of Drug
delivery, 249 Science 1527-1533 (1990); B. Jeong et al., Biodegradable

Bl ock Copol yners as Injectable Drug-delivery Systens, 388 Nature 860-862 20
(1997%. Delivering bioactive aggmNI©Mm, &kl podegr adabl e delivery systemis
hi ghly desirabl e because the need for a surgical procedure to renove the
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present invennon relate ely char

ke

$ 10 a negaflv ed polymeric drug carrier which comprises an
A-B type block copolymer wherein A is a hydrophilic polymer block and B is a hydrophobic
10 biodegradable polymer block and wherein one end of the hydrophobic polymer block(B) is
covalently bound to one anionic group. The negatively charged biodegradable block
copolymer of the present invention forms a complex with the positively charged drug via
electrostatic interactions. The anionic copolymers of the present invention can be used in
drug delivery and are especially useful for delivery of cationic bioactive agents.
15
BACKGROUND OF THE INVENTION
Biodegradable polymers are gaining attention as drug delivery systems. R. Langer,
New Methods of Drug delivery, 249 Science 1527-1533 (1990); B. Jeong et al.,
Biodegradable Block Copolymers as Injectable Drug-delivery Systems, 388 Nature 860-862
20 (1997). Delivering bioactive agents from a biodegradable delivery system is highly
desirable because the need for a surgical procedure to remove the delivery system is avoided.
Controlled release of bioactive agents can reduce the required frequency of administration

by maintaining the concentration of the therapeutic agent at desired levels. One important

means of maintaining the proper concentration is by controlling the degradation rate of the



bi odegradabl e drug delivery system The bi odegradabl e hydrophobi c pol yners
w dely used as drug carriers include polylagtic,.acid(PL . PO, lic
Eon ollgaciecg%ﬁeaﬁéﬁg%%é/% %&(%

acid(PGA), a copolyner of lactic acid and glycolic

pol ycaprol act one( PCL), pol yorthoester(RCE), polyam no aci d(PAA), 5

pol yanhydri de( PAH), pol yphosphazi ne, pozl yhydr oxybutyri c aci d( PHB),

pol ydi oxanone(PDO), etc. Such polyners have good bioconpatibility and the
desirable feature of being hydrolyzed and deconposed in a living body to
si de products which have no toxicity. For these reasons they are wdely
used as drug carriers. |In particular, since these polyners are insoluble
in vvater%%%ﬂ?ﬁ%‘?lls e deliNery 8@ are i ncorporated into the pol ymer 10
matrix and then inplanted in the body in the formof mcrospheres,
nanospher es, fThaiiodegsdableshysrophobic, polimesre ijdelh asedrasgrigscastieniineludel eased
and exerts a sustained therapeutic effect. 1In these types of fornul ations,

t he pol ymehdactihendRve) palyelykoliasdid(PGgpapasynémofidtichoryand ghaotiver, t hese
polymers have a low affinity for water-soluble drugs and it is very

di ffi cul tacid{RLGAY, @oheambRcRnb@CIS, fostioestbr(HOBY ﬂo[ﬁaﬁliﬁ@ﬁci@ﬁywr matrix.
ol ymer

Even if the drug is effectively 15 incorporated into the p matri x,

t he psoblgRasydridetn AH), Ebﬂ&?ﬁosﬁaﬁ&ﬁﬁ’é ?oﬂy%&&ﬁyﬁﬁﬁ‘?éa&dﬁpfﬁﬁg nomenon whereby a
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hydr ophobi i e_pol.yner bl ock ave. been used as dr.u 20
carriers l?#ag"}rgto _ﬁﬁej&g%ﬁdasgﬂ%e o?ndpdr%g(gp%? Sg_é il%%ﬁm}g 88% 08 “%ﬁ’tr%(f cf “ghlglhh?"l‘?émf orm
copol y e G oG LRFF B RpF STy VSR HSE BB b RS BRES B95%and.  he
ability to formcore-shell type polymeric mcelles in an aqueous sol ution
wher e t hBOWBIE 218 insginblssiagvaiér fprmulpfensspmsisiressire iearparaied into the eplymes

conposed of the hydrophilic blocks. The micellar fornulation wherein a
poor 1§ waagix ashiben iraplaeted spthe body b the forapofimick@pherss, nanospheres, films,

sheets or rods, whereby the drug is slowly released and exerts a sustained therapeutic effect.
In these types of formulations, the polymers themselves are finally decomposed in the body.
However, these polymers have a low affinity for water-soluble drugs and it is very difficult
to incorporate a large amount of drug into the polymer matrix. Even if the drug is effectively
15 incorporated into the polymer matrix, the problem of initial burst release (which means a
phenomenon whereby a large amount of drug is released within the first few hours) may
occur when it is implanted into the body.
The A-B, B-A-B, or A-B-A type block copolymers, wherein A is a hydrophilic
polymer block and B is a hydrophobic biodegradable polymer block, have been used as drug
20 carriers for the delivery of physiologically active materials in the form of polymeric micelles,
nanospheres, microspheres, gels, etc. These block copolymers have desirable properties
such as good biocompatibility and the ability to form core-shell type polymeric micelles in

an aqueous solution where the core is composed of the hydrophobic blocks and the shell is

composed of the hydrophilic blocks. The micellar formulation wherein a poorly water



sol ubl e drug can be incorporated into the inside of polyneric mcelle to
give a mcellar solution are good drug carrjers..for. hydrophobi )
However, since the drug is incorporated viat%§ﬁP%%ﬁ% fﬁﬁfg%%}%%%?%%ﬂ§
bet ween t he hydrophobic drug and the dr ophobi ¢ pol yner, the

i ncorporation efficiency of highly hydrophobic drugs is excellent, 5 but
wat er - sol ubl e hydrophilic drugs can hardly be incorporated at all into
those polyneric mcelles. Kataoka et al.(EP 721,776 Al) have devel oped a
met hod for incorporating a charged water-soluble drug into the inside of a
pol ymeric g% e|le using a bl ock copol yner consisthq of a non-charged

bl ock and® lc,ﬂdiﬂl@%ll b5} igeqporpted iptodhe bigidsiob prlyinsss mygelicde goves mirellar

pol yam no acid having an ionic side chain, such as polyaspartic acid,

pol ygl ut apugion eregood getgtaydéern éor hydtophelicdirugs, Howeyet, yince thediragis However ,
they are not biodegradable in a living body. In addition, since the

char ged hhamcporaey viaigidugphobieusterictidnubatvieenthle hydmphsbibdmignard thd ectri c
charges, when they are conbined inside the nolecule via electrostatic

bi ndi ng Wytifphobid polgmies\théigcsfpbiatiph efficitics oOhigHhydfiphbbid Are s éxdeSed!
proteins, they may decrease the 15 stability of such drugs. In view of the
foregsi ngut deebapRMNydRbhRicUiis GRS bd &eo@alsdtmt%lqﬁtu%&%lgb}ﬁ{aﬁc t hat
i s bioconpatible and bi odegradable w I |” be appreci ated and desired. Thus,
t he press&gdf%pvention provi des a new type of negatively charged

anphi philic L ock copol ynmer that is bioconpatible and bi odegradabl e and

whi ch ffegtivel ' it hout 0 i.n it
e R i E L L

i nteractiopn, e, ani.oni c, anphi phi |l i ock copo ) S
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drug into the, anphiphilic block copolyner. In addition, the bl ock

copol yneropsistingof g pan-shireediplonk anha shargedipsky Fheshaiged blosk uepdhst Kasaokac

degradation after incorporation and delivery of the drug into the cell.
ConséPi dig applypeisp priddaviog ap 2o sife i, such as polyaspartic acid, polyglutamic acid,

polylysine, polyarginine, or polyhistidine. However, they are not biodegradable in a living
body. In addition, since the charged block may include several functional groups having
electric charges, when they are combined inside the molecule via electrostatic binding with a
drug having multiple ionic groups, such as peptides or proteins, they may decrease the

15  stability of such drugs.

In view of the foregoing, development of a drug carrier for cationic drug delivery
that is biocompatible and biodegradable will be appreciated and desired. Thus, the present
invention provides a new type of negatively charged amphiphilic block copolymer that is
biocompatible and biodegradable and which can effectively deliver the drug without a

20  decrease in its stability. By forming a complex with a cationic drug via electrostatic
interaction, the anionic amphiphilic block copolymer of the present invention can effectively
incorporate a water-soluble positively charged drug into the amphiphilic block copolymer.
In addition, the block copolymer of the present invention is readily susceptible to metabolic

degradation after incorporation and delivery of the drug into the cell.



BRI EF SUMVARY OF THE | NVENTI ON The present invention provides an anionic
gr oup- cont ai ni ng anphi philic block copolynep th i s biacon i nd
bi odegr adabl e and, when used as a drug carri é?nSPg‘ﬁat%‘??e&g‘fﬁ%a%ég%g@
provi des several advantages such as in%reased bl ood concentration and

i nproved stability of the drug. The ani‘oni c group-containing anphiphilic
bl ock copol ynmer of the present invention is particularly useful for

delivering a drug having nultiple cationic groups in the nolecule, such as
a peptide or protein drug, because it will prevent the drug from being

deconposed enzymatically_in _a living body and al so i nprove the stability of
the 10 drug by inhibitiﬁ%UEE§136WH3¥Y BﬂEﬁgﬁﬁhmacggptide or protein-
protei n conpl exes. The present invention also provides a drug-copol yner
conpl ex wherein a cationic drug is conbined via electrostatic binding with
t he ani oni ¢ anphi philic block copolymer of the present invention.

Addi tional feaThe pesanihvettianpragiss af atititic igloudriontining kinphighARmddknt  from
the detailed description that follows, taken in conjunction with the

accompanybpdymébthaf i8 Bidtempatible 6hd bﬁ(ﬁ:%rh@efblé dldustheAbLSed 3% By caticeaar! e,
features of the invention BRI EF DESCRI PTION OF DRAWNGS Figure 1 is an
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chr omat ogr aphy. Fi %re 6 is a liquid chromatogram of a m xture of hunman

G CSF androuppkiheme @41%§U§1 35 RePHIE 1 RAetein Al sghsgihyill prevent the drug

from being decomposed enzymatically in a living body and also improve the stability of the
10 drug by inhibiting the formation of peptide-peptide or protein- protein complexes.

The present invention also provides a drug-copolymer complex wherein a cationic
drug is combined via electrostatic binding with the anionic amphiphilic block copolymer of
the present invention. Additional features and advantages of the invention will be apparent
from the detailed description that follows, taken in conjunction with the accompanying

15 drawings, which together illustrate, by way of example, features of the invention
BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is an 'H-NMR(CDCl;) spectrum of mPEG-PLA-O-SO;Na®.
20 Figure 2 is an '"H-NMR(CDCl;) spectrum of mPEG-PLA-O-PO;*2Na".
Figure 3 is an IH—NMR(CDCI;,) spectrum of mPEG-PLA-O-CO(CH,),COO Na".
Figure 4 is a liquid chromatogram of human G-CSF by size exclusive
chromatography.

