Bl ODEGRADABLE THERMOGELLI NG POLYMER CROSS- REFERENCE TO RELATED
APPLI CATI ON [0001] This application clains benefit and priority from
U.S. provisional patent application No. 60/791, 199, filed on Apri
12, 2006, the contents of which are incorporated herein by
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changes in'environment, such as changes in temperature, pH and surrounding solution

conditions.

[0004] In particular, the synthesis of thermogelling polymers has attracted much
attention because of their suitability for applications such as drug delivery and tissue
engineering (1-6). Bioactive agents can be incorporated in the solution state at low
temperatures, which can then be injected in vivo where the higher body temperature
induces formation of a gel depot. This depot can be used for the controlled release of
the bioactive agents. Biodegradability of the polymers is advantageous, since
degradation of the polymer into smaller fragments allows for subsequent removal of
the polymer from the body. Low critical gelation concentration (“CGC”) is also
preferred, as lower concentrations of polymer can be used to create a gel, resuiting in

~ smaller amounts of polymer being implanted in a subject.

™ or Poloxamers™,

[0005]  As an example of thermogelling polymers, Pluronics
the triblock copolymers of poly(ethylene glycol)-poly(propylene glycol)-

poly(ethylene glycol) (PEG-PPG-PEG), have been widely investigated for controlled



However, these polynmers generally have a high CGC, typically 15 - 20
wt % or above, exhibit poor resilience, and tend to exhibit burst
effect in the release of bioactive agents. These shortcom ngs have
made this systemunsuitable for many bionedical applications
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useful in bionedi cal applications because of thelr biodegradability.
[0010] THukages havedeen switsesizedand fund ta eiibid byraBCethan Rbromige! | i ng
pol yrmer Hgﬂé exhibits a | ower CGC conpared to existing polynmers such
as Pl uronic OI)M SUMVARY COF THE | NVENTI ON. [0011] There are presently
provi ded novel polyners conprising blocks of 2 .

[0008] Cohn et al. have synthesized reverse thermogelling multi-block

copolymers based on PEG, PPG and oligo-caprolactone (21). These biodegradable
copolymers exhibited CGCs of 10 wt%; the incorporation of oligo-caprolactone

- segments lowered the CGCs of the copolymers as compared with the PPG/PEG multi-
block copolymers. The viscositiés of the gels were also lowered compared with the
PPG/PEG multiblock copolymers.

[0009]  Pluronic™ analogs were developed where the middle PPG block was ‘
replaced by a biodegradable polyester such as poly(e-caprolactone) or poly(L-lactide).
Although the CGCs of such polymers occur in a similar range compared to
Pluronics ™ (22), these polymers are more useful in biomedical applications because

of their biodegradability.

[0010]  Thus, there exists a need for a biodegradable, thermogelling polymer that

exhibits a lower CGC compared to existing polymers such as Pluronics™.

SUMMARY OF THE INVENTION

[0011]  There are presently provided novel polymers comprising blocks of
' 2



pol y(et hyl ene glycol) (PEG, poly(propylene glycol) (PPG and

pol y(hydr oxybutyrate) (PHB). The nultibl ock polyners are

bi oconpati bl e, biodegradabl e, have thernogelling characteristics and
have relatively low critical gelling concentrations, making them

sui t abl e pplyfetiydenaglycal(REGopelpiprenydeneshecol) (PRE) aed ng as scaf f ol di ng,
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t he net hefle paIpyifixRButdekd)\biddkng a conposition as described herein
to the body of a subject. [0016] In yet another aspect, there is
provi ded _use _of a polyner as_described herein for delivering a
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glycol) block and at least one poly(hydroxybutyrate) block, the method comprising

reacting poly(hydroxybutyrate)-diol, poly(ethylene glycol) and poly(propylene glycol)

with a diisocyanate. 7

[0015] In yet another aspect, there is provided a method of delivering a
therapeutic agent to a subject, the method comprising delivering a composition as

described herein to the body of a subject.

[0016] In yet another aspect, there is provided use of a polymer as described
herein for delivering a therapeutic agent to the body of a subject or use of a polymer
as described herein in the manufacture of a medicament for delivering a therapeutic

agent to the body of a subject.

[0017]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.



[0018] In the figures, which illustrate, by way of exanple only,
enbodi nents of the present invention, [0019] Figure 1 is a schematic
representation of a synthesis nechani smfor PHB- diol and

pol y( PHB/ PEG PPG ur et hgﬁ s; [0020] Figure 2 are GPC di agrans of EPH2
and its BRIEFEDBESGRIPATONOEUTIHE DRANINGSdi ol (M 1080); (b)
PEG (M 1890); (c) PPG (M 2180); and (d) EPH2 (M 62.8 x 103, MM
45.5 x 106018JW Mk the A8)rcs, [WHieH jllubtirgertsy Way #)exdipledrity, dohbbimenech( B)
100 MHz 13C NWMR spectra of EPH2 in CDCl13; [0022] Figure 4 is FTIR
spect ra & BRI ENE9Ns PHB, PEG and PPG precursors: (a) PHB-diol
(Ma 1080); (b) EPH2; (c) PPG(M‘ 2180); and (d) PEG (M 1890);

[0023] Figeq® S F%u;l-@ls%cﬁ&ﬁa@é Egl%_@ntgt&ﬁll dflaSs H@SIS bleEhaidh REPHB-
precursors HB-di ol (M (b) PEG (M 1890); (c) PPG (M

2180) ; aldwléiddpEF(-EZ‘lB/PF@DEE@uﬁtw 6 is a) UV-vis spectra changes of
DPH wi th increasing EPH2 copol yrrer concentration in water at 25 C

var o bR oPighBi2 bielSH Blaghul ety bndGl Pl aoaERE,  Dance

band at §Z&mmsr(wmm el tIe1630) @Y | PEG @1, I@Qb){@é)@m@mlgzmwlafnﬁr(ﬂﬁnt
in water; and b) CMC determ natjon by extrapolation of the
di f f er enE&H2H. ¢ sdRcdet5.5 319, AB800 nm [0025] Figure 7 is

13C NMR spectra of EPH2 (5wt % in (a) CDC13 and (b) D20 at 25 C

ngglfs] FL t%‘g“nefg‘\g)ewﬂd%e pac |ng o(g) lﬁe po @ﬁiﬁﬂ%ec&ao{ 0027]

Fi gure 9E(PB])2 iGIphl,cs showi ng the gel transition of pol y( PHB/ PEG PEG
ur et hane)s (EPH2: 5 vvt %in H0 vvith i ncreasi ng terrperature The

transiti om ar to a toaturbl is observed in
the gr apﬁ&&@l ‘gSEﬁ éﬁﬁrﬁgwad? r%%@dléﬁ HBy Wéﬁeﬁ @/ nppRgrsors:
ur et hanelag P'HB @gﬂgﬂu%@@ Hg(g P@@g@grg@gy aﬂﬁdg‘%ﬁ?éoﬂg?g I’—14 F127

,(A EPHI [ "~ EPHZ2, : x. ronic F1 Igure 10

is 13C NI\/R of EPH2 in D20 (5 vvt %9 at different tenperatures;
[0023] Figure 5is TGA curves of EPH2 and its PHB, PEG and PPG precursors:

(a) PHB-diol (M, 1080); (b) PEG (M, 1890); (c) PPG (M, 2180); and (d) EPH2;

[0024] Figiu‘e 6 is a) UV-vis spectra changes of DPH with increasing EPH?2
copolymer concentration in water at 25 °C. DPH concentration was fixed at 6 mM and
the polymer concentration varied between 0.0001 and 0.5 wt%. The increase in the
absorbance band at 378 nm indicates the formation of a hydrophobic environment in

water; and b) CMC determination by extrapolation of the difference in absorbance at
378 nm and 400 nm;

[0025]  Figure 7 is *C NMR spectra of EPHZ (5 wt %) in (a) CDCl; and (b) D,O
at 25 °C;

[0026] Figure 8 is a schematic depiction of an associated micelle model showing

the network-like packing of the polymer chains;

[0027] Figure 9 (a) Graphics showing the gel transition of poly(PHB/PEG/PEG
urethane)s (EPH2: 5 wt % in H»O) with increasing temperature, The transition from a
clear sol to a gel to a turbid sol is observed in the graphics. (b} Sol-gel phase diagrams

of poly(PHB/PEG/PPG urethane)s in aqueous solutions in comparison with Pluronic
4



[0029] Figure 11 is viscosity versus tenperature curves of different
concentrations of EPH2 in aqueous solution (2 - 7w % in conparison
with Pluronics F127 (20 wt %9 at shear rate of 9.6 s-1; [0030]
Figure 12 is BSA protein release profiles fromthe pol yner hydrogel s

accordin ] i.men f .t in i 0Ny, N _C ison with the
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L929 cells on the surface of F127 gel surface [AX 20 wt% B: 15 Wt %
Gowmh on cell culture
%
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of L929 cells on the surface of EPH gels at different incubation

days; . [ 0gg29]F! OFibire P1 iss/i&ogfﬁpe?smah}?ér@g& %ﬁg&@@jﬁ%ﬁrﬁyt otoxicity

testing of different concentrations o ynmer by MIT
Assay; [ @o3thir&iqnsod EPI2iis aqguanapdiuti@pi2ct 7 mg %6)yih compartionywittest i ng of

F 127 gel, rele rodyct s obt ai ne t different tinme periods by MIT
assay; arﬁ’aﬂf”é‘ég,ﬁf”ﬁ&&d%eﬁﬁ Si‘qgﬂféatanB% Sdepi cting cytotoxicity testing
of EPH gel release products obtained at different time periods by

