WD 03/ 000778 PCT/ KRO2/ 01074 1 NEGATI VELY CHARGED AMPHI PHI LI C BLOCK
COPOLYMER AS DRUG CARRI ER AND COWPLEX THEREOF W TH PGOSI TI VELY CHARGED
DRUG 5 TBERHENB@#H77¢-| ELD The present invention relates to aPaFgarm20ed7y
charged polynmeric mcelle type drug carrier which fornms 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 ¢ pohﬁggk £§$ i ] IANLG, group. The
negatively cha Bﬂéﬁ‘ 5@%@@@ Wﬁmﬁ(@(m@i@@@@. nventi on
|t eracti one. The &% BAUC CARITR ATBE AR Sk ReRTLRINE " can be used

i nteractions. e eftt can be use

in drug delivery and ar eé%&%hgﬁm%ﬁgévery of cationic

bi oactive agents. 15 BACK degr 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 ageMESHNIOAIaFHIMIegr adabl e delivery systemis
highly desirable because the need for a surgical procedure to renove the
deljl ver %/hsyst enihle %)é&}éﬂﬂ iﬁ%tion@él?ﬁeé g& 3 ﬁékafi@él?;%ﬁﬁg@% p@l'yﬁy%ﬁ% hﬁ@dﬁgﬁsﬁt hémgan
reduce the require requency of administration by nmaintaining e
concentr at| iohh BEnds i : i I L rtant
roans of e Ghich M a0 Rl it BRERI AL cHER By, MG Sper R R

degradati I:g)rgsern?%n%er?tgorf r%ﬁates to a negatively charged 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



WD 03/ 000778 PCT/ KRO2/ 01074 2 biodegradable drug delivery system The

bi odegr adabl e hydrophobi ¢ pol yners wi dely used as drug carriers include
pol yl act iwoagid(7R.A), pol ygl ycolic aci d(PGA), a copol ymer Pefi/KRoeL@4aci d
and glycolic acid(PLGA), polycaprolactone(PCL), polyorthoester(POCE),

pol yam no aci d(PAA), 5 pol yanhydri de(PAH), pol yphosphazi ne,

pol yhydr oxybutyric acid(PHB), polydi oxanone(PDO), etc. Such polyners have
good bioconpatibility and the desirable feature of being hydrolyzed and
deconposed in a living body to side products which have no toxicity. For

t hese reasons t re widely used as drug carriers. In particular, since
these p 1@&%@%@%@@9{ S{S-wat er fornul ati ons some drugs are
incorporated into the polymer 10 matrix and then inplanted in the body in
the form of ni dhebjsdesadably hrdrephabiepolymersigidelydisedasdiyge cagigss inglyde eby t he
drug is slowy released and exerts a sustained therapeutic effect. In

t hese typedyladtic asid(BLAD. pohyglycolic apid(RGid), s cohelywst vEkciag acid amdglygoliteconposed
in the body. However, these polyners have a low affinity for water-sol uble

drugs andcid(PL&AYepoly cipfdlactone(PCLY) pblyotthpsta(ROR), pelyaaimermoid{PAah), drug i nto
the polynmer matrix. Even if the drug is effectively 15 incorporated into

the pal yrgilydmdride(PARS, foliHosRagine] pulyhydiro3Buiclaeid ),(Whi ch means a

phenonenon whereby a | arge anmount of drug is released within the first few

hour s) ﬁ1ﬁ%&%@%l Ltcl Su%p&?ﬁ%ﬁ%a&%&éﬁlscd?ﬂﬁiaxib_il'ityzﬂ&ﬂé-ﬁsirﬁmé- B, or

A-B-At hers, erein Ai1s a hydrophilic® polynmer block and

Bi h hahi ' | ! . 20
B 2 DL ORORRL G SRS SR e POHIRR A b T BB BERLE S A, 2
f I ic.mcel : h i .gels, et Th bl ock
copol yrer G e BeLFRBPens RE ars Pe AL S EsaBis o GRd At TOTR Ying.  he
ability to formcore-shell t%/pe polymeric m.celles in an aqueous sol ution

wher e t hePadypersiage weptable &y water foraulasions some Agiep pidReoradtedtodhe polymer

10  matrix and then implanted in the body in the form of microspheres, 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



conposed of the hydrophilic blocks. The mcellar formulation wherein a
poorly water WO 03/000778 PCT/ KRO2/ 01074 3 sol uble drug can be
i ncor por awed3jont7es t he i nside of polyneric micelle to gi vePaTrHRololen
solution are good drug carriers for hydrophobic drugs. However, since the
drug is incorporated via hydrophobic interaction between the hydrophobic
drug and the hydrophobic polyner, the gncorporation efficiency of highly
hydr ophobi ¢ drugs is excellent, 5 but water-sol uble hydrophilic drugs can
hardly be incorporated at all into those polyneric mcelles. Kataoka et

. (EP 721

have devel ope met.hod. fQr i ncor trn arged
a or - sol BHLS e BY GeprsTrRE il BsrEtees rgﬂﬂwlac FEE LB eiied Sck
copol ymer _consisting, of a non-c ed bl char ge ck. The
char ged bioBHien g0 geages f fbﬂ}"i"g%h‘t%q @‘?a‘ﬁ‘? ﬁﬁo‘é{EYed’ A gﬁgﬁ-‘ﬁlﬁom c side
chain, such as pol yaspartic acid, | utam c aci d, si ne,
pol yar gi rinpespoxsiedyae W@f@Pthl%@tefF@W@\b@ eentibg/hydraphabic %Pé@ééﬂ@dabl eina
living body. In addition, since the charged bl ock may incl ude several
f unct i onahydgophops ﬁm&yuhmgtheémmpqrat@rmfﬁcigw ofithghly hirdrpphotic daghisrexdeliansi de
the nmolecule via electrostatic binding wwth a drug having nultiple ionic
groups, shig vats-sohild arBophilipdaice cashartilyde ineypaleted ensieidtb éhotdpslyaterici ty of
such drugs. In view of the foregoing, devel opnent of a drug carrier for
cationi c gidpgedel ivery that is bioconpatible and bi odegradable wll be
appreci ated and desired Thus, the present invention provides a new type

of negativel y b'hm'ﬂvrsg}p'ha%d&e AABEethiPforiborfkaggnpat i bl o

and bi odegradable can ectively deliver the dr out a 20

dectease vrazrr-so St LT AT AP ARy 2,
pesen | pveron can, fLeeblie o BsoLpRlelera, veL £ 30BLS BRelAluel
10  isapolyamino acid having an ionic side chain, 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, theyamay 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.



In addi tion, the bl ock copolyner of the present invention is readily
susceptible to netabolic degradation after incorporation and delivery of

t he drug wotod/oodtes cel | . WO 03/ 000778 PCT/ KRO2/ 01074 4 BRPEF/KRIBNARY OF THE
| NVENTI ON The present invention provides an anionic group-containing

anphi philic block copolyner that is bioconpatible and bi odegradabl e and,
when used as a drug carrier for a 5 cationic drug, provides several

advant ages such as increased bl ood concentration and i nproved stability of

t he drug. The anioni c group-containing anphiphilic block copolynmer of the

present invention is partigcularl f ' ] a drug having

mul tiple cationic groupsé]ig 1“t%@@3§*@b€,ﬁ@ﬁ{’§ﬁﬁbﬁgpu de or protein
drug, because it will prevent the drug from being deconposed enzymatically
inaliving body and al so inprove the stability of the 10 drug by
inhibiting the formation of peptide-peptide or protein- protein conplexes.
The present i nidspresntingentioneyeddes an agianc gloppiconeiningamplagphilinbloskn a
cationic drug is conmbined via electrostatic binding with the anionic

anphi phi | ¢apohnosr khat aplabyorepatible artdigodepesiahle andywehdn wed ad\d ditg canddr foeat ur es
and advantages of the invention will be apparent fromthe detailed

descr ispt i @fiohitatrud, PrdEdEs st @Palviaitage Huti 64 increayddiblodd@naeaatipaayd ng 15
drawi ngs, which together illustrate, by way of exanple, features of the

dr awi ng | : exanpl e, fe
speot ol S O TR TS Fﬁ%@%@%ﬁgﬁlﬁ@%@ CDC13) sipg%‘%errum of

NPEG PLA- i | | ' - ; e cation
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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(CDCls) spectrum of mPEG-PLA-O-SO5;Na".
20 Figure 2 is an "H-NMR(CDCL3) spectrum of mPEG-PLA-O-PO;*2Na*.
Figure 3 is an '"H-NMR(CDCl;) 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



WO 03/ 000778 PCT/ KRO2/ 01074 5 nPEG PLA-O- SGBNa by size exclusive

chromat ography. Figure 6 is a liquid chromatogram of a m xture of hunman

G CSF andwormPB®7R_A- OH by si ze excl usi ve chromat ography. PCHKRS2/H1G78 a

l'i quid chromat ogram of human G CSF rel eased from nPEG 5 - PLA- O SO3Na+by

si ze excl usive chromatography. Figure 8 is an 'H NVR(D20) spectrum of

m nocyclin HCO . Figure 9 is an ' H NVMR(R0) spectrum of a conpl ex of

m nocyclin HO and nPEG PLA-O SG3Na. Figure 10 is an 1H NVR(D20O) spectrum
of a m'xture of minocyclin HO and 10 nmPEG PLA-OH Figure 11 is an

