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A bone and/or dental cenment conposition and uses

thereof Field of the invention The present invention
WO 200002942 0 a conposition conprising at | east BEESG2007/000287

Vi scosi tyenhanci ng agent and at | east one

macr onononer. In particular, the conposition is a bone

cenent conposition and/ or dental cenent conposition.

The present invention also provides uses of the

conposi tion. Background of the invention Injectable

bone cenent, mainly poly(nethyl nmethacryl ate) (PMVR)

and caIC|un1prspha%e cenent (CPCt, have been

el X - . Sy

repairing materials. Injectable bone cenment is a paste
Fieli ¥R iehaes it is used in the body of a subject but
‘_S'?I_ggl_(’lm etty rapidly once it is injected into the

human body. From the perspective of both clinical
Theohresentinventiemrelateisdo & compesitien icommrising eklebskona hissesity-

enrE Ao AP R S BRI Romeh dn dasfiufat fhe pomposition
is aSRIRY @émeﬁp&&rﬁﬁasuﬂ@ﬁ aRel/STH gE6@l cBfese eams%nwhé pASsent
post - operative conplications. PMVA is an injectab

'anﬁﬁt"?@ Jeerbravideedses obine camposiiomppl i cat i ons such as
per cut aneous i njectable vertebroplasty & kyphopl asty

Baék%*ioﬁﬁk?oftﬁ%qw&ﬁﬂb?ti on of spinal fracture, fixation of
10

ar_nmrp repracemnent, bony void fillers, etc. The
qui ck setting tine and strong final nechani cal
Injactakﬂe]@bhermlmenthntalmmtp@rly(methyipnbﬁmcryia@)QPNMA)aand)malcmm

|
PhaR ARt SEBR i £ Cate RS DEBT i B, 1287 fonMOredhan 29 years
as Erdswe Pé;?élhﬁg‘%aﬁéﬁ%' HjE6tabie! ForA VAR & 5§ fdrifddudSrore it

exot herm c terrperature duri ng hardeni ng that can
is UB@gdn the bedwoha subjsict but salidifies pnecblm repndiby hm:e it is injected into

thenﬁhﬂ%%r 36'0 ty? SR p%? Oesc’:ttlvgch % thal observation and

laboratory experimental results, these two injectable bone cements exhibit their

own significant advantages. However, there also exist several problems during

surgical procedures as well as post-operative complications.

PMMA is an injectable bone cement used exiensively in applications such as
percutaneous injectable vertebroplasty & kyphoplasiy for the reconstruction of
spinal fracture, fixation of total hip replacement, bony void filiers, etc. The quick
setting fime and strong final mechanical strength make this material popular in
the operation theatre. However, several complications have manifested with
deeper comprehension of this material. The problems associated with PMMA
bone cement include high exothermic temperature during hardening that can
lead to osteonecrosis, residual toxic methyl methacrylate monomer, non-
osteoconductivity, the solidified cement is very stiff and there is poor interaction
between the implant with host bone, just to name a few. Some efforts have

been made to eliminate these drawbacks. Unfortunately, its intrinsic properties
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the solidified cenent is very stiff and there is poor
interacti on between the inplant with host bone, just
wa oonarmw4a few. Sone efforts have been nmade t oPCT/SG2007/000287
el i m nate these drawbacks. Unfortunately, its
intrinsic propertiessuch as the increase in
tenperature during polynerlgatlon and toxi c nononer
cannot be avoided. In the case of CPC, two obvious
advant ages of this cement are its osteoconducting
property and the fact that no heat is generated during
éghe setting of CPC. Eventual ly the cal cium phosphat e
SUCHRH Hith NGEPRSR Mh iRNEPeade Wingh elYRITEalipE ANl toxisumpnomer
carn®€ bk R >d cenment. The serenity of the hardening
process elimnates the potential risk of osteonecrosis
of PMVA. However, there are several disadvantages
In dksocase edf VCPR, C® sabvious admaiytagési of ethisat ¢@meof are its

osti SRl Sipberty Ansd dhe duf 1R ,80 et 8 haalsy Hling the
setlifRBMTHQO. IBvamtehigokhdl diaem Wbﬁaté)rboni%%defefn%hﬁages

have been made to aneliorate the probl ens
gropgh @l ingw beseclisaugi aongd Frpuimplamed eemdals cTrhebeelremty of the

v, o3 BRHREERE toE SR HOF A SAERRER o il

Howevéro lthm@c:@re‘ severalodisadvaritages assodiatdtiewid TP C¥MBhds ready
cenent_formnul ati ons. For exanpl e, polysaccharide

dlsw‘é&?grafa@n Wfsthe, @emant qalfar dnissilieeted at)iee ronsoisitei aRd poor
m;éc%lﬁt R i Yg@odﬁ@ﬁas'té‘gﬁgﬂ q@éjdlh E&llﬁ@ﬁ%ﬂ%@%@é%ﬁ%on.

erren to achi'‘eve 'a no era e VI STOosi
5,993, 535); phosphorylated chitin and chitosan was
Mahmc@ﬂfcms dtave beeo mRdet to rerdelisat shat pobm®s ofofortrhaations

corfiGFIE BMMA, G RE 56 chsliid Hohve Jilost BirchcRgs CoRiuTe the
lnchfo‘ﬁéﬁdh Y=Y h@ﬁ@@ab\e oﬂﬁ,ﬂﬁ%ﬁéﬁ@t&b@l@@@é@ﬁc%%rmance

conmbi nati on of PMVA and hydroxyapatite to

funptypmn limitations of the base PMMA or CPC cement formulations. For
example, polysaccharide derivatives such as dextran sulfate aqueous solution
(30 to 60 wiw%) was introduced into calcium phosphate cement to achieve a
moderate viscosity material (US 5,993,535); phosphorylated chitin and chitosan
was incorporated into CPC fo reduce disintegration of the cement
(CN1470247A). Polyacrylic acid was also used as lubricant liquids to make
cement paste with reactive tricaicium phosphate nanoparticles (US
2006/0118007 A1). The combination of PMMA and hydroxyapatite to form
binary compositions to enhance the biological activity of PMMA cement has
been proposed as a polymer cement for percutaneous vertebroplasty (US
20050256220A1). However, these formulations are only somewhat effective
and not all the problems described above are solved.

