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is directed to injectable drug delivery systems with cyclodextrin

pol yet hyl ene gl ycol) pol yner based hydrogels. Background of the Invention A
variety of polyners used for controlled release and delivery of drugs have
10 been devel oped i n INJE(I2BLEDREGBELIVERYSYSFEMOWIRE s are for ned

into inplants or injectable mcr J , and nust be,
bi odegr adabl e and b|GXWEHIT&I&SﬁBETﬁERtS%‘ngB%i@?{(ggﬁg‘%f orns of

pol ymers, conplicated fabrication processes are required which typically

i nvol ve organi c solvents. The use of organic solvents, 15 however, nay
cause denatEiekitdfole lofergme protei n drugs and even traces of an organic

sol vent may be toxic. Polynmer hydrogels have been expl ored for drug

del i very sand conTlicinvedionds dassed todnjectableineg dedivetyi systemy withgygloge iy

pol ymer hydrogel s have been useg aa i Iaints. Sonme injectable drug delivery
syst ens f orpalplgthyleagglygol pelyaer paie 6‘3’%5‘? Bgels in the 20 body after

i njection. However, the chem cal reactions occurring in the body may cause
tissue irritation and damage. In situ formed hydrogels fromthernosensitive
bl ock copol yners have al so been proposed as sustained release matrix for
drugs. Theyphayfoudndefddvianém@e that there is no chemical reaction involved
in the gel formation. These copol yner 25 hydrogels are usually designed for
macr onol ecul ar dhﬂ%iewwp@lﬁmwsqisea RorodbtrbNéd TR sel and) slelivEine oflidergslamt age of
such tenperature sensi'tive hydrogels is the practicality of usin1 such a
gel in i nj ebédnaievelopedli@AHe pastiA@ years. aMasicdf-thip PUEMErs dEHIrDed e ENPIARSQE i on of

hydr ogel s between |inear pol yethyl en | yvcol | cy.cl {8l Hayever,
si nce then,“ﬂﬁ%@@3ﬁﬁ§nﬁﬂgﬁe%o %gé}5?5@%?%§8%na§%?£g¥a%?eﬁggﬁg&géei3ery
syst ens. 'nbﬁESEE%ﬂﬁéars’ SW Kimet al 1 29 July 2004 published a few
papers on inject fe drug delivery systens using thernosensitive or

el ectrically sengi plne, anQdflse FRTRY pbiyaBrdcodpREAcRAbACIIoAProcesses

copol yners.

are required which typically involve organic solvents. The use of organic solvents,
15 however, may cause denaturation of some protein drugs and even traces of an organic

solvent may be toxic.

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

For example, chemically cross-linked polymer hydrogels have been used as implants.
Some injectable drug delivery systems form chemically cross-linked hydrogels in the

20 body after injection. However, the chemical reactions occurring in the body may cause

tissue irritation and damage.

In situ formed hydrogels from thermosensitive block copolymers have also
been proposed as sustained release matrix for drugs. They have the advantage that
there is no chemical reaction involved in the gel formation. These copolymer

25 hydrogels are usually designed for macromolecular drugs such as protein and hormone
drugs. The disadvantage of such temperature sensitive hydrogels is the practicality of

using such a gel in injection.

In 1994, June Li and co-workers reported the formation of hydrogels between
linear poly(ethylene glycol)s and cyclodextrin. However, since then, there has been