Figure 5 is a liquid chromatogram of a complex of human G-CSF and



Figure 7 is a liquid chromatogram of human G CSF rel eased from nPEG 5

- PLA- O- S3Na+by si ze excl usive chromat ogr apht‘ons':h%%ﬁ&clféa%h gd—lI%\l%'gSDZO)

spectrum of minocyclin HO. Figure 9 is an 1HN spectrum o

conpl ex of minocyclin HO and nPEG PLA- O SO3Na . Figure 10 is an

"H- NVR(D20) spectrum of a m xture of mnocyclin HO and 10 nPEG PLA- CH.
Figure 11 is an 1H NMR(D20O) spectrum of doxorubicin HClI. Figure 12 is an
"H NMR(D20) spectrum of a conpl ex of doxorubicin HO and

nPEG PLA- O- SG3Na+. 15 DETAI LED DESCRI PTI ON Before the present conposition

and met hg of a bi 0a ent e disclosed and descri bed,
is to%@ﬁ&%’bﬁ%@ﬂ £ QY STEREXE ‘?Sh‘(ﬁe‘?%f‘?rgﬁo%l’ t limted to the

partl cul ar confjgurations, process steps, and materials disclosed herein as
such 20 confi gliHs éhds Prlised schipptosrasm Pimar anxare afajuman yGsehbwingt . | t
is also to be understood that the term nol ogy enpl oyed herein is used for
t he pur paREGPLdeOE bisingerrisiverdirematogiabladi nent's only and is not intended
to be limting since the scope of the present invention wll be limted
only by the apPgnted «l ai liguidnchrequatogaine rnif shirthar €»{CSF| teleassd fben n@PEG t hat
as used in this specification and the appended cI ai ns, t he Consol i dat ed

speci §i caPLAYO-3D; Na" BPGize Bxdusigetidbmbatigigphya, " "an, " and "the" include
plural referents unless the context clearly dictates otherw se. Thus, for

exanpl e, refergpeR 41 .8 thmbepgﬁea&amr&mlaoégeﬂﬁhﬂﬂa' group” —includes
reference to two or nore of such groups, referéence to "a |ligand” includes
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mPEG-PLA-O-SO; Na’.
Figure 10 is an 'H-NMR(D,0) spectrum of a mixture of minocyclin HCl and
10  mPEG-PLA-OH.
Figure 11 is an "H-NMR(D,0) spectrum of doxorubicin HCL
Figure 12 is an 'H-NMR(D;0) spectrum of a complex of doxorubicin HCI and

mPEG-PLA-O-SO;'Na'.
15 DETAILED DESCRIPTION

Before the present composition and method for delivery of a bioactive agent are
disclosed and described, it is to be understood that this invention is not limited to the
particular configurations, process steps, and materials disclosed herein as such

20 configurations, process steps, and materials may vary somewhat. It is also to be understood
that the terminology employed herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting since the scope of the present invention
will be limited only by the appended claims and equivalents thereof,

It must be noted that, as used in this specification and the appended claims, the



I n describing and claimng the present invention, the follow ng term nol ogy
will be wused in accordance with the definitions.set; ?%tcif}gggi&vx?z A5 psed
herein, the term "bi oactive agent” or "drug" or any other simTlar germ
nmeans any chemical or biological materdal or conpound suitable for

adm nistration by methods 10" previously known in the art and/or by the
nmet hods taught in the present invention and that induce a desired

bi ol ogi cal or pharnacol ogi cal effect, which nmay include but is not limted
to (1) having a prophylactic effect on the organi smand preventing an

undesi red. bi ol agi cgl , ,effect such as preyenting an infection, (2),

al | evi at iSH’§u§I g‘gﬂ‘diq'f"i ot E:%&ijts é@qwl'é‘?edﬁg@g@g?reﬁ%Pnle%%aﬁﬁq“g?"t&iqmévidlﬁtqt‘??g pai n
or inflammtion caused as a result of disease, and/or élg) _either 15

al | evi at ioHgrvised ibys dor expmplenfaferergeyio arokmpeitconiginang]| sastéonat gieuphe
organism The effect may be local, such as providing for a | ocal

anaest hetinadudss freferencaoto tive ommordef sk tgerips, refsenss eul“dlégapilh inchides teferamce

"bi odegr adabl e" or "bi odegradati on" is defined as the conversion of

mat er i al so bmd ar theeofeocipligxds, ahé referdhed ©s‘adiugritdclpd@dutiaichyo Sal slthddezat i on
hydrol ysis, or by the action of biologically fornmed entities which can be
enzyngs afguddtdiegs. 20 products of the organism As used herein, the term
"bi oconpati bl e" neans materials or the internmediates or end products of

material s for npdichyinied wbi élﬁiﬁgﬁl]égﬁp%égﬁt‘ggﬁléﬁi%n, @k f&}’oa&igghegﬁdg? Aill be

biologically forned entities can enzynes an cts of the

organi s | S f to the body. Consoli dated
spgci fi gg’?élygiﬁ a%@rﬁ%c%%@%@ﬁ&%ﬂéﬁsasgh oteb:%gotg?'gl ycolide)" or "PLGA" shall
nean a copol r _derived fromf.he  .condensati,on,copol ri.zation of lactic
Rord and. gl yCont Beanetein,ghe R eiiet SR GG o CHE” Op BT SHRR SR eans

a- hydroxy acj d precursor.s, such_as |lactide or glycalide. The terps

"l act i de?éIly G]F%F%ltoétéWﬁO%F‘ilc?ﬁﬂt?%m sprapewgdpEistbie & agminisieationibyirasthedsngeabl v .
5 "Poly(lactide)" or "PLA" shall mean a polyner derived fromthe

cond&f s aPreyipusty known in the art and/or by the methods taught in the present invention and that

induce a desired biological or pharmacological effect, which may include but is not limited
to (1) having a prophylactic effect on the organism and preventing an undesired biological
effect such as preventing an infection, (2) alleviating a condition caused by a disease, for
example, alleviating pain or inflarnmation caused as a result of disease, and/or (3) either

15  alleviating, reducing, or completely eliminating a disease from the organism, The effect
may be local, such as providing for a local anaesthetic effect, or it may be systemic.

As used herein, the term "biodegradable” or “biodegradation” is deﬁned as the
conversion of materials into less complex intermediates or end products by solubilization
hydrolysis, or by the action of biologically formed entities which can be enzymes and other

20  products of the organism.

As used herein, the term "biocompatible” means materials or the intermediates or
end products of materials formed by solubilization hydrolysis, or by the action of
biologically formed entities which can be enzymes and other products of the organism and

which cause no adverse effects to the body.



| actic acid or by the ring opening polynerization of |actide. The terns

"l actide" and "lactate" are used interchang@@%kgdatéﬁgp%gggg&q{aﬁ 2005b| y

pol yesters" refer to any bi odegradabl e pol yes Ich are prefera
synt hesi zed from nonomers sel ected fromthe group consisting of
D, L-lactide, 10 D-lactide, L-lactide, D, L-lactic acid, D lactic acid,
L-lactic acid, glycolide, glycolic acid, s-caprol actone, a-hydroxy hexonoic
acid, y-butyrolactone, y-hydroxy butyric acid, 8-valerolactone, S-hydroxy
val eri ¢ acid, hydroxybutyric acids, malic acid, and copolymers thereof. As
used herein, "effective anpunt’ means the anmount of a nucleic acid or
bi oactive 15 acfifle;0- C@ﬁ@?)i er driGAoshallgueans ¢amalyanssidedved fsem ther
system c effect and performance at a reasonable risk/benefit ratio as
woul d at ccepdenaaipnrearlymerizationtafdentic apisl and alycplie e¢id, or; by freirig 'openivgns
pepti des of any length and includes proteins. The terns "pol ypeptide" and
"ol i gopeprlwietizatien oSetiydrexyacidprdducsots, suph gedadtide o giycolidee rithedersisz e
limtation, unless a particular size is otherwi se stated. Typical of
pept i des "lab&de,t Yacthie,"2@lyblidd" 28d "glveolhfad 3 wed BRérclhnbesbly.t he group
consi sting of oxytocin, vasopressin, adrenocorticotrophic hornone,
epi desmal  gr owtHbI§(BRtAE) oPMALACEHal méau!d & REivEdH8the chlenfiBRBRC
rel easi ng hornone, growth hornone, growth ‘hornone rel easing factor,
i nsulin, OB [} : oMY : j iy ek tok | n

lackie TEHQS B?Eﬂe%ngﬁ%téﬁlgg??gﬂeﬁ%ﬂﬁgﬁfgﬁlggﬁﬁ%er tgr%kse‘?)%tgpé"gﬁﬁ fdcthte

pentagastrin, urogastrol C I ns, endor phins,

angi ot engﬁ%ﬁd%ﬁg&jfgm%%@gyki nin, bacitracins, polymxins, Consolidated

specific 8 colistins, tyrocidin, gramcidines, and

synt heti c anal Qgues ificatiqns.and har maco] ogi cal |y active fragnents
t her eof , rmnocf%ﬂgefgr%‘{égfe%’ cSers, AgeE @ fﬁ%’ﬁ’ 0‘{)’“‘5{?61?{’!18 0 ye‘:ltﬁé“ B’ﬁ} ¥ mtation
to the peptide or prqotejn drug which may be utilized is one of )

funct i on&fsfegolys etigdfrom mqnemegs selgsted fEam the erawp eonsifing R Blalastidnic| udes,

for exanple, an_acid form o _
10 -lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic acid, glycolide, glycolic acid,

g-caprolactone, e-hydroxy hexonoic acid, y-butyrolactone, y-hydroxy butyric acid,
8-valerolactone, 8-hydroxy valeric acid, hydroxybutyric acids, malic acid, and copolymers
thereof.

As used herein, "effective amount" means the amount of a nucleic acid or bioactive

15  agent that is sufficient to provide the desired local or systemic effect and performance at a
reasonable risk/benefit ratio as would attend any medical treatment.

As used herein, "peptide", means peptides of any length and includes proteins. The
terms "polypeptide” and "oligopeptide" are used herein without any particular intended size
limitation, unless a particular size is otherwise stated. Typical of peptides that can be

20  utilized are those selected from the group consisting of oxytocin, vasopressin,
adrenocorticotrophic hormone, epidermal growth factor, prolactin, luliberin or luteinising
hormone releasing hormone, growth hormone, growth hormone releasing factor, insulin,
somatostatin, glucagon, interferon, gastrin, tetragastrin, pentagastrin, urogastroine, secretin,

calcitonin, enkephalins, endorphins, angiotensins, renin, bradykinin, bacitracins, polymixins,



of a sugar, e.g. glucuronic acid; an am ne of a sugar, e.g. gal actosani ne;

a phosphate of a sugar, e.g. mannose- 6-phos ; the l.ik ed
herein, "adm nistering”, and simlar terns ngg%tsoﬁéﬁet%pg\/neef?lﬁam?rhgz 126%(}?

conposition to the individual being treated such that the conposition is
capable of being 10 circulated systemcally where the conposition binds to
a target cell and is taken up by endocytosis. Thus, the conposition is
preferably adm nistered to the individual systemcally, typically by
subcut aneous, intranuscul ar, transdermal, oral, transnucosal, intravenous,
or intrapgrjtoneal .adm njstration. Injectables for, such use can be

pr epar ed PHStSAYERFidiBrmIciiness andssypihistic aalaeyes qupdifisyiamsieBd or suspensi on,
or inasolid formthat is suitable for 15 preparation as a solution or
suspensi dhagmpcglogicglly actpiei feagmentsi thereef, monoclonal gstibediesrandsoble vagainesbl e
excipients that can be used for adm nistration include, for exanple, water,
sal i ne, Thewnhyddeitatignyto dheypeptide haprotein dmg whieh miak ¢ utilizediif odesf r ed, mi nor
anounts of auxiliary substances such as wetting or emulsifying agents,
buf f er s, femtiohdl#tyl i ke. For oral administration, it can be fornulated into
various forms such as solutions, tablets, capsules, 20 etc. Reference wl|

now bg nmade t OAk hedReesR| a2ty et bIEalBoAathtSRERIIES, For e%aﬁgrw& Wid formPe
used herein to describe the sane. It will "neverthel ess be understood that

o L SHSBe LA GARER 1 5 SO ek 0B AR
consol | asgers Sl AP RSBl B RBRRG: (7L 0T on as i Pustrated herei n.

of i di sl osh et heRi Bl GG erCumir i vawsEBReIItE ne [nvent | o
fo Lo > Ebnpethicn e e indreoe) Being eemed Gah that the Somposition is capable of Being

10 circulated systemically where the composition binds to a target cell and is taken up by
endocytosis. Thus, the composition is preferably administered to the individual systemically,
typically by subcutaneous, intramuscular, transdermal, oral, transmucosal, intravenous, or
intraperitoneal administration. Injectables for such use can be prepared in conventional
forms, either as a liquid solution or suspension, or in a solid form that is suitable for

15  preparation as a solution or suspension in a liquid prior to injection, or as an emulsion.
Suitable excipients that can be used for administration include, for example, water, saline,
dextrose, glycerol, ethanol, and the like; and if desired, minor amounts of auxiliary
substances such as wetting or emulsifying agents, buffers, and the like. For oral
administration, it can be formulated into various forms such as solutions, tablets, capsules,

20  efe.