New formulations that mimic the PMMA and CPC have also been proposed. For
example, chitosan, malic acid and hydroxyapatite mixture have been mixed to
produce an osteoconductive bone filling material (US 5,618,339). US Pat.
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bi nary conpositions to enhance the biol ogical activity
of PMVA cenent has been proposed as a pol yner cenent
WO 200902904t aneous vertebropl asty (US 20050256220R8¢2007/000287
However, these formul ations are only sonewhat
effective and not all the problens described above are
solved. New formul ations that mmc the PMMA and CPC
have al so been proposed. For exanple, chitosan, nalic
aci d and hydroxyapatite m xture have been m xed to
produce an osteoconductive bone filling naterial (Us
18,339). US Pat. 6 124, 373 descri bes _bon
6 1%%7%@@%%%%@@ irep aE@m\ﬁm NFHgria %@@F%ﬁﬂﬁkﬂ‘@d%&dab‘e and
r

oiocPr AR i Er RIS ERERS, T B EnE Mk AR, Prseen

Iowmvdmdeamg tempprﬁseé. wiihstercesgarty corhprestiveestrenigine i s a
need in the art for a suitable conposition with fewer

ThelgTRfa, JoeR I e Vel 1o SPhdoh Ao SAHRLIE HoHPRUHOE iy fewer
drawiBad@H R BeftdiHdHRMRIMEE RPN Gerigtich, provide a
conmposition suitable for use in several applications

such as in orthopedic and/or periodontal applications.
Summapaet thenygntionhe conpositi on may be used as a bone
cenent conposition and/or a dental cenent conposition.

Th Fégegf Wvdiod SddiQ! 1R SRBrdss 1 g%l?éfr{% ab?\é%n%hﬂ’ﬁ)rovide a

es a conposition conprisin
compcni;aiM| SLytabl‘mmn cisadn asgeeltal applicqtmnsaduchesss in onleopedic and/or
[ | e, viscosit

peripRpMAL SHLEAIOEE I BSHIe 5 tie P IERETBRdBaN DS Hyei P dhbone

cem-@?ﬁ CBipRRRidnYarkiIbea ‘éi'eﬂﬁhl BNt B gHARAN aver age
nol ecul’ar wei ght equal to or greater than 5000 Da. For

exanpl e, the V|SCOS|tKenhanC|n
According to a first aspect, the present invention provides a composition

comprising:
(a) at least one viscosity-enhancing agent; and
(b) at least one macromonomer.

Any suitable viscosity-enhancing agent may be used for the purposes of the
present invention. The viscosity-enhancing agent may have an average
molecular weight equal to or greater than 5000 Da. For example, the viscosity-
enhancing agent may be derivatives of chitin, chitosan, cellulose, dextran,
collagen, hyaluronic acid and/or starch, or a combination thereof. In particular,
the viscosity-enhancing agent is chitin methacrylate. The chitin methacrylate
may have a molecular weight of about 15000 Da. Chitin methacrylate has a

general structure as follows:
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agent may be derivatives of chitin, chitosan,
cel l ul ose, dextran, collagen, hyal uronic acid and/or

W@ @Pon040r a conbi nation thereof. In particul BET/SGE87/000287
vi scosi ty-enhanci ng agent is chitin nethacrylate. The
chitin nmethacrylate may have a nol ecul ar wei ght of
about 15000 Da. Chitin nethcryIate has a genera
structure as follows:wherein: x , y, and z are
integers and each x, y or z is > 1; each Rl is the
same or different, selected fromthe group consisting
of: wherein Mis a netal; and each R2 is the sane or
di f&&erft!, selected frtfhb '

o : e
structure R&: In an al ternatR¥e enbodi nent, atRPeast
one Rl in the structure above conprises an unsaturated
functional group. For exanple, the unsaturated
Whergltt i onal group may be a functional group with a
car bon-car bon doubl e bond or a carboncarbon triple

x, yand z are inRigetsdhdeachtx, herHisane: R-i in the structure
conpri ses acarbon-carbon doubl e bond. Even nore in

particular, at |least one R in the OCH3 ii | .
each Ry is the same or different, selected from the group consisting of:

0 g G
] _ . . > C .
—H, C—-C=CH, and CH—~CH-COO0 |\/|’
wherein M is a metal; and

each R; is the same or different, selected from the group consisting of:

]
—NH—C—C —NH
NH—C—CH, and 2,

M may be any suitable metal. In particular, M is any monoelectropositive metal.
Even more in particular, M is sodium (Na) or potassium (K). In particular, at
o CH,

[}
least one Ry in the structure is: —CmCECH, .
in an alternative embodiment, at least one R, in the structure above comprises
an unsaturated functional group. For example, the unsaturated functional group
may be a functional group with a carbon-carbon double bond or a carbon-

carbon friple bond. In particular, at least one R; in the structure comprises a
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-C-C CH structure is: 2 . Any suitable macrononomner

may be used for the purposes of the present invention.
Wao-20090x8pl e, the macronononmer may be a cross-PCTRG97/000287

macr onononer. The macronononmer may be a polynmer with

at | east one double bond. In particular, the

macr onononer i s poly(ethyl sne gl ycol) d| acryl ate

(PEGDA), copolyners thereo a comnbi nation thereof.