1H NVR( D A 12 is an 1H NVR(D20)
spectrum o a corrp(Plex 0] %%#%E%?Hy&& %ﬂpﬁ%EG PLA- O SO3- Na. 15
DETAI LED DESCR Befor nt conposi tion and et hod. f del.i very
of a bioactive é%ué tale? ?quﬂ 85{9 a7 ed r‘i‘b‘ga&ui Fh%ar’be L(;%{fe a0l 04
that thi s LS not limted to the particular configurations,
process Bé% SHACAREIUEVE CROWBtPeR i n as such 20 configurati ons,
process steps, _and materials. na ry somewhat. It is also to be understood
that the terni FéSWBgy/ dind digail ﬁﬁmﬁﬁoa@nug@@uﬂw tiHeSHuelsasd HomyaaREGHi ng
particul ar enbodi nents only and is not intended to be limting since the
scope Sof Phé\-Pr8QeNe’ hynsieneichisivewhrdmifegtepl.t ed only by the appended cl ai ns
and equivalents thereof. It must be noted that, as used in this
speci fication @ighre Bés aphmmmmcauspecmm@fmo@wmﬂmvs PCT/ KR0O2/ 01074
‘ Figure 9 is an "H-NMR(D;0) spectrum of a complex of minocyclin HCI and
mPEG-PLA-O-SOsNa'.
Figure 10 is an "H-NMR(D,O) spectrum of a mixture of minocyclin HCI 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-SO5;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 ot 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



6 singular fornms "a," "an,"” and "the" include plural referents unless the
context clearly dictates otherwi se. Thus, for exanple, reference to a

pol ymer cwotoaiooi’ngy "a functional group” includes referen®PETIKRRIMOTOr nOr e
of such groups, reference to "a ligand"” includes reference to one or nore
of such ligands, and reference to "a drug" includes reference to two or
nore 5 of such drugs. In describing argl claimng the present invention,
the following term nology will be wused in accordance with the definitions
set out below. As used herein, the term "bioactive agent” or "drug" or any

ot her sim.l ar term,means. . apy.chen cal.or. biological .material o ompound
sui tabl e TN S 4bs RO BPE nEE I L Y ORI Gtai T Hegthu TS
and/ or by the. nethods, taught in the Freselnt inventjon and that induce a
desired HtBIHEcC g op BoPlEnEG o 2PelEmer cwm%lewgna%%@p&%ow i s not
limted to 81) having a prophylactic effect on the organi smand preventing
an undesiineltides refeseyice &0 tweermete of gueh greupss esferensaty “adigend deelndes refepgnee
alleviating a condition caused by a disease, for exanple, alleviating pain
or i nfl armhe onmoausich digandseand refendncdite Sadmg” nctitdes r¢f@enes toleo ot Hore

al l eviating, reducing, or conpletely elimnating a disease fromthe

or ganissmofEheh éfugect may be | ocal, such as providing for a | ocal
anaesthetic effect, or it may be systemc. As used herein, the term

" bi odegr adabl e'fn @éscribin@dad cRABingQRe pieSerfl fvienesh, Ase fol[l@wirfgqeﬂﬁr‘ihﬁio?? wiflbe
materials into | ess conplex internedi ates or end products by solubilization

hydr ol ySilﬁgd%%&Xr&a{i@e@ﬁﬁmegifngyngh&%?ﬁélb% formed entities which can be

enzymes an er 20 produ the organism As used herein, the term
oL oeOTRat, Bl TRB L ek 5 P 50 e S AL
D e S el G SLAL I S0 60 B UL o 1
10  previously 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) allelviating a condition caused by a disease, for
example, alleviating pain or inflammation 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.



WD 03/ 000778 PCT/ KRO2/ 01074 7 "Poly(lactide-co-glycolide)"” or "PLGA" shall
nmean a copol yner derived fromthe condensation copolynerization of lactic
aci d and wbyaswobdi7es aci d, or, by the ring opening polyneri PariKR0201074

a- hydroxy acid precursors, such as lactide or glycolide. The terns

"l actide," "lactate,"” "glycolide" and "glycol ate" are used interchangeably.
5 "Poly(lactide)" or "PLA" shall mean a; pol ynmer derived fromthe
condensation of lactic acid or by the ring opening polynerization of

| actide. The ternms "lactide" and "lactate" are used interchangeably.

" Bi odegr adabl e pol yesters" refer to ; I radabl e pol yest ers, ich are
preferably synt glgi/lggaferqo@g}ym}ﬁ%}é%%gﬁiﬁgc@@ﬁ%}%m%m@@ﬁﬁw@gﬁg%f ®hg of
D L-lactide, 10 D lactide, L-lactide, D L-lactic acid, D-lactic acid,

L-1 acti c erensaten eenolyaerizgtion of lastia agid and glysplicorcib sy, the rimg @peNPE hexonoi ¢
acid, y-butyrolactone, y-hydroxy butyric acid, 8-valerolactone, S-hydroxy
val eri ¢ awilymetization vy bdgdroxy am%/ precunseisi siches tictidmor gppdidgndihe termiser eof . As
used herein, "effective anount” nmeans the amount of a nucleic acid or

bi oact i ve'lactideAgtastate, héglycdidetibid talpanlate'carp used iderdtangahdbi.r ed | ocal or
system c effect and performance at a reasonable risk/benefit ratio as

woul dsatt end anpoRBEdEtER)" o "PAATBRAN nfden H POt detived fr@t Hiid EtRidendiEan Sf
pepti des of any length and includes proteins. The ternms "pol ypeptide" and

"ol i gop_eplta@;tﬁi&;clicﬁéﬁoyjtﬁ@ﬁn?i%guiiﬂg mls,ﬁeﬂﬁatfaﬂxbf%ﬁaé.qqale@énﬂsmtaeﬂ@@%a:%etate"

limtation, unless a par ar sfze 1s otherwse stated. Typical of

pepti des &Qﬁ%eﬁ%&g&%g‘g}ab@;.i lized are those selected fromthe group
consi sting of oxytocif, vasopressin, adrenocorticotrophic hornone,

epi dermal growth.factar rolactin,.. luliberin or .luteinising. hornone
"ol eas ng. hor misdeTghIR BRBeRE. e R ol e P BB
insulin, somatostatin, glucagon, interferon, gastrin, tet rafggitfi n
pent agastl?rFf?,ratﬁY @Gg]%qsg‘qu m g@@p}@p{smelecte from thé group consisting of D,L-lactide,

10  D-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,
d-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, pentagastl'in? urogastroine, secretin,

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



cal citonin, enkephalins, endorphins, angiotensins, renin, bradykinin,
bacitracins, polym xins, WO 03/000778 PCT/ KR0O2/ 01074 8 colistins,

tyroci di rwogsanizes di nes, and synt heti c anal ogues, nodifi c®CTaRI2aN004

phar macol ogi cal |y active fragnents thereof, nonoclonal antibodies and

sol ubl e vaccines. The only limtation to the peptide or protein drug which
may be utilized is one of functionality. 5 As used herein, a "derivative"
of a carbohydrate includes, for exanple, an acid form of a sugar, e.qg.

gl ucuronic acid; an am ne of a sugar, e.g. galactosam ne; a phosphate of a

sugar, e.g.. pannose-6-phosphate; and e like. As d.herein,

"adni ni st(g)}]isﬁlgs’ T N lglpmte@raﬁg S??éth%éc %@tﬁ%ﬁa W@f%&on%ﬁﬁlposi tion to the
i ndi vi dual_ being treated such that the conposition i s capahle of being 10
circul at etalag%qogweaéﬁﬂ aptiyp Spgmens thegsplguprocdanababedics aac? olpbleivagengs. and s
taken up by endocytosis. Thus, the conposition is preferably adm nistered
to the i nHeedyimikyion éntbeaepiyde ortpyoieinalrng whichsudcha WHized s onerafr anuscul ar,
transdermal, oral, transnucosal, intravenous, or intraperitoneal

adm ni st rfanctoomalitynj ect abl es for such use can be prepared in conventional
forns, either as a liquid solution or suspension, or in a solid formthat

i s suist abl e f orAshize@phepnr; at'd@ivatise ofaehtbohpdraindudR s egdnpls, aa acldifoid
prior to injection, or as an emrulsion. Suitable excipients that can be

used for Fdndyghs l%fg@%iu@ﬁrohﬂ%{citﬁ%n ahfifle E0PRBHE e.2V\Bd 180 tosafiBhd; RS hospsiid RS €,

gl ycerol, ethanol,” and the like; and if desired, mnor amounts of auxiliary

substances%gglﬁlg%s Ld-ﬂﬁ?s?flat@; chﬁ%Mﬁé?g agents, buffers, and the I|ike.