Reference will now be made to the exemplary embodiments and specific language will
be used herein to describe the same. It will nevertheless be understood that no limitation of
the scope of the invention is thereby intended. Alterations and further modifications of the

inventive features illustrated herein, and additional applications of the principles of the



Wherein X represents an anionic group, M- represents H+ or a netal cation,
Ais a bioconpatible hydrophilic polyner, Bc@éxﬁa$%£§%%ﬁ%§&§!§zby 6&phobic
polymer, and L represents a |inker selected fromthe group consisting of
-0-, -NH, -S- and -COO-. The present kpvention al so provides to a
drug- pol ymer conpl ex conprising a bl ock 10 copol yner represented by the
formula (1) and a positively charged drug wherein the cationic drug is
conpl exed with the anionic anphiphilic block copolynmer via electrostatic

bi ndi ng. The negatively charged pol ynmer according to the present invention
conprises an A-B _anphiphiljic b|] ock pol ymer consi sting of hydrophilic

bl ocks ( AMMEREHOR P%’(!Ilé‘gE aéﬁgg‘?f@nhﬁ}’gwgﬂﬁb’g‘f poayf tqas(isylisdie the releypt aghagdt er ni nal
end of the hydrophobic blocks(B) is 15 capped, through a |inker, wth one
ani oni ¢ GAVHE Posseesign efsthisidisclnsutst arslto be pensjdrsedswithip| theiscoppoBthe-inventionei n A
is a hydrophilic block, B is a biodegradabl e hydrophobic block, L is a

| i nker as def i el prbent enamtioX rélgteano artilocki copgiyones. refileseniaddbw e followhigock ( A)
is a bioconpatible, water-soluble and non-ionic polynmer segnent which

i ncl udes fampa ¢I81 kyl enegl ycol such as pol yet hyl enegl ycol, 20

pol y(et hyl ene- co- propyl ene) gl ycol, etc., polyal kyl eneoxi de,

pol yvgnyl pyrrol i done, a poIysacg@gqggghrpokypcrylanide,

pol ynmet hacryl am de, pol yvinyl al cohol, and derivatives thereof, preferably

pol yet hykgpeghye f@gres@ﬁlg Qﬁi@ﬂic%?@ﬁpfé gfl%g%&ﬁyﬁ} g*’ Xg%kﬁl cation, A dis a

pol yvi nyl pyrrol i1 done, polyacryltam vinyl al c and derivatives

t her eof , - ethyl eneqgl.yco d deriyatives theyeof.
Consol | aiRPosBEE S BB BALHEL ¥ LR e R RO e B Bt R bl
hydrophi i c bl ock. (A) includes derivatives, havi hi,gh ul ar wei ght
Wher o n SEBedELiT R droTo T oE PSSt Sy a1 ow
nol ecul ar w%'bght are conbi ned toget her via degradable |inkers. The

hydr ophi | i c IBf Brerent ArvegHomhalse provies fo 2 drugspol WRGHFOmPlexeeRprsingehlede 1: 5

Reacti on Schene 1 ‘
10  copolymer represented by the formula (1) and a positively charged drug wherein the cationic

drug is complexed with the anionic amphiphilic block copolymer via electrostatic binding.
The negatively charged polymer according to the present invention comprises an A-B

amphiphilic block copolymer consisting of hydrophilic blocks(A) and biodegradable

hydrophobic blocks(B) wherein the one terminal end of the hydrophobic blocks(B) is

15  capped, through a linker, with one anionic group. Examples of the block copolymers include
A-B-L-X wherein A is a hydrophilic block, B is a biodegradable hydrophobic block, L is a
linker as defined above and X is an anionic group.

The hydrophilic block(A) is a biocompatible, water-soluble and non-ionic polymer
segment which includes a polyalkyleneglycol such as polyethyleneglycol,

20 poly(ethylene-co-propylene)glycol, etc., polyalkyleneoxide, polyvinylpyrrolidone, a
polysaccharide, polyacrylamide, polymethacrylamide, polyvinylalcohol, and derivatives
thereof, preferably polyethylenegiycol, poly(ethylene-co-propylene)glycol,
polyvinylpyrrolidone, polyacrylamide, polyvinylalcohol, and derivatives thereof, more

preferably polyethyleneglycol and derivatives thereof.



nZ + (n-1)Y -* Z-(Y-2),_2-Y-Z wherein Z represents a water-sol ubl e pol yner
havi ng a nol ecul ar weight of up to 5,000 Dal Y 2Nt -( CH2) m
COOH or O=C=N- (CH2) m N=C=Q( wher ei n n1denoteséﬁﬁﬁhiffq%%%g%?ﬁﬁ}é%f%éﬁ%%, and
n denotes an integer of 2 to 100. The hydrophilic bl ock(A) preferably has a
nunber average nol ecul ar weight of from 100 to 100, 000 Dal tons, and may

al so have any type of structure such as a single chain, a branch, etc.
Exanpl es i ncl ude PEG OOC- ( CH2) m COO- PEG or 15

PEG [ OOC- (CH2) m COO- PEG 10- OOC- (CH2) m COO- PEG wherei n the nol ecul ar wei ght
of PEGis up to 5,000 | tons.. the negatively charged bl ock copol yner
accordi ng t b RREMSFS IO?EWEWPLQH@“ﬁWg“’ Py includisdenyetivs HaBNs abi ock( B)
is preferably a bi odegradabl e pol yester synthesized from nononers sel ected
f r om t he highgnpleedpasyeightyghesein ppid Watastsplible apdingatiprie polymes segnepats Ipging a

D, L-lactic acid, D lactic acid, L-lactic acid, glycolide, glycolic acid,

s- capr ol d@w omwdeculas weyght eveycombimaddipgetherivig dserivdablerlolkarst Gfhe hyyledphiicdstyck
butyric acid, S-valerolactone, 8-hydroxy valeric acid, hydroxybutyric

aci ds, nmell can teciydthesingll soshotvyi i Readtivarsehéme ore preferably, the

bi odegr adabl e pol yester is synthesized from nononers selected fromthe

gr oups Comeh&ion8theie®, L-1 actide, D-lactide, L-lactide, D L-lactic acid,
D-lactic acid, L-lTactic Consolidated specification 22 12 2005 11 aci d,

gl ycol i de, glyeplig.1a¢id -&apy Qlxaet one, s-hydroxy hexonoic acid, and
copol yners tﬁg?eé }?ghé)hgégg%hb8?g¢8-blocks are utilized because of their
biodegra@&@hﬁ1 bi oconpati ble, and solubilization properties. The in vitro
and in vivo degradation of these hydrophobic, 5 biodegradabl e pol yester

B-bl ocks z Sre\ﬁllee!slantls“l Q%Eesz‘zsgﬂ%leago y1:[nQr a.cxif(l3 raa I%gfelcﬁ)lgr erm%gilij gft usp t%rS?OOO Daltons,

Y represents HOOC-(CHy)m-COOH or O=C=N-(CH,),N=C=0(whercin m denotes an

10 integer of 0 to10), and
n denotes an integer of 2 to100.

The hydrophilic block(A) preferably has a number average molecular weight of from
100 to 100,000 Daltons, and may also have any type of structure such as a single chain, a
branch, etc. Examples include PEG-OOC-(CH;),-COO-PEG or

15 PEG-[OOC-(CH2)n-COO-PEG]10-OO0C- (CH;),-COO-PEG wherein the molecular weight
of PEG is up to 5,000 Daltons.

In the negatively charged block copolymer according to the present invention, the
biodegradable hydrophobic block(B) is preferably a biodegradable polyester synthesized
from monomers selected from the group consisting of D,L-lactide, D-lactide, L-lactide,

20 D,L-lactic acid, D-lactic acid, L-lactic acid, glycolide, glycolic acid, -caprolactone,
e-hydroxy hexonoic acid, y-butyrolactone, y-hydroxy butyric acid, 8-valerolactone,
8-hydroxy valeric acid, hydroxybutyric acids, malic acid, and copolymers thereof, More
preferably, the biodegradable polyester is synthesized from monomers selected from the

group consisting of D,L-lactide, D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic



naturally occurring conpounds that are readily netabolized and/or

elimnated by the patient's body. Exanples gf, hc?;ﬂgc%&gﬂﬁ?#‘é'éj{?%&bi c B

pol ymer bl ocks include poly(a-hydroxyacid) or derivatives ereof such as
pol ylactic acid(PLA), polyglycolic 10,acid(PGY), a copolynmer of lactic
acid and glycolic acid(PLGA) and copol yners thereof; polyesters or
derivatives thereof such as polyorthoester(POE), polyanhydride (PAH),

pol ycaprol act one( PCL), pol y(di oxan-2-one)(PDO, polyhydroxybutyric
acid(PHB), a copolyner of lactic acid and di oxan-2-one(PLDO), a copol yner
of caprol actone .and . di.oxan: 2- one(PCDO), ~and copol yners_t hereof;

pol yphos 6%@2&%8911 ghhrlssactt srqprolastonce s By Aoy Breiolst acith Bne coRAIYBEKobi ¢ B
pol ymer b ocl%s i ncl ude pol y(a-hydroxyacid) or derivatives thereof such as
hydr ol yz&#eIpol yl actic acid (PLA), polyglycolic acid(PGA), a copolyner of
| actic acid and glycolic acid(PLGA), and copolyners thereof,; polyester or
deri vat i ves Thabydrephabie B-tdecks are itz bscavsg $kYir bindkgraddbel biabeipatihle,

pol ycaprol act one( PCL), pol y(di oxan-2-one)(PDO, poly- hydroxybutyric

aci d( PHBpnd solghilicatppml propartiesf Thect vizrcemiddn and ddizax aer’e faheeRyBXdpholic,

copol ynmer of caprol actone and di oxan-2-one(PCDO), and copol yners thereof.
More §r ebivdapdagablp pblybaetB-blcks (W Pindersas /aldEOd égtadibibf pRIFLts are

pol ycaprol act one, pol y(di oxan-2-one), a copolymer of lactic acid and

gl ycol i ¢ nagi4ilyRle&iing@bm! ’ Lot (B)
preferably hasy%ae nun%er g\g/g[?j%gaﬁagel%Eﬁ?ﬁ?‘gﬁg?gﬁgr&ggk??%@nmégeg?ﬁgat ed
speci fi Cgﬁliiéi{t’s%%dﬁzz 2005 12 100 to 100,000 Daltons, and nore preferably 500
to 50,000 Daltons. The anionic group(X) in the negatively charged bl ock

copol T BESASH) B0, ARAR M Ry BlE, 0 e 1
A RO RN NI NS AW . NS
fu nCE(‘) Ongclzid(PGA), a copolymer of lactic acid and glycolic acid(PLGA) and copolymers thereof:
polyesters or derivatives thereof such as polyorthoester(POE), polyanhydride (PAH),
polycaprolactone(PCL), poly(dioxan-2-one)(PDO), polyhydroxybutyric acid(PHB), a
copolymer of lactic acid and dioxan-2-one(PLDO), a copolymer of caprolactone and
dioxan-2-one(PCDO), and copolymers thereof; polyphosphazine. Examples of the
15  preferred biodegradable hydrophobic B polymer blocks include poly(o-hydroxyacid) or
derivatives thereof such as hydrolyzable polylactic acid (PLA), polyglycolic acid(PGA), a
copolymer of lactic acid and glycolic acid(PLGA), and copolymers thereof; polyester or
derivatives thereof such as polyorthoester(POE), polyanhydride(PAH),
polycaprolactone(PCL), poly(dioxan-2-one)(PDO), poly- hydroxybutyric acid(PHB), a
20 copolymer of lactic acid and dioxan-2-one(PLDQ), a copolymer of caprolactone and
dioxan-2-one(PCDO), and copolymers thereof. More preferably, polylactic acid(PLA),
polyglycolic acid(PGA), polycaprolactone, poly(dioxan-2-one), a copolymer of lactic acid

and glycolic acid(PLGA), or copolymers thereof.

