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25 It would be beneficial to deliver many types of therapeutic agents in a delivery

system that provides for sustained release of the agents over an extended period of time.

A variety of polymers used for controlled release and delivery of drugs have been

developed in the past 20 years. Most of the polymers are formed into implants or

injectable microspheres.  Such polymers are, and must be, biodegradable and

30  biocompatible. In order to produce suitable forms of polymers, complicated fabrication

processes are required that typically involve organic solvents. The use of organic

solvents, however, may cause denaturation of some protein drugs, and even traces of an
organic solvent may be foxic.

Polymer hydrogels have been explored for drug delivery and controlled release.

35 For example, chemically cross-linked polymer hydrogels have been used as implants.

Some injectable drug delivery systems form chemically cross-linked hydrogels in the

body after injection, providing a drug depot. However, the chemical reactions occurring
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triblock copolymers including PEO as the hydrophilic segment have previously been
30  studied and described for use as biomaterials. The term ABA. is used herein to refer to a
polymer including a center segment of a first polymer, referred to as a B block polymer,
and first and second end segments of a second polymer, referred to as an A block
polymer. As a typical example, commercially available poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEO, Pluronics™) triblock
35  copolymers have been extensively studied in terms of their phase behavior and potential
application for drug delivery. Alexandridis, P. et al., Colloids Surf. 96:1-46 (1995);
Bromberg, L. et al., 4dv. Drug Del Rev. 31:197-221 (1998). Recently, more attention has
been focused on amphiphilic ABA triblock copolymers of PEO with biodegradable
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US Patent 5,702,717 to Cha et al. discloses thermosensitive biodegradable

30 copolymers made up of a hydrophobic A polymer block that may is a poly(a-hydroxy
acid) or a poly(ethylene carbonate), and a hydrophilic B polymer block that is a
poly(ethylene glycol). These polymers are disclosed for drug delivery, and are
characterized as exhibiting a reverse thermal gelation behavior. A disclosed list of
potential examples of poly(o-hydroxy acid) polymer blocks includes hydroxybutyric

35  acid; however this is a poly(B-hydroxyalkanoate), and does not fall within the polymer
class taught by Cha et al., nor would it likely exhibit all of the characteristics sought by

Cha et al. Further, Cha et al. utilize a synthesis process that entails ring-opening
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have i3% eraggtimiﬁgritm thoeat tleass one therapeutic agent in a drug delivery system, the drug
delivery system comprising a hydrogel formed from cyclodextrin and an amphiphilic
copolymer, wherein the copolymer includes an A polymer block comprising a
poly(alkylene oxide) and a B polymer block comprising a poly(hydroxyalkanoate),
wherein a therapeutically effective amount of the at least one therapeutic agent is

30  intimately contained within the hydrogel.

In one preferred embodiment of the invention, the A polymer block is
poly(ethylene oxide) (PEO) and the B polymer block is poly[(R)-3-hydroxybutyrate]
(PHB).  The copolymer used to form a hydrogel with a-cyclodextrin (a-CD) in this
embodiment is a triblock PEO-PHB-PEO copolymer.

35 Amphiphilic triblock copolymers of an embodiment of the present invention,
using PEO as end segments and PHB as a mid-segment, have interesting properties
because PHB is highly crystalline and hydrophobic. In addition, PHB has a lower in vivo
degradation rate than PLLA and many other conventionally used biopolyesters.
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SChe f ot SVl BEsIa AR fl to 45 degrees C, because the
oxi d e) p ol% tll(%tedgtn F_ldral‘g deh\%r QQJ}%/a(s%RI Fene Oxgl CLeg gl E PEO)
copol yner mohtend to break down prematurely at hlgher temperatures within thi$ rahge, and do not

readily aggregate to larger sizes at lower temperatures within this range.

Brief Description of the Drawings
30 The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated by reference to the following detailed description, when
taken in conjunction with the accompanying drawings, wherein:
FIGURE 1 provides a chemical reaction scheme for the synthesis of poly(ethylene
oxide)-poly[(R)-3-hydroxybutyrate]-poly(ethylene oxide) (PEO-PHB-PEO) copolymer in
35  accordance with an embodiment of the invention;
FIGURE 2 provides a gel permeation chromatography (GPC) chromatogram for
the PEO-PHB-PEO copolymer produced in Example 1 and for the corresponding

prepolymers;



35 accordance with an enbodi mrent of the invention;, FIGJRE 2 provides a gel
permeati on chromat ography (GPC) chromatogram for the PEO PHB- PEO copol yner
produced wo 2Bxzopdod | and for the correspondi ng prepol PEEAES2000022561

2004/ 009664 PCT/ US2003/ 022561 6 FIGURE 3 provides a 1H NVR spectra for the
PEO- PHB- PEO copol yner produced in Exanple 1 and for the correspondi ng

prepol ymers; @\B& 4 ﬁBﬂﬁésdﬁsl}?- I‘WRRSp%Q@@thIa tife0 PEQ-IREOPROBbfiolmer
(2000- 3900- 2000 co accon dance with the process of

Exanpl e 1 PEMEcerdr EF*H’éP ¢ aﬁ%f“:? é‘?p°8ﬁaﬁp%‘{]‘b%%rﬁ%9 Mer’s; FIGURE 5 provides
wei ght | oss chIﬁlemrprngd@herEﬁBr spectreefori & PYBIREQ 120)0- 398 -2800)

PEO- PHB- PEG) 4 gﬂzsaﬁc Ar f4eSfihBe 3AGOHIARRR.Y bh InbepRr 0cemS fof tHexanpl e 1
and for the corre (?I n% Erepo yners; RES 6 and provi de differential

scanni Ag GQFQ‘}P?‘W&%&FR t hermograns 10 for PEO PHB- PEO copol yners of
di fferent nol eEIIERE viprayiides wejho thse enlvdsniusing thedaeasayimeifie nalyis @ddess of

Exanple 1, }1}1@) 'Iﬁ&e? E'éll RIBRIIB WGth thd FAJEES o8 Ea4ieb1d 1pr ovi de
wi de-angl e gﬁg‘p%g gt |Oon di agar ans for PEOﬁgHB- POEO copol yners of

di fferent aﬂ‘il)foégl?lcéFeW@P Hggrep?}yxg dced in accordance with the process of
Exanpl e 1, andFIG/RE$E aad (7 pespdndiffagnip epohipgealbrimesy BPEUREeI@eiamnsust r at es

In Vitpo r r I ded QO ad¥Brdahcehydr ogel
Ioaded1 W t @9{%9}@ @b %Ogﬁgf%ggﬁl&mé%%&gf Ig%%) (1%00r0) cﬁydrogel
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() (PRI OR Wit Gpraceéﬁ)@ﬁfé@ﬂ{%béeﬁ‘ WPUWCOGETPORUNS PERIBRART) ;

CD- PEO- PHB- PECF((BORIS 8 3md- $@edjdehyiticagele XAy dxffraatxoor@@@edmr@ms dor

enbodi ”Em BB IR PLEREMerd AERL R Rol &0 Al o PRELBRAGiBESO- 5000)

hydr ogel % an enmpodi ment of the present invention,;
FI GURE 11°t ana@FSr%ftFé@nﬁp}? \/F“Bdr for F*@I‘@%H%S@O % RPRAYREE Exanpl e 3 for
dextraps- FI TC §FROORBYO dfiudnytts dgelird ekdedprofiteh fibn) Examplé 2diex BSAREIFCTC, M of

20.200) T @Pedof Qiheel kel Rl €6 &5%@@3@@@&@%&@33/@5@9@@& PEO
rbodi mont(I B0} Wéh(“tﬁeé@é BRIOR, AR br et Goot) o B @RAGE AR b2
( 5000- 380(=>PR0) PHB-PEONESD0E-29 507000 CigyaragahCe) ini acbordmmce mitbdinrembpdimghit t he

present i 1R RS 1 apl exed
PEG. Pris PRGBSO Hb co@f R e e A D e

mol ecwlar wr@m%wﬁbaﬁﬁm@ e%O?FPeé’ffﬁtSﬂéﬁnvgméﬁB *(FI GURE 12) or y-CD (FI GURE
13); 30 FI GURESIGYRBNA illdstitenvi tieo DSGst hefitsdramExduple dfeodeptaxBd CPEO- PHB-

PEO copol Y8 m§ %W%rggel%atdgd R 7HB: BEGR-GQRS VAR 0PD0,dR) rQékSedRbRC Ul ar
PEO-PHB-PEO (5000-5500-5000) hydrogel (m); a-CD-PEO-PHB-PEO (5000-5500-
5000) hydrogel () in accordance with an embodiment of the present invention; and o-

25  CD-PEO-PHB-PEO (5000-3800-5000) hydrogel (A) in accordance with an embodiment
of the present invention.

FIGURES 12 and 13 provide XRD diagrams for uncomplexed PEO-PHB-PEO
copolymer compared with PEO-PHB-PEO copolymers of various molecular weights
complexed with either a-CD (FIGURE 12) or y-CD (FIGURE 13);

30 FIGURES 14 and 15 provide DSC thermograms for uncomplexed PEO-PHB-
PEO copolymer compared with PEO-PHB-PEO copolymers of various molecular
weights complexed with either a-CD (FIGURE 14) or y-CD (FIGURE 15);

FIGURE 16 provides 13C CP/MAS NMR spectra for uncomplexed o-CD and o
CD complexed with PEO-PHB-PEO (2000-5200-2000) copolymer, with arrows showing

35 resolved resonances for C-1 and C-4 adjacent to a single conformationally strained
glycosidic linkage;

FIGURE 17 provides the 400 "H NMR spectrum of a-CD complexed with PEO-
PHB-PEO (2000-5200-2000) copolymer in DMSO-ds;
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i nvention Rlst%yogg tﬁ‘ ge[bﬂg 1&% _LYn% ro¥16 %ye%%%ﬁglt Bﬁ‘% a%'t 1a%' Qnejg tio Rc?sﬁgate an A

formed fro I'nan ccoo
pol ymer bP‘tf@qu%@Hm |a§ﬁ1 ng a pol y(aI kyI ene oxi de) and a B poI yner bl ock
conpri si ng a pm@ﬂ@@m@xptwla@nmﬁrﬁage @iih@mal ﬁﬁh@ﬁ@]@ﬁuﬁal g alob ysh@fvi&lgcﬁlb ve

ﬁgg;"g;e ﬁtstol %g%tfth%f@aeobltqca t Iecwee?%ﬁ?r 1{1¢]a—art1|c ] \z}re1 ectgc%lnc;[ AR ge(%) \gg Clmr; rt he
bl ock is pBHBERG 08%0%(5@@) h)(dpm and the B polymer block is

Detailed Description of the Preferred Embodiment

The present invention provides a drug delivery system that includes a hydrogel
25  formed from cyclodextrin and an amphiphilic copolymer that includes an A polymer
block comprising a poly(alkylene oxide) and a B polymer block comprising a
poly(hydroxyalkanoate), and a therapeutically effective amount of at least one therapeutic
agent intimately contained within the hydrogel. In one preferred embodiment of the
invention, the A polymer block is poly(ethylene oxide) (PEO) and the B polymer block is
30 poly[(R)-3-hydroxybutyrate] (PHB), and the copolymer is the triblock ABA copolymer
- PEO-PHB-PEO. The A and B block polymer components of the poly(alkylene oxide)-
poly(hydroxyalkanoate)-poly(alkylene oxide) copolymers of the present invention will

now be described.