For oral ration, can ormul ated into various forms such as
soLutons: Lo SRR funinE g SHOBE RS bl gBlg A, Lo e
describe go%?po%ﬂlq)%to ltﬁe i\tllm-divgdugﬁ\)/gﬁé ggelttgcf ssucgech:ﬁ r‘gl?eeéo%%p%gl iotnqésl E:apggleloif 'gielln%t hon of
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  ete.
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



the scope of the invention is thereby intended. Alterations and further

nodi fications of the inventive features illustrated herein, and additional
appl i cat iwo93w0607t$he principles of the WO 03/ 000778 PCT/ KRPRZITKIKIZA1079
invention as illustrated herein, which would occur to one skilled in the
rel evant art and having possession of this disclosure, are to be
considered within the scope of the invention. The present invention
relates to a bl ock copol ynmer represented by the following formula (1): 5
A-B-L-X-M+ (1) Wherein X represents an anionic group, M- represents H+ or a
nmetal cation,.. Ais.a i.,qgconpat.i.bl e drophilic | yne IS a

br odegr adabniicRya s BRI Sol 48T ong sBfe e refeiaft Spate eq 11 om
the group consisting of -0-, -NH, -S- and - ... Jhe present_ invention

al so pr oviAYEE RASSeSSIAR 9f MDA AR e Gy iode ‘E?Bﬁ‘ﬂigi%}i“ﬂ@ﬂéﬁ’&se?ﬂ@ of$he B ERYaTer
represented by the fornula (1) and a positively charged drug wherein the
cationic drugThe reesept sweeticq rofptesnte mhloghicepaisrs pipreseated lbyctke doltovipger
via electrostatic binding. The negatively charged pol ymer according to the
present ifowenki(bn conprises an A-B anphi philic bl ock copol yner consisting
of hydrophilic blocks(A) and bi odegradabl e hydrophobi ¢ bl ocks(B) wherein
the ome terninal end of the hydropt®iiX-Mfocly(B) is 15 capped, through a

|l i nker, with one anionic group. Exanples of the block copolyners include

A- B- L- X WyBeRid X Aepreschtd MOArieHie g{cﬁlgmp@é‘preﬁnisgr‘aort& 1RE@DEADADA €5 Ay dr ophobi ¢
a

block, L is a Ilinker as define ove and X is an anionic group. The
Dy oo B AR RS Sl )
Bglzgfﬂzhgﬁggl|%ghmﬁ%%9§%%§$§§?¥%ﬁﬁﬁf%%?Bé%%%gﬁggébc'gg$3g$t§8¥§acrylanide,
pol ymet hacr y"llh%ngrgs%ht i%gle t}/oinn sl,oaplrg‘(lji gsl to aad}gg-%gfyir%?gci)r\{lglsex comprising a block
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 polyethyleneglycol, poly(ethylene-co-propylene)glycol,

polyvinylpyrrolidone, polyacrylamide, polyvinylalcohol, and derivatives thereof, more

preferably polyethyleneglycol and derivatives thereof.



t hereof, preferably pol yethyl enegl ycol, poly(ethylene-co-propylene)glycol,
pol yvi nyl pyrrolidone, polyacrylam de, polyvinylal cohol, and derivatives

t her eof , worog/ooqref er abl y pol yet hyl enegl ycol and deri vat i P€I/KRve0ewf. WO
03/ 000778 PCT/ KR0O2/ 01074 10 Furthernore, the bioconpatible hydrophilic

bl ock (A) includes derivatives having a high nol ecular wei ght wherein said
wat er - sol ubl e and non-ionic pol yner segrtents having a |ow nol ecul ar wei ght
are conbi ned together via degradable linkers. The hydrophilic block A can
be synthesized as shown in Reaction Schene 1. 5 Reaction Schene 1 nZ +

(n-1)Y - 2z (Fég%%ar \'?\gtihgmo\a’g@'i}%ﬂe ﬁy@%g%lgg Elyc? (S%g tﬁ%ﬁl%feé JOhURLE RaQJu){éTE r

havi ng a nol up to represents

0 o 10) HENFOI-HAkyERT Ao LD HE i S Ry e Ren e bR Esy)

preferably has a _nunbeyr average | ecul ar ight of fro 00 to..100, 000
Dal t ons, QWdMAgsHa ‘é’%‘gh*a% cemgm@ © f¥‘@rqvégﬁag2@e§&kﬁs-aﬂ%%¥‘%ﬁ Cg?%?ign, a
branch, etc. Exanples include PEG OC,JC—&CHZ) nCOO- PEG or 15 PEG [ OOC- (CH2) m
COO- PEG | 0 -caitke synthesized epsheraniraciomSehealads| ecul ar weight of PEGis up
to 5,000 Daltons. In the negatively charged bl ock copol ymer according to

t he phesdieaciiow8chdnmnl the bi odegradabl e hydrophobic bl ock(B) is
preferably a bi odegradabl e pol yester synthesized from nononmers sel ected
fromthe grouppgangipiyi ng H-(DA);1-¥cride, D-lactide, L-lactide, 20

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

s- capr ol aghQ8ia,

Z represents a water-soluble polymer having a molecular weight of up to 5,000 Daltons,
Y represents HOOC-(CH2)-COOH or O=C=N-(CHy)y,-N=C=0O(wherein 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-(CH3),,~-COO-PEG or

15  PEG-[OOC-(CH2)m-COO-PEG];9-O0C- (CHz);-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, e-caprolactone,
g-hydroxy hexonoic acid, y-butyrolactone, y-hydroxy butyric acid, 8-valerolactone,
d-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



c- hydr oxy hexonoi c acid, y-butyrolactone, y-hydroxy butyric acid,
S-val erol actone, 6-hydroxy valeric acid, hydroxybutyric acids, malic acid,
and copolwowssod7her eof . More preferably, the bi odegradablPeTpopesizer i s
synt hesi zed from nononmers sel ected fromthe group consisting of

D, L-lactide, D lactide, L-lactide, D L-lactic acid, D-lactic acid, L-lactic
WO 03/ 000778 PCT/ KRO2/01074 11 acid, gjiycolide, glycolic acid,

s-caprol actone, c-hydroxy hexonoic acid, and copol yners thereof. The

hydr ophobi ¢ B-bl ocks are utilized because of their biodegradable,

bi oconpati bl e d sol ubilization properties. The in vitro and . in vivo
Soor aane st elvepRRE Lol ok poto Bl el ek no s AL DRI ke i
wel | understood and the degradation products are naturally occurring
compoundsthetsat are readily netabolized and/or elininated by the patient's
body. Exanpl es of bi odegradabl e hydrophobic B pol yner bl ocks include

pol y(a- hydr dbhgduidgiphebicdeblogks m&@llﬁ@@@mseﬁéhﬁm@omgdaé& bipcempat{tie.A) ,

pol yglycolic 10 acid(PGA), a copolyner of lactic acid and glycolic

aci d( PLGAndaothbiligatby propsrtidee Thofn vipolané ¢t eivs degradiionwdthesehydrhpliebié, such
as pol yort hoester(POE), polyanhydride (PAH), polycaprol actone(PCL),

pol y(&i oxsiodelradaBld fidster BOblbis aeihuidyistood agd eeRtdBladation prodadty aer  of
| actic acid and di oxan-2-one(PLDO), a copol yner of caprol actone and

di oxan- 2-,0neL PR urriAR SoriPRRIGY iRk srelrBRIBIhetalSHZ 4R AR B @FhiAGed BYAP! s of
the 15 preferred biog%gradable hydfgphé%?%e% pol ymer blogkseiﬁglude

pol y( a- h@rﬁ%ty?aﬁé or derivatives thereof such as hydrol yzabl e polylactic
acid (PLA), polyglycolic acid(P&G), a copolynmer of lactic acid and

e e
22: )é((:garB;) éo?gaqﬂy? (F))nyLa)cid) F())(r) lclgl’(l\galiti(\)rég t%érze-o? Qlﬁ; (als?gg?ylac%(g lagi-dﬂﬁyz%r, BélgrgfycXﬂé ¢
10 acid(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(a-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- hydroxybl‘ltyric acid(PHB), a
20  copolymer of lactic acid and dioxan-2-one(PLDO), 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



20 copol yner of lactic acid and di oxan-2-one(PLDO), a copol yner of
caprol actone and di oxan-2-one(PCDO, and copol yners thereof. More

pr ef er ablwp opobosrsacti ¢ aci d( PLA), polyglycolic aci d(PGA) PCT/KR02/01074
pol ycapr ol act one, pol y(di oxan-2-one), a copolymer of lactic acid and
glycolic acid(PL&), or copolyners thereof. The hydrophobi c bl ock(B)
preferably has a nunber average nol eculgr weight of from WO 03/000778
PCT/ KRO2/ 01074 12 100 to 100,000 Daltons, and nore preferably 500 to
50, 000 Dal tons. The anionic gr oup(X) in the negatively charged bl ock

copol yner o the rese i.n i i ttached to the end of
the hydr o} 38(‘1@6’&)@2%‘%%5‘5 B{}dﬁﬁgﬁ]gre atw%&&&bg&?pdﬁ? O%he term nal end of

t he hydrophabi c bl ock(B) is . a functional - -SH or -COCH 5 group,

t he ani oni ¢ gicolpoRig %wr-m gy the Breadively %h@équywpe}p Renalyngl, serqrameyior et he
functional group providing the linker L. If not, the hydrophobic B bl ock
may be appesspt 1113{@1&(51'1, 1sd@tacg@d tortel erdiefthe hydrophobirdylotieB) byksens of atlivkenhi oni c
group through a suitable |inker(L), such as, -0-, -NH, -S- or -COO. In

t he pr esdifithd texneinhi e, ofolnd lyydoophohivi ldockB pisoal ﬁmxpiom nOHe—N}ﬁf, eSHr -@00He end
of a B hydrophobi c pol yner block. However, if the polynmer term nates at 10

each end sbilih tAe Bnibic)ei®ip Blddekily Ilﬂekrd&o(fl@dlhylftﬁoph@bﬁmmﬂc&) atithasd adctibifiugh a
linker L at each end of the polyner. The anionic group is selected from

those th iyel rg I S om a
o cof\és?f’g‘? ﬁﬁ%\ﬁgﬁag ﬁag ?}mhg gdl ,nb'P th@@w&l%ﬁoﬁe B‘tHIcRJR mg %ﬁl@rg}tﬂ& "

Conoi o g BheivAli Gt ot Bl e 15&9%%@5)@”&?%@&% %?”g%fénk&{ el | o
e and Bt e%ef?f&feb%ﬁﬁéﬁ%ﬁ%} R Yaripatiit b ﬁmealﬁosrs}lﬁpémgﬁgﬁyfd. g

to the present invention vethef ng for, :
P present at the end of a B hydropﬂ ic polymer iock Vﬂo ever, 1F‘Ille poiymer 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’, POs>, =PO, and
-CO-(CH,),-COO (wherein, z denotes an interger of 0 to 4, and if X is >PO,’, the anionic
group is combined with two carbon atoms).