30 few articles on injectable drug delivery systems. In recent years, S.W. Kim et al
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The article describes polyethylene glycol)s (PEG of high nol ecul ar wei ght
whi ch was found to form conpl exes with al pha-cycl odextri n29 &lpR&O4D) in
aqueous 5 solutions to give gels in a wide range of concentration. The tine
of gelation decreased with increase in al pha-CD and PEG concentrati on,

i ndi cating e r . ' 0 ' : a-Ch
chai ne. TP st aFTeaZpogert AP SIBRYBY YEEAR ok ERERIR RIS
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and controlled rel ease of drugs into the body. It 1s desire t he
process of form ng the hydrogel be sinple and easy. It is also desired that
the properties of the hydrogels be 25 t@nable with different copol yners
thus allow ng delivery and controlled release of a variety of drugs,

i ncl udi ng protein drugs, and vaccines. Summary of the Invention



The invention is directed to a cyclodextrin polyner-based injectable 30
conposi tion conprising cyclodextrin, a polyner which is capdblye064 forni ng
a hydrogel with the cyclodextrin, and a pharmacol ogically effective anount
of at least 3 29 July 2004 one drug; wherein the polyrrer is selected from
pol yet hyl eng,g o\ﬁggk)thesg%g%d{?xhbfé%nﬁ hedo Qfounﬂ’r%&tﬁc?lpﬂ{l \q'lé Eol er is
pol yet hyl ene gl ycol) seg The copo ymer wmth a po yet glycol)
segnent mayinjecabl¢deOna spbdegnmn rs;ﬁd e:oblmg for odyt tempetatung theﬂmdscﬂ icogplpder

pol yesters, pol yur et hanes, am des, pol yethers, poalysaccharides, 5
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fluid The 388¢6643)@60i852fAuguleas, d997l=;)ct ed to the cycl odext rin poI ymer - based
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pol ymer whi ch 105cAAR! S8 (WWdd I)BA YL, KEABWIRQHid$ FdbsiBle BlyRat h. The
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formed fronfeSEongs shahagRd deiepyionmentdl rondétianspoEpeirenmental ginpdblinclide h
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characteris was di s red that, drugs del.ivered in a
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cycl odextrin poI mer - based injectable h The |n ectabl e conposition
is a 10 physi callf y‘s cqeéggfl? B %HPB’Q@%/‘? a gélaleﬁtf'é% 91 dhe gleligeryeand

rel eased. ThaurbNEH REGbe bfsdﬂagé)fh@é %Wk 1t 1% r@l@él ShAtSh %%ess%q%}nphg fier opi ¢,
and under goes reversion between ge d's er cer aln con
Bi oabsor babiydrogehbs sinipde and easy. It is also desued that the properties of the hydrogels be

25 tunable with different copolymers thus allowing delivery and controlled release of a

variety of drugs, including protein drugs, and vaccines.

Summary of the Invention

The invention is directed to a cyclodextrin polymer-based injectable
30 composition comprising cyclodextrin, a polymer which is capable of forming a

hydrogel with the cyclodextrin, and a pharmacologically effective amount of at least
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pol ymer can di sappear fromits initial application site in the body with or
wi t hout degradation of the dispersed polynmer nol ecul es. TRE8 Jgkyl2084|
transition tenperature is 15 generally above roomtenperature, which
depends on the conposition of the gel, as well as on the chem cal structure
and nol ecul (o] G ’H%E]f' angﬁj :

hydr ogel is%e%kh%ﬁ&@%ﬁ& g?l nﬁg%aggggg%y. ﬁo% P%I?I(E)n, 'f: ﬁz g%%%g?ﬁ es of
the hydr ogehéreaf, ®r auopblymerwith adpdlfetheline @bRol) we@néent! ke @pblowcnyittel i very
of a variety of drugs, including protein drugs, and vaccines, and al so

al | ows 20 frsiy(ethaleae sglagobk degraeimt may | indude e Relymsr sehistedr g thee gsaup

vacci nes, apd the |ike For ex | the drogel . gel y adjusted to be
a nore fl _ex‘f%’?l tl?%/d)rfog(%lpleso‘arr_s’apgng‘r}r@gﬁjrain ﬁ’qpﬂ¥%108%| P&ﬁ%&ﬁy@?}g’gﬁ’ﬁ%g{&rs&ct ure
can be ta | iRdmifd RaUR, valybehldes, VarkiCpdlding. 2aMHe BytlddéetiRass batmtually
Structures with positive charge or with higher hydrophobicity coul d be used
to yield a yothesigedsbumigrdonganiems er arpificifHp symbesived ohe slref isqueferablyoina