The hydrophobic block(B) preferably has a number average molecular weight of from



group providing the linker L. If not, the hydrophobic B bl ock may be

appropriately derivatized such that it may i .ot j O roup
EEi S S Ig) hse

through a suitable |inker(L), such as, -0-, e
present invention, only one anionic gresip(X) can be present at the end of
a B hydrophobi c polymer bl ock. However, if the polyner term nates at 10
each end with a B polyner block, there can be an anion X attached through a
linker L at each end of the polyner. The anionic group is selected from
those that are negatively charged in aqueous solutions, preferably froma

roup consi.sti -S03, -P032 =PQO2. an - 2) Z- COO' (wherein, z
geno!toes gﬁb?‘ﬁh@?% Dalfong, ?IISI‘E?reéﬁ%feﬁpﬁﬁédqostogg&ggﬁ%tﬁés-ani onic group is
conmbined with two A-B-L). 15 Mincludes H+ and cations, preferably a nono-
or di val ent The@gionigroupghleinpthernagatively charged ffock gopolymer+acopling twi®+r and
Cue+. Therefore, the negatively charged bl ock copol yner according to the
present ipreseRttinvantiondy attashed tth éhef andlobdierdyydfaphobic AloCkEB) ba-rBedns ¥f a lidkeg 1. a) 20
wherein A is a bioconpatible hydrophilic polymer block, Bis a
bi odegr adéihk ¢erhekl epdobihe hpddophetric blook{)lis iasufictionak&H, SR ciSeHof +@OOHhe
group consisting of -0-, -NH, -S-, and COO, Xis -S03 , -P032 , =PQ2 or

- CO- ( SH2)grougOHe(amitmie prdup 1s dieRdly emkadtd b 8gelopREbid bikkB) Wl HeThsRohgat ed
specification 22 12 2%%51313 if §’< is >P02 ,gt hg ani oni ceBg)roup i s combi ned

o - g PRGN U B W e SkIBLR 6k ey SUgpEsl
I nvent | one RN DN if Bhy B4 O BT Unfbni Ceru Bttt Mitable linker(L), such
as, -O-, -NH-, -S- or -COO-. In the present invention, only one anionic group(X) can be
present at the end of a B hydrophobic polymer block, However, if the polymer terminates at
10 each end with a B polymer block, there can be an anion X attached through a linker L at each
end of the polymer. The anionic group is selected from those that are negatively charged in
aqueous solutions, preferably from a group consisting of -SOs, -PO;>, =PO, and
-CO-(CH,),-COO’(wherein, z denotes an interger of 0 to 4, and if X is >PQO,’, the anionic
group is combined with two A-B-L).
15 M includes H” and cations, preferably a mono- or divalent metal ion, more preferably
Li*, Na*, K*, Ca*", Mg?*, Zn*" and Cu®".
Therefore, the negatively charged block copolymer according to the present invention
may have the following formula 1a:
A-B-L-X "M (1a)
20  wherein
A is a biocompatible hydrophilic polymer block,
B is a biodegradable hydrophobic polymer block

L is a linker selected from the group consisting of -O-, -NH-, -S-, and COO-,

X is-805,-P0Os*, =PO; or -CO-(CHa),-COO (wherein, z denotes an integer of 0 to 4, and



A-B- O POB2- 2M+  A-B- O CO- (CH2) Z COQ' M+ ( A-B- O) 2- PO2- M+ wherein 10 A is

nmet hoxypol yet hyl enegl ycol , pol yet hyl enegl yco
pol yacryl am de, poly(et hyI ene- co- propyl ene)g @S(Qfg{iéfgd gﬁ%ﬁ%\%{l ny%éjric]g%

pol ysaccharide, B is polylactide, pol ?chollde pol ycapr ol act one,
pol ydi oxan- 2- one, pol yanhydri de, pon{ actic-co-glycolide),
pol y(l acti c-co-caprol actone), or poly (lactic-co-dioxan-2-one), etc., 15 M
is Li+, Na or K+, and z is an integer of 0 to 4. The negatively charged
bl ock copol ynmer of the present invention is prepared by a two-step

[ ck copol ymers consi sting

reacti on whi es .synthesi.zin e A-B Dbl o
of non-i on?f?? Wmﬁﬁ? WO%‘F&%@(I%?O%WW %‘lhoﬁbl%}ﬂ} @l ocks(B), and then
i ntroducing an 20 anjonic group onto the term nal end of an appropriately
deri vati 268 HpgpepHshyalensmsgala®m). 1) Introduction of sulfate groups A B-OH
- A-B-0O S03-Na+ In the above schenme, L is -0-, Xis S@- and Mis Na+
Consol i dat edlospepsciticely.ivehendis 19-2bosegpt valy phargedblbtlocdpotymperlof thensesante
reacted with a sulfur trioxide pyridine conplex(C5H5NS03), treated with an
aqueous amiediien sl hbvothe folbawing formméh: di al yzed, and then Iyophilized. The
order of neutralization and dialysis maybe reversed depending on the
reagent used. A-BRD-§oiwpducti on of phosphate groups
A-B-0-PO;"2M*
A-B-0-CO-(CH,),-COOM"
(A-B-0)-PO; M"
wherein
10 A is methoxypolyethyleneglycol, polyethyleneglycol, polyvinylpyrrolidone, polyacryl-
amide, poly(ethylene-co-propylene)glycol, a polyvinylalcohol or a polysaccharide,
B is polylactide, polyglycolide, polycaprolactone, polydioxan-2-one, polyanhydride,
poly(lactic-co-glycolide), poly(lactic-co-caprolactone), or poly
(lactic-co-dioxan-2-one), etc.,
15 M isLi", Na*orK*, and
z isaninteger of 0 to 4.
The negatively charged block copolymer of the present invention is prepared by a
two-step reaction which comprises synthesizing type A-B block copolymers consisting of

non-ionic hydrophilic blocks(A) and hydrophobic blocks(B), and then introducing an

20  anionic group onto the terminal end of an appropriately derivatized hydrophobic block(B).

1) Introduction of sulfate groups
A-B-OH — A-B-O-SO; Na’

In the above scheme, L is ~O-, X is SO; and M is Na*



A-B-OH --+ A-B-O PC32-2Naa In the above schenme L is -0-, X is P032- and M
is 2Na Type A-B bl ock copol ymers are reacted-y hhda%(oc Se%lflﬂnt?o%pﬁ{é‘@?
1'zed,

oxychl oride(POC 3), treated with an aqueous acidic so tion, neu

dialyzed, and then |yophilized. 3) Intjfoduction of carboxyl groups A-B-CH
- AB-OCO(CH2)Z COO-Na (z is an interger of 0 to 4) 15 In the above
scheme L is -0- Xis CO(CH2)Z-COO (where z is an integer of 0 to 4) and M
is Na*. Type A-B bl ock copolyners are reacted with a dicarboxylic acid

di chl ori de such as oxalyl dichloride, nalonyl di chl ori de, succi nyl

di chl ori de, tar ichloride, adip hI0|de etc., freated with an
agueous aci d| c %TB g]ﬁc ﬁ@l?@%‘?‘?f@dea‘aﬁb gé&“ furgordeRYHdiney ophi | i zed.

The negatively charged bl ock copol ymer of the present invention may forma

pol ymer i €omplea(GElsNyshb rapted aiith agraqyequsigpidiaebitions agutradizeds diakezedrangol ubl e
drug, having a cationic group, into the inside of the core of the

cor e- shelthentlypphilizedg Tha prdee of nduérabiationraod did ysts méy betiemerseddinpendiyig bh ¢he
concentration in blood of the drug may be increased. Furthernore,

Consol i datagentaped:i fi cati on 22 12 2005 15 peptide or protein drugs may be
conbined with the negatively charged bl ock copol ymer of the present

i nvengion via electrostatic binding in the formof one peptide or protein
nol ecul e bei ng surrounded by several bl ock copolyners. In this case,

deconposi ti on 9fith&BERLE hat g:l n by enzymatic action in a living
body maybe pr ez\?ent ed, as V\gﬁss ae stabl lity of the 5 drug may be

i nproved by th ex formati on between protein-protein or
pepti de- pepti d’g é)glcﬁ_*é/_gél %arbsgfo e of drug from t he negatively charged bl ock

copol ynmer of gﬁ?ﬁ%%}e‘%gc eV entd o& igﬁ&g_b Is 2?\} lled by adjusting the

nol ecul ar wei

Type A-B block copolymers are reacted with excess phosphorus
10 oxychloride(POCI;), treated with an aqueous acidic solution, neutralized, dialyzed, and then

lyophilized.

3) Introduction of carboxyl groups

A-B-OH — A-B-0-CO-(CH;),-COO'Na'(z is an interger of 0 to 4)

15 In the above scheme L is -O- X is CO-(CH,),-COO" (where z is an integer of 0 to 4)
and M is Na".

Type A-B block copolymers are reacted with a dicarboxylic acid dichloride such as
oxalyl dichloride, malonyl dichloride, succinyl dichloride, glutaryl dichloride, adipic
dichloride, etc., treated with an aqueous acidic solution, neutralized, dialyzed, and then

20  lyophilized.

The negatively charged block copolymer of the present invention may form a
polymeric micelle, nanoparticle or gel by incorporating the water-soluble drug, having a
cationic group, into the inside of the core of the core-shell type drug carrier via electrostatic

binding, whereby the concentration in blood of the drug may be increased. Furthermore,



hydr ophobi ¢ bl ock(B). The drug-copol ynmer conplex of the present invention

shoul d be understood to 10 include such forngo%%li&%c}/g%%]if%a%cﬁ 1295 05
nanoparticles and gels, etc. wherein the anionic gron 0 e negatively

charged bl ock copolymner is electrostatﬁ ally conmbined with the cationic
group of the positively charged drug to forman ionic conplex, whichis to
be <converted into the aforenentioned fornms in aqueous solution. One or
nore of the charged block copol yners are conbi ned with one nol ecul e of
drug in the drug-copol yner conplex. 15 This type of drug-copol yner conpl ex
may increase the concentration and half life of the dru% in blood, inprove
the st abiPEPide Gmretginfrugsmrebesepbmedwith dhonagatively ehargeihipek copeber@@si ti on
of the drug in a |iving body, pqrt[cularlz eptide or protein drugs. If a
drug corfbeprasenhinventipn iuslbetrostatic bindingrindhefoomed oheperiide opprotein swolesulsh as
pepti de or protein drugs, several block copolyner nol ecules are

el ect r ostaingeairbynded bp sevethl Widck copwd yhersg Il ssese, decdpositemetfvhet geptidlosmat i on
of conpl exes between drugs is prevented, and thus the stability of the

drug is ipppeiabednziRnatisactibain £BVinBods Ry b pidventdd, s Sl as Iheastdlip of il ude
those having cationic groups in the nDIeche i n agueous sol utions,

par ti sul Jhlg/mReBé irhlsroE b PR hedvRn G Sfconilt AfoRinBGoPiewe @ proRiRpRMiA B
groups. Exanples include "anti-cancer agents, antibiotics, anti-enetic

agents, %%&T%%egghédﬁ@%ﬁaéé i &ﬂﬂu% ?rgﬁ?th@ 99%‘11@@1&%} i Lﬁgc%ck%gﬁ&ﬁer of

anti-inf and anal gesi ¢ age , anes trc agen

nyper oal asree o aly bF orblofR SRS MEE GBI BER' of " WA oh s

at | east ,one pr.i. econdary or tertiary amne group in the nolecule,
preferabpygmﬁgﬂFggﬁ%gﬁéroteins or enzymes such as insulin, calcitonin, 5
grow h hornone, granul ocyte col ony-stinulating factor