Poly(alkylene oxide)s

35 A hydrophilic poly(alkylene oxide) end segment structure (the A block polymer)

is used in the triblock copolymers of the present invention. The poly(alkylene oxide) is
suitably ~selected from poly(ethylene oxide), poly(tetramethylene oxide) and
poly(tetrahydrofuran). A preferred poly(alkylene oxide) for use in the present invention



30 poly[ (R)-3-hydroxybutyrate] (PHB), and the copolyner is the triblock ABA
copol yner PEO PHB-PEO. The A and B bl ock pol yner conponents of the
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oxi des 35 A hydrophilic poly(alkylene oxide) end segment structure (the A
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Cvent PonX{chf]%(ethko/ 8>§E >) (PEb?S’r Jdgj&:{%&%‘ﬁh&g&fo%ﬁéﬁ gﬁgfer%gg sfoﬁlfé BEo

pol y( et hyligA OéﬁfF to 3500 x?fét/ BBl es)) ane aé%ﬁqﬂie!)er%m@e term poly(ethylene

pol y(t et r akjdady (Jefndriaa)abbv%viaﬁ@f PEORGs pdndédhk isenefeoxd g6l (eligtenySydol) t he
present | }I on WO 2004/009664 PCT/ US2003/ 022561 8 is polyethylene
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t he macr onpl ecul asse t he concentration of CD needed; b)
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B pol yner résluoesk shef omncalstmtlpm é¢fh€Dpnesledit b) ielkgiadablearand c¢) nontoxic and

pol y( lpgdr w%bﬁfb@@t e)s. Exanples of suitable poly(hydroxyal kanoate)s for

i 50 ref orred SOURE BBIFGPhopERR FSOF SEFBLDF Vi Aot BBFHCS Ry dr oxy
acid); po Ipy{y(lﬁ)iroxyﬁydm@bc)sb@mtee]of Zate(o[%@d@(hydroiw[k@ﬁi)ate’js fordsoxythal er at e]
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25 (PGHB); poly[(R)-3-hydroxyvalerate] (PHV); poly[(R)-3-hydroxybutyrate]-co-poly[(R)-
3-hydroxyvalerate] (PHB/HV); poly[(R)-3-hydroxyhexanoate] (PHHXx); poly[(R)-3-
hydroxyheptanoate] (PHHp); (S) enantiomers of each of the above (R) enantiomers;
racemic mixtures of the above (S) and (R) enantiomers; and mixtures of the above
poly(hydroxyalkanoate)s. ~ Preferred poly(hydroxyalkanoate)s are poly (B-hydroxy

30  alkanoate)s, and more specifically are poly[(R)-3-hydroxybutyrate] (PHB) and related
poly[(R)-3-hydroxyalkanoate]s. A most preferred poly(hydroxyalkanoate) for use in the
present invention is PHB.

The relative molecular mass (Mr) range of PHB or other poly(hydroxyalkanoate)

utilized as the B block polymer in the copolymers of the present invention is suitably 500

35 to 2,000, preferably is 2,000 to 10,000, more preferably 2,500 to 7,500 and most
preferably is 3,000 to 5,000.
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reaction is allowed to proceed for a few hours to overnight, to produce PHB-diol with
average molecular weight ranging from a few hundred to a few thousand, as determined
by gel permeation chromatography (GPC). Methoxy-PEO-monocarboxylic acid (M-
PEO-A) prepolymers are suitably prepared by reaction of Methoxy-PEO with succinic
30 anhydride in the presence of 4-(dimethylamino)pyridine (DMAP) and triethylamine in
1,4-dioxane, using known techniques.
These polymer precursors, i.e., prepolymers, are then coupled, in accordance with
a method of the present invention, to yield the desired triblock copolymer. The
prepolymers (PHB-diols and M-PEO-A ) are preferably first dried, because the coupling
35 reaction is humidity sensitive. The bifunctionalized PHB-diols are coupled with M-PEO-
A using 1,3-dicyclohexylcarbodiimide (DCC) as a coupling agent to yield the PEO-PHB-
PEO triblock copolymers. Again, because of humidity sensitivity, the coupling reaction
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25  The cyclodextrin solution is mixed and then the amphiphilic copolymer component
(e.g., PEO-PHB-PEO) is added. The mixture is cooled, generally to a temperature of
0° C to 25° C, and preferably to a refrigerated temperature such as 4° C. The resulting
product is a white viscous hydrogel.
If the hydrogel is being prepared for use in the delivery of a drug, the drug in an
30 aqueous solution is suitably initially combined with the cyclodextrin, followed by
addition of the copolymer. Alternately, the drug solution may first be combined with the
copolymer. The aqueous solution in which the drug is initially contained is a
pharmaceutically acceptable injectable aqueous fluid. The pharmaceutically acceptable
injectable aqueous fluid may be, but is not limited to, injectable saline. If desired, the
35 aqueous fluid may also contain buffering agents and/or preservatives. Suitable
buffering agents include, but are not limited to, alkali or alkali earth carbonates,
phosphates, bicarbonates, citrates, borates, acetates, and succinates.  Suitable
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homopolymeric PEOs. As one extreme example, some copolymers with certain
PEO/PHB combinations can form gels without CD. However, with the CD, the gels give
significantly improved release kinetics. This is important because the quantity of CD can

30  be selected to adjust the release kinetics of the gels.

Hydrogel Properties and Additional Components
The hydrogel of the present invention is bioabsorbable and biodegradable, and is
biocompatible. It is believed to be thermosensitive, is thixotropic, and undergoes
reversion between gel and sol under certain conditions. The gel-sol transition

35  temperature is generally above room temperature, which depends on the composition of
the gel, as well as on the chemical structure and molecular weight of the copolymer.
The formation of hydrogels from triblock ABA polymers of the present invention,
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can be tail or edPy9ReAEes of the hydrogels are tunable by using difierent polymer block
molecular weights, by adjusting the cyclodextrin content, and through the use of
secondary polymers. For example, the hydrogel may be adjusted to be a more flexible
hydrogel or a more rigid hydrogel. The hydrogel structure can be tailored to have
30 variable viscosity and longer or shorter drug release rates, as discussed further below.
The degree of hydrophobicity of the poly(hydroxyalkanoate) can also be selected for a
desired sustained release rate.
The hydrogel may also carry DNA nanospheres. DNA nanospheres are
nanoparticles synthesized by salt-induced complex coacervation of DNA and
35 polycations such as gelatin and chitosan as gene delivery vehicles. Leong, K. et al.,
Journal of Controlled Release 53:183-193 (1998). PEG copolymers with DNA
condensing or binding segments may form hydrogels with cyclodextrin, while the

polymers condense or bind DNA and form DNA nanospheres in the hydrogels.
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above. polymers may also be ut1hzed to change the release kinetics, as discussed further above.
Hydrogels of the present invention can provide sustained release over a period of one or
more days, and suitably provide an extended release of greater than 5 days, more
preferably greater than one week, still more preferable two weeks or longer, and
30 potentially one month or longer by adjustment of the molecular weights of the block
polymers and the copolymer, as well as the cyclodextrin content within the hydrogel of
the present invention and the potential use of secondary polymers.
A variety of therapeutic agents, i.e. drugs, may be delivered in the hydrogels of
the present invention. As used herein, the terms “therapeutic agents” and “drugs” are
35 intended to encompass biologically active molecules, including peptides, proteins (e.g.,
cytokines, growth factors, angiogenesis factors, soluble receptors, antibodies and
fragments thereof and human recombinant proteins), small molecules, genes, antigens
(e.g., vaccines), DNA, RNA and DNA nanoparticles. The terms “drug” and “therapeutic
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invention, such as by intraarticular injection, to provide extended release and duration of
30 action.