cycl odextri ol r-based . inject e h drqﬂ’% prepared froma

cycl odextrifﬂl,aP a%gﬁ%racﬁeé’b@% @JCS%BteoaﬂH%/(?’flé rogel with the cyclodextrin,
and at | east one_drug. The hydrogel provides a sustained, controlled

rel ease matrix f o oRetipn gy farfhes dreetgd themyal%wgflmgﬁ?qr@&ﬁqdylnﬁéegh abl e

i nj ectable S f i n y d ui f i nj egtion.

Sul tabl o draeriip, AR thdlRY ol cifel Uontiif 3 shty Syl SIGCT.
anti art hio tdongple@niwithshd dag, canigats algldragt @ botntTHeaevddasfolymé mayd® Jul y
2004 antidepressants, antidi abetics, antineplastics, antipsychotics,

ant i hyper t ehelyger selggteddram thesroymeqneising ol privestege palygrethanpt. olyamides,
anti-infla |.es . 1 el j d nti - parasi t4,c. drugs,
antiviral %@Férgeﬂ(g?ﬁ %%ag‘d\?%c I ﬁ@@?mr%gﬁ(t’ﬁ’ L}SOI $ Bﬁgesa%r?ch@%ﬁ ecu }é?r form
or in a | oweomldasupalymeeinghtbd @rdin ol Manb-fifdtiosll folym& @hpolioHigSpdlviede
conjugated to, for exanple, polyethylene glycol) to forma macronol ecul e.
The drug uswdh pelyeithylens gp])segmens.enconpass not only conpounds or speci es
whi ch are inherently pharmaceutically or biological active but also

mat eri al15whi ch i Pel mdentmnas furtheodaeaéd tcha setladt dfieatiogpeondifon regmjring es.

The hydrogel, ma | so carr .nanospheres, for sustained, controlled 10
rel ease of HW%Q&’%%&%H%?“&%‘ ORBHYS pRISCHRS Aptg tﬁ%rﬁ?g&rat Fyqledextrin
synt hesi ze s E . [ I tons
such as ge?pao??l rﬂé‘?nage(!: %%@g‘%@@ggﬁ%&gg@?{}%ﬁ% C@Qﬂ?%‘l es t ?Q@H{ggp %@{ Iiest al .,
DNA- pol ycatdapubla af frsmiey £Bydsgrhwith theadycpelaetriderdvepharmetvlediesly sletival of
Control |l ed Rel ease 53:. 183-193, 1998). PEG copolyners, while the polyners
condense ordMRYRY 15350 a6 FRHBINKDeS I HikoRYIMBER S Seleqterd lioph palyésthylenthe
phar mac i =GR F Ny i i &, not
O O, SRERRL ol O bl Re MR A B e B et i

limted to, 1njec sal I ne. gueous al'so
cont ai n bufmpceomypapbepitcuanedusror pitesesydin ves. Sui tabl e buffering agents
include, but are not Iimted to, alkali or alkali earth carbonates,
phosphat es, bicarbonates, citrates, borates, acetates, 20 and succi nates.
Sui t abl e preservatives include, but are not limted to, sodiumbisulfite,

sodi um t hi ogidfisdseripitcthabgwiRgnzal koni um chloride, chlorobutanol,
t hi mer sol ,

Figure 1 depicts the release of dextrin-FITC from a hydrogel formed from
25 alpha-cyclodextrin and linear poly(ethylene glycol) with different molecular weights.

Figure 2 depicts the release of dextrin-FITC from hydrogels formed from
alpha-cyclodextrin and Pluronic polymer poly(ethylene glycol)-poly(propylene glycol)-
poly(ethylene glycol) with different molecular weights and different ratios between

poly(ethylene glycol) and poly(propylene glycol) segments.
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phenyl nercuric borate, parabens, benzyl al cohol and phenyl et hanol .