According to a particul ar aspect, the present

invention may further conprise at |east one sol vent

Any suitable solvent_may be used. For exanpl e,
carbasrearRen guble kand. drverbmorer ing pagiesiaratat Jaag onea\d%ern the

et hanol anpd line. In particular, the solvent is

wat er . Ac@orfgl g to another particul ar aspect, the

resent—1—6\rﬂe£ht=|011h2 may further conprise at |east one
struif@sconduct i ve material. Any suitabl e osteoconductive

mat eri al nmay be used for the purposes of the present
Anyl 8YiffHlé GRacrbfortsrh80 el bet Li¥ed Nt Qhé%ur‘ﬁ%&ée@%fathe present

caI cium contai ni ng i norgani c conmpound. In particul ar,
mvetnmgnosFebc@wanrmtle,vethsatr@apmmoeomarcmay be a cross-linking

maqtEBRHAR it oAt REione” Ml 6Bl 0 BB RIsr lthoRlept one

double Wcﬁsmﬁicbaﬁldfullérerthéorf’ﬂébmrﬁan@néﬁdlsoF-‘r&ﬂy(%thylene glycol)
mat eri al . Any suitable radi opague materi al be

nmay
diagiglate (REED&) aspndymeretherenfophgromkinaiomihaiegf. be an .
oxi de or hal ogen salt of a heavy netal. The heavy

Accg[jldritﬁ‘ﬂlyJ tg%yp%}%cﬁﬁy a%BEI sttr}&e %"re%rﬁqﬁpérﬂfbm A y%ﬁhgpbgmpnse at

m Si n parti
leagt avhieopagert. m'tyexmmble sobveni mayshé¢ fused. FAc eciampmg the solvent
t her

mag By eatpt, o6 4 SOmRERHEN hoRfist, FBATPhARY SPRe 4 degicular.
the gb;vbﬁﬁ@twé}gﬁ pol ynmeri zati on accel erator.

According to another particular aspect, the present invention may further
comprise at least one osteoconductive material. Any suitable osteoconductive
material may be used for the purposes of the present invention. The
osteoconductive material may be a calcium-containing inorganic compound. In

particular, the osteoconductive material is calcium hydroxyapatite.

Another particular aspect of the present invention provides the composition
according to any aspect further comprising a radiopaque material. Any suitable
radiopaque material may be used. For .example, the radiopaque material may
be an oxide or halogen salt of a heavy metal. The heavy metal may be any one
of, or a combination of, gold, barium, silver and bismuth. In particular, the

radiopaque material is barium sulfate.

According to another particular aspect, the composition may further comprise at
least one polymerization initiator and/or at least one polymerization accelerator.
Any suitable polymerization initiator and/or polymerization accelerator may be

used for the purposes of the present invention. For example, the polymerization
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Any suitabl e polynerization initiator and/or
pol yneri zati on accel erator nmay be used for the
w@epozws of the present invention. For exanplBCT/SGz07/000287

pol yneri zationinitiator may be ammoni a persul fate

(APS), potassium persulfate (KPS) or a m xture

thereof. In particular, the polynerization initiator

is ammoni a persul fate. The %ol yneri zati on accel erat or

may be N, N, N, N -Tetranethyl et hyl enedi am ne ( TEMED) .

The conposition may further conprise at |east one

pol yneri zation inhibitor. Any suitable polynerization
initiatahinbdyt de asyndda yssrduifater (AR mdedassitem persplfate (KPSyror a
mixt'y?c? hf?q'rtpgﬁ, éﬁa ﬂéarq@?ul hi, ?Iﬁ%g&ygrg%@%g%nqﬁf% S HriRonia persulfate.
Thedbiheyization cagrratay ImayHN, NINY NardttfiHe @y lethi@nediamine

ol ymeri zation inhibitor is hydroqui none. The

(TE sition may further conprise at |east one
bi oacti ve agent. For exanple, the bioactive agent may

: . . N : . . ORI
Thel QEhiSioHiay St chiESE S \Ped gl et . An
suitaivie pdlyracdpativni hhitgiontrsay bet ased Forgnamplef thet polymerization
. ..cells, ar conbi.nation thereaf. The proteins ma e
i a1 T s DY SR G- B ACOG RN o G aRey ZBRe R ibenzene
o ey ¥ G dF iy PARKSER, U1 DOVERSRIRER, Diibitor s
hydroguémenen nmay be a bone cenment conposition and/or a
dental cenent conposition. The conposition nay be used

faqr <SUi I i cat | The ¢ si t.ion. nay
he, Son ittt 0L SufREr EBaith, A Frbf a0 8 gt For
exafiphe, ¢ed | fosctivEnageatmaay t inefudks Cioutdis) thdt Olirdi¥d akP &R bteins,
of the present invention may be for use in nedicine.
antipiglice onpfbsianesiicac 88FAisng $Ushanyasas prii-tROYe gge¥ent and
cheH?J‘fﬁ&taggﬂtigBé( sf Qltatif, 'Tﬁro%cﬁ' %@&%al cefQdipr a. combination
orthopedic ap% I Catl ons. e conposi tion according to
therao§. The proteins may be bone morphogenetic proteins. The cells may be

adult stem cells that have been induced into osteoblasts.

The composition according to any aspect of the present invention may be a
bone cement composition and/or a dental cement compaosition. The composition
may be used for any suitable application. The composition may be used for
therapeutic and/or non-therapeutic applications. The composition according to
any aspect of the present invention may be for use in medicine. The
composition according to any aspect of the present invention may be for use in
periodontal and/or orthopedic applications. The composition according to any

aspect of the present invention may also be for use in dentistry.

For example, the composition according to any aspect may be for use in bone
filling, bone repairing, bone implanting, for joining bone implants, pulp capping,
root perforation repair, root-end filling, apical barrier, root fracture, bleaching
and/or temporary filling. The composition according to any aspect of the present

invention may be for use as bone void filier, bone cement, dental filler material,
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aspect of the present invention may also be for use in
dentistry. For exanple, the conposition according to
wa@aeopoazgpert may be for use in bone filling, boPEI/SG2007/000287
repairing, bone inplanting, for joining bone inplants,
pul p capping, root perforation repair, root-end
filling, apical barrier, rapt fracture, bleaching
and/or tenporary filling. The conposition according to
any aspect of the present invention may be for use as
bone void filler, bone cenent, dental filler
material,fixation cenent for bone prost hesi s
flxatimlmmtu tor baoe oprosihasés implasdation iansier $ipeicof. soft tissue
spa éﬁordlng to anot her aspect, the present invention
P 8 vi des a use of at |east one viscosity-enhancing
agent and at | east one macronononer, as defined above,
Accbading Ite gnather aspeat, tfe areswmaavdrtion pvidesdaade of at least
treatnent. The co osition be a bone cenent i
one; ¥ikEeSPRMANGIY GIeRt Gt At Tedstonne JBApESIIRer, as defined

aboYBY! 16! the" $RLpEBlioBYf Cé’nPcFmESSI%ﬁ hfb‘?eﬂ‘lé“dxé‘é\d{r%%trpent The

peri odont al appl I catlons resent invention
compasitiadesnay e rodare bement | tmmpgsltlbnnand/epaa rdergal cement