The hydrogel and therapeutic agent drug delivery systems of the present invention
are suitably injected or otherwise delivered (e.g., by implanting, placing into a body
cavity or potential space, coating a tissue surface of the body or coating the surface of an
implantable device) to humans or other mammals suffering from a disease state or

35 condition against which the drug(s) included in the drug delivery system are
therapeutically effective. By way of non-limiting example, the drug delivery system
including appropriate therapeutic agent(s) may be delivered to treat humans or other
mammals suffering from traumatic or chronic pain, arthritis, multiple sclerosis and other
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sustained release formulation. It is believed that techniques suitable for microparticle or
nanoparticle formation using the triblock copolymer of the present invention may be
30 adapted from known techniques used for other polymers. Non-limiting examples of such
techniques are disclosed in: Song, C., et al., Journal of Controlled Release 43:197-212
(1997); Kim, S. et al., Journal of Controlled Release 56:197-208 (1998); Kim, I. Et al.,
International Journal of Pharmaceutics 205:165-172 (2000); and Jeong, Y. et al,
International Journal of Pharmaceutics 188:49-58 (1999), the disclosure of each of
35  which is hereby incorporated by reference. Micelles of the biodegradable triblock
copolymers (or microparticles or nanoparticles formed therefrom) can thus be used for
systemic delivery, including by way of non-limiting example administration by
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Synthesis of Triblock Copolymeis

Telechelic hydroxylated PHB (PHB-diol) prepolymers with various molecular

weights were prepared by a transesterification procedure from the natural PHB and
diethylene glycol, with dibutyltin dilaurate as a catalyst in diglyme as reported

30  previously. Thomas, D. et al., Macromol. Chem. Phys. 197:1609-1614 (1996). The
transesterification reaction was allowed to proceed for a few hours to overnight, to
produce PHB-diol with average molecular weights ranging from a few hundred to a few
thousand as determined by GPC. M-PEO-monocarboxylic acid (M-PEO-A) prepolymers
with Mn of 1820 and 4740 were prepared by reaction of M-PEO with succinic anhydride

35 in the presence of 4-(dimethylamino)pyridine (DMAP) and triethylamine in 1,4-dioxane
as reported previously. Bae, Y. et al., J. Controlled Release 64:3-13 (2000).
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ot her prostheses, etc. 15 Such devices may be constructed of bioabsorbable
or non- biwehlsevivadshe nmaterials. Qther biomaterial and PCEUSQING/022561
applications for the hydrogels descril9ed herein are also considered to be
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(Iiegl’ermmed frorrh the ratio between integrals of peaks for PHB and PEO segments.
25 The "H NMR spectra also provide strong evidence for quantitative reaction of the
PHB-diol. In Fig. 3b, the protons of the PHB hydroxy end unit clearly appear at
1.26 ppm (doublet) for ¢’ and 4.25 ppm (multiplet) for &’ (Li, J. et al., Bull. Chem. Soc.
Jpn. 70:1887 — 1893 (1997); Li, J. et al., Bull. Chem. Soc. Jpn. 71:1683 — 1689 (1998)),
while the ethylene glycol end group can be seen at 3.84 ppm (triplet) for d and 4.26 ppm
30  (triplet) for e (Thomas, D. et al., Macromol. Chem. Phys. 197:1659 — 1614 (1996)). In
Fig. 3¢, all peaks for the PHB hydroxy end unit disappear, and those of the ethylene
glycol end group become a single peak at 4.32 ppm, confirming the complete conjugation
of M-PEO-A to PHB-diol.
Table 1 presents the molecular weights, molecular weight distributions, and
35  compositions (block lengths and PHB contents in weight) of all triblock copolymers
synthesized in this example. Two series of triblock copolymers were synthesized using
M-PEO-A of Mn 1820 and 4740. Each series of triblock copolymers has middle PHB
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in weight) of g) (1 DI08ek d6pdl ymet88 syithesi zed8d n t hi’® exanple. Two
series of g;)lc’Bng?g )copol ynmers were synthesized using MPEO A of Wh 1820
and 4740. g i es ri k c |y has ghgldl e WO 4/ 009664
PCT/ US200 3568 2500-5000Y 1 1%I%(z)(%:k 1?2@& hs?'rggngiqﬁéosf rom3§h€ew hzl?rl?gr ed %)%pnore t han
5000. The &@-ﬂ}fﬁxﬁbate properties of the triblock copolyners depend on the
conpositions and rati os3bet iezi0 t hel PHB/ RE® bl 090 engtdés as d&sZri bed
later in tE¥FPHPPU ng section. Table 1 Block length (M) PHB content (wt
% Co;pbol ymer Mha Mva MW Mha PEON pHBb NVR TGA PEO PHB- PEO 4500 4730 1.05
1820 470 11.4 12.6 _ (2000- 0500-2000) PEO PHB- PEO 7290 8000 1.10 1820 3910
51.8 52.0 (a) Determined by GPC.” (b) Determined by combination

of '"H NMR and GPC results. (c) Calculated from TGA results.

The FTIR spectra of PEO-PHB-PEO (2000-3900-2000) and its starting PEO and

10  PHB precursors are shown in FIGURE 4. All the characteristic absorptions for PHB and

PEO precursors appear in the spectrum of the triblock copolymer. The carbonyl stretch

occurs at 1723 cm™ for the copolymer and PHB precursor. The ether stretch occurs at

1102 cm™ for the copolymer and PEO precursor. The bands at 963 and 843 cm” are

known to be characteristic of the crystalline phase of PEO. Bailey, J. et al,

15 Poly(Ethylene Oxide), Academic Press, New York, (1976). The two peaks appear in the

spectrum of the copolymer, and their intensities are associated with the PEO block

content and its crystallinity. The result is in good agreement with those from DSC and
XRD, which will be discussed in following sections.

¢. Thermal Stability
20 The thermal stability of the triblock copolymers was evaluated using
thermogravimetric analysis (TGA). FIGURE 5 shows the weight loss curves for triblock
copolymers and PEO and PHB precursors. The PEO-PHB-PEO triblock copolymers




(2000- 3900- 2000) PEOC PHB- PEO 8120 9260 1.14 1820 5230 59.0 58.3

(2000- 5200- 2000) PEO PHB- PEO 10390 11200 1.08 4740 780 7.6 8.4

(5000- 080WO20GNIFEO- PHB- PEO 12720 13770 1.08 4740 3820 P23/UK2@B/022561

(5000- 3800-5000) PEO PHB- PEO 13390 16250 1.21 4740 5490 36.7 38.2
(5000-5500-5000) 5 (a) Determ ned by GPC. (b) Determ ned by conbi nation of
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The thermal stability of the triblock copolyners was eval uated using

t her motff avi netric analysis (TGA). FI GURBbIB2shows the wei ght |oss curves for
triblock -—opotrymers—amd—PESamd—PHB precursors. The, PEC-PHB-PEC (T blrock
copol ymers WD 2004/ 009664 F&KrOB2003/ 0¥566/2)° 22 undeXgo st epwi e Eher mal
degr adat i orfolymee saoppe b| otk—sTarTs d M 1TSSl _at apboul _ 260 C._ then
the PEO bl ock starts degrB@dti dhit t 35B c PEGshdiB b@Hdt eBEPhat
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copol yner and the PHB content 5 can be calculated fromthis two-ste

degr adat i orM-Pehawiiot740)as 8.8t ed for V&P-Pous nol ec8P-Ar 379.4
PHB-diol (Mn 3800) 155.2 78.2 53.3 269.1
2000-0590.2000) 52.0 135.4 66.0 280.6 383.3
20003900.2000) 254 1423 691 922 337 628 279.8 3829
(2000.5200.2000 233 1536 583 978 284 667 2782 378.0
(5000-0800.5000) 57.7 148.7 725 284.8 384.7
(5000.3800.5000) 541 1402 1194 978 582 667 2838 3910
PEO-PHB-PEO 504 1532 1110 107.8 541  73.6 2860 387.8

(5000-5500-5000)



wei ght copolymers in Table 1. The results are in good accordance with those
obtained from 1H NVMR The tenperatures at which 10% of mass | oss has
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and crystallinity of the PEO block decreased with increase in the PHB block length, or

the content of PHB in the copolymers. These may be caused by the hard PHB block,

which depressed the crystallization of the PEO blocks in the copolymers.

20 Table 3
Critical Micelle Formation
Copolymer Temp (°C)
(cmc) (g/L)
PEO-PHB-PEO )
23 20x 10
(2000-0500-2000)
PEO-PHB-PEO 2
23 40x10°
(5000-0800-5000)
PEO-PHB-PEO 5
23 1.3 x 107

(5000-3800-5000)

FIGURES 8 and 9 show the XRD diagrams for the PEO and PHB precursors and
the PEO-PHB-PEO triblock copolymers synthesized in this work. The reflection peaks
for the PHB block did not appear in the diagrams for copolymers with short PHB

25 segments (FIGURES 8c and 9c), indicating that the PHB crystalline phase was not
formed. For copolymers with longer PHB segments, the PHB block formed a separated
crystalline phase similar to its precursor PHB-diol. The reflection peaks for PEO blocks



PHB bl ock significantly increased in the copolyners as conpared with the
pure PHB-diol, presumably caused by the existence of the soft PEO bl ock.
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Example 2

Triblock Copolvmer and Cyclodextrin Complexation and Release Kinetics

20 a._Formation of Inclusion Complexes
The reaction scheme of FIGURE 1 for synthesis of PEO-PHB-PEO triblock
copolymers was again followed. Briefly, high molecular weight PHB was first converted

into PHB-diols with lower molecular weights. The PHB-diols were then coupled with
PEO-monocarboxylic acid (Mr 5000) to yield the PEO-PHB-PEO triblock copolymers.
25 Two triblock copolymers PEO-PHB-PEO (5000-2300-5000) and PEO-PHB-PEO
(5000-3850-5000) were prepared and characterized by NMR, GPC, FI-IR, and DSC.
Both copolymers are water-soluble at room temperature. They form micelles in aqueous
solutions at low concentrations, which was confirmed by dye solubility experiments using
1,3,5-diphenylhexatriene and pyrene. The driving force of the micelle formation is

30  believed to derive from the strong hydrophobic interactions between the PHB blocks.
Despite the formation of micelles, solutions of 10 wt % of both polymers in water
remained clear with good fluidity. Upon addition of 9.7 wt % of a-CD to either polymer
solution, gelation occurred at room temperature. Compared to other homo-PEOs,
gelation could be induced at lower concentrations with this copolymer. While not
35  wishing to be limited by theory, it is postulated that the inclusion complexes formed by
o-CD and PEO blocks of PEO-PHB-PEO triblock copolymers ' aggregate into



10 | ow concentrations, which was confirmed by dye solubility experinents.
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bl ocks2®and t he Tondepeinkiratathe stabidify andelePrBy bhasaskeristicstdf éhese hisiregsks, hepol yner s.
vitro release of fluorescein isothiocyanate labeled bovine serum albumin (BSA-FITC,
molecular weight 67,000) as a model protein drug was studied (FIGURE 10). The release
characteristics of the «-CD-PEO-PHB-PEO hydrogel of the present invention was
compared with that of known (prior art) a-CD-PEO homopolymer hydrogels. The

30 a-CD-PEO homopolymer hydrogel, even with a PEO Mr of 20,000, dissolved in
phosphate buffered saline (PBS) within two days. In contrast, the a-CD-PEO-PHB-PEO
hydrogels could show sustained release kinetics for BSA-FITC. Interestingly, a small

difference in molecular weight, only 1500 Mr, of the PHB block caused a remarkable
decrease in the release rate. The a-CD-PEO-PHB-PEO (5000-2350-5000) sustained the
35 release for 4 days, while the a-CD-PEO-PHB-PEO (5000-3850-5000) sustained the
release for a longer period in excess of 5 days. No significant release of BSA-FITC
occurred after two weeks. These results indicate that the properties of the supramolecular
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copolymer mlxtureg in t e cuvette. The solutions were mixed thoroughly, and then

allowed to stand at room temperature overnight. The mixture formed a hydrogel in the

cuvette, and then its in vitro release kinetics were studied as further described below.