MIT assayeo3¥TAl kil OESERIA bidhtih K&t ptdFil & Rom IRESIlymNB/dodets
presently provided a nultiblock polynmer conprisin at | east one

bl ock of apR@lingto ¢rahedimgnts of thedrvaptiopPaamparisen Withshe Blyronit ock of
PHB. Th% ?Aﬁg@re .cont ai ns hydrophilic blocks contributed by the PEG
and the Il> n hydrophobi c ‘bl ocks contributed by the PHB. [0037]
The PEG and PPG bl ocks are bi oconpati bl e and cl earance fromthe body
i s possi f0@3fJor FKigopk’3 sfphbogesphsrof grouwttact L@dogdells of e saxaopdEF i@fout

10,000 g.nol - 1. 5 PEG proyides hydrophilic bl ocks that can absorb
and 1 ot SE THEHR AN Pod A G0 phio e oG BIOS T iog y

t her mos eggbiniéh @nduRhRWideHaPRALARCEF 1Yy dr ophobi city and
hydrophilicity at different tenperatures, facilitating the formation

of a thernosensitive htégr ogel. [0038] PHB is a natural biopolyester
that degl@RE2 t Fignvelisphdiogiaphsiofgiowtnef 929 cells on the surface of EPH

gels at different incubation days;

[0033] Figure 15 is a graph depicting results of cytotoxicity testing of different
concentrations of EPH and F127 polymer by MTT Assay;

[0034] Figure 16 is a graph depicting cytotoxicity testing of F127 gel release
products obtained at different time periods by MTT assay; and

[0035] Figure17isa graph depicting cytotoxicity testing of EPH gel release
products obtained at different time periods by MTT assay. |

DETAILED DESCRIPTION

[0036] In one aspect, there is presently provided a multiblock polymer comprising
at least one block of PEG, at least one block of PPG and at least one block of PHB.
The polymer contains hydrophilic blocks contributed by the PEG and the PPG and
hydrophobic blocks contributed by the PHB.

[0037] The PEG and PPG blocks are biocompatible and clearance from the body

is possible for blocks of lower molectilar weight, for example about 10,000 g.mol™,



which is a trace conponent in the human blood. PHB is highly
crystalline and highly hydrophobic, show ng a greater hydrophobicity
than either poly(lactic acid) or poly(c- caprolactone) (23).

| ncor poration of PHB bl ocks interspersed with PEG and PPG bl ocks
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and subsequent removal of the polynmer fromthe body. [0039] The PEG
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W % abdapgmend afd subséquefiflrefontl dfthapepinebBo@ the b8dy.or about 64.0 wt
% Unless otherwi se specified, a weight percentage of a particular
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conpone nhverEgH mERéauTRY &EIM oY ebdee10080'8. ntlchator 3, %b it ot dve g/\ﬁbﬁ‘mr of
the pol is made up of nononer s, i ch nonomers are Ilnked
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the l-eng ncludl random di st r i i.on 0041]
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i ncr easi a'@othb@anﬁmjthe@sf Iﬁh@allﬂiﬁﬂabbmﬁ&ﬁnﬁﬁt tHeEP K@ add 1aRab M, dff PEG
in the polyrrer wll tend to_ _make the pol yner rmrehdrophlllc

Dependi n8P3H 2098 dneluiot &esanBEGS 9hkatiqus sigepsre commercially available and can
readily be used in the present polymer.

[0040] The total amount of PEG in the polymer may be about 65 wt % or less,
about 60 wt % or less, about 55 wt % or less, or about 50 wt % or less. In particular
embodiments, the total amount of PEG incorporated into the polymer is from about 50
wt % to about 65 wt %, or from about 55 wt % to about 65 wt %, In particular
embodiments, the total amount of PEG is about 56.3 wt %, about 57.0 wt %, about
59.0 wt %, 61.6 wt %, about 63.3 wt %, or about 64.0 wt %. Unless otherwise
specified, a weight percentage of a particular component of the polymer means that
the total weight of the polymer is made up of the specified percentage of monomers of
that component, For example, 65 wt % PEG means that 65 % of the weight of the
polymer is made up of PEG monomers, which monomers are linked into blocks of
varying lengths, which blocks are distributed along the length of polymer, including

in a random distribution.



t he ot her conponents of the polyner, the desired overal
hydrophilicity, the desired CGC, and the nature and chem cal
functional groups of any drug or therapeutic agent that my be
included in a formulation of the polynmer, a skilled person can
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used in t ] ﬁ§,|32§r@hg in the
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30 Wt % gphym@d;and ciren@iba whard&enisticko or | ess. I n particul ar

enbodi nents, the total anount of PPG incorporated into the polyner is

f b o uI 40 fromabout 28 w % to about
56w oo 100421, Ve B80 ool hnaoeted icfthe bUSHERRAY hafe n Pirpbas e ib o
28.3 wt %ol@iﬁ%&we?g'_htg\d\{\’of%oowoo 1910171 Mlesko abdBOYI HOBS:nfd1 Mor [¥s, about
35.7 wt % or about % adj usting the |ength of the

PPG segmebr S48 el tosdesk, 2 88%;1 nmlbéar Tess, aleat BO0G gonol” Ohless,
hydr ophi | f)&dttlyOO%rkgmmrA%r ?é% a?)' \gt é@f) e%mf){ oef' 183 ! %r‘rg{ 4(%t R’l%g rclc'lﬁI ls

terrperatures can i ne“tune ing Th adj ustyen

gel at i onab@e0 girmidle opfess. e ppeicylEe embddiatent, the HE@basd mmmns)fof PPG
inthe p ﬂ)ymar tends to result in a, polyner that gels at a | ower

t enper at BPALLRAN Zmel 5 KisabPRGR ST yarsus ﬁ‘&@ﬁ 8 cwaw&rmailb}hwﬁﬁ@eam = e}

Thus, dep&ag},ggugéalh%eﬁg%tgﬂ&hﬁp for which the polyner is intended

and the conditions € polymer is desired to gel, a
skilled person wll be able to select the appropriate Iength and
amount of0043% i nThdtetabmhymErofiPBG mbh@poiymelpuayyheabam #0 vitheodlless, r ed -
properti

i ected in Liquid
Porm to R “gep Shrenehod D0 Ber iEEimafon s Jaoaet b Erpehatdire o
7 embodiments, the total amount of PPG incorporated into the polymer is from about 25
wt % to about 40 wt %, or from about 28 wt % to about 38 wi %. Ig particular
embodiments, the total amount of PPG is about 28.3 wt %, about 27.0 wt %, about

29.7 wt %, about 33.9 wt %, about 35.7 wt %, or about 37.9 wt %.

f[0044] By adjﬁsting the length of the PPG segments and the total amount of PPG
in the polymer, the hydrophilicity and hydrophobicity of the polymer at particular
temperatures can be fine tuned, resulting in adjustment of the gelation teﬁiperature of
the polymer. That is, higher amounts of PPG in the polymer tends to result in a
polymer 1;hat gels at a lower temperature than a comparable polymer having lower
amounts of PPG. Thus, depending on the application for which the polymer is
intended and the conditions under which the polyiher is desired to gel, a skilled person
will be able to éelect the appropriate length and amount of PPG in the polymer to
obtain a polymer with the desired properties. For example, if the polymer is to be

injected in liquid form to form a gel within a subject’s body, a gelation temperature of
7



slight | ess than body tenperature, for exanple hunman body tenperature
(37C), is |likely preferable. However, if the polyner is to be used
as scaffolding for tissue engineering, a gelation tenperature around
roomtenperature may be preferred. [0045] Depending on the

conposi t istiphtdéssahgelyddycehperatood, Yoreamplechupagdedy tenperatorr(3WiQ)| ist end

to have g, gelatjon. t eratuy in the range of fro bout 10Cto
about | 70 prefspable. Hewesait Pelymes és tﬁg%eﬁ?ﬁﬁ‘ asrﬁzsg‘f%ﬁg@ f figse

tenper at WeineaUal alsR1atiO tdnfRPanlrBaRuARbm B defired.

t enper aturgml ess ? ar?labout 37C. In certnéi%&eé%rﬁ%ﬁ,%e pol yrer
has a gel ation tenperature equal to or |ess than about 22C, or a

gel ati on [004§ler aPependingsm thé sempdsitinn Ff2arti@latepolyTime, tholprasentat i o of

total amunt of .PEG to.total .amount of  PPG .incorparated i he

ol yirer At ol G 0% R et B BiypSapls e 3 Lot SSBLLOCH: 1
various eBbadiorEN:S certdittethBddiRettt, tREGHIRHer has £ f@Motemberhtide dquaPto
about 2.5:1, fromabout 1.7:1 to about 2.3:1, fromabout 1.9:1 to
about 2. Priess thanghewti370E0r 2 gelasioniteraparature lees than ahoupd76ECGn epdn; s

Sbout 3. SmbodRH o AR ecthidh fumiB PRl cofardy by 1cBPRAh oot £ | OF

nol ar corRedforafgcldienpanpératutedesstthigeatoit pPRAtNers i ncl uded in the
pol ymer. Thus, the nolar ratio of PEG PPG refers to the ratio of the

nol ar a of ethylene glycol. nononmers to the nolar unt of
pr opy! eggbl@#@]col %h%%ﬂf?é?"él%l tofal gyt ggl’éﬁé? total st oﬁiﬁé@ PHB bl ocks

i ncor por i : PR
wel oht (s e o P o BB 207

| ess, abaut. 1B v@hougemipddithenss, thesio ddBEGPRGGOGom. abolit- 14:drto Beas, about

2 000 g. glor | ., abqut 10 .ol -1 _qr. | ess,, about 1.000

o ot s T deh ahgif e LBt e s ot dBut oY B8 P EoH et o
| ess. | n embpaindnésy liRrra@TBOPEGEPRG i dRuPPS 1Uaesht Nas1,aBold. @, adlput 2
800 g.mol "1 or less or about 1 100 g.nol-1 or less. PHBs of various