”%‘?oﬂr%‘ﬁ*‘?wsat' osRigreRt chilh erihri SebhBPafi, Sodos geriodonta

phiéRsits. of the present invention to a bone site of a
subJ ect. The method nay be a therapeutic or
non-t herapeutic nethod. The present invention also

Thqopfﬁﬁem@sn\een%@nheleomromeﬁ 2 dppihed, of bene fillinde hanieorepairing,

ep fi
borleCOftelantft’ afidien o Johiges; b SRS ol iisiig SEbHg 2
oonhﬂsrslmi h@@brdm@ptbl agcasyEt f fite prevenp irsichition taeassist sige of a
any aspect of the gresent inventjon to a tooth

SUbJﬁF&/BPe gisthed mavshe pdlerarentic eEnRadhamRpaydic sethod.

t herapeutic or non-therapeutic nmethod. According to

Thef‘BR%sgeﬁE iERE6h aldd BroVidsS BImbtheNG SiMp REPPirtE So8t PEASration
repair, root-end filling, management of root fracture, root canal filling and/or
temporary filling, wherein the method comprises applying a composition
according to any aspect of the present invention to a tooth and/or gum of a

subject. The method may be a therapeutic or non-therapeutic method.

According to another aspect, the present invention provides a bone implant
comprising the composition according to any aspect of the present invention.
The bone implant may be used for any suitable application. For example, the
bone implant may be used for therapeutic or non-therapeutic applications.

Another aspect of the present invention is a kit comprising at least one
viscosity-enhancing agent and at least one macromonomer, as defined above.
The kit may optionally further comprise: at least one solvent; at least one
osteoconductive material, at least one radiopague material; at least one
polymerization initiator; at least one polymerization accelerator; at least one
polymerization inhibifor; and/or at least one bioactive agent. The solvent,
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conprising the conposition according to any aspect of
the present invention. The bone inplant may be used
wo o0varep4sui t abl e application. For exanpl e, thRCHSGE07/000287
i mpl ant may be used for therapeutic or non-therapeutic
appl i cations. Another aspect of the present invention
is a kit conprising at | ea%t one vi scosity-enhanci ng
agent and at | east one nacronononer, as defined above.
The kit may optionally further conprise: at |east one
solvent; at |east one osteoconductive material; at
| east one radi opagque naterial; at |east one = o
ostepsiopductiveat material ¢ iradippaque | waterialne ppbinyerizationt i ipifiator,
tor- o y . . b hifor:
polffifisfiol Aceidatcry BSlyraRON R BHEr ohbr tibbehs bgent may
be sHesoibeddbmyeonducti ve material, radi opaque materi al,
pol ymeri zation initiator, polymerization accel erator,

ol yner.i zation jnhi bitor and/or bioactive agent may bhe
ThelrelBaL i f Shtiorpl50drovKiEs 5 B BAPT GrA FOREARgN accoraing to
anyRispecossthng gredeMAAREAtRINY @ conposi tion according to

any aspect of the present invention. The kits
accordi ng to any aspect of the present invention may
The igits n@qorgmgﬁpi ay aspeat dthe psesandtinerdiconmaydurtber oomprise
K] : I ' ion also provides a
as%t%@&%u&héﬁ%Pﬂé{ﬁ%ﬁgef%’ﬁﬁ%%t wherein: x , y, and z are
integers and each x , y or zis > 1 each R is the
Thespresent indemtiar alsb proeides aesbripound havigyabe foengast i ng
of: wherein Mis a netal; and each R2 is the sane or
different, selected fromthe group consisting of: O
-NH-S—___ 13 , -NH and 2 ﬂg:ry be any suitable_netal. In
pacticuldar, Mis any_monoetectropositi veOTsRal .

0 o)

HO :
R2 R2 R2

wherein:
X, Y, and z are integers and each x,yor zis >1;
each Ry is the same or different, selected from the group consisting of:

o CH, : CH,

T |
—H —C—C=CH, —CH;—CH-COO™ M

, and
wherein M is a metal; and
each R; is the same or different, selected from the group consisting of:

O

ll
_— J— _C —_—
NH=C—CH, y ~NH;



Even nore in particular, Mis sodium (Na) or potassium
(Ky. In particular, at OCH3 - CGC = CH | east one Ri

WO pooplz90de ructure is: . According to an alter ne€T/962007/000287
enbodi nent, at |least one R in the conmpound conprises
an unsaturated functional group. For exanple, the
unsaturated functional groyp may be a functional group
with a carbon-carbon doubl &€ bond or a carbon-carbon
triple bond. In particular, at least one R in the
conmpound conprises a carbon-carbon doubl e bond. Even

nore in particular, at least one O CH3 -C-C =

M mayebe g @Mﬂabﬁesmetﬁ#e npasgewiar, Mg mvanoap%lscg%wﬁ\é% metal.
Eveﬁtt‘?lBEé; ?\/53;] II M?ﬁe&?mgﬁﬁaa&cgbggggﬁﬁ QK:Z‘.W\ paRfidar, at

nmet hacryl at e. In parti cubalc.Hg he conpound nmay have a
structure as foll ows: ' D y, and z are
P§é> 1;

Ieas‘t%é%{lﬁtﬁ@@tr@@ﬁﬁeﬁs Yy and each R2 is
he sane or dlfferent sel ect ed fromthe group

COI’]SI sting of: O -NH C— CH, -NH, and The conpound nay
Accprling 4a an caltajaating eshedimest.gat leagnpagdit indbeocempound

corrf@ggg X 5{1 @Ié%%ﬁe 18 f[l“@h&?ﬁp GHELD. "B N e IGHL CGnturated

1o or
functional group may be a functional group with a carbon-carbon double bond

or a carbon-carbon triple bond. In particular, at least one R1 in the compound
comprises a carbon-carbon double bond. Even more in particular, at least one
O CH,
]
—C-C=CH
R4 in the compound is: 2.
The present invention also provides stereocisomers of the compound according

to any aspect of the invention.