This procedure was carried out once using PEO-PHB-PEO (5000-5500-5000) copolymer
30  and once using PEO-PHB-PEO (5000-3800-5000) copolymer.

c. Release Kinetics

For in vitro release kinetics studies, each cuvette containing the respective

hydrogel including dextran-FITC was placed upside down in a test tube with 12 mL of

PBS and incubated in a 37 °C water bath. The PBS was changed at pre-determined

35 intervals of time. The concentration of dextran-FITC released at each interval was
analyzed using a fluorescence micro-plate reader.
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the in vit, rrlt%rnal diameters of the cavities are different, being ca. 4.5 A for o, ca. 7.0 A for £, and
ca. 8.5 A for »CD. Bender, M. et al., Cyclodextrin Chemistry, Springer-Verlag: Berlin

(1978). It has been found that the correlation between the cross-sectional areas of the

25  polymer chains and the cavity sizes of CDs plays an important role in the IC formation.

See, e.g., Harada, A. et al., Nature 370:126 (1994). In the experiments described herein

below, inclusion complexes (ICs) between PEO-PHB-PEO triblock copolymers and

a-CD or y-CD were prepared and characterized to demonstrate their usefulness in

forming the hydrogels of the present invention. These experiments demonstrate that both

30 a-CD and y-CD preferentially include the PEO block, while the center PHB block is only

partially covered by CD molecules.

a. Preparation of Inclusion Complexes
PEO-PHB-PEO triblock copolymer was prepared using the procedure of Example
1 above. The molecular characteristics of the triblock copolymers prepared for this
35  experiment are provided in Table 4. PEO-PHB-PEO triblock polymer (20 mg) was
soaked with 0.06 mL of H,O overnight at room temperature. Then, 3.0 mL of a saturated
aqueous solution of either o-CD or y-CD was added, and each mixture was sonicated in a
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at 5 °C min!. Data were collected during the second heating run. Transition

temperatures were taken as peak maxima. Thermogravimetric analyses (TGA) were
made using a TA Instrument SDT 2960. Samples were heated at 20°C min” from room
20  temperature to 800°C in a dynamic nitrogen atmosphere (flow rate = 70 ml min’l).
'H NMR spectra of the complexes were recorded at 400 MHz on a Bruker DPX-
400 NMR spectrometer. Chemical shifts of the complexes were referenced to & = 2.50
ppm for DMSO. "*C CP/MAS NMR spectra were acquired on a Bruker DPX-400 NMR
spectrometer with a sample spinning rate of 8.0 kHz at room temperature. The spectra
25  were acquired with a 2.75 us proton 90° pulse, a 3 millisecond contact time, and a
3 second repetition time.
Fourier transform infrared (FTIR) spectra were recorded on a Bio-Rad 165 FTIR
spectrophotometer; 64 scans were signal-averaged with a resolution of 2 cm™ at room
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PEO-PHB-PEO
67.9 56.3 1.4 2.6
(2000-5200-2000)
PEO-PHB-PEO
65.8 60.0 1.1 23
(2000-6800-2000)
15 The formation of CD-PEO-PHB-PEO ICs was strongly supported by X-ray

diffraction (XRD) studies. FIGURE 12 shows the XRD patterns of pure PEO-PHB-PEO
(2000-5200-2000), and ICs of o-CD with all three PEO-PHB-PEO triblock copolymers
in comparison with IC formed by o.-CD and PEO (Mn 2000). In FIGURE 12e, a number
of sharp reflections with two prominent peaks at 20 = 19.4° and 22.1° represent the
20  channel type structure of a crystalline necklace-like complex of a-CD and PEO. See,
e.g., Takeo, K. et al., Agric. Biol. Chem., 34:1787 (1970). The observation of similar
diffraction patterns for o-CD-PEOQ-PHB-PEO ICs (FIGURE 12b-d) indicates the o-
CD-PEO-PHB-PEO ICs assume the channel type structure like that of o-CD-PEO IC.
When compared with a-CD-PEO IC, two extra small peaks at 20 = 13.6° and 17.0°
25  appear in the patterns of a-CD-PEO-PHB-PEO ICs. The relative intensity of the two
peaks increases with increasing the ratio of PHB to PEO in PEO-PHB-PEO. With pure
PEO-PHB-PEO, as shown in FIGURE 12a, the peaks at 13.6° and 17.0° are a
characteristic of crystalline PHB. Thus, the presence of the two peaks is believed to
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intensity efanpdeinthplCspeaks increases with increasing the ratio of PHB to
PEO i n PEO- PHB-REODSW thivgsusfepure PEO-PHB-PEO (2000-5200-2000) and a~-CD-PEO-

PHB-PEO ICs are shown in FIGURE 14. As shown in FIGURE 14a, there are two
20  endothermic peaks at 23.3°C and 153.6°C in the DSC curve of pure PEO-PHB-PEO
(2000-5200-2000), corresponding to crystal fusion of PEO and PHB blocks, respectively.
Upon formation of ICs, the endothermic peak corresponding to PEO block is absent in
FIGURE 14b-14d. This is because the PEO block is included separately in the channels
of the host a-CD lattice, and then cannot aggregate to form the crystalline phase.
25 However, the endothermic peak corresponding to the PHB block is still observable
(FIGURE 14b-14d). But the fusion temperatures move to a lower range, and the enthalpy
changes result in a dramatic decrease of the a-CD-PEO-PHB-PEO ICs. The results
indicate that each PHB block is partially covered by a-CD, and most likely the middle
portion of the PHB block is uncomplexed by a-CD. The decreases in fusion temperature
30 and the enthalpy change are due to the perturbation of crystallization resulting from the
partial inclusion of the PHB block. Shuai, X. et al. (Macromolecules, 35:3778 (2002))
have reported the formation of ICs between poly[(R)-3-hydroxybutyrate] and o-CD in
DMSO. Their results showed that a PHB chain was only partially included by a-CD.
For the system of the present invention, threading of o~-CD onto the PHB block is still
35 thwarted by the hydrophobicity of PHB, although the CD threading onto the PEO block
can further slide onto the center PHB block. In the a-CD-PEO-PHB-PEO ICs, both
fusion temperature and enthalpy change trend to increase with an increase in the chain



PEO- PHB- PEO, as shown in FIGURE 12a, the peaks at 13.6 and 17.0 are a
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at @ (53‘ 5900 S()O?InC }/s 1p4 in 1cat1ng more a-CD molecules have been contained in the

a-CD-PEO-PHB-PEO (2000-5200-2000) IC than forming a stoichiometric complex of
a-CD and the PEO blocks. On the other hand, the solid state C CP/MAS NMR
measurement shows all a-CD in the IC has been threaded on polymer chain and adapts a
30  channel structure. Thus, some «-CD is believed to slide onto the middle PHB block.
The ratios of PEO repeat unit to CD for all tested CD-PEO-PHB-PEO ICs are
summarized in Table 5. In the cases of ICs with y-CD, the ratios are between 2.1 and 2.6,
which indicates some y-CD molecules also slide onto the center PHB block. These
results further support the hypothesis that the PEO block is fully covered by a-CD or

35  y-CD, while the center PHB block is partially covered in the CD-PEQ-PHB-PEO ICs.
FIGURE 18 shows the FTIR spectra of the o-CD-PEO-PHB-PEO ICs as
compared with the pure PEO-PHB-PEO(20-52-20) and o-CD. The spectrum for a-CD
shows a broad band at 3360 cm™ due to the symmetric and antisymmetric O-H stretching



For the system of the present invention, threading of a-CD onto the PHB
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weight loss to PEO block. However, the onsets of decomposition of PHB block, PEO
block and o-CD in the a.-CD-PEO-PHB-PEO IC are observed at 247.2 °C, 309.3 °C and
365.8 °C, respectively. They all are higher than those of the PHB and PEO blocks in
PEO-PHB-PEO (2000-5200-2000) and the pure o-CD, respectively. The higher

30  decomposition temperatures of a-CD-PEO-PHB-PEO ICs are believed to be due to the
contribution of complex formation to the thermal stability of both a-CD and PEO-PHB-
PEO. The similar results have been also observed for y-CD-PEO-PHB-PEO ICs.

Example 5

PEQ-PHB-PEQ Copolymer Micelle Characterization
35 Micelles were formed in aqueous media from PEO-PHB-PEO copolymer

produced in accordance with the overall procedure of Example 1, and then characterized,
as follows:
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C, 306°3 Rirrd ™ BB L AP Yrd ot Pibgnol 1qqechloppformy wanifurker murified those of
the PHB af@ctPE@IGN oRY: 0.75 g, 56%. GPC (THF): M, = 12720, M, (PHB block) = 3820, M,

(PEO block) = 4740, My, = 13770, My/M, = 1.08. Ty, = 54 °C (for PEO block) and 140 °C

(for PHB block). 'H NMR (400 MHz, CDCl;): & 5.29 (m, methine H of PHB block),

4.32 (s, -COOCH,CH,COO0-), 3.68 (s, -CHOCH,— of PEO block), 3.42 (s, <OCH; end

30  group), 2.48 — 2.67 (m, methylene H of PHB block), 1.31 (d, methyl H of PHB block).