G- CSF) ,
eryt hropoi et i nfEPype-copefimenenmplsy ehtbe prsstdnyRniopshoyld be padgreaod to
interleukin, platelet derived growmh factor(PDG), vascul ar endot heli al
gr owl® f dclusde(svelcirmsfa pelybleds migelleas ranppastioleg @@ gels, etc. wherein the anionic
group of the negatively charged block copolymer is electrostatically combined with the
cationic group of the positively charged drug to form an ionic complex, which is to be
converted into the aforementioned forms in aqueous solution. One or more of the charged
block copolymers are combined with one molecule of drug in the drug-copolymer complex.
15 This type of drug-copolymer complex may increase the concentration and half life of the
drug in blood, improve the stability of an unstable drug, and retard the enzymatic
decomposition of the drug in a living body, particularly peptide or protein drugs. If a drug
contains a large number of cationic groups in the molecule, such as peptide or protein drugs,
several block copolymer molecules are electrostatically combined with the drug molecule,
20  whereby the formation of complexes between drugs is prevented, and thus the stability of the
drug is improved.
Drugs that can be used in the present invention include those having cationic groups

in the molecule in aqueous solutions, particularly peptide and protein drugs containing one

or more amino groups. Examples include anti-cancer agents, antibiotics, anti-emetic agents,



nerve growt h factor(NGF), urokinase, etc. can be nentioned. In the process

for preparing the drug-block copolymer conpl g, 8fiqdbes e, D14 Bygntion,
the drug may be incorporated into the inside of the block copolymer by way

of sinply mxing the positively charggg drug and the negatively charged
bl ock copol ymer in an aqueous solution; or by dissolving the positively
charged drug and the negatively charged bl ock copolyner in organic
sol vents such as ethanol, etc., evaporating the solvent, and dissolving
the resulting m xture in an aqueous solution. As stated above, it is

anot her .characteristiec of the esent. i nvention that speci.al pmethod is
not requi]ag%‘élrﬁgger}t%%ﬁﬁ%ﬁww&ry ?’ﬁ%ﬁnﬁ%ﬁf’iagg}%f %ﬁ%}%lg&gﬁ%&&%}lﬁ{l%@riﬁwgsi nsi de
of the negatiyely ch ed bl ock copol yner. The drug-bl ock copol yner conpl ex
accor di né‘g‘frﬁs %Icﬁé‘}é R IPRCTtERSIQN, ARGHS goggltre%ng TGl csmes, egents g GRS ood,
muscl e, subcutaneous tissue, bone, |ocal tissue, or admnistered orally or
nasal | y. byperligidersia, eisr.earinelauhichhas atdeasbons mronary, ssaendansomstettiary amine

i njectabl e 20 suspensions, tablets, capsules, etc. The foll ow ng exanpl es
wi | | enalgraptihdsemelechle gueferabl h peptidess prowwirser ehzandsysuchiadiasding nal citanin,t o
practice the present invention. It is to be understood that, while the

i nvensi ogrdveth hoaaoneg gemulicope cbh)ng?&tih‘lmlmmgCfﬁbtW(GfCSF)Qer@ﬂﬂé]]ﬁﬁétﬁﬂEBOﬁCi fic
enbodi nents thereof, that which follows is intended to illustrate and not

limt t heosempphofedid Brot ANENIPY Mnte'BBE/ infeaesiah, slakRIdSpRAILSGAL | On 22 12
2005 17 aspects of the invention will be apparent to those skilled in the

art to WHEBHEF), Weild SRadBd ARl R E&ﬁ%@gﬁ?@%&ma& g%dvﬂw'f&g?r?géﬁﬁf ations

illustrate synthesis of type A-B rs consisting

P AT AR £ U S,
MPEG PLA, bl Ocllfl ke Br%lcgsg%r)rspreparing the drug-block copolymer complex of the present
10 invention, the drug may be incorporated into the inside of the block copolymer by way of
simply mixing the positively charged drug and the negatively charged block copolymer in an
aqueous solution; or by dissolving the positively charged drug and the negatively charged
block copolymer in organic solvents such as ethanol, etc., evaporating the solvent, and
dissolving the resulting mixture in an aqueous solution. As stated above, it is another
15 characteristic of the present invention that a special method is not required for incorporating
the positively charged drug into the inside of the negatively charged block copolymer.

The drug-block copolymer complex according to the present invention can be
administered through blood, muscle, subcutaneous tissue, bone, local tissue, or administered
orally or nasally. It can be formulated into various forms such as solutions, injectable

20 suspensions, tablets, capsules, etc.

The following examples will enable those skilled in the art to more clearly

understand how to practice the present invention. It is to be understood that, while the

invention has been described in conjunction with the preferred specific embodiments thereof,

that which follows is intended to illustrate and not limit the scope of the invention. Other



5. 0g of nononet hoxypol yet hyl enegl ycol (Ml ecul ar wei ght: 2,000 Dal tons) was
10 introduced into a two-neck, 100m round-botto ask, an to
100C for 2-3 hours under reduced pressure(lﬁ%ﬁﬁgﬁg% ?@ﬁ%@@“?ﬁgpﬁggggure.
The inside of the reaction flask was ;+Iled with dry nitrogen and then the
catal yst, stannous octoate(Sn(Cct)2) dissolved in toluene, was added in an
anmount of 1.0nol % 10. 13ngy, 0. 025mmole) wth respect to the

nononet hoxypol yet hyl enegl ycol . After stirring for 30 mnutes, the m xture
was heated to 15 110 C for 1 hour under reduced pressure(lnn%@) to
evaporate the tol uene which was used to dissolve the catal 5g of

puri fi ed aprestsiod thajnyerdionerillthieapparentsn ghash ekitled in the ay terivkily e mmgﬂqme ated to
130 C for 12 hours. The bl ock copol ymer thus produced was dissolved in

et hanol @adaibhen added to diethylether to precipitate the bl ock copol yner.
The bl ock copol yner thus obtained was dried for 48 hours in a vacuum oven.
The nol ecul ar wei ght of 20 the resulting block copolyner (nPEG PLA) was
nmeasured as 2,000-1, 765 Daltons Preparation 2: Synthesis of

nmononet hoxyppl yet hl yenegl ycol - pol & i gsco- gl ycol i de) (nPEG PLEA) bl ock
copol yners 5.0g of nononet hoxypol yet hyl enegl ycol (Mol ecul ar wei ght: 5, 000

Dal t 0gs) vas Gﬂmh?@ag;ﬂgﬁggdng i AR et o POIS AL MIGASLEA WD 3. 729 of

| act i de and 1.28g o I'n the p esence annous e at 120
Cf Pre t 1
ot B SR PR S Peg 2e1

copol ymer rreas red as 5 00- 00 I}ons 5 Preparation
3: Synt he5|s of R ASTH ; NOICIUOR YR 0
pol y(l actic-ca- paradloxan 2- one)(nPEG—PLDC» block cool ers 7.0g of
nmonomnmet h8XYHEHEIHY W) blagk copelymgrsa wei ght: 12,000 Dalton) was reacted
with 4.47g of Iactl de and 2. 71? of paradi oxan-2-one in the presence of

st annous 5.0g of monomethoxypolyethyleneglycol(Molecular weight: 2,000 Daltons) was

10 introduced into a two-neck, 100ml round-bottomed flask, and heated to 100°C for 2-3 hours
under reduced pressure(1mmHg) to remove the moisture. The inside of the reaction flask
was filled with dry nitrogen and then the catalyst, stannous octoate(Sn(Oct),) dissolved in
toluene, was added in an amount of 1.0moi%(10.13mg, 0.025mmole) with respect to the
monomethoxypolyethyleneglycol. After stirring for 30 minutes, the mixture was heated to

15  110°C for 1 hour under reduced pressure(1mmHg) to evaporate the toluene which was used
to dissolve the catalyst. 5g of purified lactide was added thereto and the resulting mixture
was heated to 130 °C for 12 hours. The block copolymer thus produced was dissolved in
ethanol and then added to diethylether to precipitate the block copolymer. The block
copolymer thus obtained was dried for 48 hours in a vacuum oven. The molecular weight of

20  the resulting block copolymer (mPEG-PLA) was measured as 2,000-1,765 Daltons

Preparation 2: Synthesis of monomethoxvpolyethvleneglycol-

poly(lactic-co-glycolidemPEG-PLGA) block copolymers

5.0g of monomethoxypolyethyleneglycol(Molecular weight: 5,000 Daltons) was




10 octoate at 110 C for 12 hours according to the same manner as in
Preparation 1, to give the title bl ock copol ¥aRiidtBe spEliRats s Yebehy oOf
the resulting block copolyner (nPEG PLDO) was neasured as 12, 000-10, 000
Dal tons. Preparation 4: Synthesis of mpgonet hoxypol yet hyl enegl ycol -

pol ycaprol actone 15 (nPEG PCL) bl ock copol yners 7.0g of

nononet hoxypol yet hyl enegl ycol (Mol ecul ar wei ght: 12,000 Dalton) was reacted
with 3.0g of s-caprolactone in the presence of stannous octoate at 130 C
for 12 hours according to the same manner as in Preparation 1, to give the

title bl | ecdl wei.ght of the re ting bl ock
copol yne?g%@%%ﬂlpé??é \R/gisggﬁ%ea%@rlé%éjgd%rg%cq@? Bb@‘-e STHEEC |S{38ﬂg_ GFQQ?I%%atl is a
sunmmary b results of the above preparation Table 1 Nunmber Average
Pr epar at ﬂéﬂéﬁg%rkﬁj@blﬁ aefndingdp £he fame hes ndderasHon 1, to give the title block
EG PLA- OH2, 000- 1, 765 Consol i dated specification 22 12 2005 19

2PEG. L AP 3bE Tty iregst of e rern@goc errofiger (PEG-PLGA) was
AnPEG- PCL- OH12, 000-5, 000 The foll owi ng exanples illustrate synthesis of
type A-Biagird evpO09AH08 Dadtansi ni ng an 5 ani onic group. Exanple 1:
Synt hesi s of nethoxypol yet hyl enegl ycol - pol yl acti de containing sulfate
gr oup®- SO3- Na+) ( MPEG PLA- O- SG3- Na+) The bl ock copol ymer prepared in
Preparation 1, and having an -CH group at the

Preparation 3: Synthesis of monomethoxypolyethyleneglycol-

poly{lactic-co-paradioxan-2-one)}mPEG-PLDO) block copolymers

7.0g of monomethoxypolyethyleneglycol(Molecular weight: 12,000 Dalton) was

reacted with 4.47g of lactide and 2.71g of paradioxan-2-one in the presence of stannous
10 octoate at 110°C for 12 hours according to the same manner as in Preparation 1, to give the
title block copolymer. The molecular weight of the resulting block copolymer

(mPEG-PLDO) was measured as 12,000-10,000 Daltons.

Preparation 4: Synthesis of monomethoxypolyethyleneglycol- polycaprolactone
15 (mPEG-PCL) block copolymers

7.0g of monomethoxypolyethyleneglycol(Molecular weight: 12,000 Dalton) was
reacted with 3.0g of e-caprolactone in the presence of stannous octoate at 130°C for 12 hours
according to the same manner as in Preparation 1, to give the title block copolymer. The
molecular weight of the resulting block copolymer (mPEG-PCL) was measured as
20 12,000-5,000 Daltons.
Table 1 is a summary of the results of the above preparation

Table 1

Number Average
Molecular Weight (Daltons)
1 mPEG-PLA-OH 2,000-1,765

Preparation Block copolymer




10 term nal end of the PLA (hydrophobic B) block was reacted with sul fur
trioxide pyridine to give the title block c | 5 B .
NC5H5 -> nPEG PLA- O SOBHNC5HS -3  nmPEG PLA- O@%Xﬁ%ﬁj Si’gg glf% il 2412 003

met hoxypol yet hyl enegl ycol - pol yl acti de( p’PEG PLA, 2, 000-1, 765) and 0.89g 15
of sulfur trioxide pyridine(SC3. NC5H5)" -were dissolved in 10m of DW. The
resulting solution was introduced into a 100m volune flask and reacted at
60 10 C for 5 hours. The reaction product was diluted with distilled

wat er, dialyzed, neutralized by an aqueous sodi um hydrogen carbonate

sol utiony and then [yophil,peg-pocAlyE S- 49 of tfwoold 5o block copol yner.
Figure lidis.an 'H NVR spectrun{ CDC 3) of fhe hi ack capalvner fhus obt ai ned.