The compound may be chitin methacryla)te. In particular, the compound may

have a structure as follows:

o CH

wherein:
X, ¥, and z are integers and each x, yor zis =1; and

each R; is the same or different, selected from the group consisting of:
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grater than 50% For exanple, the degree of

N-acetyl ation may be about 60% 70% 75% 80% 85%
wWOOMP/09H99 98% 100% In particular, the degreRCD$G2007/000287

Nacetyl ati on nmay be greater than or equal to 80% Even

nmore in particular, the degree of N-acetylation is

90% Even nore in partlculqr t he conpound may have a

structure as foll ows: mhereln X, Yy, and z are

integers and each x , y or z is > 1. The above

Structure is a non-limting exanple. Accordingly,

ot her. structures may al so be possi bl e, dependi ng on

t he egree of N-acetyl ation. The conmpound according to
__@E%E of the resent invention may be soluble in

sol Qﬁples of solvents in which the

conpound may be sol ubl e include, but are not linmted

to, polar solvents, such as nethanol, ethanol and
Thebﬁ@maﬁund ragii haee en-avesage suleeulas welgh fmmpbouﬂmmo Da to

s 8085 08B oy At AR B o

gratemrthanm@a/ V\theﬁampléblthia a@gwbﬁ NS&&lylafion Phdy Betabo t 60%,
such as net hanol, lﬂ

oI ar_sol vents, k
70°/a (M %r&%a%% (989%0180%y dntparticuier, ﬁlyerda@eee of N-

0 kab] e.
e E45 S L. e
degreenod haceiplatibe ipO0Yreri zed by any suitable nethod. In
particular, the conpound may be polymerized under

Lrradiati nore i articular, the conpound
EVaAPoRS TPy Ier 08 SRR e B P as FRIES: one
pol ymeri zation initiator and/ or at | east one
pol ymeri zati on accel er at ogp a}ladescrl bed above.

Accoigding to a parti cuI@_"a%p.e&_tl, t he cor&) ua_g (rs’t?_e/
or’'as 9OQtNa

focg use in nedicine. corrpourf—d nmay

wherein x, y, and z are integers and each x, y or z is >1. The above structure is
a non-limiting example. Accordingly, other structures may also be possible,
depending on the degree of N-acetylation.

The compound according to any aspect of the present invention may be soluble
in some solvents. Examples of solvents in which the compound may be soluble
include, but are not limited to, polar solvents, such as methanol, ethanol and

propanol, and water-based solvents.

The compound may also be in the form of a hydrogel when the compound is

cross-linked. Accordingly, when the hydrogel is contacted with suitable solvents,
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appl i cations, periodontal applications, bionedica
applications and dentistry. For exanple, the conpound
woreaolzookor use in drug delivery, as wound dr eBGI/BG2008800287

bone substitute, in bone cement conposition, in dental
cement conposition and/or as skin substitute, soft

ti ssue repairing and/ or reqhacenent materials. In
particular, the conpound may be for use in drug

delivery. The conpound may be a drug carrier and/or a
drug delivery agent. According to another aspect, the

; . . : €
such 85 Bithiof gl 48pBeEr Grolvents: suehtasmehank ethanol and
propais!f 264 Wa?e@&as%ocwﬂ&ﬁgt f.h%nhgo‘?é g gl[nggggiel”ver y. The

conposition may further tompris one
macr onononer. Any suitabl e nacronononer may be used,

They Sompaiindh waa dery ephatocaslinlabliar (T hieh G%:X;’fﬂwmlmﬁwfuﬁc%rgo
I Lycol)  diacryl ate (PE , copol yners
polffientiefioh? 07 sRalfle ) e SrarbROub BaY. bghgolymesized by any
i - " ¢ ]
S act ane bl aaet e aqene> neound iyt BERRIHED nder LV
I ra(ggﬁ% Byen mprepgpRarticwgr,shel eempoame nha)ofbet;%oiﬁm@geed tm the
HHE [ ny. aspect. of the presen
Predt e of e i) eREC S, BB eatioh ifatolendlar e Teast one
polwmfimmd;awaté(rat)oradrdersbﬁibédj labBvéhe bi oactive agent
| oaded conpound to the subject. The bioactive agent

uitabl e bipactive agent. For exanple, the
Accgf%@f? 32’%5@%@ ?ﬁﬂﬁC’géﬁ%Ommdd@ay@@d‘@é usglie madicaet The
compdvat hdy HeSFoP" @ JRSaf 14580 JiR 'o\fegﬁ’e ﬁ’gﬁg\xpgnd/ lopedic
drug carrier conprising a conpound accot an
appleaiioss, periedantalrammications, Hiemediog! dpbnoeeroymsaelﬂmetmnstry. For
rier further conprise at |east oné
exafBi. s SBHBOTRA AL FTYE b i Bruhnbivey. smayosBa sheasing, as
bon&msubsiitute] i bbhe cement composition, in dental cement composition
and/or as skin substitute, soft tissue repairing and/or replacement materials. In
particular, the compound may be for use in drug delivery. The compound may

be a drug carrier and/or a drug delivery agent.

According to another aspect, the present invention provides a use of a
compound according to any aspect of the invention in the manufacture of a
composition for drug delivery. The composition may further comprise at least
one macromonomer. Any suitable macromonomer may be used, as described
above. In particular, the macromonomer is poly(ethylene glycol) diacrylate
(PEGDA), copolymers thereof, and/or a combination thereof.