IR (KBr): 2886, 1723, 1456, 1380, 1280, 1111, 1061, 962, 842, 516 cm™.

¢. Polymer Characterization
Gel permeation chromatography (GPC) analysis was carried out with a Shimadzu
SCL-10A and LC-8A system equipped with two Phenogel 5p 50 and 1000 A columns
35 (size: 300 x 4.6 mm) in series, and a Shimadzu RID-10A refractive index detector. THF
was used as the eluent at a flow rate of 0.30 mL/min at 40 °C. Monodispersed
poly(ethylene glycol) standards were used to obtain a calibration curve. The 'H NMR
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FIGURE 22 shows the intensity ratio of J537/534 of pyrene excitation spectra as a function

25 of the logarithm of the copolymer concentrations. The J537/534 vs. Log C plot presents a
sigmoid curve. A negligible change of intensity ratio of Ls7/l334 was observed at low
concentration range. With increase in the copolymer concentration, the intensity ratio
exhibited a substantial increase at a certain concentration, reflecting the incorporation of
pyrene into the hydrophobic core region of the micelles. Therefore, the cmc value was

30  determined from the crossover point at the low concentration range in FIGURE 22. The
very low cmec value (1.4 x 10° g/mL) indicates a strong tendency of the triblock
copolymer towards formation of micelles in aqueous environment.

The formation of micelles was unexpectedly found to be relatively temperature-
insensitive. As shown in FIGURE 23, at temperatures ranging from 15 to 45 °C, the

35  L37/l3s ratio is primarily dependant on the copolymer concentration, rather than
temperature. Therefore, the micelle formation of the PEO-PHB-PEO triblock copolymer
is relatively temperature-insensitive. This is quite different from triblock copolymers



(PEO bl ock) = 4740, Mre, = 13770, MM = 1.08. Tm= 54 C (for PEO bl ock)
and 140 C (for PHB block). '"H NVR (400 MHz, CDC13): d 5.29 (m nethine H
of PHB blwok)94/0046632 (s, --COOCH2CH2COO), 3.68 (s, -CHaeCHars2a8/0PB61 bl ock) ,
3.42 (s, -OCH3 end 30 group), 2.48 - .67 (m nethylene H of PHB bl ock),
1.31 (d, nethyl Hof PHB block). IR (KBr): 2886, 1723, 1456, 1380, 1280,
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300 x 4.6 (MP7 FEOE@(WQQ)) Widlle aoShvishing 2o bRliDitéd By thebrya dtei iweeniongbelicdet ect or .
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time of 3.2 seg, %(Sﬁserepetu tinme of sec
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mai nt ai neddigdocihteSatniow Saipplatirs andt dl@nsotvease td Qggregpate thriyr silessohisi ng a

predeterm{%ﬁ& ugltetﬂs&p(%rgglléblg?ﬁ)(?}eﬁrg)’hah&e@n aqueous pyrene solution of

known conce e So were allowed to stand for 1 day to
equilibrate. e. Resul ts and D scussi oExamglpg nicelle formation of the
PEO- PHB- PEO tri bl ock copol yner was studied 15 using a dye absorption

t echni ie. The cr i kilGed Timive Sidcempaniptvtof atCIHRECe -RF4} Hedrofels he

T oor bosonce. NS %‘f’@*’df "Hém! B-68 304 PEOIRLIN PEORSMIACIEBAGI S| N9
MR omD| GoficadEs W wﬁefﬁtragb%an?ﬁ(%gw fyectg; intrp- amc\»{}vaw 8}*&1@ Pes -
33: 3694.- 37{dnts Qﬂtﬁﬁe)rabbifhl Eho*sphdh@ﬂuffereda&aimd (BBS)tves wd i a ndgativescodird.

absor pti ony g@ﬁ&iuﬁﬁs f8fe. sQé?[fF;@@aﬂ mayggﬁaefe}ﬁ @énoﬁr 90 R34 f& tv&réﬁqzveaﬁu\a@@n pyr ene

is solubili m ce e excltation spectra
f or py?‘énee’iaﬁmi’ﬁgtbé?‘lséﬁlog)’a ?lgagnp E%‘ﬁ‘?f@ﬁ‘( ‘5‘?9 d‘l‘?ger OpEOBED copol yrrer .
Wth increase iThetilepresnptivy mesults ©b ic ivoridédoopatildlityeidsts hof fthe bfdrode i0- O

absor pti onBapd,de #&His%l?b%hﬁ)%?iﬁﬁ@@i{ﬂ@%@&%% Mtol) afid $3¢RG-@B-PERPERL he
Intensity r]g(g Il-gldrogelg X?{lougﬁ there WQQ/ mﬁd %br%)sflg I1r;[ t Ezgfn%vﬁl%eec}}pgs%dqg thg o~ CB-C tion
PEO-PHB-PEO hydrogel shown in slide shown in FIGURE 24b, there were no
25  signification differences between these two samples. Overall analysis showed that there
was no obviously inflammatory infiltrate in the joint synovium after injection of the
hydrogel. The results showed biocompatibility of the hydrogel in the rabbit knee joint.
There were no significant differences histologically and morphologically between the
knees injected with hydrogel and PBS.
30
While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.



25 of the logarithmof the copolynmer concentrations. The 1337/1334 vs. Log
C plot presents a signoid curve. A negligible change of intensity ratio of
| 337/ 1 334waasodabbs@nved at | ow concentration range. Wt rCirruse@a®e2son t he
copol ymer concentration, the intensit3 ratio exhibited a substanti al
increase at a certain concentration, reflecting the incorporation of

pyrene into the,hydrophobj c.core regi on of 1 cel Ther. the cnc
val ue was 30 dgrth %ﬁ%"ﬁ@éﬂ f {rsé)r% léw%lr%g% lsnov\yfeﬁf h %I?)I%}I% sgfe érﬁgerﬁyod\?v%@g{ll g(r?lgf ration
range i n HRisdREaRAefidddens foltyws: | ow cnt value (1.4 x 10-5 g/nl) indicates a
strong tendency of the triblock copolynmer towards formation of mcelles in

aqueous envi ronment A Jhe fIReARY 5N, Qinpikimel | es was unexpectedly found to be
rel atively tenperature: ingnsmi in, Fl GURE 23 t t ggeratures
? &

ve. own in

rangi ng from 1% ygrogs! ferm Om%d‘f’l‘%%‘tﬁnlaé‘é&nra&‘t fhilig SOpoTyaPt: Wher dant on
t he copdl yepolymendehtdestan ok polyatehdtock ramptisinp er palyelkyleih eoxatbawl athe

m cel | & 1 op A el boh bR FEC s BEQuiiahAhackcopol ymer 15 relativel y

t enperature-insensitive. sis quite different fromtribl ock. copolyners
WD 2004/ 009664 PEFRPRBIEHY) ek aﬂ‘@%“h%v‘i%@“é R§ RATPOP 9%651? h‘%}ageﬁ%al kanoi ¢
aci d) and &dnaied mgthREDe bydroged. consi sting of PLLA or PGA, which are usually
t herno-sensitive. Jeong (2002); Kissel (2002); Jeong (1997); Jeong (1999))
Wi | e not wi shiong t ghBeydidniot ethid), FMBEY dompridB g lapHamiResicABY h@¥ablé hat PHB
has hi g(§1er cr‘gs allinity and hydrophobicity than do pol y(a-hydroxyal kanoi c
5 acid8y, IWESSOPAE tendency of sel f-assenmbly of PHB segments in the bl ock
copolyners is nuch stronger and not dependent on the tenperature change.
In sunmary, terdper aflbe systemseiislpim Levheresnihe drugstelvary systest isdnipdabds-
bi odegradabl e anphi philic PEO PHB-PEO tri bl ock copol ynmer has been
denonstrat ed. At hoUhh st of@lsina3, velesfietie bidrogad & thsbtrowt.ure to PLLA, the
m cel |l e behavior of PEO PHB-PEO 10 tri bl ock copolyner is quite different
from PEO PLLA- REO t HinBlspgdn 60 RMiM e fvherbhethe BYsE@h bRYide® kiRt rélBast e
PEO- PHB- PE trhbltock cogol%msr ¢ whi ch. i.s dtl fficult g((r)f dllsso%aﬁlioe at | ow
t enper at ur B 3l5Et g7 remprutic Agent Y apiod 9L pidegsh oney sk, olpyine Litiation o
t enper &f ur drug sl@se.hus nore stable and readily handl ed. Exanple 6 15 In Vivo
Ti ssue Biocorpatability of a-CD PEO PHB- PEO Hydro ells Hydrogel forned
from g' CD an REGC IPHBZ Rk _59_@%13Q8%51@910the isﬁ%_tenﬁ?ﬁﬁ[dé@_@t‘f&iﬂ&d&@leésb%f o
procedur e ampl e, 2 was. injected i.ntra-arti r . joints
of three rg’ﬁﬁﬁé%sg‘gﬁ%lgrﬁﬂ%@g aé‘tﬂ?? Erel rl‘g}a t?art]Zea%tﬁgé)%ﬁ%%fogg‘;é’%gg@&%%ﬁg’gati ve
control. Umercdesseral s were sacrificed at 7 days after injection. The knee
joints were harvested and 20 exam ned by histology. The sanples were
eval uat ed under7.bl i niedyeandf Ciand, whireinrteppdg@lklykhe veide)as sdle¢cteddfomn vi vo
bi oco tifili t e I r | QLN r hown in
I GRED 2ane pistp STty LRGP ORR bilicy SRR GeriRyloAl Thed)! Gnd
poly(tetrahydrofuran).

8. The system of Claim 7, wherein the poly(alkylene oxide) is poly(ethylene

oxide).