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 1s-S0s3, -PO32', =PQO, or -CO-(CH,),-COO (wherein, z denotes an integer of 0 to 4, and



A-B-L-X- +M (la) 20 wherein Ais a bioconpatible hydrophilic polyner

bl ock, B is a biodegradabl e hydrophobic polynmer block L is a |inker

sel ect ed Wopmnioodtes gr oup consi sting of -0-, -NH, -S-, and PCOBR02M1G78 - SO3 ,
-P032-, =PM2- or -CO (CH2)Z COO (wherein, z denotes an integer of 0 to 4,
and WO 03/000778 PCT/ KR02/01074 13 if X is >P02-, the anionic group is
conbi.ned with two carbons), and Mis agmono- or divalent netal ion. Mre
specifically, when L is -0-, the negatively charged bl ock copol yner of the
present invention may have the following fornmula: 5 A B-O SO3- M+

A- B- O PG32- 2 O, CO A- 2- PO2 erein 10 Ais
net hoxypol yé%? éﬁé@r %&pfonboérgg? ﬁﬁogﬂﬁ’é@%y‘ﬁlﬁf “gop%ﬁf'gRﬂS%chr rol i done,
pol yacryl - am de, pol y(ethyl eEe co- propyl ene) gl ycol, a pol yvi nyl al cohol or
a pol ysacMHéF‘ln&%’O'Brihé’a]ﬁBﬁ peibionde,  pol ygl ycol i de, pol ycapr ol act one,
pol ydi oxan- 2-one, pol yanhydride, poly(lactic-co- %éﬂ ycol i de)
pol y(lacti c Meresagrificalts i @}Llanop&eylegm\@bt ¢herged c@manolynv@h@i)‘the present 15 M
is Li+, Na or K+, and z is an integer of 0 to 4. The negatively charged
bl ock copnvmnmﬁyhdve the odlewing foweulri on i s prepared by a
5 A-B-0-SOsM*
A-B-O-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 is aninteger 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-SOsNa"

In the above scheme, L is —O-, X is SO3” and M is Na*



two-step reaction which conprises synthesizing type A-B bl ock copol yners
consisting of non-ionic hydrophilic blocks(A) and hydrophobic bl ocks(B),
and t hen wotosoics ng an 20 ani onic group onto the term nalPCEnRoR016M
appropriately derivatized hydrophobic block(B). 1) Introduction of sulfate
groups A-B-OH -* A-B-O-SBNa In the above schene, L is -0-, Xis S03 and M
is Na WO 03/000778 PCT/ KRO2/ 01074 14 Type A-B bl ock copolyners are reacted
with a sulfur trioxide pyridine conplex(CoHSNSG3), treated with an agueous
acidic solution, neutralized, dialyzed, and then |yophilized. The order of

tralizat d di b d. d th t used.
52) It oduct 1ORC AT B AP M SR f Sk Pkt 1 the
b heme L 032" and M Na. Type A-B. bl ock |
e, T enct GHRIPK N0 PR pNA aa Saisou 'g%ﬁa%@muaéep@errgyzed? debzed Wit h an

aqueous acidic solution, neutralized, dialyzed, and then ophil'ized. 3)

| nt r oduct themlyephidized okye ordeefmsutsalzatipn and algsionee Hecepy Hig of thean
interger of 0 to 4) 15 In the above schene L is -0-Xis CO (CH2)2- COO
(where z iesgemhusadt eger of 0 to 4) and Mis Nat Type A-B bl ock copol yners
are reacted with a dicarboxylic acid -dichloride such as oxalyl dichloride,
mal ony di chl oride, succinyl dichloride, glutaryl dichloride, adipic

2) Introduction of phosphate groups
A-B-OH —> A-B-O-PO;*2Na"
In the above scheme L is -O-, X is PO32' and M is 2Na"
Type A-B block copolymers are reacted with excess phosphorus
10 oxychloride(POCl,), treated with an aqueous acidic solution, neutralized, dialyzed, and then

lyophilized.

3) Introduction of carboxyl groups
A-B-OH — A-B-0-CO-(CH,),-COONa'(z is an interger of 0 to 4)
15 In the above scheme L is -O- X is CO-(CH,),-COQO™ (where z is an integer of 0 to 4)
and M isNa".
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,



dichloride, etc., treated with an aqueous acidic solution, neutralized,

di al yzed, and then 20 |yophilized. The negatively charged bl ock copol yner
of the prweanwoim/enti on may forma polyneric mcelle, naoopRiotdi7e 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

bi ndi ng, whereby the concentration in bjgpod of the drug may be increased.
Furt hernore, WD 03/000778 PCT/ KR02/ 01074 15 peptide or protein drugs nay
be combined with the negatively charged bl ock copol ymer of the present

T e 51838 Pl Bem e PSR SR

deconposition of the peptide or . protein hy enzypmatic action in a Jiving
body may tgép’ﬁs@%fé‘h‘feé‘&?n < ‘?(i%?ltq“té‘ég{’lﬁ@l%tl’é eIfPWOg‘?netﬂ?B“ge ?ﬁﬂ@teﬁﬁyobéule

i mproved by the prevention of conplex formation between protein-protein or
pept i de- geprg sstounded hyejezergbblpels eopetynagrs ginfthis grechdecaaipasitior pijthe Reptisisdrbl ock
copolymer of the present invention nay be controlled by adjusting the

mol ecul arproeimby erofyntabie actiyrdinedivalyg todylnpagkifeB)reveTite, ey wgl eoiholsiabdity obiipl ex
of the present invention should be understood to 10 include such forns as
pol ymer i cdrik eslylledmphardbgthe pleesntivndf gemplex dbnatioh desioentpheteidiiroricor gr oup
of the negatively cﬁarged bl ock copolyner is electrostatically conbi ned

with the ﬁﬁ&é-eeétfdeg "éRcRhseliR P asid froif kit d3af ey cEUrbed bleck 8sgBlyaRer gINi C
conpl ex, ich’i's to be converted into the aforenentroned forns in aqueous

sol ution. B‘E.ﬁra&i &l¥ dq%ae[ ?%cjlﬁ i onbi ned with
one nol ectlfj1 rég 3@‘6%‘8?% the (f\réug%{c%p I y(ﬁlgsgng cocr)r%P@% %%ﬁt’s&ts%}%e of

dr ug- copal yirer. conpl y increase the concentration and half life of the
drug in_apéaﬂﬁmﬁﬁﬁﬁséiB?ﬁe stability of an unstable drug, and retard the
gngrg: Ieicn g?ﬁglgl_g%ﬁgt-égg%lﬁfaertc%%p%xu& then pr%se[nlt Yriv% tic?ﬁ) S o’uldolgier 1Er|1 ei'Jslto%rdl tg peptide

10  include such forms as polymeric micelles, nanoparticles and 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. At least one negatively
charged block copolymer is combined with one molecule of drug in the drug-copolymer

15  complex. 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,



contains a |large nunber of cationic groups in the nolecule, such as peptide
or protein drugs, several block copolyner nolecules are electrostatically
conbi ned wDtob/oodTes dr ug nol ecul e, 20 whereby the formnati onPofi/KRmplExes

bet ween drugs is prevented, and thus the stability of the drug is

i nproved. Drugs that can be used in the present invention include those
havi ng cationic groups in the nol ecul ggg N agueous sol utions, particularly
pepti de and protein drugs containing one or nore anm no groups. Exanples

i nclude anti-cancer agents, antibiotics, anti-enetic agents, WO 03/000778
PCT/ KRO2/ 01074, 16 anti viy al ents, gnti-inf]anmmtory and anal gesi.c

ngent s, AR HAeeRis gty Ghd andlEceiragtuls eRh ety afthls, BT pfigteves,
hypertensi on, agents for treating h%percalcenia, agents for_ treating

hyper | i pi &8RS £or gating hypertengionyggents fortgeating byparealgmaianigents for tredd@gndary or
tertiary amne group in the nolecule, preferably, peptides, proteins or
enzynes supkrlipiddnmg,gte.neachif eihidrhiag at Bagjooaphinasy. sereadagyrog tertiaryaneine
colony-stinulating factor(G CSF), erythropoietin(EPO, bone norphogenic
pr ot ei n( BiyR)p in the erdlenubm) prefertiely| papkides, ppiteine betnzgiewes stk agnmsstih, calcitonin,
factor (PDGF), vascul ar endothelial growh factor(VEGF), fibroblast growth

f act ors( FQnpwth Rermone Sramilbeyitacdlony-Mimilating LIsioMG €SFtetythfpbidia(EREDI, i oned.
In the process for preparing the drug-bl ock copol yner conplex of the

present Qi hYSPho ic friRiNBNE)RYerffor, REMARIR eIttt HepivbdISrowaRi de of the
bl ock copol ynmer  by” way of sinply mxing the positively charged drug and