Cycl odextrins are a series of natural cyclic oligosacchar 2ddsly@0fiposed of
six, seven, eight, or nore D (+) glycopyranose units |inked by alpha 1, 4
| i nkages. 25 Cycl odextrins are bi odegradabl e and bi oconpati ble and may be
naturally or artificially synthesized. Cyclodextrin may be synthesized
naturally by m croorganisns, for exanple. Artificially nodified

cycl odext r i Dstaiddd Devcriptiorpef the Imventidn i t S properties to inprove their
solubility, conplex-form ng capability, and specificity, and other
properties. CyclpgexhbdnfiodSasd BaSéR! éh I @k edRcdr@ lihaf OsdlE f@atibe &atdgr al and
artificially 30 nodified forns. Suitable cyclodextrins include

a- cycl odextsupramqieayas |sodassenbly betwgen tirocampopents Garmsyal oykeiabld hydipge!.

e vt eSS eyt SRR YORTRONE e SR S bl
bi oabsor babhgleBiideanRadite. inkl o ApPatit bpitise aRding WwaARaHRAOmiteEdHpRI

hydrogel with cycl odextri. Bi oabsorbabl e nmeans the pol yner can di sappear 5
fromits i nirgamtatioppndcaeéroscopict eharastarisicshodtywes discoverad thabdtugiegndeat i on

of the dispersed pol yner .no| ecul es, Bi odegradabl e neans.that th ol ymer
oan br eak HBRCER e, PR SRR, HELOUgY vEo RS ottt Dot Jry @
hydrol ysis I%E'JZtYHB;;dl fegRAR LR abIB %?@.ti’h{e&ﬁ&?ﬁbﬁ tBRipodfidn Gf 4 he
conponent s %eo nonlto ig;cml n tﬁ(glglog}?. Tlﬁg oFyrrere |1 a p%l ye?ﬁyﬁ'ene gal ycol ),
a deri vato vghysicallyeabss-linked hgdipgtltharcarties & datg todactlsasadt h t he pol yet hyl ene

glycol) segnent. The pol ynmer can al so be pol ypropyl ene gl ycol) or other

pol y(al kyl ene gl medydogeHsHiibsdrbhiae, thamovaisaive, sl tbfﬁbfwﬂ)ie,%d(ﬂnﬂ@lgbés i's

al so call ed polyet hyl ene oxide). Preferably the polyner is polyethylene

gl ycol ). THeversipn|beesenngs) and sohynderecastaim conditiansy Bioabsasbibdg seand éheand

bi oconpati bl e copol ymers that contai.n ethylene.glycol ,units which,can form
15 by ar oge e Cas, Tl PRERC A ol sl B o, e B, 8o

pol yam des, depeldd@6M6f the dRP¥REEINMR! ARFocuR®! YH@BEINY] BGhiton teRPEMRRPT des,
or a proteins. The polyethylene glycol) nmay have different forns and

di fferentS egesiergby pbovermone feamsraturet whicpalepentdsydnethe cginpositiyn dé theverli ases may

Do et oS b chGRR st rORERG RRN T PR S e e o
nol ecul es, e.qg. ﬁ:fcgﬁl)l ated pol ysacchar. des, Fegyl ated poly(am no acij ds,

. ! p ;
pegyl at ed prot ei enationTefthp by diogelyis @arergI @Y pirerle podedsyedn dddisiopol yrrer s

h i.d .t h
end(sy i b kPR ERtogbl P ERBRN U BhoREREE T Byt o,
pol yam ne déulivutotzedarieo) yediys, dncudiby pedtdin Bug, aReU¥dcaleetandodiyeilipene 25
imne), pegylated polylysine may be used. Pol yethyl ene glycol) block
copol yme?r%s %r the %Fwﬂoﬁ@nt@kléd opase)of thedrugsi geges MVacgineso and theolikereFer
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and weight ratro er ent sequences e