, g ; : )
si zes ar &0:bahftr] di prabaved.-pdbiAs usadihersin, medairatip teferytoctle ratiorafghe
pr esent | : ) A VAR ybe
about 10%1%{’;?{3}%% g@g?ba%%% %Q\b\{ g&?%&ﬁsgé‘gﬁ a 1{6@%&@)?%981]% or 1 ﬂe{gs,
or about niblér ratio & PEGIRPC refdri topthe ratiud fahe meidr agion®idfsethyldie glpdodl
anount of PHB inco ‘gorfted i nt theﬁ%%l mer is fromabout 2. W %to
about 10 WO%GI‘%W% FO1E AMGHHBERRYHGEYCOl MONPHELs|IN 3 BHFRPOLIMIHB | s
about 2.1 w % about 5.1 w % about 7.1 wt % or about 8.1 wt %
[0047] The PHB blocks incorporated into the polymer may have a number '

average molecular weight (M,) of about 10 000 g.mol™ or less, about 8 000 g.mol™ or
less, about 5 000 g.mol™ or less, about 3 000 g.rnolﬂ'1 or less, about 2 000 g.rn.ol'1 or
less, about 1 100 g.mol'l or less, about 1 000 g.rnol'1 or less, about 500 g.mol'1 or less,
or about 200 g.mol™” or less. Ina particular embodiment, the PPG(used has an M, of
about 2 800 g.mol™ or less or about 1100 g.mol™ or less. PHBs of various sizes are )

commercially available and can readily be used in the present polymer.

[0048] The total amount of PHB in the polymer may be about 10 wt % or less,
about 7 wt %-or less, about 5 wt % or less, or about 2.5 wt % or less. In particular
embodiments, the total amount of PHB incorporated into the polymer is from about 2
wt % to about 10 wt %. In particular embodiments, the total amount of PHB is about

2.1 wt %, about 5.1 wt %, about 7.1 wt %, or about 8.1 wt %.

[0049] By adjusting the length of the PHB segments and the total amount of PHB
: 8



[ 0049] By adjusting the length of the PHB segnents and the total
anount of PHB 8 in the polyner, the anount of biodegradable materi al
in the polynmer can be adjusted, as well as the critical gelation

concentration. PHB is hydrophob| c, .and the PHB bl ocks Ilke%%
associ at SHEFOhH the é@PP’étéi'flbﬂde%‘Iad@hl%ﬁlatqf{al i the pelamep wstpds hat

f a PH P
::Iecr easeg %l%@%ﬁ%%ﬁtl%l ge t1H§:?;§nc§HS} nbI e lépd%rp hOFE %{ﬁﬁﬂfengt h of
t he PHB blookkEkely assoaatedm@fomrmmﬂén 1hlselut1bmt hlwil e uppretiated at dfa t he
PHB is t hi gh,, t pol t ble in ueous sol ution.
[ 0050] AL fgwltﬁﬁtﬂ&? DR ‘%%@ﬁﬁp f’éﬁ‘b%\%“}’fg?e o HYyQFEHP
crosslinkpfagh apioluﬁlélﬁo@ﬂ%r bif‘?ﬁé‘l%nétﬁ oP B PHB beQﬁ&]méb ﬁﬁﬁ&mgﬁ il der

of the blocks within IS not essential

present puhlyamsunieat %)soféthe Bh@olmtcpxohlgkmﬁhe pAyuier viiap gbiybe gohiblbinocks of

PEG  PPG and PHB.need not be arranged in any particular order al ong
t he pol yﬁ%?eou%%lo& Bhe. As well, if there is a directionali ty to one

or nore of the blocks, any parti cul ar bl ock nmay be incorporated in

ei ther o[0@30]at i DRovibtidH & RINE bRRkY FEolutRaGHBAs €or ﬂl%ﬁﬁ@]crds@hﬂ@ﬁg af n
enbodi nents, the nolar ratio of total ambunt of PEG to total amount

of PPG t therldiBploghkwioraccwt. PHB i ncorporated into the polynmer may be in
the range of about 0.1-10:1:0.01-1 PEG PPG PHB, or from about

0.1:1:1 ou - 3:0.01.
[ var ol Bpod: RERTa=roREr FEink BRRKENRIR dedighgt 8P Rbmell ond

1:1: 0. O5thus ﬂadqneﬁenﬁpcﬂyﬁeﬂﬁaaybeamambm@olﬂm&r O&@ﬂ)rdmgly,athe)blocﬁs AL PEGr

from abo 1:1: tq about 10: . 5. The_nol ati PEG PPG PHB

refers tgijpﬁgéﬁ%ﬁs’éeegfm?ﬁ%%gﬁ I%W“E‘Hlar &?}’Iai tg? 9‘&1351neﬁonorrer s

to the MphdkboRTOMNyveRSif ﬂfe%)i)é QIR cHnGS) 10 HRB 8FRIoPe S0t BR KD anmount

of 3-hydroxy butyrlc acid nononers in a given polyner. [00 ] The

bl ocks nngrtlb@lat blakkenray bg ndeeporayd amsitheherigntation! witikia dfe mlyrhemct i onal
gr oup, Qgékﬂgﬁé‘g i ncorporation of any required chem cal groups into
t hepol yne ackbone in order to link the bl ocks together. For
exanple, in one particular enbodinent, the PEG PPG and PHB groups
are | i nkpaDg2] uratbaais emboliagass, (lrﬁ:lrﬁ(ﬂar ratio of total amount of PEG to total

amount of PPG to total amount of PHB incorporated into the polymer may be in the
range of about 0.1-10:1:0.01-1 PEG:PPG:PHB, or from about 0.1:1:1 to about
10:.120.01 or from about 10:1:1 to about 0.1:1:0.01. In various embodiments, the ratio
of PEG:PPG:PHB is from about 1:1:0.05 to about 5:1:0.05, from about 1:1:0.01 to
about 1:1:1 or from about 1:1:0.5 to about 10:1:0.5. The molar ratio éf

- PEG:PPG:PHB refers to the ratio of the molar amount of ethylene glycol monomers
to the molar amount of propylene glycol monomers to the molar amount of 3-hydroxy

butyric acid monomers in a given polymer.

[0053] The blocks may.be linked together by any chemical linkage or functional
group, including incorporation of any required chemical groups into the polymer
backbone in order to link the blocks together. For example, in one particular
embodiment, the PEG, PPG and PHB groups are linked by urethane linkages (also
referred to as carbamate linkages). Creation of the urethane linkages may result in
incorporation of a monomer containing the required reactive funétional groups to

form the linkages into the backbone. The monomer involved in linking the blocks is

9



referred to as carbamate |inkages). Creation of the urethane |inkages
may result in incorporation of a nononer containing the required
reactive functional groups to formthe |linkages into the backbone.
The nononer involved i'n linking the blocks is 9 preferably

bi oconpapieidrably BitcogdpesbloBut de&thot Beddeto be dilRGEALIE, Bxivedi tHE Eretséiﬁe
presence of the PHB in the polyner. In one enbodi nent, yI ene

groups, Pbthe é’)ﬁ%’fﬂt@ ?JMHE@HWG@H@OS skylene %@Rsnf%ﬁw fed,

I[ IOBEE? Tg W ﬁﬁﬁgée}lte%g% eﬁgﬁ’%{?gﬁ% a[l:&l gcsf\déoq %éfiﬁ[ Elleiatnwt}?el{ haﬁgﬁﬁlﬁnkages

may be ubledks tyuethanetinkadghe bl ocks W|th| n the polynmer. For exanple,
any bi-functional species that contains two reactive groups t hat

react w |s ma sed to Iink t | ocks. certain
erbodi metiAl; ndt KRt et s Senduelting ot s beised or o
of estery @%Q&théﬁl@&mavﬁﬁun Grer é% re1Fo§Hi an?'BhYlechg@al sPécies that

sul phur-am de |inkages. he present pol ymer maybe synt hesi zed

havi ng vesntans twcetegmve@@lmgleat rmtlwnth five ﬂlyémevlaglmymﬂ uwsed tcalnnk/\rbr: ghts,

as desir var i ous th nmer | ecul ar

B oe ok YD SRR RS bR e BT Ral B RN &
enbodi Nefiose oft3ter R@hidERIrethat, %}tht@fsulmuﬁn}@ﬁnQ@Qrgulimhr amide | ess,
about 55 000 g. mol -1 of |ess, about 50 000 g. nol -’ | ess, about 45

000 g. nolinkagey. | ess, about 40 000 g.nol-1 or |ess, about 35 000
g.nol -1 or less, or about 30 000 g.mol-1 or less. In particular

bt Doltgss thefﬂ%rpiésgﬂttp"gﬁ*‘%@& 2ot iy o ool el - 0 1
g. I "1, aralrmm;?)belthQ%r@QﬁnglemﬂhP sightboutdosBeO0R vgriowd énbodshont, 46 000
0 oent’ BOVDRERS sRaloR guasiaatabant A b aaour oo A el e atiate

non- t oxi gmBaHmERtsAE poRine Rad B M3 bP M Juk 68.0D0 % mdl? 'oI= ﬁz%@ abb 400"
cause an inf b)am*rat ory oOr immune response within the body. The PHB

bl ocks ag#&wol] pbhteig uab@tab*ﬂé)OO &maolc am len:a,talvpaﬂ 45/008kg. tsobkemlessoelrput 40
pr oduce ric sul |.i ti 0 10f t he. bl ocks
b PG a0 BT nitih iy 371980 ephie fehosh oraPat PP Py e by
[ g057] Tp@txaﬂmodﬁﬁémme Payenp 961SEfRS has L6034, of arlueyaned gtnambaf atures
that 1s

about 52 000 g.mol™, or an M,, of about 30 000 g.mol™, about 38 000 g.mol™, about

39 000 g.mol™, about 43 000 g.mol”, about 46 000 g.mol”, or about 51 000 g.mol™.