R e T
copel YIEr b AT RR s PR, Soaborei 10 e
el e B0 Rl It AR BB STl S SOl S RECESTL Lo on Lhat
drug liOnt OinEIQn?cioin,n Ehie C(iigug,? ;na; Eg innc%gp%trzilt\e/de i|n¥o t(ilgailrgs%c?edofgclhg gllf)clg gg}?oll})r/geerr 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



The drug-bl ock copol yner conpl ex according to the present invention can be
adm ni stered t hrough bl ood, nuscle, subcutaneous tissue, bone, |ocal

ti ssue, owoadwiatrstered orally or nasally. It can be for rOTa&Ryd/010T4 O
various forms such as solutions, injectable 20 suspensions, tablets,
capsules, etc. The follow ng exanples will enable those skilled in the art
to nore clearly understand how to pracf7 ce the present invention. It is to
be understood that, while the invention has been described in conjunction
with the preferred speci fic enbodi nents thereof, that mhich folloms is
intended to illustrate.and | i m S of th |nve her WO
031 0007 76SPecH RBS I EB A vl b anpafit o o AT B B 8nt 1o
those skilled in the art to mhrch the invention pertalns EXANPLES 5 The
fol | owi ndSH@Sar ations illustrate synthesis of type A B bl ock copol yners
consi sting of a hydrophilic polyner segnent (A) and a hydrophobi c pol yner
segnent (B). Preparation 1: Synthesis of nononet hoxypol yet hyl enegl ycol -

pol yl acti de( mPEG PLA) bl ock copol yners 5. Qg of

nononet hoxypol yet hyl enegl ycol ( Mol e EXAMBRBESht : 2, 000 Dal tons) was 10
introduced into a two-neck, 100m round-bottoned flask, and heated to 100C

for 243 hours Tlhetﬂ@l[ovﬁﬁgFf@draﬁb%ﬁﬂﬁt@z(t&@?ﬁtﬂésﬁdftﬂ%@@blohﬁ copylgieise. The
i nside of the reaction ask was filled with dry nitrogen and then the

cat al yst 100%&1 gﬁﬁjﬁé g&g@@ﬁ seiinett é%nﬂ%ﬂd?ophb@ic%ﬁ@ner%ém@ﬁ@ﬂ in an

anount of 1. CnD 9&1 5mmul e) with respect to

fronoet hoxypol agﬁgqgsﬁkﬁls @fﬁ%ﬁ&h&;@ag&}&gen%gbﬁanggm; e Smit e
. THN AR

evapor at e _to dissolve the catal yst. 5g of
purified 8% l the resulting nmixture

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(lmmHg) 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 1.0mo1%(10.13mg, 0.025mmole) with respect to the
monomethoxypolyethyleneglycol. After stirring for 30 minutes, the mixture was heated to

156 110°C for 1 hour under reduced pressure(lmmHg) 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 monomethoxypolyethyleneglycol-

poly(lactic-co-glycolide)(mPEG-PLGA) block copolymers

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



was heated to 130 C for 12 hours. The bl ock copol yner thus produced was

di ssolved in ethanol and then added to diethylether to precipitate the

bl ock copabyam®ea778The bl ock copol yner thus obtai ned was dPCEKKR01048 hour s
in a vacuum oven. The nol ecul ar weight of 20 the resulting bl ock copol yner
(mPEG PLA) was neasured as 2,000-1,765 Daltons Preparation 2: Synthesis of
nmonomnet hoxypol yet hyl enegl ycol - pol y(I acig c-co-gl ycol i de) (mPEG PLGA) bl ock
copol yners 5. Qg of nononet hoxypol yet hyl enegl ycol (Mol ecul ar wei ght: 5, 000
Dal t ons) was WO 03/ 000778 PCT/ KRO2/ 01074 18 reacted with 3.72g of |actide

and 1.28g of gl lide jn the presence of .stannous octogte at 120 C for 12
hour s acoBRUPRIBo- 16 dohHEe A aRe L ElvolfriBanepiessos of figyqus eofonte & ¢ | o
bl ock copol yner. The nol ecul ar wei ght of the resulting bl ock copol ymer

( "PEG PLAR0 {wler 1 #rhawis pecprdine o thegame g@@nmsmﬁsepa@twgp@rgam A tigle block

Synt hesi s of nmononet hoxypol yet hyl enegl ycol -

pol y (| act¢apolymgyaflatinolcanlapweigh) ¢fibeGspltibgblesksoRolyoiso (MREGSPIIGA)Y was

nononet hoxypol yet hyl enegl ycol ( Mol ecul ar wei ght: 12,000 Dalton) was reacted
Wi t h 4. 47hgesiirddasts,@i9-4600 Dalfdgy. of par adi oxan-2-one in the presence of
stannous 10 octoate at 110 C for 12 hours according to the sane manner as
in Prgparation 1, to give the title bl ock copol yner. The nol ecul ar wei ght
of the resulting block copolynmer (nPEG PLDO) was neasured as 12, 000- 10, 000

Dal tons. Prepamaliphioh SyBst hesi%@lfesi@nor@t hoxyRAbMEhBY YA &Rty col-

pol ycaprol acto 0 C y S 7.

nmonomet hoxyp ) ) Ml e8! e conmvidg Dalton) was reacted
with 3. Og—=< : ous octoate at 130 C

for 12 hours

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




according to the sanme manner as in Preparation 1, to give the title block
copolyner. The nolecul ar weight of the resulting block copol yner

( mMPEG- PCLyyowamoatesasur ed as 20 12, 000-5, 000 Dal t ons. Tabl e PCTiKRoa/0807aMAYrY Of
the results of the above preparation Table 1 Preparation Bl ock copol yner
Nunber Average Ml ecular Wight (Daltons) 1 nPEG PLA-OH 2,000-1, 765 WO
03/ 000778 PCT/ KR02/ 01074 19 2 nPEG PLG& OH 5, 000-4,500 3 nPEG PLDO OH

12, 000-10,000 4 nPEG PCL-OH 12,000-5,000 The follow ng exanples
illustrate synthesis of type A-B block copolyners containing an anionic
group. 5 Exarrpl e? 1 Sy theg’nEEGfPIr@A@Hypol yet hy 158, §@bl - pol yl act i de

cont ai ni 0

5B ' ) K copol yner
prepared ji n Preparation 1, "and an - OH group Ot" terpinal end of
the PLA (jhydrophpbi c B)| bl oglpm@ e@ﬁt ed 'Vlth spi _5T0oh OX1 de pyri dine to
give the jtitle bl ock cgpol yner. 10 nPEG- PLA Q%U (Qg
nMPEG PLA- O-SO3ANCSHS - -~  NPEG PLA- O SCBNa /g or

met hoxypol yet hyl enegl ycol - pol yl acti de( mPEG PLA, 2, 000-1, 765) and 0.89g of
sul fur trioxide pyridine(S03. NCo5H5) were dissolved in 10m of DW. The
r esul t i ngTheshllowingexaapldsitinsitesuttiesis of ype FoBi bloak eopelyiens tondaidingeact ed at
60 10 C for 5 hours.

anionic group.

5 Example 1: Synthesis of methoxypolyethyleneglycol-polylactide containing sulfate

group(-SO; Na') (mPEG-PLA-0-SO3Na")

The block copolymer prepared in Preparation 1, and having an ;OH group at the
terminal end of the PLA (hydrophobic B) block was reacted with sulfur trioxide pyridine to
give the title block copolymer.

10 mPEG-PLA-OH + SOs;. NCsHs - mPEG-PLA-O-SO;HNCsHs -
mPEG-PLA-O-SO3Na"

7g of methoxypolyethyleneglycol-polylactide(mPEG-PLA, 2,000-1,765) and 0.89g
of sulfur trioxide pyridine(SOs. NCsHs) were dissolved in 10ml of DMF. The resulting
solution was introduced into a 100m! volume flask and reacted at 60+ 10 °C for 5 hours.

15  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(CDCls) of the block copolymer thus obtained.