The present invention also provides a method of delivering at least one
bioactive agent to a subject comprising the steps of:

(a) providing at least one bioactive agent and a compound according to any
aspect of the present invention;

(b) loading the bioactive agent to the compound; and
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macr onononer may be as descri bed above. Anot her aspect
of the present invention is a hydrogel conprising the
W@ oovpozsdd accordi ng to any aspect as descri bedP@hsGz07/000287
The hydrogel may further conprise at |east one
macr onononer. Any suitabl e macronononmer may be used.
For exanpl e, the nacronnnoqzr may be as descri bed
above. The hydrogel may be fised in various
applications. According to a particul ar aspect, the
hydrogel may be for use in bionedical applications.
The hydrogel may be for use in drug delivery, in wound
@ eskninigtering Werkioacbs agentdoader pemposaddathe subject.

conposition, as tenporal joint spacers, in dental

The® S%@fi\é&f gﬁrg’éﬂlf '#n%ggbte %Ilc‘lgséﬂjiféb?é‘ l?)%e%#gkea%érgtf Eng;rt e)zeirﬁﬁlg? the

di'sten sue repair an

bioaative agentntayrize as ideksribedbabows.ug carrier and/or as a
drug delivery agent. The present invention also
provi des a i on, conpri si,n e conpo

it th d .
Thelpe5eat MyCRtOmAFo-RGIIUESA Oryd AT adant 2pAir a drug carrier

[P bt ESMpBBNd f abdondihg COMRAY S palct | iA0&ntion. Th
CON?anaicronDnonePgBAny sui tagl e na%ror??r%r?g?ﬁﬁlgy brgzlounsed.e drug

delivarly egenpl endiohie divug r camsies msrayeiyriber asompsise abdleast one

madg oyl AP R PhadtBhorBblnt Thal i el piftRbig, the
madreafinofit ragbepaidssdribedrdidve. at | east one

pol ynerization initiator; at |east one polynerization
accel erator; at |east one polynerization inhibitor;

Anoihel) aipest of thaspresest iveaien e adysegel amriising Hieecompound
accrémﬁatil’ginlrgi a%ggl%tgﬁé@@‘é%t !d\é‘écﬂ@é@rél@f&ve.r FHLORGHSGel may further

rization initiator,
conuuisgnet ezt | anea cwEremanomer pdnynsuitatde i macrionfortwinterr may be

nd/ or bioactiye agent nmay be used, for exanpl S
usefodi BeME e RECSPBPRETES HoyaPei ool SBoABBACRbo Ve The
hydfSa Ay bersEYinDRarRURCANDIBEIERY. ASBEmGitbA paRRURF Rpect,

dental ‘cenent conposition.
the hydrogel may be for use in biomedical applications. The hydrogel may be
for use in drug delivery, in wound dressing, as bone substitute, in bone cement
composition, as temporal joint spacers, in dental cement composition, as skin
substitute, in soft tissue distension, in soft tissue repairing and/or as

replacement materials, as a drug carrier and/or as a drug delivery agent.

The present invention also provides a composition comprising the compound
according to any aspect of the invention. The composition may further comprise
at least one macromonomer. Any suitable macromonomer may be used. For
example, the macromonomer may be as described above. The composition
may further comprise at least one solvent; at least one osteoconductive
material; at least one radiopaque material; at least one polymerization initiator;
at least one polymerization accelerator; at least one polymerization inhibitor;
and/or at least one bioactive agent. Any suitabie solvent, osteoconductive

material, radiopaque material, polymerization initiator, polymerization
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According to another particul ar aspect, the
conposition may be for use in various applications.
WGO-200902%8uPpl e, the conposition may be for use iPCT/SG2007/000287

nmedi ci ne. The conposition nmay be for use in dentistry.

The conposition may be for use in orthopedic and/or

peri odontal applications. T?e present invention also

provi des a net hod of prepa?" ng the conpound accordi ng

to any aspect of the present invention. The nethod

conprises the steps of: (a) depolynerization of

chitin; and (b) esterification of the product from
acceeegion, yolwinerizatiar ddiitarcandios . bigactde agealr mayi ba Wged, for

' S Fi 1. The dynam c exot hermal curve

exarfﬂngg %%%§%$r?°ﬁ4lg§é\%'on (setting) of conposition

according to one aspect of the invention with three
Accdidifigrtent panticulas adpeot)| fheerdonaposition mhay dieora (Boms) cement

and,_pol yneri zgti on accel erator, (q"t ") in 370C water
compgsionpnglierea gentah gemant SOMPLSItioNt y” i n direct cont act

W th sanples. The colums are plotted as the optical
AccERi%d 1t hRothBE ddifelial l:epedt, MieOtoRBobitioAMMay b8} use in

The Conposition according to the present invéntion is
varibusiapplieations. Foeaxample, Hae gompasitont inasg heafor wsednapedicine.

TheFongafion nGEE s cehysite The FRlrRostiof Gall 87 §e n
orthvpedici dhd/dtpésdontairipmitationd.r act) with sanples. The
colum is plotted as the optical density to the

i ncubation tinme of each sanple (n=6). The c¢onposition
Thea pEeSEdt nfVeRtia @lsn \REpYides 3 smeHAd 8F fierdring dhgngompound

accﬁ%ﬁ@gc%p any {alg%%cﬁaogctgré cf?lﬁéefegﬁ?%@tl%. Thyemaiisd EBRDrigks the
steps of:

(a) depolymerization of chitin; and

(b) esterification of the product from step (a) with methacrylic acid.

Brief description of the figures

Figure 1. The dynamic exothermal curve during solidification (setting) of
composition according fo one aspect of the invention with three different
amounts of polymerization initiator (“a”) and polymerization accelerator (“t") in
37°C water bath.