[0056] As mentioned above, the present polymers are biocompatible, meaning
that the polymers are non-toxic and do not, or do not significantly irritate tissue or
cause an inflammatory or immune response within the body. The PHB blocks are
biodegradable, and can naturally be broken down to produce 3-hydroxybutyric acid,
resulting in liberation of the blocks of PEG and PPG, which may then be easily |
cleared from the body.

[0057]  The present polymer may possess a CGC at elevated temperatures that is
much lower than values reported in the literature for other thermogelling polymers,
for example Pluronic™ polymers. For example, aqueous solutions of various
embodiments of the polymer undergo a sol-gel-sol transition as the temperature
increases from about 4°C to 80°C, and exhibit a low CGC ranging from about 2 to

about 5 wt % in solution. In various embodiments, the polymer has a CGC from
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much | ower than values reported in the literature for other

t hernogel I ing polynmers, for exanple PluronicTM pol yners. For
exanpl e, aqueous solutions of various enbodinents of the polyner
undergo a sol-gel-sol transition as the tenperature increases from
about 4Cabout80%,to abshit &R b it Yodn sehati G Catican @1% ¢ doatl @t %21t 0 about
Sw %in salution. In various_enpodiments, ymer_ has a

_ ; he pol ) CGC
from 10 SBYHP™LO0A%04t A5k IR abPBE 354 (it “en splagmlt Parirulanepbrdiments hgve
about 10,9 94 1 @), Uty (o t % Wk % in
sol uti on)a.ééﬁ’(g’:otf fﬁacdt}ilEI %r‘}&e}r’rbu%ﬂgﬁ{r]r%a‘r?tt s/g ’ ﬁg{;}g% ‘ggoé%ﬁdgl% ggﬁoﬁtlész(%\}éd%%r about
3w % abouitlOavivib ifgolatieut 5 wt % in solution or about 10 wt %in
solution. [0058] The conbi nation of high nol ecul ar wei ght of the

e TN A C TR I
to the Plipjogstiritfon JFPHEBSgnARAORY the kiBhiphfHcPolBhiers REARDIESIolyiMgs
the d'be

systens. [0059] As nentioned above, | ymers

.00 ] 1L,:]raes'eLhPI y descri be ge
may be sy¥itHewroied gelizonerticoearepasediol the Blragnies! @obmEGrs G raiberPHB t o
formthe pl. NP | tiblock polyner. Known chem stry
sgﬁl%?ﬁgéﬁilﬂ%%femgm

t echni quesan ctions may be used to link the blocks

together to formthe polyner. As nentioned above, the bl ocks may be

conn _eg t 3@0059];1 [1 eghm?ﬁtidﬂed][abgm ﬂ}e[ﬁé)&;ﬁﬂly dbaesibed ?Olmffsaﬁd}e]ﬁt sgnﬂi’eei{zﬁi ids

provi ded a net hod of nman cturin e resen ol ynmer,. the netho

conpr i S g&@%ﬂ%@%@ﬂ%@f&ﬁ@ﬁgg B lrfgj oan,tgqﬂépgksfwg;pﬁ@ E:%t h a
| i soCy aRA@blodol kS AEYANRLRnAGE el -

PHB, PEG and %P bfygcks via uret %ﬁg%ﬁ%gggg%@?ﬁeeﬁht%e 4y e vl

di i socyataliek tadlacks gethextd fogn thgpadymeh eA ementodned abeteg tharbiodits oy

[0061] The PHB-di, o0l be. synt hesi zed as described (24-26). Briefly,
PHB can %BSOIB}S’P‘%EFIﬁé’d‘rn%%?ﬂ?SF\i‘%%‘TSty and can be transesterified to form

PHB- di ol (telechelic hydroxylated PHB), for exanple by using

di but yl t {00607 aurlﬁisﬁin&meazﬁe@t, Mersis grovidedsh Wivkthod df d@dlachidBpdhel , PPG
and PEG are mxed in_the desired ratio under anhydrous conditions in

a sui t abPEsEyPebmEer, the mediodpomprisingaeagsing dxdropsh rpepsaf 3 -digd, PEG

di chl or Oﬁﬁ&]?ﬁ@ 'with a diisocyanate. The diisocyanate acts a coupling agent, linking the
PHB, PEG and PPG blocks via urethane linkages between the diisocyanate and a
hydroxyl group on the end of a relevant block.

[0061] The PHB-diol may be synthesized as described (24-26). Briefly, PHB can
be obtained commercially and can be transesterified to form PHB-djol (telechelic

hydroxylated PHB), for example by using dibutyltin dilaurate as a catalyst in diglyme.

[0062] PHB-diol, PPG and PEG are mixed in the desired ratio under anhydrous
conditions in a suitable solvent. For example, the solvent may be anhydrous

dichloroethane.

[0063] A diisocyanate is added to the solution, at a molar ratio of isocyanate
reactive groups to hydroxyl reactive groups of about 1:1. Any diisocyanate may be
used, provided that the segment between isocyanétte groups is not too short to
sterically hinder the reaction of both isocyanate groups with a free hydroxyl group on
arelevant block. Preferable the diisocyanate chosen is biocompatible, and may be

-biodegradable. In one particular embodiment, the diisocyanate is an alkylene
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[ 0063] A diisocyanate is added to the solution, at a nolar ratio of
. isocyanate reactive groups to hydroxyl reactive groups of about 1:1.
Any diisocyanate nay be wused, provided that the segnent between
i socyanate groups is not too short to_ sterically hinder the reaction
of both EERSyaRMR dorgrample Wﬂweﬁlym@énwmmmmaﬁoup on a rel evant

bl ock. Preferable the diisocyanate chosen is bioconpatible, and may

be biod abl . [P { . yanate is
an al kyl m@ﬂl dﬁesrg%b;%ﬁg{lg?ﬂl gﬁwggénr?pﬁqeﬁgﬂggg&ng%rﬁéepgaﬁgﬁ@%gocyanat e
(HDI) . [ 696ptratites, foracipbnbativetn §0T€ adbli86Wtyanat e nay be perforned at
el evated tenperatures, for exanple between 50C and 80C. [0065] The

| t be i.sol at ed d ifjed, t ti
ot ur o JRPERY ke en B v e andginiion e on: by
filtrati efxtulORGE nbhe: RERSQRS) ¥r 8951 BEPrBPIiRT od 1 faasfiel. for the

delivery of drugs or other "therapeutic agents to sites wthin a
subj ect's body, or for use as_scaffolding for tissue engineering
appl i cat [QHEE]" celhie psegspldy deseribed pdxmeris aseflofon theatsliveny 0§ drugynusther ¢
may be ' ' . b t apeutic nt .
el ud ng AR Sech gb SRR aalR My AR BE iGeREBhEon rvy ¢ e
pol yrer . eh@f&efing hpplcatibits, 0ElE siipPRGhatii bR 08 ab Fromidvdvdafgn THRPOSIali oNn
conpri si Bg t he present polyner and a therapeuti¢ agent. [0068] The
conposi t 69‘3%]%%’@ cetnopate var@rthaapritif pgdls, drrleding Ragpandarerth o gel

under degj : b [We Al nd in part on the CGC of the
pol yrrer.?dlgg(rﬁg lg@g%?eg@%seé@ga%gggﬁeipg%y conprise fromabout 1 W %
to about20 vt % of the polyner, fromabout 2 wt %to about 10 vt %
of the piI86Hr, Twsfinone aspeot therevis peavided agzboposifomtodpuding e poeskentrer .
[0069] In 1certaicg?,\}%{emodi nments, the conposition is a solution at a

t enper at 8 ¢™h&t FREYE % bn t enperature of the polymer, and forns
a gel at or slightly above the gelation tenperature of the polynmner.

Thus, t hf00B88]posTtei cofipaBiYioh dbiPases SOffidfcns €oncantSoy & the JolyrE&Tth @EN
enbodi nents the solvent is_an agueous_ solvent, and the conposition

is a hydredsadestsdrendiieny ghigh will depamskinaarian the CACeotibe pakvmer. Bar70]
The comPeginiQtn B SddfddAGhay QMst Grofh SHUGE RRAYE k& aRUEHE wt 08¢ the
" polymer, from about 2 wt % to about 10 wt % of the polymer, or from about 2 wt %
to about 6 wt % of the polymer.

[0069] In certain embodiments, the composition is a solution at a temperature -
below the gelation temperature of the polymer, and forms a gel at or slightly above
the gelation temperature of the polymer. Thus, the composition may further comprise
a solvent. In certain embodiments thé solvent is an aqueous solvent, and the

composition is a hydrogel above the gelation temperature of the polymer.