9. The system of Claim 1, wherein the poly(hydroxyalkanoate) is selected

25  from the group consisting of: poly[(R)-3-hydroxybutyrate]; poly[(R)-4-hydroxybutyrate];
poly[(R)-3-hydroxyvalerate]; poly[(R)-3-hydroxybutyrate]-co-Poly[(R)-3-
hydroxyvalerate]; poly[(R)-3-hydroxyhexanoate]; Poly[(R)-3-hydroxyheptanoate]; (S)
enantiomers of each of such (R) enantiomers; racemic mixtures of such (S) and (R)

enantiomers; and mixtures thereof.



PEO Hydrogel ). Although there was mld fibrosis in the synovium exposed to
the a-CD- PEO PHB- PEO hydrogel shown in slide shown in FI GURE 24b, there
were no 2A8o=xwgmiobécaat i on di fferences between these two PamfiSess/orser al |

anal ysis showed that there was no ob¥iously inflammatory infiltrate in the
joint synoviumafter injection of the hydrogel. The results showed

bi oco][rpati bi |'i t10.of Tﬁeesylstynimflg@]airﬂ rl,I ’lwhaernaiﬂibipblyﬂ[}?ﬂ&ﬂygkiﬂ{loate)bigh@e@teweL e no
. . I , A )

knees | E?Q?ggfiﬁf‘iﬁ"ﬁﬂ F o e B R R R B ot o

the i nventf FIRHOmSERRf §arlt ok sycht(BYengptomersiasentie anixtures off Isichi(8) aphb@ci at ed

t hat vari oumntilaagemdaartubs thopshe t herein wit hout departing fromthe spirit
and scope of the invention. WO 2004/ 009664 PCT/ US2003/022561 36 The

enbodi nents of {he ippetiQN{ i1C excl Ui roperty.or privilege is
clained are lﬁié;it l?ﬁd Tgl\sé oqeﬁo(\)/\i;s:ela}i\{%11 IA%'r@l%gl g%l‘#’ \i"éiﬁ{’?dr‘gs)x gﬁ% aYG%C():ﬂIBBII‘I%eIS ng: a
hydr ogel fB? 17 ?S‘ilFP%X}:&‘Fyé%f%]xtri n and an anphiphilic copol yner, wherein the
5 copol yner includes an A polyner bl ock conprising a poly(alkyl ene oxide)
and a B pol ymer2. bl ddk szssempoif Sllang lawhedein( thy deekynadr kamoahshiphilkndibiock

t her apeut i eablyheefii@edihy e B tns r j
i ntimat el y?%gﬁzt&ailned IV\%/'[ hi n%%tyﬁigr ﬁ&g@(ﬁ&%@é&en@%ﬁ%%@?ﬁ@%&%{fepH%g;ﬁ%ki

further cor‘rﬁrl%l ng a pharnaceutically acceptable 10 aqueous base. 3. The
system of Claim1, wherein the drug delivery systemis injectable. 4. The
system®f O ai 33, viberwtemt HfeClaipridgeherein Hhipobi(haipiyalkinoaEhed diesk em of
Claimil, whdymeéris sdheteslyiBdne e icdRssting SEabdgdrRL£h | east one
t her apeut i -hﬁﬂ&@b {yg#%]a p &b’ég;&gﬁi %‘to Ig sttp pﬁg )%eﬁﬁﬁi)gylbggﬁﬂ’ ilﬁlk]'pi ation of
15 drug rel ease.” 6. The s?s K-Sty EPR ARt Th o PRV IEY #r8Y EOOEM S f0r des

sust ai ned FAYlERsEhytroxstvalsraml; | east POnERr hbydipohickanoatgent  f oPol[(®psi od of at
| east two hyeledsghdpddroms];ns) dndhlidndid OMeadh of SUIHIRY El8BSRers; TacehiE nSYgeM Of

G aim s V&‘%P&l @?,g{be({eﬁ%%g&yé%,laegeni)(()tx% ds%e |? selected from 20 the group
consi sting of poly(ethylene oxidel *pPor WLt r amet hyl ene oxi de) and

pol y(tetrahydraofuran). 8. The systemof Claim7, wherein the poly(alkyl ene
oxide) is pol y(8t hyl8heystgRi o flaing 12rHhessis t then nofy(@kedenn oxideihar bliosk t he

pol y(hydr cpojsahdeanioatselecied sednectied group consisting of poly(ethylene  oxide),
poly(tetramethylene oxide) and poly(tetrahydrofuran).

15. The system of Claim 14, wherein the poly(alkylene oxide) A block
20  polymer is poly(ethylene oxide).

16.  The system of Claim 15, wherein the poly(hydroxyalkanoate) B block
polymer is selected from the group consisting of: poly[(R)-3-hydroxybutyrate]; poly[(R)-
4-hydroxybutyrate];  poly[(R)-3-hydroxyvalerate]; poly[(R)-3-hydroxybutyrate]-co-
Poly[(R)-3-hydroxyvalerate]; poly[(R)-3-hydroxyhexanoate]; Poly[(R)-3-

25 hydroxyheptanoate]; (S) enantiomers of each of such (R) enantiomers; racemic mixtures
of such (S) and (R) enantiomers; and mixtures thereof.

17. The system of Claim 1, wherein the poly(alkylene oxide) A block polymer

and the poly(hydroxyalkanoate) B block polymer each has a molecular weight of from
500 to 20,000.

30 18. The system of Claim 1, wherein the poly(alkylene oxide) A block polymer

and the poly(hydroxyalkanoate) B block polymer each has a molecular weight of from
2,000 to 10,000.



25 fromthe group consisting of: poly[(R)-3-hydroxybutyrate];

pol y[ (R) - 4- hydroxybutyrate]; poly[(R)-3-hydroxyval erate];

pol y[ ( R) -8olryavmassbut yr at e] - co- Pol y[ (R) - 3- hydr oxyval er @C&]Us2003/022561

pol y[ (R) - 3- hydr oxyhexanoat e] ; Pol y[ ( B¥8- 3- hydr oxyhept anoate]; (S)
enantionmers of each of such (R) enantioners; racem c m xtures of such (S)
and (R) enantiQner gjeaRdem &@fa% it hﬁ{e?é?lfl thé/\Pol A4/ QR Bate) B block

PCT/ US2003/ 022561 37.1 The 2)%( @P‘? %ﬁh 1 wherein the

pol y( hydr BN IADEmefecplar weigh 09,49 ‘group consi sting of .

pol y[ (R) - 3-hydr oxybutyrate]; poly[(R)-4-hydroxybutyrate (S) enantioners
of each of suck((R) ThnartéoetEkin dawy gﬁ%tclﬂd@strlofls @ellc}ﬁed(%)a layed of R)

enant i Oer om 30golB0¥4 bif 88 whidel sTelko co‘éol?,'ilner The system of Claim 1, wherein the
pol y(hydroxyal kanoat e) conprises poly[(R)-3-hydroxybutyrate]. 12. The

t f d 1
zg;of;nrréér |n2: u %gré%t%welaﬁ% 47Vﬁglgulc}he'se};% %d@%gﬁ%ﬂkl\%‘\g&%}tp \%/e(r?rg}r( bl ock
end segnefies > ﬂf@ 5%&’0 Oth%W§¥§‘t<tfﬁlile(ﬁopdymem 12, wherein the
pol y(hydr oxyal kanoate) B bl ock polyner is sel ected fromthe group
consi sti ng of . 230l y[IThR)sySteinyofi Glaydp ult, ywistrah ; the dilyghiofdR) scombpringsd aroeyimotiy r at e] ;
pol y[ ( R) E}f B%ﬁ/t%{iﬂ;_ngrtﬁé olyB@ %g@kré’f 51%%’%%/5%&?&0% elg

Pol y[ (R) roxyval er at dr oxyhexanoat e (R) - 3-

hydr oxyhept anoate]; (S) enant rs, of, each, of enantl orrers

et xtur g 1Y) Syétﬁ‘@h(’fl %?e d- (‘ﬂjef%lﬂgh nFERd. SRuh  ARUCU her eof

14. Thio sy@ﬂtéimn@bnt@nmgrthel@pommarhewehd fwh gtfcat k3 moobéoﬁl/eby weibhtock

polymer is selected fromthe group consisting of poly(ethylene oxide),

%Ol y(tetr amrrﬁt hyzl4ene Tchzsisglﬁémaﬂdslml Y(ﬁlﬁhé'rad)@}ﬂ'@hgiflg' raéklsi%):ozngé@'- ;l)oT}hﬁerS\ylﬁtzlem of
aim 14 erel t n oc polyner 1s

pol y(et hylcé)rﬁnéﬂ%{fls e %n&fgr %%%éel&gs tﬁ? %erag?uq%agém 15, wherein the

pol y(hydroxyal kanoate) B bl ock i.s selected fromthe group

consi sting of. %ol y[X @R)Swerﬁﬁir(%}%ybﬁ y‘i”%ﬁr%lf “epéffcﬂl((f Polymey, iy %WBH’FM ate];

pol y[ (R) - 3sekegtbrddropv &le@ralpedo;nmpmigy{f (PR)yeSerayhlyxatharey, patyeinides-polyethers,

Pol YL (18 - S el Bkl POl b RkpRadtyluguigxancat el Poly[(R -3 25

hydr ox anhoat e enant | ohe such (R) enanti oners;
racem c m xtur s of . such R), enanti oners mxt res thereof .

17. The system T&Fﬂsielﬁﬁ%%ﬁ%’? %‘g’ V%{@reﬂ)‘&hﬁ(sﬁ‘io?%réﬁ YOS 68) A’rlﬁ‘%’@k pol ymer
and t he poﬁy@thyxdkpnbym&rlvathq:&ﬂ}ée)thﬂemlgbj@hl)pcgnwm each has a m)l ecul ar wei ght
of from 500 to 20,000. 30 18. The systemof Claim1l, wherein the

pol y(al kyl ene axi de)Thé sixede kf Gleiny Biirther comprising DNA nanospheres.

28.  The system of Claim 1, wherein the copolymer has a molecular weight of
20  between 1,000 and 50,000.

29.  The system of Claim 1, wherein the copolymer has a molecular weight of
between 5,000 and 35,000.

30.  The system of Claim 1, wherein the at least one therapeutic agent is

selected from the group consisting of peptides, proteins, small molecules, genes, antigens,

25  antibodies and fragments thereof and human recombinant proteins, DNA, RNA and DNA
nanoparticles.