Figure 2: The cells viability in direct contact with samples. The columns are
plotted as -the optical density to the incubation time of each sample (n=6). The
composition according to the present invention is indicated as “cement”.
Polystyrene film was used as the negative control while rubber latex glove was

used as the positive control.
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present invention conprising different ratios of

hydr oxyapatite and barium sulfate in solid powder
W@2000/029Dle val ues 0% 10% 20% 30% and 40% r epCESGIN7/000287

the % weight of bariumsulfate in the total mass of

hydr oxyapatite and barium sulfate. Figure 5. (A), (B)

and (C) represent the visuqhizing ability of the

conposition according to the present invention under

fl uoroscope when the conposition is injected into

cadaveri.c spine. Figure 6: Segnments of the ge

per neati on chronmat ograph GPC) of six | ow nol ecul ar

Figyrs 3nl he getis Niadiigpmden iniyig rectontagir(exiraet) yvy samples. The

i.nfrar . .
ool @fiued S e FHRER] Beflind &) 1l HRBERRA: Sl heffsample
(n=6kt Mher yorapesition Ciaordingutce tRe ih3€RIMYR iofindicatad as “cement
rrett,,hacryl ate in D20 Figure 10: Sanple of |ow
extta® ecul ar wei ght chitin nethacrylate (LCMA) hydrogel .
Figure 11: Thernograms of (a) chitin, (b)

FigHRPa! YRl ffhesnof five apeciffand-6Mhe coiipbsitioh decdidihg 18 the
indicate’the wei ght |oss curves and curves a2, b2 and
pregent ieNeandios coepdsingy giffereniveativs ofobydioxyapatiteFagdr barium

sufs JB B8 vt pefiy T, ElidEs et S0l sih 3 4%
repRepnddiaé PoWelght of Obrinpts@eaes in thd ¥34TAEEs BPhydioXpapatite and
Figure 14: Percentage of cell viability of direct

g
bariyg sylfalent act . Figure 15: SEM phot oni crogr aphs of cel |
nor phol ogy on net hacryl ated chitin hydrogel - (a)

Figgg\;%.(ﬂﬂ EYard (€D reffdsehBhOVidRizing abfity SRt 40mpdition
according’to the present invention under fluoroscope when the composition is

injected into cadaveric spine.

Figure 6. Segments of the gel permeation chromatography (GPC) of six low
molecular weight chitin samples.

Figure 7: Fourier transform infrared (FTIR) spectra of (a) hydrolyzed chitin and
(b) methacrylated chitin.

Figure 8: "H-NMR of chitin methacrylate in D,O.
Figure 9: *C-NMR of chitin methacrylate in D,0.

Figure 10: Sample of low molecular weight chitin methacrylate (LCMA)
hydrogel.

Figure 11: Thermograms of (a) chitin, (b) depolymerized chitin and (c) LCMA —
curves al, b1, c1 indicate the weight loss curves and curves a2, b2 and c2

i

indicate the derivative weight loss curves.

Figure 12: X-ray diffraction patterns of (a) chitin, (b) low molecular weight
(LMW) chitin and (¢) LCMA.
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(d) CCL-1 on day 5; (e) CCL-1 86 on day 5; (f)

CRL- 1427 on day 5 . Figure 16: Swelling kinetic curves
W@R00PO0®49 n pH 3 and pH 7 nmedia. Figure 17: DSECT/SG2007/000287
t her nograns of pure water and hydrogel s POL5, P5L5 and

P10L5. Figure 18: SEM phot ographs of LCVA and

LCMA/ PEGDA hydrogel s - (al) POL5 hydrogel (x200); (a2)

POL5 hydrogel (x500); (bl) %SLS hydr ogel (x200); (b2)

P5L5 hydrogel (x500); (d) P10L5 hydrogel (x200); (c2)

P10OL5 hydrogel (x500). Fi gure 19: \/tarri n Bi 2 rel ease

profile of xerogels (in M Q water). Figure 20:
Flguoeﬂé’»mqﬁzgm aélqrwaé%gfehwr@gel@lwosm%geltgloor no0.1M

HCl). Figure 2 1 \/tamn Bi 2 release profile of

40 itam n Bi

Flgbpédléag%l rc%e}rg %l’l Kgg ahrc% 5&5%8&83\{ Det ai | ed

descri ption of the [ nventl on Bi bI i ographi c references
Figurent§:obkedl photontcingeapi of seltimonpholagy anemethacrylated chitin

v YL G o0 b ERLIGB R ) 5l Rl sy 2
(d) CentEBh d@? 5 yehcoiLbd 8@%@ B (f)&iRmeersOm gaper ein
i ncor por a ed by reference he present invention

provi des a conpgsition for use in several
F‘Q%’Epﬁ Syislrskinglie cenesid Olgip Rid SR PHohMea-be used

as bone cenent conposition and/ or dental cenent

anLﬁ@"WSDtScP%ermrfgrsweﬁ gpfé’rwé{@y ] Hﬁ% ER‘J "POLS, P5L5 and

therapeutic or ron-therapeutic appli cat|
P10&Bpl i cati ons of the conposition may incl ude but is
not limted to, orthopedic and/or peri odont al

. j ' Th
Fio i ikie SEM Protra g8 o CMA il LA RGBS FVBbeRs - (@1
POL'EBK?der@I QQWQS(dZ)QJ’OLE@hS/dFddeW(k%@U'(tBﬁ)ngLS Hydvsgeli (R200);
(b2) P5L5 hydrggel (x500) (c1) P10L5 hydrogel (x200); (c2) P10L5 hydrogel
(x500).

Figure 19: Vitamin B4, release profile of xerogels (in Milli-Q water).
Figure 20: Vitamin B release profile of xerogels (in 0.1M HCI).
Figure 21: Vitamin B4, release profile of hydrogels (in Milli-Q water).

Figure 22: Vitamin B4, release profile of hydrogels (in 0.1M HCI).

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
convenience listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein

incorporated by reference.
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According to a first aspect, the pres;ant [ Inven:i on

rovides a conposition conprising: (a) at |east one
W(;Jn@emmoug/-enhanci ng agent; and (b) at | east OPEI/SG2007/000287

macr onononer. Any suitabl e nmacronononer nay be used

for the present invention. A macronononer may be

referred to as a nmacroner, ,and therefore, these terns

may be used interchangeably.” For the purposes of the

present invention, a macronmononer will be defined as a

pol ynmer or ol igoner whose nol ecul es each hﬁve ad Chat

neri.zabl e functional group, often at the en at

Thégﬁt%ﬁeé‘é Inyentipn proviges, a rotpResitiontoe tsp dn yaryeralapmications.