[0070] The composition may further comprise a therapeutic agent. The
therapeutic agent may be any comﬁound that is to be delivered to cells in culture or is
to be delivered within the body of a subject. For example, the therapeutic agent may
be a nucleic acid, including DNA, a peptide, a protein, a small molecule, or a cell.
The therapeutic agent may be an antibody, an antigen, a ligand, a hormone, a growth
factor, a cell signalling molecule, a cytokine, an enzyme inhibitor. The therapeutic

agent may be an antibiotic, a chemotherapeutic agent, an anti-inflammatory agent, an
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t herapeutic agent may be any conpound that is to be delivered to
cells in culture or is to be delivered within the body of a subject.
For exanple, the therapeutic agent may be a nucleic acid, including
DNA, a peptide, a protein, a small nolecule, or a cell. The

t her apeutnatgeaent may be an anti body, an antigen, a ligand, a
hornone, a growh factor, a cell signalling nDIecuIe a cytokine, an

i nhihit The ther ent nma be ibioticg, a
ey nelt7Al: ¢ e bafecnt g herhne  haaentds be HEbARd Shfhe fomprsfiofhsi c.
[0071] Thai 9&99‘21%?&@%}{@ ANhObarkiBERARRH ?bﬂl@@%ﬂg ﬂie%ne%faawey)d%a the

conposition vary dependi ng on articular therapéutic agent

t he sit eweightiaid mmﬁthetsnéleatwd thwmrgmlamasosef&r dﬂhveﬂy@fsﬂummetapelawd t he
parti cul ar i vie of ,the t apeu ent nd may be
Pout | nel Seeab iy b omiheg bV one SRUBE e i CEprERS Sheve
prepar edprefare®B ednfaid Bn eft@&ﬁblaﬁf%uﬁﬁﬁaﬂﬁ T%@é@hﬁﬁnﬁéﬂ@ﬁ@&ﬁ%hclﬁé&feﬁh@' ent
to achieve the desired effect. [0072] e conposition may further

conpr i sedesitghatpstceut i cal | y acceptable diluent or carrier. In
general, a diluent or carrier is selected on the basis of the node

and rout adrgyni ik P@g MRS i ce.
Sui t abl eﬁ]dg%ér ngg]glft% #@a%lhglgrrnra %&%r@gﬁﬁg ase%\’via%“lf}%lchﬂtg&E

phar macedifuengbdr caei@s $n peresal f Ddilueheor canser is seleqidibanmthe dasis ofithe mode
formul ati ons,, are .described in Rem ngton's Pharnmaceut]ca Sci ences.
[0073] ﬁr@}@ufesof&ﬁ%u A0 SEORRHTBICoHEE DECfirRy Shl: apeuti c
agent top@mamleatcarﬁe&eoﬂrﬁhef?@ AL AP ARl hbRGSHOCTPHRARL
conposi tion contalning t a therapeutic agent to t
body of & phabpaseuticd] @ﬁ‘ﬁﬂh]atfﬁhe am)fﬂqsosbetd inRemgngttves Bbbrimmeenitddy

i mpl ant a‘g,l on. For exanple, the conposition may already be gelled
prior to %F%nt ation and nmay be delivered by surgical inplantation
nmet hods. Alternatively, the inplantation may conprise i nj ection of

the co rrppmm] on Therd ik also Prdvided 4 Bethiod bt elivetiig B tiiergiebiie edéns tdandy,
where the REOSItIOﬂ then gels upon equilibrating to the body
t enper at %ﬁb@% methed spraptising felpesne trrresrs) expasiionsonining thsj ect

that is ?ﬂylﬁ@‘%d%%ﬁﬁﬁ%l\# ggﬁ%gﬁ%&a&%%ﬁﬁ% agent, including a

manmal , uding a

[0074]  The composition may be delivered by implantation. For example, the
composition may already be gelled prior to implantation and may be delivered by
surgical implantation methods. Alternatively, the implantation may comprise
injection of the composition in liquid form to a site within a subject’s body, where the

composition then gels upon equilibrating to the body temperature of the subject.

[0075] The subject may be any subject that is in need of receiving the therapeutic

agent, including a mammal, including a human subject.

[0076] There is also contemplated use of the present polymer, including for the
manufacture of a medicament, for delivering a therapeutic agent to the body of a

subject.

[0077]  The present polymers, methods, compositions and uses are further

exemplified by the following non-limiting examples.
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[0076] There is also contenpl ated use of the present pol yner,
including for the manufacture of a nedicanent, for delivering a

t herapeutic agent to the body of a subject. [0077] The present

pol ymers, methods, conpositions and uses are further exenplified by
the fol | @BXAMPINESI miti ng exanples. 13 EXAVMPLES [0078] Exanple 1
[0079] Potentially biodegradabl e and bi oconpati bl e pol yners
conpri si ngo7¥B, ELhHRND PPG connected by urethane |inkages have been
successful ly 'synt hesi zed. PEG and PPG nolar ratios were fixed at
approxinat&%g 2:1 various ampunts of PHB were incorporated, using

hexamet hj? di Paderdipdlii diedegradable asd biocempatibhgpalyaens compesing@HByer s

chem cal t and ecul.ar. characteristics wer.e,studied with
ha SH PR B R b R RS A B GRe S S Be O
t he mul t iPECOaE PRE® (o iSE PR disehpinah stel yTHE visRfds he®uhfs 9f PHB

i ndi cated that the sazlnt_hesi zed pol y(PHB/ PEG PPG ur et hane)s had hi gh
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dye sol ubPPIRRE RECHRHReeiedo FRRHERME BB S Ry e l f o o°
work ranggd from5.16 x 10-4 to 9.79 x 10-4 g.nL"'. On the basis of

the dye solubilization and 13C NWR experinments, the mcelle is

concl udeiqto have a_hydrophobi c core nade up of PHB and PPG segnents
and an olAWB0Iny dFhshema SV iShef e bAECE B BEEYT PG ectizc)gets studicd by

transiti m,%d tge SPUEP Rl gkmﬁtﬁ)n%épg cﬁfrb’éﬂoﬁ&&n@WPﬁB, PPG, and

PEG segments were observed, from which the PHB contents were calculated and the
results were in good agreement with those from the 'H NMR measurements. The
poly(PHB/PEG/PPG urethane)s presented better thermal stability than the PHB

precursors.

[0081] The CMC values of the water-soluble copolymers were determined by the
dye solubilization method. The CMC values of the copblymers in this work ranged
from 5.16 x 107 to 9.79 x 10 gmL™. On the basis of the dye solubilization and *C
NMR experiments, the micelle is concluded to have a hydrophobic core made up of

PHB and PPG segments and an outer hydrophilic corona of PEG.

[0082] The sol-gel transitions of the aqueous copolymers were studied and a
phase diagram showing the various soluble and gel regions as a function of
temperature and concentration of the solution were generated. The critical gelation
concentration of the copolymers in this work ranged from 2 — 5 wt %. '*C NMR of the
gel solution was obtained at various temperatures. From the profiles of the NMR
spectra, the sol-gel transition can be elucidated, offering method of studying the sol-

gel transition at a molecular level. The viscosities of the EPH2 gel at various
14



phase di agram showi ng the various soluble and gel regions as a
function of tenperature and concentration of the solution were
generated. The critical gelation concentration of the copolyners in
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and ver e (bgwsg! { St o0tial DA DT ARESTIRLIRILIR %

even at the critical gelation concentration of° 2w % [0083]
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[0084] Synthesis of Poly(PHB/ PEG PPG Uret hane)s. Tel echelic
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as reportuegl previously (24-26). The yields were about 80 %
Pol y( PHB/ PEG PPG ur et hane)s were synt hesi zed from PHB-di ol, PEG and

E (F)) rc];t \gint h [g%)é.ﬂr ' ;Jtlcl)essisotl;f ﬁ%&P%%PEé(/%%GaltlreﬁPaqe?s)f iTf: etclr?elzl%é: hzyzdl:‘Lox?f a?edPHB
PHB (PHB-diol) prepolymers with various molecular weight were prepared by
transesterification between the natural source PHB and ethylene glycol using
dibutyltin dilaurate in diglyme as reported previously (24-26). The yields were about
80 %. Poly(PHB/PEG/PPG urethane)s were synthesized from PHB-diol, PEG and
PPG with molar ratios of PEG/PPG fixed at approximately 2:1 and PHB content
ranging from 5 to 20 mol % (calculated from the M, of PHB-diol) using HDI as a
coupling reagent. The amount of HDI added was equivalent to the reactive hydroxyl
groups in the solution. Typically, 0.064 g of PHB-diol (M, = 1070, 6.0 x 10™ mol),
1.44 g of PEG (M, = 1890, 7.6 x 10 mol) and 0.82 g of PPG (M, = 2180, 3.8 x 10"
mol) were dried in a 250-ml two-neck flask at 50 °C under high vacuum overnight.
Then, 20 ml of anhydrous 1,2-dichloroethane was added to the flask and any trace
water in the system was removed through azeotropic distillation with only 1 ml of 1,2-
dichloroethane being left in the flask. When the flask was cooled down to 75 °C, 0.20
g of HDI (1.2 x 10 mol) and two drops of dibutyltin dilaurate (~8 x 10™ g) were
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ranging fromb5 to 20 nmol % (cal cul at ed fron1thé M of PHB-diol) using
HDI as a coupling reagent. The anount of HDI added was equivalent to
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Table 1. Molecular Characteristics of Poly(PHB/PEG/PPG urethane)s

M, of Feed ratio Composition in

Coolymer PHBb (Wt %) c(:‘?vlzoo/lujginer Copolymer characteristics

used

(g mol™)

7 M,° (x cmc’
PHB PEG PPG PHB PEG PPG 10 MM (g/ml)

EPHI 1070 2.8 617 355 2.1 64.0 339 506 1.56 9.79x10™
EPH2 1070 5.6 599 345 51 570 379 455 1.38 8.69x10™
EPH3 1070 8.7 58,0 334 81 56.3 357 425 1.37 5.16x10™
EPH4 1070 11.8 559 322 114 616 270 378 1.16 -¢
EPHS5 . 2800 6.9 59.1 340 7.1 633 297 392 1.18 8.88x10™
EPH6 2800 13.6 548 316 127 590 283 300 1.20 -

* Poly(PHB/PEG/PPG urcthane)s are denoted EPH, E for PEG, P for PPG and H for PHB.