PEO- PPO- PEQigi®lhytdi@gtic ) ThePR@rfeDsiriure Rlab benhitor&) to Re-RAGble 8lisosify and?9 Jul'y
2004 The nol ecul ar wei ght of the polymer is preferably between 1,000 and

50, 000, norUUHFAEass Biesy Seiciyses vith pesativerrares op@ith Imehet bydmophobidity geuldyner i s

in an aququg:sll S@LHLLRN; r ypi cal aqueous sol utions contain
about 1%to asout %‘5“%‘1&8 Ig%gtéﬁgﬁae Eiafifs‘li';ibly about 10%to about 40% A

1 migd | ially 5 available is 28% pql.yet hyl lycol).
The Cyol Baovt v ik i BRI Fited 10 i RU T et mcE ikt IUANE SVARUY oy i be
to provide mepdred gednabd @ylyaixage! a pbiEndty SiaeR! OP%}HQE% iﬂ‘-ﬁ;@lﬁép wAS $het N1 ough

needles up to 27 G Ty(gi cal ly, the anpbunt of cycl odext polymer is,
but not | i néyclodextoin, @nd asleast one drug. The hydrogel provides a sustained, controlled

release matrix for the drug.

The drug is in a pharmaceutically acceptable injectable aqueous fluid and may
30 be any drug suitable for injection. Suitable drugs include, but are not limited to,

analgesics, anesthetics, antiarthritics, antiasthmas, anticoagulants, anticonvulsants,
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in weight. 10 Suitable polynmers useful in the invention include PLURONI C
(BASF Corp.) surfactant which is a group of polyethyl ene 29July2004

oxi de) - pol ypr opyl ene oxi de) pol y(et hyl ene oxi de) triblock copolyners al so
known as pol oxamers. The PEG bl ock at both ends is able to conplex with
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responses. daibindicpr auiibisiemizese deconggstants, antiintanemateriet| mussle crelaxanivd | ow

potential for .caysing i.rritation or sensitization nd the general chronic
Bnd subchr oRePLE e Regesthis s, apRAT dued e AnbAHBFY ar e anong a
smal | nunber of surfactants that have been approved by the FDA for direct
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to refrigeration tenperatures such as 4C. The resulting product is a white
vi scous 25 hydrogel. The pH of the hydrogel is generally, about 6.5 to
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Preparati on of the ineectable hydrogel fornulation with |inear polyethylene
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11 29 July 2004 W Caim 1. A cyclodextrin polymer-based injectable
conposi tion conprising cyclodextrin, a polymer which is capdblye004 form ng
a hydrogel with the cycl odextrin, and a phar macol ogi cal |y effective anount
of at |east one drug; wherein the polymer is 5 selected from pol yet hyl ene
gl ycol), derivatives thereof, or a copolynmer with a pol yethyl ene glycol)
segnent. 2. The TEmpokiculaoweight of the polymwinas picferatily bdﬂmgn il0Drand 50,000,

h |1 bl d.. 10 3.. The conposition
o o Gpteprafiraisy hitveer 50l ahd ds Dol FEdeRohubt Solyir iy edheet e by
m cr oor gani gjifion?- FINEx ”,ymifch %&Bu§k@lhﬂ@nﬂs &nt ﬁgh%aa@mh@r i 1808

cyclodextrin is artifici t hesi zed e conposition of any of
clainms 1-4 pélpner, prdfd:reblpcabwtelﬂ%ﬁpaibjue 40%. f AronAgniting glamgje Icomintelncially

cyclodextrln LS, .a p thylene glycol) and a polyner selected
fromthe gr%’lﬁ‘ﬂal&lﬁ)ﬁkfg)i’ﬁg?%hﬁ%lﬁi ers, pol yurethanes, pol yanides, 20
pol yethers, polysaccharides, poly(am no acids, polypeptides, and proteins.
6. The conposi ti B¢ @cladaytrigfand palymer arescombinaddin suffiepsn ynﬂ@taambmanamy

h h tes, the d th. 25 7.
e Componi KIPEeaR iGF Svif ovdhkiler e Mo el aR s uf s hibive8 nedfitshin
sel ect ed fr@mﬁ@.eg%ﬁlempy eRNshdink Bﬂcﬁiod@?ﬂrﬁ’]%tpﬁfyﬁler li)sowm(ﬁth'ﬂﬁféefm 0.275

pol yam des, pol yethers,” pol ysaccharides, poly(am no acids, pol ypept I des,
and protei ng.weight. 29 July 2004