20 Exanp| es 2 td 4: InfrodoREGHLRP-GHsul fate g2e082(0,8803- Na+] Each of the
bl ock copotymerg prepared 7 At ons T2 t0 % regcted—w th sul fur
trioxi de|l pyri di‘?\e accoy di nénPtEEG'?@'ggrre manner g%’w}ﬁl%slj—j)‘@gnpl e 1 to give
copolyners containing a sulfate group. The bl ock copol yners containing a
sul fate group as prepared in Consolidated specification 22 12 2005 20
Exanpl es The fslldviag exdmgplecslantae synthdsheofitald Qv blgcl abotymers Takthing 4&X. Bl ock
copol ynmer Nunber Average Ml ecul ar Weight (Dalton) AB

1nPEGs PL Aniohie@olya2, 0001, 765 2mPEG PLGA- O- SO’ Na+5, 0004, 500

3mPEG PLDO- O SO3 "'Na+12, 00010, 000 4nPEG PCL- O SO3- Na+12, 0005, 000

Example 1: Synthesis of methoxypolyethyleneglycol-polylactide containing sulfate
group(-SO; Na") (mPEG-PLA-O-SO; Na")
The block copolymer prepared in Preparation 1, and having an —OH group at the
10  terminal end of the PLA (hydrophobic B) block was reacted with sulfur trioxide pyridine to
give the title block copolymer.
mPEG-PLA-OH + SO;.NCsH; - mPEG-PLA-O-SO;HNC;sH; —>
mPEG-PLA-O-SOsNa"
7g of methoxypolyethyleneglycol-polylactide(mPEG-PLA, 2,000-1,765) and 0.89g
15 of sulfur trioxide pyridine(SQ; - NCsHs) were dissolved in 10ml of DMF. The resulting
solution was introduced into a 100ml volume flask and reacted at 60 & 10 °C for 5 houss.
The reaction product was diluted with distilled water, dialyzed, neutralized by an aqueous
sodium hydrogen carbonate solution, and then lyophilized to give 5.4g of the title block
copolymer. Figure 1 is an '"H-NMR spectrum(CDCl3) of the block copolymer thus obtained.
20
Examples 2 to 4: Introduction of a sulfate group(-SO; Na’)
Each of the block copolymers prepared in Preparations 2 to 4 was reacted with
sulfur trioxide pyridine according to the same manner as in Example 1 to give copolymers

containing a sulfate group. The block copolymers containing a sulfate group as prepared in



Exanpl e 5: Synthesis of nethoxypol yethyl enegliycol -pol yl acti de cont ai ni ng
5 phosphate grrgoup(-PQG32-2Na+) ( nPEG PLA- O PO, 2- +) The. bl oc mer
prepared in Preparation 1 was reacted with pﬁ%%ﬁ"gﬁﬂgﬂmggvgﬁvﬁg%gg%gl 13)
to give the title block copolymer. nPEGPLA-OH + POO 13 - nPEG PLA- O PQC 12
-> mPEG PLA- O P03 2" 2Na+ 7g

of i net hoxypol yet hyl enegl ycol - pol yl acti de( nPEG PLA, 2, 000-1, 765) and 2. 85¢g
10 of phosphorus oxychl ori de(POC13) were dissolved in chloroform 1 m of
pyri di ne was added thereto, and the m xture was reacted at 30 5C for 12
hours. The resulting solution was _added to diethylether to precipitate

bl ock copdE L ieargreprsspriedingde follooving dabledmer was  di ssol ved in
distilled water, neutralized by an aqueous sodi um hydrogen carbonate
solution, dialyzed, and then lIyophilized to give 6.7g of the title block
copolymer. Figure 2 is an 15 'H NWR spectrun{CDC13) of the bl ock copol yner
t hus obtained. Exanples 6 to 8: Intrddbletd on of a phosphate

r goup( - PG322NaH—Eaeh—of—the—block—copolyrrers—preparcd—i-rA—Prepatrai i ons 2
to 4 was repcted/ with Consolidated specificaticﬁlu eﬁéVQ@B%h@i&ﬁkﬁsphorus
oxychl ori de| gncording to tBRckasml er as in|Exangg (bt 5ve copol yners
contai ni ng g phosphate group. The bl ock copol ynmer as prepared’in Exanples 5
to 8 are rgepresented in the follow ng Table 3. Table 3 Ex. Bl Bck

Do DI DAY D DN

| Nufrber—p Mo Yeght—AB—5h A= O-PER2-2Na+2] 0001, 765
SNPEG. PLGA- > BOBP- 2Nats M09 Ad8 CAPER PLDO O 105 2290 14, 000%, 00D

2 mPEG-PLGA-O-SO; Na* 5,000 4.500
3 mPEG-PLDO-0-SO; Na* 12,000 10,000
4 mPEG-PCL-0O-S0O;Na* 12,000 5,000

Example 5: Synthesis of methoxypolyethyleneglycol-polylactide containing
5  phosphate group(-POs*2Na") (mPEG-PLA-O-PO;*2Na")

The block copolymer prepared in Preparation 1 was reacted with phosphorus
oxychloride(POCL) to give the title block copolymer.
mPEG-PLA-OH +POCl; — mPEG-PLA-O-POCl; — mPEG-PLA-O-PO;*2Na*

7g of methoxypolyethyleneglycol-polylactide(mPEG-PLA, 2,000-1,765) and 2.85g

10 of phosphorus oxychloride(POCIs) were dissolved in chloroform, 1ml of pyridine was added

thereto, and the mixture was reacted at 301 5°C for 12 hours. The resulting solution was
added to diethylether to precipitate block copolymer. The precipitated block copolymer was
dissolved in distilled water, neutralized by an aqueous sodium hydrogen carbonate solution,
dialyzed, and then lyophilized to give 6.7g of the title block copolymer. Figure 2 is an

15 'H-NMR spectrum(CDCl;) of the block copolymer thus obtained.

Examples 6 to 8: Introduction of a phosphate group( -PO_32'2Na+)

Each of the block copolymers prepared in Preparations 2 to 4 was reacted with



8nPEG PCL- O PC32- 2Na+12, 0005, 000 5 Exam |l e 9: Synthesis of nmethox of eth
lene | col- of lactide containin a carboxyl gouRdst Ntk a2 01 P65

copol ymer prepared in Preparation 1 was reacted with dicar %oxy Ic acid
dichloride to give the title block cope{yner. 10 nPEG PLA-OH +
ad-CoCH2),COCl --- nmPEG PLA-O CQ(CH2) ZCO-d - nPEG PLA- O CQ( CH2) ZOOONa+
wherein z is an integer of 0 to 4. 7g of

met hoxypol yet hyl enegl ycol - pol yl acti de( mPEG PLA, 2, 000-1, 765) and 10m 15
of succinyl dichloride(Cl-CO(CH2)2CO-Cl) were dissolved in chloroform | m
of pyridine .was added.thereto and the m xture. was reacted at 6Q 5C for
12 hour S.pﬂwgoyugso&praﬁﬂ%ée %%P‘iﬁ’fff%tﬂq&%m@ﬂlef 8% i ?“eg fREVE GORREEPIS t at e
t he bl ock copol ymer. The preci i%at ed Consol i dated specification 22 12 2005
22 bl ock Ce%tﬂgﬁl phesgate skoup| 08 blask pRelympkes Rrepased indewmples S0 39 an
aqueous sodi um hydrogen carbonate solution, dialyzed, and then Lyophilized
to give scmgsetedimgherfpllowingTeble 3.copol ymer. Figure 3 is an ' H NWR

spectrum CDC13) of the bl ock copol ynmer thus obtained. 5 Exanples 10 to 12:

I ntroduction of a carboxyl group(-CODabla8) Each of the bl ock copol yners

gggg%?ﬁ - to tthe sane manner as in Exanple 9 t bhgll\ﬁ%‘:h%éé(yylfe v \rcsl O(r:iog'?ai ni ng
Fepreson{ BT § the fol I ootk STREMERE, 10 Tabi o4 OIRURKMELRS § L0 12 are
- (Daltan) =
5 mPEG-PLA-Q-PO;*2Na" 2,000 1,765
6 MPEG-PLGA-O-PO5*2Na’ 5,000 4,500
7 MPEG-PLDO-0-PO;*2Na* 12,000 10,000
8 mPEG-PCL-0-PO;*2Na’ 12,000 5,000
5
Example 9: Synthesis of methoxypolyethyleneglycol-polylactide containing a
carboxyl group(-COQ™Na")
The block copolymer prepared in Preparation 1 was reacted with dicarboxylic acid
dichloride to give the title block copolymer.
10

mPEG-PLA-OH + CI-CO(CH,),CO-Cl —» mPEG-PLA-O-CO(CH,),CO-Cl -
mPEG-PLA-O-CO(CH,),COONa®
wherein z is an integer of 0 to 4.
7g of methoxypolyethyleneglycol-polylactide(mPEG-PLA, 2,000-1,765) and 10ml
15 of succinyl dichloride(CI-CO(CH,),CO-Cl) were dissolved in chloroform, Iml of pyridine
was added thereto, and the mixture was reacted at 60 £ 5°C for 12 hours. The resulting

solution was added to diethylether to precipitate the block copolymer. The precipitated



15 Ex. Bl ock copol ymer Nunber Average Ml ecul ar Weight (Dalton) AB

9nPEG PLA- O- CQ( CH2) 2CO0- Na+2, 0001, 765 10nmPEG- PL GA: CH2).20

Na+5, 0004, 500 11nPEG PLDO- O CQ{ CH2) 2000- Na+1 ‘lfarﬁgfgdfg%cg%%mm?‘““% 12 2005
12nmPEG PCL- O- CQ( CH2) 2CO0- Nal12, 0005, 000, Exanpl e 13: Formation of a

doxor ubi ci n hydrochl ori de contai ni ng nPEG- PLA- O- SO - Na+ Pol yneric

m cel | e MPEG PLA- O SO3 Na+(10ng) as prepared in Exanple 1 and doxorubicin
hydrochl ori de(l ng) were dissolved in distilled water to give the title
polymeric mcelle. Exanple 14: Formation___ of a minocyclin

hydr ochl ori de-cont ai ni ng, Consol i dated specification 22 12 2005 23

NPEG- PLADRCKePpeivmghwon@issodved leélﬁtlélewE%rPEfAtr@lzsé@ma@anvg)SO%mpr epared in
Exanple | and m nocyclin hydrochloride(5mg) were dissolved in distilled
wat er t ohyispgen easberiate slyiiny dishized,rind dhend yorhilizedrip lgive 539 ¢idhetitlé blechf a

m nocycl i n hydrochl ori de-contai ning nPEG PLA-O PO 2"2Na polyneric mcelle
NPEG PLAcGpa@BE:. Figuné 3Gsmm) HadbIMR epairanh(CHCE) afithedldsk@npolymenthye bbtained.
hydrochl ori de(5ng) were dissolved in distilled water to give the title
polymeric mcelle. 10 Examle 16: Formation of a mnor clin

hydr ochl ori de-cont ai ni ng PPEG PLA-O- CO(CH, L COO Na+ polyneric mcelle

MPEG PLA- O CO( A6 farht Aldfahictdsh dCRMAEY HdukkemeiRay and m nocyclin
hydr ochl ori de(5ng)” were dissolved In distifTTed water to give the title

pol ymeric

Each of the block copolymers prepared in Preparations 2 to 4 was reacted with
succinyl dichloride according to the same manner as in Example 9 to give copolymers
containing a carboxyl group. The block copolymers as prepared in Examples 9 to 12 are

represented in the following Table 4.