The M, of PEG and PPG

used for the copolymer synthesis was 1890 and 2180 g mol”
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O0ONHCH2CH2CH2CH2CH2CH2NHCOO- ), 169. 98 (- Q(CH3) CHCH2CO-) . Tabl e 1.
Mol ecul ar Characteristics of Pol y(PHB/ PEG PPG urethane)s MM of Feed
rati o Conposition in PHB (W 9% copol yner Copol yner characteristics
Copol ynmer' used" (wt %9c (g nol-'") M (X cntd PHB PEG PPG PHB PEG
PPG 103) ° EfeMiined i/ GRQ. EPHL 1070 2.8 61.7 35.5 2.1 64.0 33.9 50.6
1.56 9. 79%4loulatEPHEm 11 KDBrebuls9. 9 34.5 5.1 57.0 37.9 45.5 1.38

8. 69x10" ¢ CER¢4Bmi®TRatBn EoreBnttitida (ctheBintvabt d3erBfined b4 Pheblyd s@mbilkzalifix 104
EPH4A 107 @chdiq® o535 9C.32.2 11.4 61.6 27.0 37.8 1.16 -e EPH5 2800 6.9
59. 1 34. 0Cdpalyrss ot 29ter’schthle2 1. 18 8. 88x104 EPH6 2800 13.6 54.8 31.6
12.7 59.0 28.3 30.0 1.20 ' Pol y(PHB/ PEE PPG ur et hane)s are denoted
EPH, E for PEG P for PPG and H for PHB. The M of PEG and PPG used

for the ¢@QBI]ymeViokynlah@liavavrerizdtidi) Gehperdib@@orgchiomatbgraphe (GRC) vel y.
16 b Determned by GPC. " Calculated from'H NVR results. d Critical
m cel | i zAR3LPHS WaheasTied Qitivah ¢ ehiadzn S(uht 104 2 ldrSitngteny caupwed yth
sol ubi i ' ' | - bl e.
o085 M It eIt pofbmns PR YL 3 At IR BN 0,
(GPC) aShinysiza RiBs] (GareliheiheGulewddtdttad. BHEF vad Zigeddd elbenDat A6k kdte BA
system equi pped with two Phenogel 5p 50 and 1000 A col umms (si ze:

300 x 4. 6f Gty nplfnigest f@ SCa MEpnadispersererly(ofuylone stysob standends werd usadio
det ect or : B~ A m0- ' t 40
C NonoaP 2B MBHBARRR, PA TN (b Pl bR BC NuRD BMPOS R, o1
a cal i br ateteorecarded/ en a Bheker A WNBD (MR spédipmated alldomNMRpérhOde. Nite) H
spectra _were recorded on a Bruker AV-400 NMR spectroneter at room
t enper at DR mgasurgments were carried out with an acquisition time of 3.2 s, a pulse

repetition time of 2.0 s, a 30° pulse width, 5208 Hz spectral width, and 32K data

points. Chemical shift was referred to the solvent peaks (&= 7.3 ppm for CHCI;).

Fourier transform infrared (FTIR) spectra of the polymer films coated on CaF; plate

were recorded on a Bio-Rad 165 FT-IR spectrophotometer; 64 scans were signal-

averaged with a resolution of 2 cm™ at room temperature.

[0086] Thermal Analysis. Thermogravimetric analyses (TGA) were carried out
on a TA Tnstruments SDT 2960. Samples were heated at 20 °C min™ from room

temperature to 800 °C in a dynamic nitrogen atmosphere (flow rate = 70 ml min™).

[0087] Critical Micellization Concentration (CMC) Determination. The CMC
values were determined by using the dye solubilization method (27, 28). The
hydrophobic dye 1,6-diphenyl-1,3,5-hexatriene (DPH) was dissolved in methanol
with a concentration of 0.6 mM. 20 pL of this solution was mixed with 2.0 mL of
copolymer aqueous solution with concentrations ranging from 0.0001 to 0.5 wt % and
equilibrated overnight at 4 °C. A UV-Vis spectrophotomefer was used to obtain the
UV-Vis spectra in the range of 330-430 nm at 25 °C. The CMC value was determined
by the plot of the difference in absorbance at 378 nm and at 400 nm (A37g — Asgo)

versus logarithmic concentration.

[0088] Sol-Gel Transition. The sol-gel transition was determined by a test tube
inverting method with temperature increments of 2 °C per step (22a, 29). Each sample
17
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=1 prepared. The concentration of BSA in these solutions was also 5 mgmL . 1 mL of
polymer solutions were injected into porous cellulose membranes (pore size: about
100 pm) and left to equilibrate at 37°C. The polymer slabs obtained had dimensions
of (10 mm x 25 mm x 4 mm) and were placed in 25 mL of phoephate buffer release
solutions. Fresh batches of release solutions were replaced at various time intervals.
Experiments were done in triplicate. The resultant solutions were lyophilized and
Iyophilized samples were kept at —80°C. Figure 11 illustrates BSA protein release
profiles from the poly(PHB/PEG/PPG urethane) copolymer hydnogels in comparison
with the Pluronic F127 hydrogel (Legend: A: EPH1, U: EPH2, x: EPH3 + Pluronics

F127).
[0091] Results and Discussion

[0092] Synthesis and Characterization of Poly(PHB/PEG/PPG urethane)s.
Previously, we reported the synthesis and biodegradation behaviour of amphiphilic
multiblock poly(ether ester urethane)s consisting of PEG and PHB blocks (24-26).
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[ 0089] Rheol ogy studies. Viscosities of the hydrogels were neasured
at 25C wusing a Brookfield HADV-111+ digital visconeter coupled to a
tenperature- controlling unit. The small sanple adapters SSA 15/ 7R
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-methanol and diethyl ether.

[0094] A series of random multiblock poly(PHB/PEG/PPG urethane)s with
different amounts of PHB incorporated were synthesized, and their molecular weights
and molecular weight distributions were determined by GPC (Table 1). A typical GPC
chromatograph for one of the poly(PHB/PEG/PPG urethane)s together with its
corresponding precursors is shown in Figure 2. The observation of unimodal peak in
GPC chromatograph of the purified poly(PHB/PEG/PPG urethane) with non-
overlapping nature with those of corresponding precursors indicates that a complete
reaction took place with no unreacted precursor remaining (24-26). All the
poly(PHB/PEG/PPG urethane)s synthesized had narrow molecular weight distribution
and high molecular weight, with polydispersity ranging from 1.16 to 1.56 and M; 3.00
x 10* to 5.06 x 10*. The results are tabulated in Table 1.

[0095] - The chemical structure of poly(PHB/PEG/PPG urethane)s was verified by

'H NMR and "*C NMR spectroscopy (Figure 3a & b). Figure 3a shows the "H NMR
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source PHB and et hyl ene glycol using dibutyltin dilaurate as catal yst
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conf i r megktrititgitalthe PHBrsegpentoinngdition(péary dea® the BIDINGndtidn uhitRedded
units of PEG segr,rent s are observed at 3.64 gg the signals at 5.25
ppm ar e P&RRSEHE I the speqiw (A8 OB Ik B 64118 apdd -g%éﬁltnéd unit of PHB
segnents (24-26), the signals

[0097] A °CNMR spectrum of hexamethylene diisocyanate was obtained and the

carbonyl carbon peak was observed at 122.85 ppm. After the polymerization reaction,
the 3C peak of the carbonyl carbon of the newly formed urethane linkage was
observed at 156.82 ppm. This shift was attributed to the attachment of the hydroxyl
groups to the isocyanate functional groups in the formation of the urethane linkage (-
NCO- - -NHCOO-). This observation, together with the concomitant increase in the
molecular weight of the copolymers indicates that the polycondensation reaction was

successful.

[0098] FTIR is useful in the characterization of the functional groups present in
the polymer. As a typical example, Figure 4 shows FTIR spectra of EPH2 and its
PEG, PPG and PHB precursors. For PPG (Figure 4¢) and PEG (Figure 4d), the
characteristic C-O-C stretching vibration of the repeated -OCH;CHo- uniits is observed
at 1102 cm™. An intensive carbonyl stretching band at 1723 em’ characterizes the

FTIR spectrum of pure PHB-diol as shown in Figure 4a. It is clearly seen that in
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at 1.14 ppmare assigned to the nethyl protons of PPG As the content
of HDI anpbng the starting materials is below 1 wt% the conpositions
of the pol y(PHB/ PEG PPG urethane)s could be determned fromthe
integration ratio of resonances at 1.14, 3.64 and 5.25 ppmwthin
the i nm Faguod 4b,H11NhR1wm¢r§stioabsomtﬂmsIﬁHRIéBisﬂlialsPEl(Geané RBGrappear i el e
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hexanet hyl ene dii socyanate wa al ne iyl carbon peak
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Nt acheteimeR v ATl Rohg Fie B one pebiy 1t Fidyes § Siears
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Thi s observation, together with Phe concomi tant i ncrease in the
mol ecul ar"l‘hwéeghdatmn of heredpdrdiaistasts a2l &cUT el ¢dnagleteha 295 °C (Figure
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PPG appe#sss step isma‘;tributed to the decomposition of PHB segment and the second and third

Weight loss step to the decomposition of both the PEG and PPG segments. However,

the second and third weight loss steps are too close for the accurate determination of

the compositions of PPG and PEG separately. Therefore, only the PHB content of

EPH?2 could be determined from the degradation profile. Similar weight loss curves

were also observed for other poly(PHB/PEG/PPG urethane)s. The PHB contents

estimated from TGA results are in good agreement with those calculated from 'H

NMR.