31.  The system of Claim 1, wherein the at least one therapeutic agent is in a
macromolecular form.



and the pol y(hydroxyal kanoate) B bl ock pol yner each has a nol ecul ar wei ght
of from 2,000 to 10,000. WD 2004/ 009664 PCT/ US2003/ 022561 38 19. The
syst em ofwQl2aé4modg64wher ei n t he pol y(hydroxyal kanoat e) BPhiraszoo3peisgner has
a nol ecul ar wei ght of from 3,000 to 29500. 20. The systemof Caim 1,
wherein the cyclodextrin is included at a level of from5%to 80% of the

wei ght of the cppol y['{ﬁ@rsa/sténzelf Clyi'l? 1SXN<‘H6% @fe & RLMohe tﬁ\é}ﬁﬁeﬁh@ ab&e is

cyclodextrln i s I nclude rom5%to 50 ht of the
copol ymer . sejstedfipm g’ﬁ§f%‘ﬁ1089515&}1%1f’§?“f%6%ﬁ%rag?sﬂ’efl%ﬁe amﬁfr{%ﬁlé’l n%’g?ag%s an
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conpri ses an ueous, 10 sol ution conta|n|n copol r evel of
f rom abdut 2fgtics anbbistamitrs, tRFOMSSERES, antblr amﬁetog%tl el f%xal?t?n ati-f yrt her
conpri si ngpaasgcoddasy palvymaer dings chantcrmqahmces aguntsh antﬂ-/spnrsm:oagamgat es the

ther apeut ' 8110%91%?%0&&1% de fits > gﬁ%ﬁh‘% on agétﬁg 24ti- Wﬂﬁﬁe&@l tlﬁ'@as%Cleéi’l

pol ymer is a polyner ected fromthe grdup consisting of polyesters,

pol yur et has8re W@aa‘ﬁf‘?f@%smﬁ%‘}sﬁ’é‘f PRRUNOSURIESSAysy sacchar i des, pol y(ani no
acid)s, polypeptides, and proteins. 26. The system of C aim 24, wherein the
secondary pol yrs i Tha yitemonf Gloimn-1, fhecsin dlreait b@ﬂtquerth@mpdutip@gv(tds hyl ene

gl ycol )o SGEBT@%'EETdero1%7the E%psaeﬁ&lemgoa‘)f &fﬁiu@g JorothiHlé timfdufgoemémﬁésn

nanosphere

ool ot CTiciohpngpEenst N cR b B Her So00E a%?ragﬂsxgﬁwgﬁ] %8 Qaim

1, wher ei nhurha eopabiyane protedrs, smalivheleclles geves,ghtiganf inchdingerpcifesODNAand

35, 000. 30rNANGAINA GMRPEickal M 1, wherein the at |east one therapeutic
agent is selected fromthe group consisting of peptides, proteins, small

oL e TS, AR o AR A T ARl BRI M aelgBe

daimiS whsisin the at | east one t herapeutic agent is in a nmacronol ecul ar
form WD 2004/ 009664 PCT/ US2003/ 022561 39 32. The systemof Caim 1,
wherein the at 35astThenestéchef Gt BUcwhAgeintthe Bnplagdbicdesitefis snmtelddrcgni oup

consi sti ngy 9 @dl}aéo%z?ﬁ of ds?él?}?sslcilﬁét%rﬁsamﬁtﬂubﬁr E&{dhﬂ‘é gl 63’3 irsil?ug‘t?S?e

nodi fyi ng an heumat
ant i convul 4f¢ial joints, art1ﬁ01a1 hearTs, artificial valves and other prostheses

36. A drugdelivery system, comprising:

20 a hydrogel formed from cyclodextrin and an amphiphilic copolymer, wherein the
copolymer includes an A polymer block comprising poly(ethylene oxide) -and a B
polymer block comprising poly(hydroxybutyrate); and

a therapeutically effective amount of at least one therapeutic agent intimately
contained within the hydrogel.

25 37. A hydrogel comprising cyclodextrin and an amphiphilic copolymer,
wherein the copolymer includes an A polymer block comprising a poly(alkylene oxide)
and a B polymer block comprising a poly(hydroxyalkanoate).

38. A process for synthesizing an amphiphilic ABA triblock copolymer,
including poly(ethylene oxide) as an A block polymer and poly(3-hydroxyalkanoate) as a
30 B block polymer, the process comprising:
converting poly(3-hydroxyalkanoate) into telechelic poly(3-hydroxyalkanoate)-
diol with a lower molecular weight;



anti depressants, antidi abetics, antineoplastics, antipsychotics,

anti hypertensives, 5 antibiotics, antihistam nes, decongestants,

anti - i nf l'woreat400p@8, nuscl e rel axants, anti- parasitic acugs2omneiseiral
drugs, anti-restenotic agents, anti-sffasm agents, chondroprotective
agents, anti-adhesion agents, anti-tunor cell invasion agents,

vasor el axants, VaRemReNALh&SLRRe@MEnd TBRA BRI EHE S acid Frond HectBAgt em of

Claim 1, wherein the’ | east ‘one” t herapeutic agent is 10 selectéd from
the group ngﬁgé"}élf?%@“‘gab? %‘gpti des, proteins including cytokines, growh

factors, angi ogemdsigs tlfeapplg@shydsmdywllk{nmateéd@ﬂ)t witls , thanhethodi-edy(athyllehe agnment s
thereof anglq —%@caﬁ%&%ﬂp ' a%ﬂln Tusiﬂ% of ?—'df&%elo ichnbgﬁ‘ﬂln?iﬁé’ | 8SyieReRRS ARt I gens
, NA DNA cl es.

i ncl udi ng vacci nes an anoparti 34. " The system of
Claim D vifiBlogk fORok@ky dr ogel is applied to an i nplantable 15 device. 35.
The system of C aim 34, wherein the inplantable device is selected from
the group consi3dti ngheprostsenf €laim 38 ehesis thegiotyiaydrotyatkaneatndupaly(3- scr ews,

pl ates, shuatckybutPate) bddth@boll@LidfoxyAkioblef-iil is PEB{I-Bydr@lybi tfyia@é%@howal ves
and ot her pr ostyheses. 36. A drug def/l very system conprising: 20 a hydrogel

formed fr om CyC4| .OdE)ﬁlél rll‘ocaensd 0 nCﬁarIlPh%(S? hxlzvilérginc%goﬁéin@ﬁ yd{é%g{llﬁén%at% 8s

copol yner includes an A _ofymer Foc conprising p% yi(e. ene oxide) and a
B pol ymercopyested le@ﬁplpwﬁ%golpfesrlgb(dmxdalésmm#wébéﬁ;traamteaﬁ@ﬁ@na@@a@n cally

ef fective wipenyle® glpdol.l €ast one therapeutic agent intimately contained

wi thin the hydrogel. 25 37. A hydrogel conprising cyclodextrin and an

anphi philic copgly r e .he A i [ 0 r bl ock
conprising a p%ﬁy(gﬁég_lpé%&%&og{ gtéz{ntl %%g‘ggérﬁggg? Il?rbglé&g?%lc}@%@?&r %)}gll 1g a

pol y( hydr oRguIcRERBdicayid iggodyced b sasting msthayrirondethylFRfgexdds) SIS i ¢ ABA
tribl ock cahedridest the prasedce df Hgdipethy (aetfitvypyeiitneaxd dethydaniad ind ,blideénepol ymer
and pol y(3-hydroxyal kanoate) as a 30 B bl ock polyner, the process

conpri sing: comger t ifig pRREY (P CIMA WX ¥AkHaNAR LS 3-RidPodyaIkaEdAE) Jdfol and

pol y( 3- hydr ox Ikanoaée%— di o.Id w th a | ower ﬁg{l%ul ar, wel ght; WO

2004/ 00966" e%‘?‘f’%ﬁ% Holese gaide)zponrgaereilisge 180 PHBY Y CRIHPEene

oxi de) - nonocar boxylic acid from net hoxy- poly(ethylene oxide); and coupling
t he pol y( 3- hydrdxyallkanwaese)of dilaim 3§ whetehethepolitk yglkendaie)-divd and

oxi de) - monge MakY. pol (AGildhe WkideYmbnecatonyld €%¥! ©apl@dh dntdmetnglens el d the
ABA 5 tr;{?‘io&g copolymer. 39. The process of C aim 38, wherein the

pol y(3-hy &1 kanoat e) is poly(3-
44.  The process of Claim 43, wherein the poly(3-hydroxyalkanoate)-diol and
20  the methoxy-poly(ethylene oxide)-monocarboxylic acid are coupled in dried methylene
chloride under a nitrogen atmosphere.

45.  The process of Claim 38, wherein the poly(3-hydroxyalkanoate)-diol and
the methoxy-poly(ethylene oxide)-monocarboxylic acid are coupled with an excess of the
methoxy-poly(ethylene oxide)-monocarboxylic acid.

25 46.  The process of Claim 38, further comprising isolating the ABA triblock
copolymer using mixed solvents selected from the group consisting of methanol/diethyl
ether and chloroform/diethyl ether.