Examples 2 to 4: Introduction of a sulfate oroup(-SO3; Nah

20 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



15 The reaction product was diluted with distilled water, dialyzed,
neutral i zed by an aqueous sodi um hydrogen carbonate sol ution, and then

| yophi | i 2&0 oBoogr&’e 5. 4g of the title block copolyner. FPGEER2/O01E4an

1H NWMR spectrun( CDC13) of the block copol yner thus obtained. Exanples 2 to
4: Introduction of a sulfate group(-SO3Na ) 20 Each of the bl ock copol yners
prepared in Preparations 2 to 4 was readted with sulfur trioxide pyridine
according to the sanme manner as in Exanple 1 to give copolynmers containing
a sul fate group. The bl ock copol ynmers containing a sulfate group as

prepared 4 0, . nples 1 to 4 are represented
in the fOllii)f‘ég\\fé@%sgﬂPaﬁgré;%@%gégﬁg%ée%ﬁ%gﬁ%&?}(%ge Mol ecul ar Ex. Bl ock
copol ymer Weight (Dalton) A B 1 nPEG PLA-O S03-Na 2,000 1,765 2

MPEG- PLGA- O- SO3Na 5, 000 4,500 3 ni PEG PLDO- O SG3Na 12, 000 10,000 4
nPEG- PCL- O- SG3Na 12, 000 5, 000 5 Exanp%g%S' Synt hesi s of

nmet hoxypol yet hyl enegl ycol - pol yl acti de %?ai ning phosphate

group( - PGB22Na) T(TTPEG PLA-O-PC32-2Na ) The bf O 'mﬁgaqﬁlﬂy@%e WoReaREd 1 n
Preparation|l wag reacted with phosphorus oxychloride(POCl3) to gijve the
title block|cBpollymer. nPEBIeukcopplymePOC13 - > nPEG PAight @udibd) - *
nPEG PLA- O IPCB2- 2Na+ 10 7g of
met hoxypol yet hyl @énegl ycol - pol yl acti de( nPEG- PLA, | 2, 00‘%- 1, 765) dhd 2. 85g of
phosphor us GXyLhI[or T de( PRPEG-PYRLO-JD, 301 Ved 1 n| chiagoof or (N 76507 pyri di ne

was added -
2 mPEG-PLGA-O-SO3;Na 5,000 4,500
3 mPEG-PLDO-0O-SOs'Na' 12,000 10,000
4 mPEG-PCL-O-SO; Na" 12,000 5,000
5 Example 5: Synthesis of methoxypolyethyleneglycol-polylactide containigg

phosphate group(-PO;*2Na") (mPEG-PLA-O-PO;*2Na")

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

10 7g of methoxypolyethyleneglycol-polylactidemPEG-PLA, 2,000-1,765) and 2.85g
of phosphorus o?cychloride(POCh) were dissolved in chloroform, 1ml of pyridine was added
thereto, and the mixture was reacted at 30+ 5°C for 12 hours. The resulting solution was
é.dded to diethylether to precipitate block copolymer. The precipitated block copolymer was
dissolved in distilled water, neutralized by an aqueous sodium hydrogen carbonate solution,

15 dialyzed, and then lyophilized to give 6.7g of the title block copolymer. Figure 2 is an

"H-NMR spectrum(CDCl3) of the block copolymer thus obtained.

Examples 6 to 8: Introduction of a phosphate group(—PO32'2Na+)

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



thereto, and the m xture was reacted at 30 5C for 12 hours. The resulting
solution was added to diethylether to precipitate bl ock copol ynmer. The
preci pi t aved3bbsek copol yner was dissolved in distilled waraRo2oenrtral i zed
by an aqueous sodi um hydrogen carbonate solution, 15 dialyzed, and then

| yophilized to give 6.7g of the title block copolymer. Figure 2 is an

1H NWVR spectrum( CDC13) of the block copl yner thus obtained. Exanples 6 to
8: Introduction of a phosphate group(-P032-2Na+) Each of the bl ock
copolynmers prepared in Preparations 2 to 4 was reacted with WD 03/000778

PCTLR02, dhbifbrud RARPRBALRIAY K6 the Bl SuchGisth BABICI SIS AABgRARGL B9

in Exanpl’e 5 to give copolyners~ contalning a phosp

copol yrer . i r e follow ng
Tabi e’ 5. cpanahER RS SR AR Qe os BRI TR EREb s i
alton) A B 5 nPEG PLA-O PO32- 2,000 1,765 6 MPEG PLGA- O PC32- 2Na+
5,000 4, 56°S tﬁx‘ﬁé(‘,ﬁ%ﬁ_@w@$v@éy§m 12, 000 10,000 8 nPEG PCL- O PCB2- 2Na
12,000 5,000 5 Exanple 9: Synthesis of
nethoxypolyethyleneglycol-polylactidéT%%%ﬁaining a carboxyl group(-COONa )

Th_edbl ock—Tcoporymer —prepared T Preparattom 1t v car boxylic
aci
Ex. Block copolymer Molecular Weight
(Dalton)
A B
5 | mPEG-PLA-O-PO;*2Na" 2,000 1,765
6 MPEG-PLGA-O-PO;*2Na" 5,000 4,500
7 MPEG-PLDO-O-PO;*2Na’ 12,000 10,000
8 mPEG-PCL-0-PO;* 2Nz’ 12,000 5,000
5
Example 9: Synthesis of methoxypolyethyleneglycol-polylactide containing a
carboxyl group(-COONa")
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-C]l —»
mPEG-PLA-O-CO(CH,),COONa"
wherein z is an integer of O to 4.
7g of methoxypolyethyleneglycol-polylactide(mPEG-PLA, 2,000-1,765) and 10m!
15  of succinyl dichloride(Cl1-CO(CH,),CO-Cl) were dissolved in chloroform, 1ml 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



dichloride to give the title block copolyner. 10 nPEG PLA-OH +
C-COo(CH2)zCO- A -* mPEG PLA-O CQ(CH2)ZCO Cl1 -* nPEG PLA- O CQO( CH2) ZCOONa+
wher ei n zwo93m0077ht eger of 0 to 4. 7g of PCT/KR02/01074

met hoxypol yet hyl enegl ycol - pol yl acti de( mPEG PLA, 2,000-1,765) and | On 15
of succinyl dichloride(d-CO(CH2)2CO-Cl) were dissolved in chloroform | m
of pyridine was added thereto, and thepgn xture was reacted at 60 5C for 12
hours. The resulting solution was added to diethylether to precipitate the
bl ock copol ynmer. The precipitated WO 03/ 000778 PCT/ KRO2/ 01074 22 bl ock
copol yner s dissolved j.n distill ter, neutralized by an ueous

sodi um r@ﬁ@b@‘@ﬁfwﬁ%ﬁa‘i@g@m %ﬁﬂe%%%%‘&tfﬁ%ﬁ@k?( AR A9t Bf)ﬁ‘?‘ﬁ ed to give
5.99 of the title block  copolymer, Figure 3. is an 1H NVR spectrun( CDC 3)
of the blBEkogsHsarBomate sphbionshplyzethand %eE}MIggd iogive S Pz of|the Wtdibleck on of
a carboxyl group(-COO- Na ) Each of the bl ock copolymers prepared in

Pr epar at i @pelymaro Figured israsa Bt N Rasnehtrum (o Chy of e block eortdymentbusiohigined t he
same nanner as in Exanple 9 to give copolyners containing a carboxyl

group. The bl ock copolyners as prepared in Exanples 9 to 12 are

represented in the followng Table 4. 10 Table 4 Nunber Average Ml ecul ar

Ex. Blsock copolRRiyIeioght 2 BRbEtinArE cafboRPEGoRMASGDORTH2) 2C00Na 2, 000

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;),COONa" 2,000 1,765

10 mPEG-PLGA-O-CO(CH;),COONa" 5,000 4,500
11 mPEG-PLDO-0O-CO(CH,),COONa’ 12,000 10,000
12 mPEG-PCL-0-CO(CH,),COONa" 12,000 5,000

Example 13: Formation of a doxorubicin hydrochloride-containing

15  mPEG-PLA-O-SO;Na" Polymeric micelle

mPEG-PLA-O-SOsNa'(10mg) as prepared in Example 1 and doxorubicin
p

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

Example 14: Formation of a minocyclin  hydrochloride-containing




10 nPEG PLGA- O CQ( CH2) 2COONa 5, 000 4,500 11 nPEG PLDO O CO( CH2) 2COONa
12,000 10,000 12 nPEG PCL-O CQ(CH2) 2COONa 12,000 5,000 Exanple 13:

For mat i orwofo3moadoxor ubi ci n hydr ochl ori de-cont ai ni ng 15 nPEGTRB&R2MBO3Na+
Pol ymeric mcelle nPEG PLA-O SG83Na (10ng) as prepared in Exanple 1 and
doxorubi cin hydrochl oride(1lng) were dissolved in distilled water to give
the title polyneric mcelle. Exanple 128 Formation of a m nocyclin

hydr ochl ori de-cont ai ni ng WO 03/ 000778 PCT/ KRO2/ 01074 23 nPEG PLA- O SCGBNa
polymeric mcelle nPEG PLA-O SGBNa (20ng) as prepared in Exanple 1 and

m nocycl 'rﬂPEEYﬁERC@'S@ggg 1(]9 @%Flzgﬁcﬁe;&% sso! ved in distilled water to give
the titl 15: Formation of a mnocyclin
hydr ochl ori de-¢ P032- 2 poI ceI |l e

"PEG PLA- O- PO3 ﬁ%%&%@‘aﬁ%@%@e&s rPr%?& g YRR T nd®c rigocyclin
hydrochl ari de re di ssol ve ed mat ive the title
Doy rer i e R RS sorr e in-Jrtlletiviaterd eh b tg petyierts Bcéil

hydr ochl ori de- cont ai ni ng nPEG PLA- O CQ( CHZ) 2CO0ONa pol yneric mcelle

nMPEG- PLA- O CQ( CH2) 2COONa+(40ng) as prepared in Exanple 9 and m nocyclin
hydrochl ori de(5ng) were dissolved in distilled water to give the t|tIe

pol yméric mi cdxbmplel 5 Branfbemaipn Fof masi omimfcyg ot dsechddridengrs CSF
and nmPEG PLA- O SGBNa nPEG PLA—OSCBNa+( 50nmg) as prepar ed in Exanpl e 1 and
G CSF mPEG-PLA-O-PO,22Na" polymeric micelle