10
Table 4
Number Average Molecular
Ex. | Block copolymer Weight (Dalton)
A B
9 mPEG-PLA-O-CO(CH,),COO'Na” 2,000 1,765
15 10 mPEG-PLGA-0O-CO(CH;),COONa" 5,000 4,500
11 | mPEG-PLDO-O-CO(CH;),COONa" 12,000 10,000
12 mPEG-PCL-0O-CO(CH,),COONa* 12,000 5,000

Example 13: Formation of a doxorubicin hydrochioride-containing
20 mPEG-PLA-Q-SO:Na' Polymeric micelle

mPEG-PLA-O-SO;Na'(10mg) as prepared in Example 1 and doxorubicin

hydrochloride(1mg) were dissolved in distilled water to give the title polymeric micelle.

Example 14: Formation of a minocyclin  hydrochloride-containing



m celle. 15 Exanple 17: Formation of a conplex of human G CSF and
MPEG- PLA- O- SO - Na+ nPEG PLA- O SO3- Na+( 50nm) iflc i and
G CSF (filgrastinm(1ng) were dissolved in di (s:?fcsloﬁéeagwmé%glrfk?%ﬁgl ve tg%oés title
polymeric micelle type-conplex. 20 Exagple 18: Formation of a conplex of
human P- Tow h hormone (hGH) and nPEG PLA- O SO Na+ nPEG PLA- O SCG3- Na+( 50ng)
as prepared in Exanple 1 and hGH(Ing) were dissolved in distilled water to
give the title polyneric micelle type-conpl ex. Consolidated specification
22 12 2005 24 Conparative Exanple 1. nmPEG PLA- OH(20ng) as prepared in
Preparat i , I-C dg% got contahn an anionic group, and m nocyclin
hydr ochl St 4 16¢4Cdi still ed water. 5 Conparative Exanpl e
2: nPEG PLA- CH s prepared in Preparation 1, which does not contain
an anionic gr%‘é&%‘%&@é&%ﬁ@%) h¥r BFEPAtES | e (APl cansl smBlogEdin n
distilled water. 10 Conparative Exanple 3: nPEG PLA-OH(50ng) as prepared in
Pr epar at hgdroshlogide(Emed wisee distolvedrin distillechwaten taogive thrtislepolaneticanicsite.| ny)
were dissolved in distilled water. Experinment 1: Confirmation on whet her
drug- bl ock copol ynmer conplex is 15 fornmed Human G CSF(filgrastim was
anal yzed by a size exclusive chromat ography

5 Example 15: Formation of a minocyelin _ hydrochloride-containin

mPEG-PLA-O-PO->2Na"* polymeric micelle_

mPEG-PLA-O-PO;°2Na*(20mg) as prepared in Example 5 and minocyclin

hydrochloride(Smg) were dissolved in distilled water to give the title polymeric micelle.

10 Example 16: Formation of _a  minocyclin __hydrochloride-containing
mPEG-PLA-O-CO(CH,),COQNa" polymeric micelle

mPEG-PLA-O-CO(CH,),COONa’(40mg) as prepared in Example 9 and

minocyclin hydrochloride(5Smg) were dissolved in distilled water to give the title polymeric

micelle.
15
Example 17: Formation of a complex of human G-CSF and mPEG-PLA-O-SO; Na*
mPEG-PLA-O-SOsNa'(50mg) as prepared in Example 1 and G-CSF
(filgrastim)(1mg) were dissolved in distilled water to give the title polymeric micelle
type-complex.
20

Example 18: Formation of a complex of human growth hormone (hGH) and

mPEG-PLA-O-S0; Na®

mPEG-PLA-O-SO; Na*(50mg) as prepared in Example 1 and hGH(1mg) were

dissolved in distilled water to give the title polymeric micelle type-complex.



col um( Phar maci a, Superdex HR 75) (Concentration of human G CSF 50g/nmnl,
injection amount 100 liters, nobile phase pH 7.4 P f l.ow. mn).
Furthernore, the polyneric mcelle soluti on‘g!mosf)ﬁ@gﬂss egﬁ%%{l%ﬁédze](%%‘%dgr ative
Exanpl e 3 were anal yzed 20 accordi ng t94the same manner. Figures 4, 5 and 6
are liquid chromatograns thereof. As can be seen fromFigures 4, 5 and 6,
G CSF fornms a polyneric mcelle type conplex with nPEG PLA-O SC3-Na-', but
does not forma conplex with m PEG PLA-COH Experinent 2: Confirmation on
whet her drug is released fromthe Consolidated specification 22 12 2005 25
drug-polymeric mcelle type conplex After 75nmg of choline chloride was
added to the polyneric mcelle type conplex solution of Exanple 17 to
facilitate release of GCSF fromthe ionic polynmeric mcelle, the mxture
was anal yzed bomparativedicampleVle chr omat ogr aphy col um( Phar maci a, Super dex
HR 5 75) (injection anbunt 100 liters, nobile phase pH 7.4 PBS, flow rate

| M1 mn). Fi gun@EG-PEA-QRE Mg s drefaraingt Bigpantiohéy ehfch ds cohtontamdchnf r om
Figure 7, since the electrostatic binding between drug and bl ock copol yner
i s breakahiogic dgrbgp, dhd thisayclehydibetacede(bmeywtiealisspRky iedistlldd wakd. e type
conplex in a living body. It is also confirned that the drug is present in
an ingact state and is not deconposed or coagul ated during formation of the
drug- bl ock 10 copol yner conpl ex. Experinment 3: Confirmation on whether a

dr ug- bl ock cop, .s.formed M nocyclin hydrochl oride was
di ssolved in Dgé%gﬁéﬁtﬁﬁyamk%ed by NMR 15 spectroscopy. The aqueous

sol uti ons obtaj i le.14 and rative a e, | re, .
oophi 11 ed . drLESrbREaTRMRsG B rifirelIRAERHG 5 SRR s b T e The
NVR spectruns are representedq i.n Figures 8, 9 and. 10.. hown in Figure
o P an bR, ehE B RRr Ry Dl T HRCE M Aol ain i DR Faidr e ponk
corresponding to Hin the aromatic ring of

10 Comparative Example 3:

mPEG-PLA-OH(50mg) as prepared in Preparation 1, which does not contain an

anionic group, and G-CSF(1mg) were dissolved in distilied water.

Experiment 1: Confirmation on whether drug-block copolymer complex is

15  formed
Human G-CSF(filgrastim) was analyzed by a size exclusive chromatography
column(Pharmacia, Superdex HR 75) (Concentration of human G-CSF 50ug/ml, injection
amount 100 liters, mobile phase pH 7.4 PBS, flow rate Iml/min). Furthermore, the
polymeric micelle solutions of Example 17 and Comparative Example 3 were analyzed
20  according to the same manner. Figures 4, 5 and 6 are liquid chromatograms thereof. As can
be seen from Figures 4, 5 and 6, G-CSF forms a polymeric micelle type complex with

mPEG-PLA-0O-SO; Na', but does not form a complex with m-PEG-PLA-OH.

Experiment 2: Confirmation on whether drug is released from the



m nocycl i n di sappears conpletely and only the peak related to

pol yet hyl enegl ycol is 20 observed. This shows &SB%atédqﬁfe%iff-c%icinr%?f?%ﬁti on
of m nocyclin into the block copolynmer. To t?‘le contrary, as shown in

Figure 10, both peaks correspondi ng tosdn nocyclin and polyethyl eneglycol
are observed in the case of the mcelle solution obtained in Conparative
Exanpl e 1, which shows that m nocyclin is not incorporated into the

non- charged bl ock copolynmer. Consolidated specification 22 12 2005 26
Experiment 4: Confirmation on whether a drug-bl ock copol yner conplex is

f or med orubj cin, hydraochl ori de was di ssol ved in D20 and then anal yzed by
NVR 5 sp&EHEE®? d'b‘if?c%ﬁﬁi%‘}"é“%lﬁ’li uti on obtained in Exanple 13 was

| yophili zed, dissolved in D20, and then analyzed by NVMR spectroscopy. The
NVR spect rums After fapg ekewliag chlgridewasadded 1o themelymericagicshe wme compiegur e 12,
in case of the mcelle solution obtained in Exanple 13, the peak

cor r espofelvign pbExmple l Ao factitate release nf Gof'SH fvor hbiwiia paysmpp ededle, the
conpletely and only the peak related to pol yet hyl enegl ycol is observed.

Thi s showsxtuawaddhatyzed by awige exuiusi poshadmatographyleodomufiibaimadia) Sopériex HR
polymeric mcelle type conplex. It is to be understood that the
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the principles of the present invention. Nunerous nodifications and
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invention as set forth in the clains. ‘

10 copolymer complex.

Experiment 3: Confirmation on whether a drug-block copolymer complex is
formed
Minocyclin hydrochloride was dissolved in D,O and then analyzed by NMR
15  spectroscopy. The aqueous solutions obtained in Example 14 and Comparative Example 1
were lyophilized, dissolved in D,0, and then analyzed by NMR spectroscopy. The NMR
spectrums are represented in Figures 8, 9 and 10. As shown in Figure 9, in the case of the
micelle solution obtained in Example 14, the peak corresponding to H in the aromatic ring of
minocyclin disappears completely and only the peak related to polyethyleneglycol is
20 observed. This shows that there is incorporation of minocyclin into the block copolymer.
To the contrary, as shown in Figure 10, both peaks corresponding to minocyclin and
polyethyleneglycol are observed in the case of the micelle solution obtained in Comparative
Example 1, which shows that minocyclin is not incorporated into the non-charged block

copolymer.



Consol i dated specification 22 12 2005 27 CLAIM5S 1. A bl ock copol yner
having the formula: A-B-L-X-Mr (1) wherein X-fepi&senl s AR.aH o £o840up,
M+ represents H+ or a netal cation, Ais a 5 %%oéomat%ﬁﬁea%“dg]op%ﬁc
polymer, B is a biodegradable hydrophobgc polyner, and L represents a
l'inker selected fromthe group consisting of -0-, -NH, -S and -COO, and
wherein, if the termnal end of the hydrophobic block (B) is a functional
-OH, -NH2, -SH or -000H group, the anionic group is directly linked to the
hydr ophobi ¢ block (B) with the functional group providing the |inker L.
102. The bl ock copol yner of claim 1l wherein the nunber average nol ecul ar
wei ghts of A and B each is within the ran e of 100 to 100 000 Daltons g ,
3. The bl ock copol ymer of claim 1l wherein X is -S03-, -P032-, =P02 or
- CO (CHR2) 2- whdieent 4: aniixraatiorh on fyhegher »rug-block copplymer complex-ix02 t he
anionic group is conbined wth two A-B-L. 154. The bl ock copol yner of claim
1 wherei fomm¢d a nono- or divalent metal ion. 5.The bl ock copol ymer of
claim4 wherein Mis Li+, Na , K+, Ca2+, Mr+, Zn2+ or Cue+. 6. A block
copol ymer havi BgxdrhbkicindryudchloritieBrds-digsbved i) D,O and then analyzed by NMR
5  spectroscopy. The micelle solution obtained in Example 13 was lyophilized, dissolved in
D,0, and then analyzed by NMR spectroscopy. The NMR spectrums are represented in
Figures 11 and 12. As shown in Figure 12, in case of the micelle solution obtained in
Example 13, the peak corresponding to H in the aromatic ring of doxorubicin disappears
completely and only the peak related to polyethyleneglycol is observed. This shows that
10  there was incorporation of doxorubicin into the polymeric micelle type complex.
It is to be understood that the above-described embodiments are only illustrative of
the applications of the principles of the present invention. Numerous modifications and
alternative embodiments can be derived without departing from the spirit and scope of the
present invention and the appended claims are intended to cover such modifications and
15  arrangements. Thus, while the present invention has been shown in the drawings and fully
described above with particularity and detail in connection with what is presently deemed to
be the most practical and preferred embodiment(s) of the invention, it will be apparent to

those of ordinary skill in the art that numerous modifications can be made without departing

from the principles and concepts of the invention as set forth in the claims.