[00100] Critical Micellization Concentration (CMC) Determination. Of the
6 poly(PHB/PEG/PPG urethane)s, only EPH1, EPH2, EPH3 and EPHS were soluble
in water. The CMC determination was carried out for these four copolymers. This
experiment was conducted by varying the aqueous polymer concentration in the range
of 0.0001 to 0.5 wt %, while keeping the concentration of DPH constant. DPH shows
a higher absorption coefficient in a hydrophobic environment than in water. Thus,

with increasing polymer concentration, the absorbances at 344, 358 and 378 nm
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spectrum of EPH2, which confirns the presence of the three segnents
in the poly(PHB/ PEG PPG urethane)s. Furthernore, it can be seen in
the profile of EPH2 that the peak ascribed to the -NCO stretching
was not observed in the region around 2200 cm 1. This provides

evi dence iridnaised (fégﬁrs66)1Ehapangmapsh@ibsbﬁamimaaér@ylimrﬂase‘s coh@s@nbeen
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micelle ( 31-33). However, in the light of the multiblock architecture of the
copolymers, it is not reasonable to expect that the simple micelles of an ABA-type
amphiphilic polymer be formed. Instead, it would be more plausible to consider an
associated micelle model in the consideration of the above results. An associated

micelle structure could be formed by the network-like packing of the polymer chains,
as illustrated in Figure 8.

[00102] Thermo-reversible Sol-Gel Transition of the Copolymers. The
phase diagrams of the poly(ester urethane)s in.aqueous solutions were determined by
the test tube iﬁverting method (22a,29). The results are shown in Figure 9. Three

. regions can be identified from the diagram, the lower soluble region, gel region and
the upper soluble region. As the temperature increased monotonically from 4 to 80 °C,
the aqueous polymer solution underwent a sol-gel-sol transition. The critical gelatibn

concentration is defined as the minimum copolymer concentration required in
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wi th increasing polymer concentration, the absorbances at 344, 358
and 378 nm 21 increased (Figure 6a). The point where the absorbance
suddenly increases corresponds to the concentration at which
mcelles are formed. When the mcelle is forned, DPH partitions
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i nvesti g%g% ihe effect of solvent on the mcelle structure (29,
31-34). 3 is a good nonsel ective solvent for PHB, PEG and PPG
while water is a good sel ective solvent for PEG but poor for PPG and
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A L t | d be f d by t k-1ik
back ng. e fhe 2Bofloib s itk e S itet 3F mereorr dﬂ«?@%ﬁ?@&mal )
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di agrams_of the poly(ester urethane)s in aqueous solutions were
det er m néhispetlectsa inersasetinypwlsonlae potinyg, disubiden ¢the cogjcoromastmetsrd t s

are s hOV\%d ah @pgéﬂ’rg o? the ]:1%1%ph0b10 core to the aqueous environment (31, 35). It has
been reported that PEG dissolved in aqueous solution becomes dehydrated at higher
temperatures {36). At the turbid sol transition state, there could be significant
dehydration of the PEG segments, leading to a pha-se separation between the polymer
and water. This disrupts the core-corona structure and consequently the hydrophobic
core is exposed to the aqueous environment (32). In the gel state, the PEG, PPG and
PHB peaks were broadened and collapsed as compared with the peaks observed in the
sol state. This could be due to the network-like packing of the multiblock polymer
chains, with the motion of all the components in the copolymer becoming restricted to
a certain extent. This technique studies the sol-gel transition at the molecular level and

offers insights on the packing mechanism for the gel formation process.

[00104] The viscosities of the hydrogels were studied as a function of
temperature. In general, the transition temperature corresponded well with the

transition temperature determined using the test tube inverting method. As shown in
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regions can be identified fromthe diagram the |ower sol uble region,
gel region and the upper soluble region. As the tenperature

i ncreased nonotonically from4 to 80 C, the aqueous pol yner sol ution
underwent a sol-gel-sol transition. The critical gelation
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aqueous envirohnment (31, 35). It has been reported that PEG

di ssol vedayisnkagsdtsxlsood emansimath dwd mgbablgaieareilencould ghebtained by

t enper at uy.es.: A the turbid sol transition state, there could be
signifi c%‘l{ﬁamggﬁ%wqng'?noc’ff?lﬁ%opﬁég‘e&grrent s, leading to a phase
separation between the polyner and water. This disrupts the

cor e- cor [00d 08] r uct RreposediS sloGelcDtimnition NMochdnihi.oNibSItbeindAirRitddSto
exposed to the aqueous envjronnment (32). In the gel state, the PEG
PPG and 203HMrabadhenay.Ddasrdends callapdrespity effbe micellananduplatipngudicst he

peaks obgetyPhrobhsd I 1-gel transition mechanism for this multiblock copolymer system
as follows. The amphiphilic block copolymers form associated micelles at
concentrations in the region of 0.1 wt%. These micelles comprise the hydrophobic
PPG and PHB core and the hydrophilic PEG corona that interacts with the water
molecules. Upon increasing the concentration to about 2 wt %, the solution is
thermoresponsive, existing as solutions at low temperatures and forming gels at
elevated temperatures. From a solution state at low temperatures, a monotonic
increase in temperature causes the PEG segments to become slightly dehydrated. This
provides the driving force for the micellar aggregation as the hydrophobicity and
hydrophilicity of the system achieves a balanced state. The PEG corona would self-
associate instead of interacting with the neighboring water molecules, forming micelle
aggregates. As the micelle aggregates form a close packed structure, a gel state is
observed. Further increase in temperafure leads to a significant dehydration and the

eventual collapse of the PEG corona. This results in the disruption of the core-corona

24



sol state. This could be due to the network-Iike packing of the
mul ti bl ock polymer chains, with the notion of all the conponents in
the copol yner becomng restricted to a certain extent. This

techni que studies the sol-gel transition at the nol ecular | evel and
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[ 00106] Proposed Sol - Transition Mechanism Wthout being |imted
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concentr fons ipt hese es co |se t he
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i nt er act gopiljrhers BEsiWBIaLPHB content but having different PHB block lengths, it appears
that longer PHB segments would lead to a greater spatial hindrance and thus lead to a
higher CGC value. This shows that the block length and the content of PHB

incorporated into the copolymer could be utilized as parameters in the control of the

properties of the thermogelling polymers.
[00108] Example 2

[00109] Cell cultivation. L929 mouse fibroblasts were obtained from ATCC
and cultivated in DMEM confaining 10% fetal bovine serum (FBS) and 1% penicillin
/ streptomycin. Cells grov? as a monolayer and were passaged upon confluence using
trypsin (0.5% w/v in PBS). 1.929 cells were harvested from culture by incubating in
trypsin solution for 15 min. The cells were centrifuged and the supernatent was
discarded. 3 mL of serum-supplemented DMEM was added to neutralize any residual

trypsin. The cells were resuspended in serum-supplemented DMEM at a concentration

of 2 x 10" cells / mL. Cells were cultivated at 37 °C and 5% CO,.
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nol ecul es. Upon increasing the concentration to about 2 wt % the
solution is thernoresponsive, existing as solutions at |ow
tenperatures and formng gels at elevated tenperatures. Froma
solution state at | ow tenperatures, a nonotonic increase in
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than th i,del y spudied thernpgelling.c yner the tribl ock
ar chi techprwé'q?%i sﬁﬁ%‘hfﬁﬁre Sg‘gwlﬁﬁg Eh%”fesg‘@é%gj/)ﬂgg 1?’4@%5&1’9@6“%(%00i ation
of the mcelles brought about by the nultiple segnents that |ink the
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facilitate the mcellar aggregation process by reducing the degree of

f r eedom pusesteskasprexioushedssadbed. dbekells wek resyspeadethinseruap-suppdenatndged a

series o G PPGE PCL nul tj bl opol.ymers whi ch showed hi gher CGCs
as corrpaf')%‘f i3 f CORSERITHING ’Ei?@r‘i?ﬁﬁp%pol ymers (21). This was

attributed to the spatial effect of the caprolactone segnents, which
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that the CGC value of the copolyner is dependent on the anount PHB
i ncor por el ERH copdympis asd Fo2 Y aenolyrGerspianiltycretaticiy destsrvexe parfosmeady | ow
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content increased the £GC of the copolyner, EPH3, reflecting the
spati al #fafdeositiodf 3 nd0Peels § sghePhenohwahesegas kickitgtaxic cdngrop dleflsmot

and 6 we PR At oy TRIRRL Do d SRRy TRBRR R i
having dintfeh&ndt 3718 iRh %Gkhidi@BIERSCOl hnRRPEAE SAfter 3 days, 10 pL of 3-(4,
5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) solution (5 mg/
mL) were added to each well. After 4 h of incubation at 37 °C, the MTT solution was
removed and the insoluble formazan crystals that formed were dissolved in 100 puL of
dimethylsulfoxide (DMSO). The absorbance of the formazan product was measured at

570 nm using a spectrophotometer (TECAN SpectrofluorPlus).
[00114] Results are shown in Figure 15,

[00115] Obtaining leachable products. 1 mL of polymer gels were placed in a
cellulose bag and kept in 50 mL of 1X PBS buffer solution at 37 ©C in a shaking
water bath at 50 rpm. 2 mL of the gel extracts were collected at various time intervals
of 1, 3, 7, 14 and 30 days. The solutions were lyophilized and an equivalent amount of

DMEM solution was added to re-dissolve the residue.
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that | onger PHB segnents would lead to a greater spatial hindrance
and thus lead to a higher CGC value. This shows that the bl ock

| ength and the content of PHB incorporated into the copol ynmer coul d
be utilized as paranmeters in the control of the properties of the

t her noge[d0 @] ol yTesting leSéhbbid prodadl ahe biROhPAibiEs/ df 16d¢hitly aéli on.
L929 nouse fibrobl asts were obtained from ATCC and cultivated in

DVEM ConpﬁidﬁFtﬁeffﬁﬁ%wéﬂlamemdrFéZQ ePpohmERSyera aralaash e ML T a5y |
oo T oDk 9 QYRS AT AL LD VLS TR PR b

har vest eMERIM &S © da¢h WRUUPRnoNGad fsed tak ¥ R§ofx8OEMH0RTel19hotl > M N.
The cells were centrifuged and the supematent was discarded. 3 nL of

ser um s up¥Rosekie a8y DINVENFIRS watised eHa pesitiyegonel. divg plases wieral

trypsin. . Th | IS, dper e res d i n,_serums I nt t a
Combent s IEREES S GRS ERHHRE 35 €0: halRphR SRR LIBR b B, 7
and 5% C%imatﬁ?fﬁm%olmylﬁzmi héHy1 elaz&itting mm&&drﬂr%mhﬁm&e@adeﬂ %
and F127 copolymers (20 w% were dlossol ved in DVE 0.5 nmL of the
pol yrer Yuogagh vish- (st 4 hofmspbaticadt 83 edbp selption jnthe welis were remeved

| t | ate. | d to incub 37 OC - far. .5 nL of
The. suspBihls R fRERs) Pyl HRRkAEh vk dSaplef e T0dheali o | °
vel ). Thenst@fbulfortldeyDBSO RiTRe WBSorBdrce WethetOrm A26n Brid@ctv4s ndead@nea at
Cells were observed wusing an inverted m croscope (Qd ynpus)

(magni f i &4 mesiag2pRytraphotomeater (REEAMNPrecgpiluatPls).and 3 days. [00111]
Results are shown in Figures 13 (F127) and 14 (EPH polyners).