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

hydrochloride(5mg) 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,),COONa" polymeric micelle

mPBEG-PLA-O-CO(CH;),COONa'(40mg) as prepared in Example 9 and

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

micelle.
15
Example 17: Formation of a complex of human G-CSF and mPEGr—PLA-O-SO3'Na+
mPEG-PLA-O-SO;Na'(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-SO; Na*

mPEG-PLA-O-SO3Na'(50mg) as prepared in Example 1 and hGH(1mg) were

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



(filgrastim(lng) were dissolved in distilled water to give the title
polynmeric mcelle type-conplex. 20 Exanple 18: Formation of a conpl ex of
human gr owohshermone (hGH) and nPEG PLA- O SGBNa+ nPEG PLACOKKBM7E50ny)
as prepared in Exanple 1 and hGH(lng) were dissolved in distilled water to
give the title polyneric mcelle type-conplex. WO 03/000778 PCT/ KRO2/ 01074
24 Conparative Exanple 1. nPEG PLA- OH(Z20ng) as prepared in Preparation 1,
whi ch does not contain an anionic group, and m nocyclin hydrochl ori de(5ny)
were dissolved in distilled water. 5 Conparative Exanple 2:

nMPEG PLA- OH( 10ng) as prepared in Preparation 1, which does not contain an
ani oni ¢ group, and doxorubi cin hydrochl oride(lng) were dissolved in
distilled water, 10 ratiye Exanple 3: nPEG PLA- OH(50ng) as prepared in
Preparation 1, Qﬂwwgﬁgg X%’P\{ec]o‘nt ain an anionic group, and G CSF(I ng)
wer e di ssolved in er E%(J}éﬁr'i nent 1; Confjirmtion on whet her

istille ter.

drug- bl ock cop&H f%?ﬁ(g%nm@sas RESPRISH i & renarationd. CdrER idpgT Bt SomfeIngE
anal yzed by a size exclusive chromat ograph% col uim( Phar maci a, Superdex HR
75) ( Conceammiegiopn, a1d thipeayelic- hydrochpgda(Smg) iy ase disem vedaimsligttlled G@eri t er s,
nobi |l e phase pH 7.4 PBS, flowrate 1 m/mn). Furthernore, the polyneric
m cel I5e sol utions of Exanple 17 and Conparative Exanple 3 were anal yzed

Comparative Example 2:

mPEG-PLA-OH(10mg) as prepared in Preparation 1, which does not contain an

anionic group, and doxorubicin hydrochloride(1mg) were dissolved in distilled water.

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 distilled water.

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

15  formed
Human G-CSF(filgrastim) was analyzed by a size Yexclusive chromatography
column(Pharmacia, Superdex HR 75) (Concentration of human G-CSF 50pg/ml, injection
amount 100 liters, mobile phase pH 7.4 PBS, flow rate 1ml/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-O-SO3;Na*, but does not form a complex with m-PEG-PLA-OH.

Experiment 2: Confirmation on whether drug is released from the



20 according to the sanme manner. Figures 4, 5 and 6 are liquid

chromat ograns thereof. As can be seen fromFigures 4, 5 and 6, G CSF forns
a pol ynerwo ogioesls e type conplex with nPEG PLA- O SO3- Na, PoUtKRioes07mot f orm
a conplex with mPEG PLA-OH Experinment 2: Confirmation on whether drug is
rel eased fromthe WO 03/000778 PCT/ KRO2/01074 25 drug-polyneric mcelle
type conplex After 75ng of choline chlo2i de was added to the pol yneric
mcelle type conplex solution of Exanple 17 to facilitate rel ease of G CSF
fromthe ionic polynmeric mcelle, the mxture was anal yzed by a size

excl usi ve a1 maci a, Superdex HR 5 75) (injection
anount 10%%'& S, Wﬁoqﬁ??éggﬁj gsrzggf .4 PBS, flowrate 1 m/mn). Figure 7

is the liquid chr to .t hereof. As confirmed, fromFigure 7, since the
el ectrostatic Ab‘?%?lgﬁl& C%Iecﬁ\%lé &&?rﬂf% %?Foadglfe‘gg%ﬁlg885’%@’1‘:81&]%9'85&%? X the
drug can be released fr t he... pol yneri Lcelle pe.conplex in a |iving
body. |t §osutg 5? ﬂ&? ’{;ﬁ’é}fﬁ? ﬁv‘ieaa? G@%ﬁe@éhgm‘w Hoere gagelles thee and
i s not deconposed or coagul ated during formation of the drug-block 10
copol ymermidwisiveas angdyprd hynbyize exclushigio togaploreolrarPharmact; SupasieciR

copol ynmer conplex is formed M nocyclin hydrochl oride was di ssolved in D20
and t en dndinyection lamnomivikl blitsysemiobde plagsy pHThé PBUBowsate dimltminh sFigbtedi ised i n
Exanpl e 14 and Conparative Exanple 1 were |yophilized, dissolved in D20,

and t hen thedilqyidedtrdyatdiffansihersof. 0As omyfirmEt drodVRiguse B Girice ke eled@rosgpicesent ed
in Figures 8, 9 and 10. As shown in Figure 9, in the case of the mcelle

sol uti on ihgiakMetvded dexaaml BodideopoRendeabresionles SRAdb 88h bOrditakéll 58 the

aromatic ring of mnocyclin disappears conpletely and only the peak

rel ated toBAbYehieIeREH baplex iR 'ﬂ%&ﬁ Vs alddlichrithedehat |
i ncor por alﬁgl% o? %Q}\oc cli ?\ﬂyilent oat (13 I ogk csé?)o(f]yrrer. o ﬁl%tdrﬁé]@rp?%bﬁ
in an intact state and is not decomposed or coagulated during formation of the drug-block

10 copolymer complex.

Experi@ent 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.



To the contrary, as shown in Figure 10, both peaks corresponding to

m nocyclin and pol yethyl enegl ycol are observed in the case of the mcelle
sol uti on wbtoaiomgas i n Conparative Exanple 1, which shows PoatkRmoowyclin is
not incorporated into the non-charged bl ock copolynmer. WO 03/000778

PCT/ KRO2/ 01074 26 Experinment 4: Confirmation on whether a drug-bl ock

copol yner conplex is fornmed Doxorubici26 hydrochl ori de was di ssol ved in D20
and then anal yzed by NVMR 5 spectroscopy. The micelle solution obtained in
Exanpl e 13 was |yophilized, dissolved in D20, and then anal yzed by NWR
spectroscopy. The NVR spectrunms are represented in Figures 11 and 12. As
shown in Figure 12, in case of the mcelle solution obtained in Exanple
13, the peak cqrresponding.ta. H in the argmatic ri of dagxor ubi ci .

di sappears. cotPErBrgt - afiriaihe’ JEaBeRiEF Sl Uop obdliter Sarlets 1 <
observed. Thia shows that 10 there was incorporation of doxorubicin into

t he pol yn@Hn@ mcelle type conplex. It is to be understood that the
above-descri bed enbodinments are only illustrative of the applications of
the princi pl es Rexoruhicip hgdioghloride was fissplvedindSuandthen makyred gﬁ%\TMBd
alternative enbodi nents can be derived w thout departing fromthe spirit
and sd®opespettraseepy. pFlesminelle nolotion obtaiand in Fensgle &3 od Ixdphilired,alissolvetiemded t o
cover such nodifications and 15 arrangenents. Thus, while the present

i nvent i orD{@Sandekdh &abwed bn NVIR sfeamistugy. dihgd NMR| spectoimscare beptlesshiedén wi t h

particularity and detail in connection with what is presently deemed to be
the nost pbaehil¢ahd aPJAPERMW ihFdaeeDdn R df3he RiicellBColufyE BbthRd idt W || be
apparent to those of ordinary skill in the art that numerous nodifications
can be 1L A9 Uk detelSbndidoATH HEnP hidhhiR! 6 AAEx&ABkEPliSaptakhe
invention as ‘set f o?? in the ncl agloc?s. WO 03/ 001077 PCT?KROZ/OfOQ}%

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. 'i‘hus, 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.