10 Suitable polymers useful in the invention include PLURONIC (BASF Corp.)
surfactant which is a group of poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) triblock copolymers also known as poloxamers. The PEG block
at both ends is able to complex with a-cyclodextrin, just like the PEG molecules.
PLURONIC potymers have unique surfactant abilities and extremely low toxicity and

15 immunogenic responses. These products have low acute oral and dermal toxicity and
low potential for causing irritation or sensitization, and the general chronic and
subchronic toxicity is low. In fact, PLURONIC polymers are among a small number
of surfactants that have been approved by the FDA for direct use in medical
applications and as food additives (BASF (1990) Pluronic & Tetronic Surfactants,

20 BASF Co., Mount Olive, NJI). Recently, several PLURONIC polymers have been
found to enhance the therapeutic effect of drugs, and the gene transfer efficiency
mediated by adenovirus.  (March KL, Madison JE, Trapnell BC. (1995)
“Pharmacokinetics of adenoviral vector-mediated gene delivery to vascular smooth
muscle cells: modulation by poloxamer 407 and implication for cardiovascular gene

25 therapy.” Hum Gene Therapy 6(1): 41-53, 1995).

One skilled in the art recognizes that other related hydrogels can be used. Two
functional domains are essential: a poly(ethylene glycol), derivative or copolymer
thereof, and a cyclodextrin moiety threaded onto the polymer. A bulky blocking group
may be conjugated to the end of polymer chain via a biodegradable linkage, eg L-

30 phenylalanine, L-tryptophan, nicotinyl groups, etc.. A biodegradable linkage is

required for the end group conjugation.



8. The conposition of claim6 wherein the secondary polyner is a di- or
mono functional polymer or polyionic polynmer wth polyet hgPdnky 290¢4col )
segnents. 9. The conposition of any of clains 1-8 wherein the drug is in a
macronol ecular 5 form 10. The conposition of any of clains 1-9 wherein the
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10% & () - SHaddRdZ &hé hrigthreAs %Q&ﬁ:ﬁ,‘gcflérﬁ@f% a temperature of 0°C to 25°C, preferably to
refrigeration temperatures such as 4°C. The resulting product is a white viscous

25 hydrogel.

The pH of the hydrogel is generally, about 6.5 to about 7.8, which are suitable
pH levels for injection into the body. The pH level may be adjusted by any suitable

acid or base such as hydrochloric acid or sodium hydroxide.

The following examples are offered by way of illustration and are not intended

30 to limit the invention in any manner.
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5 glycol) with different molecular weight. In a 0.30 ml of a-cyclodextrin aqueous
solution (0.145 g/ml) was dissolved 3.0 mg of fluorescein isothiocyanate labeled
dextran (dextran FITC, molecular weight 20,000). The solution was mixed with 0.15
ml of an aqueous solution of PEG (molecular weight from 8,000 to 100,000) with a
typical concentration of 0.40 g/ml. The mixture was placed into a 0.6-ml cuvette, and
10 then incubated in a 40°C water bath for one hour. The cuvette was then kept in a
refrigerator at 4°C overnight, allowing the composition to forma viscous gel. The
resulting gels were injectable hydrogel formulations. The gel can pass through needles

with different gauges.