00112 | I ti [ . fq i.yated and
har veat elf o Br evi oM U RFR IR G QRPN TBER Bt P

serum suppl enented DMEM at a concentration of 3 x 104 cells / niL.
[00113] [0OMiBfro cakkavbaimderstyodby ewt skitterliothe afg neamypardifitabions to

bi oconpati bi | it of . EPH copol and F127. copol ymers, in,vitro
oyt ot ox Beyerblips ShodingdR RgaiR Besghwra pasily Tk v Bomarbin, i |

cul ture phéided t&?ﬂdoﬁ?%'ﬂl@&ﬁnﬁﬂﬁidﬁﬂi@ﬂ WHARCEYSIBPS as WBMRdby3aS! ved in
DVEM (maxi mum concentration: 100 ng / nmL). Cells were seeded at a

densi ty efins.x 103 cells / well. Phenol was used as a cytotoxic
control. Cells not
[00119] All documents referred to herein are fully incorporated by reference.
[00120] Although various embodiments of the invention are disclosed herein,

many adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art of this invention, unless defined

otherwise,
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501-527. 30 WHAT IS CLAI MED I'S: 1. A polynmer conprising bl ocks of
repeat i ng. uni tfae polymebhaokding indaist 1 mpeein thablocks arenamdqndly y(retdedl ene
gl ycol) bl oc one or nore poly(propyl ene glycol) block and one or
nmore pol %@Pl?%utyrat e) block, the blocks being |inked by urethane
| i nkages. 2. The polynmer according to claim1l wherein the bl ocks are
random y 3ar r amge golyhder het@rdied W &kim 3 ﬁlrﬂﬂéﬁccﬂﬁﬂ)ﬂsfﬁ@g alﬁ?l%ﬁé %ﬁdﬁﬁs bAwséRi M
2 further conprising al kyl ene groups between | 'ocks, e al kyl ene
groups cblesks thaalkyeragnups ewakedisd @ aaelebloghby ﬁlumh@@ lmkagq' he pol ymer
according to claim3 wherein the al kyl ene groups are

4. The polymer according to claim 3 wherein the alkylene groups are
hexamethylene groups.
5. The polymer according to any one of claims 1 to 4 wherein the at least one

poly(ethylene glycol) block has a number average molecular weight of about 10 000

g.mol” or less.

6. The polymer according to any one of claims 1 to 5 comprising about 65 wt %
or less of poly(ethylene glycol).

7. The polymer according to any one of claims 1 to 6 wherein the at least one
poly(propylene glycol) block has a number average molecular weight of about 10 000

g.mol™ or less.

8. The polymer according to any one of claims 1 to 7 comprisiﬁg about 40 wt %

or less of pbly(propylene glycol).

9. The polymer according to any one of claims 1 to 8 wherein the at least one
poly(hydroxybutyrate) block has a number average molecular weight of about 10 000

g.mol™ or less.

10. The polymer according to any one of claims 1 to 9 comprising about 10 wt %

or less of poly(hydroxybutyrate).
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hexanet hyl ene groups. 5. The pol yner according to any one of clains 1
to 4 wherein the at |east one poly(ethylene glycol) block has a
nunber average nol ecul ar wei ght of about 10 000 g.nol-1 or |ess. 6.
The pol yner according to any one of clains 1 to 5 conprising about 65
wt % or llessToé pplomgt etdopdingto giyyamelof claiins The 1) whyrenr tha owdardatmyof o

f.clai I 6 ' h i t I ; I
avcol) BPERHER itk BaP a gl Serbasrar darohi B aBacE 10 000
g.nol "1 or less. 8. The polyner according to any one of clains 1 to 7

conpri si ng. abayé pdlgmest adéordifig teEs ol ofelahPl apyl amered 116 Aolar r@io dhe
pol ynmer according to any one of clains 1 to 8 wherein the at |east
one  pol yewmsé%}ﬂnﬁlmﬂlh%éaolﬂp@@wengglyaolau tmpely hvdeoxabetyral) dvin the

wei ght o 0h.19.470 ' . . 10. The pol ymer according to
any one %?@gﬁggﬁéwggtglbgégg%?ﬁgﬁﬁgiggght 10 vt % or |ess of

pol y(hydroxybutyrate). 31 11. The pol yner according to any one of
clainms 1180 10hehelymienatdosdinpicanyraakiod clafms pod V2 bivhiyg emembénavetapet o

pol ypropyl ene_glycol) .is fr bout ;1: 1 to about 3:1. 12. The pol yner
accordinéuﬁﬁmggy%Bﬁﬁogﬂx%IQﬁﬁégﬁﬂFﬁ ?i&ﬁherein the molar ratio of

pol y(ethyl ene glycol) to pol y(propylene glycol) to

pol y( hydu@.xybtfhypr@{tyﬁ])er h&cokding Bfany' D€ cRimaP ey 3 Ravind Derdtiddl Bdlatton

PEG PPG PHB 13. The polynmer according to any one of clains to 12
havi ng acm@tw@\fmmgboutdm%aoabouxgpg’ﬁt"om sgdgidert: 60 000 g. nol -1 or

| ess. 14. The pol ynmer according to any one of clains 1 to 13 having a

critical jgel atyi | f 9 Ow %
' sol at an, - fepoSRE S Rbh0R ol AR RS o ottt 3 810 RY O
cl ai ns lthemapddtioagdna therapeutic agent. 16. The conposition

according claim 15 conprising fromabout 1 wt %to about 20 wt % of
t he polngr.

The composition according claim 15 comprising from about 1 wt % to about |

20 wt % of the polymer.

17.  The composition according to claim 15 or claim 16 that has a critical gelation

temperature below 37°C.

18.  The composition according to any one of claims 15 to 17 wherein the

therapeutic agent is a nucleic acid, including DNA, a peptide, a protein, a small

molecule, a ceIl, an antibody, an antigen, a ligand, a hormone, a growth factor, a cell
 signalling molecule, a cytokine, an eniyme inhibitor, an antibiotic, a

chemotherapeutic agent, an anti-inflammatory agent, or an analgesic.

19. A method of making a polymer compn'sing'at least one poly(ethylene glycol)
block, at least one pdly(propylene glycol) block and at least one
poly(hydroxybutyrate) block, the method compriéing reacting poly(hydroxybutyrate)-
diol, poly(ethylene glycol) and polypropylene glycol) with a diisocyanate.

20.  Themethod of claim 19 wherein the diisocyanate is hexylmethylene

diisocyanate.

21. A method of delivering a therapeutic agent to a subject, the method

32



17. The conposition according to claim15 or claim16 that has a
critical gelation tenperature below 37C. 18. The conposition
according to any one of clains 15 to 17 wherein the therapeutic
agent is a nucleic acid, including DNA, a peptide, a protein, a small
nol ecul e comprsihg delaverimgtai doogppsitiom obartyi grerof chriths §atd] 8 @ thobodingfa a
grow h fact.or, a cell signalling nolecule, a cytokine, an enzyne
inhibitoP?Jgﬁ‘antibiotic, a chenot herapeutic agent, an
anti-inflamuatory agent, or an analgesic. 19. A nethod of naking a
pol ymer gonpr iThk Rektiadd dc@adingQd elaial2y (vidivth Eecopipositlon is @d1RE briodto

| east one pol y(propyl ene glycol) block and at | east one

pol y( hyda8Xyasing o é%eéaodmaﬁg Keliverag sRmpHspssBrEnal Snplantpéekt i ng

pol y(hydroxybutyrate)- diol, poly(ethylene glycol) and pol ypropyl ene

glycol) wkth gy "amﬁy : T . in the
di i socyanat e ?égh%xy ﬁ%?ﬁyﬁgﬁégkﬁipgocyd%gﬁggkgﬁkgxg%éfﬁgﬁﬁgﬁkQ

del i ver i hgdagtlherca pedtliveriag enthe bodwarsludjlizeting tdnepriset hgettioR2
conprising delivering a conposition of any one of clains 15 to 18 to
t he body,of a.. subject. 22. The nethod cor di .to.claim 21 wherein
Lhe comadi ¢ Bt PEn Gabinel Sppmmerts cta | o+ i bV Eine oryoat
deIiveria%ﬂﬁqymkm§g§0§y§@ﬁ&gl inplantation. 23. The nethod according
to claim22 wherein the conposition is a liquid or a hydrogel prior

to delivering to the body and delivering conprises injection. 24. Use
of a pol yfer &Feahg pelymespl Eyanee! tlaims 140 14 m he mapsfachge af 2

any one. SipRRor bileie Ay el BB body oL kS 2 00 Tor 7

delivering a therapeutic agent to the body of a subject. 33
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