27 CLAIMS 1. A block copolyner having the formula: A-B-L-X-M+ (1) wherein
X represents an anionic group, M+ represents H+ or a netal cation, Ais a 5
bi oconpatwblog/obnyds ophi | i c pol ynmer, B is a bi odegradabl e hpdragmoolonwr4
polymer, and L represents a |inker selected fromthe group consisting of
-0-, -NH, -S- and -COO-. 2. The block copolyner of claiml wherein the
nunber average nol ecul ar weights of AZnd B each is within the range of
100 to 100,000 Daltons. 10 3. The bl ock copolyner of claiml1l wherein X is
-S03-, -P032', =P02 or CO (CH2)Z-COO, wherein z denotes an integer of O
to 4, andct'r%_[ﬁb' s =P02-, the anionic group is conbined with two carbon
atons. 4. e ock copolyner of claiml wherein Mis a nono- or divalent
metal ion. 5. T | ock,copql yner. of _claim4 wherein Mis Li+, Na, KK

Cat +, I\/gPl+, Znéﬁﬁf}&c%h@}%ia%@g%e "B copol ymer having the fornul a:
A-B-L-X-M+ (1) wherein X represe%;}in ﬂionéﬁ group, M+ represents H+ or a
nmetal cation, L represents a |i -Le¥tMct ed) from t he group consi sting of
-0-, -NH, -S and -COO-, Ais a nenber 20 sel ected fromthe group

consi st i rgheseingbrapagskis @n aglopsaroum M yrepraseajs Hneprimgtal cation, A is a

pol yvi nyl pyrrol i done, pol ysaccharide, polyacrylam de, pol ynethacryl am de,
pol yvisny | Ebcmhmitiblednsirophilio/pilymes Bt ik ebésfegrdablBhiydrophdhiopelynmd zint d.

pol yester. 7. The bl ock copol ymer of claim6 wherein the nunber average

ol ecul arrepreb@iid slioker séleeted fiBnathe gyauphionsiktheg ¢fa0geNi-, 43Qntd eCOTB, 000

Dal t ons. WD 03/000778 PCT/ KRO2/ 01074

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.
10 3. The block copolymer of claim 1 wherein X is -SOs, -POs*, =PO, or

-CO-(CH,),-COQ’, wherein z denotes an integer of 0 to 4, and if X is =PO;’, the

anionic group is combined with two carbon atoms.

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*", Mg2+, Zn** or
15 Cu®*.

6. A block copolymer having the formula:

ABL-X-M" (1)
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
20  selected from the group consisting of polyalkyleneglycol, poly- alkyleneoxide,
polyvinylpyrrolidone, polysaccharide, polyacrylamide, polymethacrylamide,
polyvinylalcohol, and derivatives thereof and B is a biodegradable polyester.
7. The block copolymer of claim 6 wherein the number average molecular weights of

A and B are within the range of 100 to 100,000 Daltons.



28 8. The bl ock copol ymer of claim6 wherein Xis -S03 , -P032-, P02_ or
-CO(CH2)Z COO, wherein z denotes an interger of 0 to 4, and if X is =P02
, the amwomBogroup is conbined with two carbon atons. 9PCTh&RRI00Tk
copolymer of claim6 wherein Mis a nono- or divalent netal ion. 5 10. The
bl ock copolyner of claim9 wherein Mis Li+, Na , KK Cat+, M2+, Zn2+ or
Cue+. 11. A block copol yner having the 4ormula: A-B-L-X-Mt (1) wherein X
represents an anionic group, M- represents H+ or a netal cation, Ais a 10
bi oconpati bl e hydrophilic polyner, B is a biodegradabl e hydrophobic

pol ymer, represents a linker selected fromt royp -consj sting, of -0-,
PR T s Bang HeEoplocR, Eonatieiy ofcoihefishoBin b, By $Bom ThE origy. o
consi sting of palyal kyl enegl ycol., poly- al kyl eneoxi de, . i

pol yvi nyl pyrr or8@@2¥za89§g>ﬂ%@ﬁazr cgigtes 38|1igEgey PARtad, and if X is =POy’, the

pol ynmet hacryl am de, pol yvinyl al cohol, and derivatives thereof and Bis a
bi odegr adabl e #Biopisi SFeu isrcompiedawily &Y qarkam #omdners sel ected fromthe
group consisting of D, L-lactide, D lactide, L-lactide, D L-lactic acid,
D-lactic @ci d, Thebkokicopalyingy ofitlginnd wdercigM/isalmenmor divalest sl almact one,
s- hydr oxy hexonoi c acid, and copolyners thereof. 12. The bl ock copol yner of
cl ai m511 Wher eilhe tieckneopoBmedvdrciirn Iwihertin M iski gN§ K5f, CA" ang’ Bze%cdr i s
wi thin the range of 100 to 100,000 Daltons. 20 13. The bl ock copol ynmer of
claim 11 whereigp?X is -S03 , -P032 =P02 or -CO(CH2)Z COO, wherein z
denotes an integer of 0 to 4, and if X is =P02, the anionic group is

Vs o mono- oft Bovar e e nee SRRI OC ) OOk copol yrer of claim 14 |
wherein Mis Li+, Na+, K+ Cat+, WM+, 202+ &)

wherein X represents an anionic group, M" represents H' or a metal cation, A is a

10 biocompatible hydrophilic polymer, Bis a biodegradable hydrophobic polymer, L

represents a linker selected from the group consisting of -O-, -NH-, -S- and -COO-, wherein

A is a member selected from the group consisting of polyalkyleneglycol, poly-

alkyleneoxide, polyvinylpyrrolidone, a polysaccharide, polyacrylamide,

polymethacrylamide, polyvinylalcohol, and derivatives thereof and B is a biodegradable

15 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,

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

12, The block copolymer of claim 11 wherein the number average molecular weights of
A and B each is within the range of 100 to 100,000 Daltons.

20 13. The block copolymer of claim 11 wherein X is -SOs, -PO%, =PO, or
-CO-(CH,),-COOQO", wherein z denotes an integer of 0 to 4, and if X is =PO;, the
anionic group is combined with two carbon atoms.

14. The block copolymer of claim 11 wherein M is a mono- or divalent metal ion.

15.  The block copolymer of claim 14 wherein M is Li', Na*, K*, Ca?", Mg*, Zn*" or



WO 03/ 000778 PCT/ KRO2/ 01074 29 Cu2+. 16. A bl ock copol yner having the
formula: A-B-L-X-M+ (1) Wherein X represents an anionic group, Mt

repr esentwoms/oenr77& netal cation, Ais a 5 bioconpatible Irganagwiolize
polymer, B is a biodegradabl e hydrophobic polymer, L represents a |inker
selected fromthe group consisting of -0-, -NH, -S and -COO; and
wherein A is a degradable derivative pr&pared according to the foll ow ng
reaction schene: nZ + (n-1)Y -> Z-(Y-2)" _2-Y-Z wherein Z represents a

wat er - sol ubl e pol ymer having a nol ecul ar weight of up to 10 5,000 Daltons,
Y represents (CH2) m COOH or O=C=N- (CH2) m N=C=0O wherein mis an
integer of 0 to 10, and n is an integer of 2 to 100. 17. The bl ock

copol ynmer, of claim.16 erei.n the, nunber average nol ecul ar wei ghts of A
and B eactis \ﬁa‘{’lﬁlﬂﬁc‘?ﬂ? wgln&migﬂw 100, 000 Dal tons. 15 18. The bl ock
copol ymer of claim 16 wherein X ig iOi ,;PP%Z-', =P02 or -CO (CH2)Z COO,
wherein z denotes an interger of B4~ jMandlif X is =PQ2- the anionic
group is conbined with two carbon atons. 19. The bl ock copol ynmer of claim
16 wher ei Wheaeins Xgeprssrts &y ardonie Beayp, Me tenresests H 2o a mptal eatisakAddpol yner of
claim19 wherein Mis Li+, Na , KK, Cat+, Mt+, Zn2+ or 20 Cue+. 21. A
conposi t i Wocanpgtibicshytgoptikc bolymkr, dbisal biedegrahble hyidraphobingolynmposl. t i vel y
charged drug wherein the bl ock copol yner conmbines with one or nore of the
posi ti velgpresdins gtifikelrsolgsted ifonethe gravgsdontising of -Ops-Nifig -$-0ands COQH tigd bl ock
copol ymer conplex. 22 A conposition conprising the block copolyner of claim

6 and a peRdrbinVeida EdpREEBE: derivative prepared according to the following reaction scheme:

nZ+ @0-1)Y — Z-(Y-Z)u2-Y-Z
wherein Z represents a water-soluble polymer having a molecular weight of up to
10 5,000 Daltons, Y represents HOOC-(CHz)m-COOH or O=C=N-(CH3)n-N=C=0

wherein m is an integer of 0 to10, and n is an integer of 2 to 100.

17. The blo_ck 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.

15  18. The block copolymer of claim 16 wherein X is -SOs, -POs*, =PO, or
-CO-(CH,),~-COQ’, wherein z denotes an interger of 0 to 4, and if X is =PO;" the
anionic group is combi'ned with two carbon atoms.

19. The block copolymer of claim 16 wherein M is a mono- or divalent metal ion.
20.  The block copolymer of claim 19 wherein M is Li*, Na', K¥, Ca*", Mg?*, Zn®* or

20 Cu?".

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

22 A composition comprising the block copolymer of claim 6 and a positively charged



WD 03/ 000778 PCT/ KRO2/ 01074 30 drug wherein the bl ock copol yner conbi nes
with one or nore of the positively charged drugs via electrostatic forces
and for mswe odioog7dl ock copol yner conpl ex. 23. A conposit ipea/KRmpii7si ng t he
bl ock copol ymer of claim 11l and a positively 5 charged drug wherein the

bl ock copol yner conbines with one or nore of the positively charged drugs
via electrostatic forces and forns a draig- bl ock copol yner conplex. 24. A
conposition conprising the block copolynmer of claim16 and a positively
charged drug wherein the block copol ynmer conbines with one or nore of the

10 posi tivel y ohar ggdll WA MR SRR ORIAhS FRRGSE U The o P! 00k

charged drugs via electrostatic forces and forms a drug-block copolymer complex.

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

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

complex.