20 wherein X represents an anionic group, M- represents H+ or a netal
cation, L represents a |linker selected fro - €1f nst St -0-,
-NH-, -S and -COO-, Ais a nenber select e(rj%(§rlrgglrln&tt%g&ée?@g%tllo?:]oénésqust?qor?g of
pol yal kyl enegl ycol, poly- al kyl eneoxi dg; pol yvi nyl pyrrolidone,
pol ysacchari de, pol yacryl am de, pol ynethacryl am de, polyvinylal cohol, and
derivatives thereof and B is a bi odegradabl e pol yester, and wherein, if
Consol i dat ed specification 22 12 2005 28 the term nal end of the
hydr ophobi ¢ block (B) is a functional --OH -NH2, -SH or -COOH group, the
ani oni c go 'gs directly linked to the hydrophobic block (B) with the
function LX@V up providing the linker L. 7. The bl ock copolyner of claim®6
wherein the nunber average nol ecul ar weights of 5 A and B are within the
range of 1100 t4 bled wpolymer heving the forrpah| ock copol ymer of clai m 6 wherein
Xis -S -P032 , =P02 or -CO(CH2)2 COO, wherein z denotes an interger
of 0to 4, and if X is =P02-, thé&-Bend¥eM ¢ §houp is conbined with two
A-B-L. 9. The bl ock copolyner of claim6 wherein Mis a nono- or divalent
met al i omwhefidin XQeprEemtddromiordo griupiel” rgfreehaiH & avhetabéatioly) Ads 4i +, Na+, K+,
Cat+, Mgt+, Zn2+ or Cue+. 11. A block copol ynmer having the fornul a:
A- B- L5 X- Wiocbihpatitle h?dh’@gﬁili& PBRARE S S @iﬁlo&ggrﬂﬁiblé deshobidpolRidresfint s H- or a
ydr

nmetal cation, Ais a 15 bioconpatible h ophilic polyner, Bis a

bi odegra i : ts. aghl nker.. s 1 fromthe
@éfﬁés%nﬂﬁqfl‘gkgp%ﬁ’%c@%d@%( @f?ersg_mg% aén_%%@ g@ éai\eIHn, KL SRIRS! 8l

group consi sting of -0- rein, if the fermnal end

o e USSP B AR AR 058 o A T S o
\#ELE eJ; hg éﬁ% ?@%Lﬁe%ﬁ@%&rﬁéﬁﬁl %%%?t%}t{ {}ﬁbeldl t0 the hylﬂi-op%%gicvg{fgcrke(lBr)] w'Ai‘thI the &
functional group providing the linker L.
10 2. The block copolymer of claim 1 wherein the number average molecular weights of
A and B each is within the range of 100 to 100,000 Daltons.
3. The block copolymer of claim 1 wherein X is -SOj, -PO32', =P0O,” or
-CO-(CH;),-COO’, wherein z denotes an integer of 0 to 4, and if X is =PQ;’, the

anionic group is combined with two A-B-L.

15 4. The block copolymer of claim 1 wherein M is a mono- or divalent metal ion.
5. The block copolymer of claim 4 wherein M is Li*, Na*, K", Ca®*, Mg?*, Zn®* or
cu.
6. A block copolymer having the formula:

A-B-L-X-M* (1)

20  wherein X represents an anionic group, M represents H' or a metal cation, L represents a
linker selected from the group consisting of -O-, -NH-, -S- and —-COO-, A is a member
selected from the group consisting of polyalkyleneglycol, poly- alkyleneoxide,
polyvinylpyrrolidone, polysaccharide, polyacrylamide, polymethacrylamide,

polyvinylalcohol, and derivatives thereof and B is a biodegradable polyester, and wherein, if



20 of polyal kyl enegl ycol, poly- al kyl eneoxi de, polyvinyl pyrrolidone, a

pol ysacchari de, polyacrylam de, polynethacrylanf.q DRL¥vLAY & £ohels, and
derivatives thereof and Bis a biodegradable pg‘lyeestgp(rgcslynt1 egzél zed from

mononers sel ected fromthe group consigiing of D L-lactide, D lactide,
L-lactide, D/ L-lactic acid, Dlactic acid, L-lactic acid, glycolide,
glycolic acid, s-caprol actone, s-hydroxy hexonoic acid, and copol yners

t hereof. Consolidated specification 22 12 2005 29 12. The bl ock copol yner
of claim 11 wherein the nunber average nol ecul ar weights of A and B each

is wthin the r f. 100 t 0Q,,000 ltons.. 13. e o] co r of
claim 11%9{1@?’&5“3{]%‘%?3@ rgp%_o 0‘3( (]-35& a Ctl@‘@%‘@&ﬁ@c& %%wﬁez
denotes an integer of 0 to 4, and jf X is =P02-, the_ 5 anionic group is
conbi ned SHUPhthevagioniqeroup aliteptis ipkeddr theipirgphobicdiio (B)vithithgfarctpralM i s a
nmono- or divalent nmetal ion. 15. The bl ock copol yner of claim 14 wherein M
is Li+, [Seoupevidiogithe lilggerE:, zZn2+ or Cue+. 16. A bl ock copol yner having
the formula: 10 A-B-L-X-Mt (1) Wherein X represents an anionic group, M
represent/s H+ e Eocketapolyoadriodr]aind 6 whaeinthomonpatavblage molkcoahimleightysl yrer ,
B is a biodegradabl e hydrophobic polymer, L represents a |linker selected

from ghe groupAeads & Willinothe réhge of BB to 108;000MWA1EAO-, Wherein, if the
term nal end of the hydrophobic block (B) is a functional -OH -NH2, -SH or

- COOH 15 ggr oupphd o dNicBpaIGmEF 03P ciadmdis! SHeteln | knkedshy t ey by drgpholyi ¢
block (B) with the fungt?%?\lgl grc():up provi di n?:; t he Ii?l%ér L;3 >a/1n wherein A

5t a0sEL s, BhARRTEAAGRS R A5 LY ROSOESEH O
pol ymer having, &, 1oL &G Alonfhd iR twsR-BS..
9. The block copolymer of claim 6 wherein M is a mono- or divalent metal ion.
10 10.  The block copolymer of claim 9 wherein M is Li", Na’, K*, Ca®*, Mg®", Zn*" or
Cu™,
11. A block copolymer having the formula:
A-B-L-X-M" ()
wherein X represents an anionic group, M represents H' or a metal cation, A is a
15  biocompatible hydrophilic polymer, B is a biodegradable hydrophobic polymer, L
represents a linker selected from the group consisting of -O-, -NH-, -S- and -COO-, wherein,
if the terminal end of the hydrophobic block (B) is a functional -OH, -NH,, -SH or -COOH
group, the anionic group is directly linked to the hydrophobic block (B) with the functional
group providing the linker L, and wherein A is a member selected from the group consisting
20  of polyalkyleneglycol, poly- alkylencoxide, polyvinylpyrrolidone, a polysaccharide,
polyacrylamide, polymethacrylamide, polyvinylalcohol, and derivatives thereof and Bis a
biodegradable polyester synthesized from monomers selected from the group consisting of
D,L-lactide, D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic acid, glycolide,

glycolic acid, e-caprolactone, e-hydroxy hexonoic acid, and copolymers thereof.



20 5,000 Daltons, Y represents HOOC- (CH2) m COOH or O=C=N- (CH2) N=C=0O

wherein mis an integer of 0 tol0, and n is @ hLAERALLRficaidOalPoock?- The
bl ock copol yner of claim 16 wherein the nunber average nol ecul ar wei ghts of

A and B each is within the range of 1085to 100,000 Daltons. 18. The bl ock
copolynmer of claim 16 wherein X is -S03 P032-, =P02 or Consolidated
specification 22 12 2005 30 -CO- (CH2) -COO, wherein z denotes an interger
of 0to 4, and if X is =PQ2- the anionic group is conbined with two A-B-L.
19. The bl ock copol yner of claim 16 wherein Mis a nono- or divalent netal
ion. 20. .The 0 opolyner af. claim 19.wherein Mis Li+, +, K+, t+,
Vo znos lr . EeSc POl oflath 1) Bherinie nimiy e LR NIt of
claiml1l and a positively charged drug wherein the positively charged drug
conbi nes with ‘gﬁéd&eaﬁhisewﬁmnt apeoelkl 00de d6PPHR PaltoRsa el ectrostatic forces
and forms_a drug-bl ock copol ymer conplex. 22 A conposition conprising the
bl ock copdl ynekhefbledkaicap@dyman of plesmnt 1 Vevhereaigds -SB', drR{ W@ nott he
positively charged drug conmbines with one or nore of the block copolyners
vi a el ect r ost a0@(ClHx)e-€OQNdhéwime denadesug: bitepek of Opioldy amd iKXEAipHEER,”, &2 A
conposition conprising the block copolynmer of claim1ll and a positively

charged drug wagsi¢ groupés uashihéd @ity twbargad drug conbines with one or nore
of the block copolyners via electrostatic forces and forns a drug-bl ock

copol ymen4. 15 Eiib&Xecopdfmed of CRRATH biHRFeik MR RbAE o A alkhPfietaf @R ymer of
claim16 and a positivély charged drug wherein the positively charged drug

conbines 19 1 A0 BRIl 4Rinb] PGRSRAPON WIS S| R SLOL U 2hror O O
cut
16. A block copolymer having the formula:
10 ' A-B-L-X-M" (1)
Wherein X represents an anionic group, M" represents H' or a metal cation, A is a
biocompatible hydrophilic polymer, B is a biodegradable hydrophobic polymer, L
represents a linker selected from the group consisting of -O-, -NH-, -S- and -COO-, wherein,
if the terminal end of the hydrophobic block (B) is a functional -OH, -NH;, -SH or ~-COOH
15  group, the anionic group is directly linked to the hydrophobic block (B) with the functional
group providing the linker L; and wherein A is a degradable derivative prepared according to
the following reaction scheme:
nZ+(w-1)Y — Z-(Y-Z)y2-Y-Z
wherein Z represents a water-soluble polymer having a molecular weight of up to
20 5,000 Dailtons, Y represents HOOC-(CH2)m,-COOH or O=C=N-(CH3),-N=C=0
wherein m is an integer of 0 to10, and n is an integer of 2 to 100.
17. The block copolymer of claim 16 wherein the number average molecular weights of
A and B each is within the range of 100 to 100,000 Daltons.

18. The block copolymer of claim 16 wherein X is -SOj, -PO;%, =PO, or
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15

19.

20.

21.

22

23.

24.
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-CO-(CH>),~COO’, wherein z denotes an interger of O to 4, and if X is =PQ;," the
anionic group is combined with two A-B-L.

The block copolymer of claim 16 wherein M is a mono- or divalent metal ion.

The block copolymer of claim 19 wherein M is Li", Na*, K, Ca®*, Mg?*, Zn** or
Cu’.

A composition comprising the block copolymer of claim 1 and a positively charged
drug wherein the positively charged drug combines with one or more of the block
copolymers via electrostatic forces and forms a drug-block copolymer complex.

A composition comprising the block copolymer of claim 6 and a positively charged
drug wherein the positively charged drug combines with one or more of the block
copolymers via electrostatic forces and forms a drug-block copolymer complex.

A composition comprising the block copolymer of claim 11 and a positively
charged drug wherein the positively charged drug combines with one or more of the
block copolymers via electrostatic forces and forms a drug-block copolymer
complex.

A composition comprising the block copolymer of claim 16 and a positively
charged drug wherein the positively charged drug combines with one or more of the
block copolymers via electrostatic forces and forms a drug-block copolymer

complex.