47. A drug delivery system, comprising:
micelles formed from an amphiphilic ABA copolymer, wherein the copolymer
30 includes A polymer blocks comprising a poly(alkylene oxide) and a B polymer block
comprising a poly(hydroxyalkanoate) selected from the group consisting of poly[(R)-3-



hydr oxybut yrate) and the pol y(3-hydroxyal kanoate)-diol is

pol y(3-hydroxybutyrate)-diol. 40. The process of Caim 38, wherein the
pol y( 3- hywpoxyaiokenoat e) is converted into tel echelic PCT/US2003/022561

pol y( 3- hydroxyal kanoate)-di ol by a t#bansesterification reaction 10 with
et hyl ene glycol. 41. The process of Caim 38, wherein the

m?t ony- pq{yx,ﬁ%%rggﬁ M[g@%WE@W%Y@ (‘enalﬁidﬂlel:r§ opreaciicedudhy (React i Pg
met hoxy- po e ene oxi.de CciLniC an r nce o
(i ot PyPRHOS PP TS of PR FT RO T ey bl Wy BHERRIE 2 e
of O aim 38, waehehpeutitelypdfepi@- myoimbof ok Reasoaiee frepeiticgggnt mtmatgly

nmet hoxy- pol ﬁ&&%ﬁ:%ﬁg@h%{cg@s; nonocar boxylic acid are dried prior to

coupl i ng. i e process of Claim 38, wherein the

pol y(3- hydr oxyal kangat e) - di and he | net hoxy- 2 tabl

oxi de) nonocar %Bxyl iﬂ%’ Sé)(s,‘ieﬁl Og.lrcelal%ﬂp%ué% “ ér%)%l ?@ﬁé% a%g]flr#fﬁéeﬁn%&%fe rl de. 44.
The processpueafusGhsai m 43, wherein the pol y(3-hydroxyal kanoate)-di ol and 20
t he net hoxy- pol y(et hyl ene oxi de) - nonocar boxylic acid are coupled in dried
net hyl ene  chl api deThhdgkte Ft ChgendKt mhepinetle. mibelleT harepimcefsicof C ai m
38, wherein th ol.y(,3- hydr te)-di;ol and the

net hoxy- poi Y EEA lcfnéﬁéheoa ?{ed)él%ér%#égog@%g%ﬁogg' acid are coupled with an excess
of the nethoxy-poly(ethylene oxide)-nono boxylic acid. 25 46. e
process of C aih 38?{" ¢ SisteRest @@Ff’p‘%‘]’ Shergny tﬁ%’l@ﬁ‘?%“@ﬂ% leﬂgﬁ\a’? F?Pﬁ?%%ﬁ?

copol yreer asiceg m xed sol vents selected fromthe group consisting of

nmet hanol / di et hyl ether and chloroform diethyl ether. 47. A drug delivery

system conpri siing: ok cRtdnesr ERINBH, $EQHh Mt apRtpl dovice ABRlerpdtoer

wherein the copolyner, 3Q includes A pol r bl ocks conprising
pol y( al ky| BRE VR QBYSURL P éteBtSqu@%gF’ %iwc% o ‘Fiul %cre”xgs, ptdidd s,

S ng
pol y( hydr omyifitikisnina; ajifisel eats artificiahvalves agd ghgr peesthesest i ng of pol y[ (R) -3 WO
2004/ 009664 PCT/ US2003/ 022561 41 hydroxybutyrate],

pol y[ (R) - 4- hydrpxybyty kpsed of Cﬁ?m em,aﬂteir@mresynfm peuvides Sussaiiedd r¢lR)se é)lf _
enantiomers, racemc mixtures o c : Sne adi M xtures
t her eo?s, a atgeelsﬂ]gfl%gl]éqﬂ?ﬂegtéﬁ R re%tllge\gléd %ﬁg‘l& nl@sg% Bgrtg %1}'@2523{ one

t her apeut i bllagegtinitistionrpdideigyeleasont ai ned within the micelles. 5 48. The
system of Claim47, further conprising a pharnaceutically acceptable
aqueous base. 44 Thae systdne 6T OhinthBivwheddy thahely@ilryldnk exide i sélegeddran i n
sufficient concentratj [ Heous.:Bas e, hadiQrindichy db0as! .an®0. The
syst em of Eﬂeaigﬁ?ulf&co%%fragi r?pt h@%@%%ﬁge XllH ’a%pﬂl ed té@aen i nplg?nt able 10

devi ce. poly(tetrahydrofuran).

20 54.  The system of Claim 53, wherein the poly(alkylene oxide) is poly(ethylene

oxide).

55.  The system of Claim 54, wherein the poly(hydroxyalkanoate) comprises
poly[(R)-3-hydroxybutyrate].

56.  The system of Claim 47, wherein the poly(hydroxyalkanoate) comprises
25  poly[(R)-3-hydroxybutyrate].

57. The system of Claim 47, wherein the poly(alkylene oxide) A block
polymer and the poly(hydroxyalkanoate) B block polymer each has a molecular weight of
from 500 to 20,000.



51. The system of C aim50, wherein the inplantable device is selected from
the group consisting of stents, catheters, airway tubes, conduits, screws,
pl ates, sworweyo0dentificial joints, artificial hearts, &Hif2aizak23¢nl ves
and ot her prostheses. 52. The systemddf Cl aim 47, wherein the system

provi des sustained release of 15 the at |east one therapeutic agent for a

pelrl od of at lsest arﬁ@rssmerﬂa@febvdamowe WIREn tlﬁ@lpbg»(uu@geﬂenbilaéat)\qno&a‘ drug
rel ease. is

el ected ribmer et pal e kioRd R PUSE By PubriGebRer Rp vt of ©
pol y(t et r afin BPO@iwel0300de) and pol y(tetrahydrofuran). 20 54. The system of
Cl aim53, wherein the poly(al kyl ene oxide) is poly(ethylene oxide). 55.

The system of Gbai nwﬁé,sygﬂ&@rdfl@]aﬁmM polkeydih i pXly eyk@ROAkMbate PBPEIbSES

pol y[ ( 3.1h te of Claim47, wherein the
pol y(h%r o‘%?f‘%ganoa e§e¥u1§’r Jl htoggmﬂg%ow % - 3- hydr oxybutyr ate]. 57. The

system of Cl aim47, wherein the poly aI kyI ene, oxide) A block polynmer and

the pol y( hydr o®fal kZRDAYSEM pf Hlais ¥ 7pBrtheresompaising Rasscondary| Rodmearvhigh ght of
from 500 tc@m@&xaﬂ@uh&M&/&&G@b@@&&ﬁéﬂﬁﬁﬁ'@hﬁﬁ@@ﬂ/ 022561 42 58. The system of
Claim 47, wherein the poly(al kyl ene oxide) A block polynmer and the

pol y( hydr oxyal lsanoatrgy s%tahqgkcﬁﬁﬁ ymrewh&@ﬁlhthla%wenéyofo%%ﬁapml&h& of from
2,000 to 10, 000. erein the

pol y( hydr d&y@pﬁtgﬁlgafrgfp%l%lﬁggﬁ at %a%B?Vh@FpWH% A%l ecul ar wei ght of from
3,000 to 2,500. 60. The systemof Claim47, further conprising a secondary
pol yme0 whi ch 68onpibsestew erCI@md‘ﬁowhcremjth@@m@bmchbaStahe@la@éame@hag%nt 61.
The syst engegieckll 00 add 50,0d0er ei n the mcelles form nanoparticles or

m croparticles encapsulating the at | east one therapeutic agent. 10 62. The

system of C ai py47 r i

bet ween 1, 000 ?‘rj’]d 58}{%%{%%%{6@%@23% gﬁqﬂé‘{]@%ﬁ@l %Ph%%%vﬂg?u\g?“%%e copol yner
has a nol d€iesn S48 0.-pet ween 5,000 and 35,000. 64. The system of
Claim47, wherein the at Ieast one therapeutic agent is 15 selected from

t he group consibét i nGhotyspmptof ddsim 41, otherais thesamlebst ot alowdpestic geene &,
ant i geps, sel@&ted ﬁ&q'tﬁég%ﬂpcéngggﬁ@&tpépﬁda@ P in @R HERRuIES GOIR! AR, P Ot €l ns,
DNA, ? arti cl fS

ant1bod1es and ragrgents thereot and human recombinant proteins, DNA, RNA and DNA

nanoparticles.

65.  The system of Claim 47, wherein the at least one therapeutic agent is in a
macromolecular form.

20 66.  The system of Claim 47, wherein the at least one therapeutic agent is
selected from the group consisting of analgesics, anesthetics, anti-arthritic drugs, disease
modifying anti-rheumatic drugs, anti-asthma drugs, anticoagulants, anticonvulsants,
antidepressants, antidiabetics, antineoplastics, antipsychotics, antihypertensives,
antibiotics, antihistamines, decongestants, anti-inflammatories, muscle relaxants, anti-

25  parasitic drugs, antiviral drugs, anti-restenotic agents, anti-spasm agents,
chondroprotective agents, anti-adhesion agents, anti-tumor cell invasion agents,
vasorelaxants, vasoconstrictors and immunosupressants.

67. The system of Claim 47, wherein the at least one therapeutic agent is
selected from the group consisting of peptides, proteins including cytokines, growth
30  factors, angiogenesis factors, soluble receptors, antibodies and fragments thereof and



65. The systemof Claim47, wherein the at | east one therapeutic agent is
in a macronolecular form 20 66. The systemof C aim47, wherein the at

| east onewOheesapPesstti c agent is selected fromthe groupPCOESs2eB/0nZ560f

anal gesi cs, anesthetics, anti-arthrit43c drugs, disease nodifying
anti-rheumatic drugs, anti-asthma drugs, anticoagul ants, anticonvul sants,
ant i depr esbamnsrecantiinalit pfogdinsG SnalbnbleOBaP bamkk, a6 gend MUIsHEGABIHESDNA,

anti hypert gRAI MEDNA a0k €S, anti hi stam nes, decongest ants,
anti-inflammtories, nuscle relaxants, anti 25 parasitic drugs, antiviral
drugs, anti-restenotic agents, anti-spasm agents, chondroprotective
agents, anti-adiesi rli‘eafé’%ﬁ‘fls?f gﬁ{ni A uﬁ’g re ﬁ%P migelles | agh selytntially stable

vasor el axaitlsin ayemprowstrarige bOi Sdegreds Codfh osugs€ssant s. 67. The system of
Claim47, wherein the at | east one therapeutic agent is selected fromthe
group consi sting of peptides, proteins including cytokines, growh 30
factors, angiogenesis factors, soluble receptors, antibodies and fragnents
t hereof and WO 2004/ 009664 PCT/ US2003/ 022561 43 human reconbi nant
proteins, small nol ecul es, genes, antigens including vaccines, DNA, RNA
and DNA nanoparticles. 68. The systemof Caim47, wherein the mcelles are
substantially stable wthin a tenperature range of 15 degrees Cto 45
degrees C.