15 Example 2:

Release of dextran-FITC from hydrogel forming from alpha cyclodextrin and
linear poly(ethylene glycol) with different molecular weights (Fig-1). For in vitro
release studies, the cuvettes with hydrogels prepared in Example 1 were placed upside
down in a test tube with 12 ml of water and incubated in a 37°C water bath. The water

20 was changed in determined intervals of time. The fluorescence intensity was read from
200 microliters samples. Results are plotted in Fig. 1 as cumulative fluorescence
released versus time. The values plotted in the figure represent the average of samples
from three separate hydrogels. The release rate decreases sharply with an increase in
the molecular weight of PEG up to 35,000, presumably because of the chain

25 entanglement effect and different complex stability. The release rate is quite steady

with time for gels formed with PEG 35,000 and 100,000.

Example 3:

Preparation of the injectable hydrogel formulation with Pluronic polymer
30 poly(ethylene giycol)-poly(propylene glycol)-poly(ethylene glycol) with different

molecular weights and different ratio between poly(ethylene glycol) and

10
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Example 4:

Release of dextran-FITC from hydrogels forming from alpha-cyclodextrin and

Pluronic polymer poly(ethylene glycol)-poly(propylene glycol)-poly(ethylene glycol)
with different molecular weights and different ratios between poly(ethylene glycol) and

15 poly(propylene glycol) segments. (Fig. 2). For in vitro release studies, the cuvettes
with hydrogels prepared in Example 3 were placed upside down in a test tube with 12

ml of water and incubated in a 37°C water bath. The water has changed in determined
intervals of time. The fluorescence intensity was read from 200 microliters samples.
Results are plotted in Fig. 2 as cumulative fluorescence released versus time. The

20 values plotted in the figure represent the average of samples from three separate
hydrogels. The result shows that more sustained release kinetics may be obtained with
Pluronic polymer PEG-PPG-PEG of lower molecular weight over PEG homopolymer.
The higher ratio of PPG segment provides extra intermolecular hydrophobic

interaction and reduces the dissolution rate of the gel.

25

11
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2. The composition of claim 1 wherein the drug is in a pharmaceutically acceptable

injectable aqueous fluid.
10

3. The composition of claim 1 or claim 2 wherein the cyclodextrin is naturally

synthesized by microorganisms.

4. The composition of claim 1 or claim 2 wherein the cyclodextrin is artificially

15 synthesized.

5. The composition of any of claims 1-4 wherein the polymer capable of forming a
hydrogel with cyclodextrin is a copolymer of poly(ethylene glycol) and a polymer
selected from the group consisting of polyesters, polyurethanes, polyamides,

20 polyethers, polysaccharides, poly(amino acid)s, polypeptides, and proteins.

6. The composition of any of claims 1-5 further comprising a secondary polymer

which complexes with the drug, conjugates the drug, or both.

25 7. The composition of claim 6 wherein the secondary polymer is a polymer selected
trom the group consisting of polyesters, polyurethanes, polyamides, polyethers,

polysaccharides, poly(amino acid)s, polypeptides, and proteins.
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10. The composition of any of claims 1-9 wherein the composition is injected

subcutaneously, intramuscularly, intradermally, or intracranially.

10 11. The composition of any of claims 1-9 further comprising a buffering agent or a

preservative.

12. A use of a cyclodextrin polymer-based injectable hydrogel comprising
cyclodextrin, a polymer which is capable of forming a hydrogel with the

15 cyclodextrin, and a pharmacologically effective amount of at least one drug;
wherein the polymer is selected from poly(ethylene glycol), derivatives thereof, or

a copolymer with a poly(ethylene glycol) segment for the manufacture of a

medicament for the treatment of a condition requiring pharmacological treatment.

20 13. The use of claim 12 wherein the polymer capable of forming a hydrogel with
cyclodextrin is a copolymer of poly(ethylene glycol) and a polymer selected from
the group consisting of polyesters, polyurethanes, polyamides, polyethers,

polysaccharides, poly(amino acid)s, polypeptides, and proteins.

25 14. The use of claim 12 or 13 wherein the composition further comprises a secondary

polymer which complexes with the drug, conjugates the drug, or both.
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