Fortdy@ngle P crBpdaitibn flayt e LeBY %s%&cé)rﬁ%bpg%ﬂgg%h?n and/or

pol ymer. The at |east one nacrononomner
dertq). cgmeRi gﬁmp%iﬁi@!;ed'h@ncmmposiﬁbal magi s tused thherapeuﬁc or

norE R e fonbRR RS S RlPRCS e e ATDRER Hday @ Inplude,

but heienited td) odthdpedss amiier SQH@(H@ntgpﬁﬁipIiCEHSthTﬁeeéét{rAlPPﬁition
OEG%WHC_T onmononer may be a functiona macr onononer

mayJ

?Ur'&i%‘éﬁlﬂ?cﬁ%msiﬁ@lnibewntﬁngﬁg?m 1}1)1@ mbr_slpi;bi!tign may
' : . ol ymer.i z¢
mal st B R AR Yo R shaBras PP lisatonsor

and/or at |east one polynerization accelerator. The at
Accoeding tone fiestr aspeciethe npieseed inoehtish $bidksi §atbRBosition
rﬁ erature of the conposition as there are | ess
co &ﬁgﬁ'f%rat ed groups in terns of the sane nass

of mononer. | n parti cul zﬁr',‘n :he at | e?;izolo;]edi acryl ate
%gtqugm gggglégl%ﬁg??ﬁthﬁeyegfé@aér@%&a conbi nati on
ereof . PEGDA may be a suitable macronononer as PEGDA

@’g?f OPE FRRFFRAEIANGIMST y (D Wang et al, 2004).
Any suitable macromonomer may be used for the present invention. A
macromonomer may be referred to as a macromer, and therefore, these terms
may be used interchangeably. For the purposes of the present invention, a
macromonomer will be defined as a polymer or oligomer whose molecules each
have a polymerizable functional group, often at the end that enables it to act as
a monomer. After polymerization, the groups are part of the main chain of the
final polymer.

The at least one macromonomer may be about 20-50 weight % based on the
total weight of the composition. The at least one macromonomer may be a
cross-linking macromonomer. The macromonomer may be a polymer with at
least one double bond. The at least one macromonomer may be a functional
macromonomer with unsaturated groups. The macromonomer may be miscible
in water. The macromonomer may rapidly polymerize in the presence of at least
one polymerization initiator and/or at least one polymerization accelerator. The
at least one macromonomer may reduce the solidification temperature of the

composition as there are less unsaturated groups in terms of the same mass of
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Any suitabl e viscosity-enhanci ng agent nay be used.
The at | east one viscosityenhanci ng agent may be about
wW@29004¢ei ght % based on the total weight of RPEESG2007/000287

conposition. The viscosity-enhanci ng agent may be

wat er - sol ubl e. The at | east one viscosity-enhancing

agent may enhance the cohegion of the conposition. In
particul ar, the viscosity-enhancing agent nay enhance

t he cohesion of the bone cenent conposition and/or

dental cenent conposition of the present invention.

The at | east one viscosity-enhanci ng agent npy have an

mongreerade asictal e akigant caquEIATYNBROGEE MY PEHRAY(EHBGeNe
oyl R TR oA, RIS LS s LLE I Fpreot
PEGRAL i giayarbe t ke avitatdge rrmbmudk))mmaei gist BEGD#® has good
. Viscasity-enhanci ti t 15000 Da. F
DloGERRAIINY (1 AVARS EEdh SB0URI ght ey be estimaied as M

by gel permeation chromatography (GPC) using pullulan
Any3uidbid ﬁﬁgﬁiﬁrueﬂ'ﬁhﬁhcmgga@énﬂ gy Rl . Fhevtilehdt dHe VibEosity-

Vi scosi ty-enhanci ng é\(gent, the | ess soluble in water

enhancinglagené maghlee aboute®dt1bweightSe bsised -asriherfeiah weigimf the

b l. hari de. ' ' :
conffktihy Bt RS S el VeI BT T Bt o
onef VigBadifyeertiatidg agentSinayterdhandéethiev sshesion of thdidomposition.

chitosan, cellul ose, dextran, collagen, hyal uronig
In pgetienlas tthe crscapitt-enhapAIONAGEBhMEN e RIFNCe) fhe cohesion of the

. i ; : b

oonBpBHl Yoo SHARE HERRR GG CB5RRBBYLS he prosen

invergionacing at ésasiexte @izcositreahwheing, agdnitt magrhave an average
i taconyl at e,

car.boxynet hyl chif] met hacryl at e
molggH|an Misight e‘ﬂ)‘dﬁﬂﬁ?i ﬂfea%&h'aﬁ)é,dfﬂ% %H%ﬂ BRi&; the average
molgeﬁﬁ?w BPM%ﬁBE%WDah&F”Iﬁ&é?rm‘ﬂ ot &Y higek! 4bose.Da or
erivatiVes tHereof, and a mxture thereof. Even nore
moren Ipapaiticulaay the lavesge swiecwae weighiost the digtesty-eghancing
agent is about 15000 Da. For example, the molecular weight may be estimated
as My, by gel permeation chromatography (GPC) using pullulan as a standard.
The higher the molecular weight of the viscosity-enhancing agent, the less
soluble in water it will be. The at least one viscosity-enhancing agent may be a

polysaccharide or a derivative thereof.

The at least one viscosity-enhancing agent may be selected from the group
consisting of. derivatives of chitin, chitosan, cellulose, dextran, collagen,
hyaluronic acid, starch, and a combination thereof. In particular, the viscosity-
enhancing agent may be selected from the group consisting of: chitin
methacrylate, dextran methacrylate, chitosan itaconylate, carboxymethy! chitin,
methacrylate  hyaluronan,  poly(vinyl  alcohol), polyethylene  oxide,
carboxymethylceliulose, hydroxypropylmethylcellulose, derivatives thereof, and
a mixture thereof. Even more in particular, the at least one viscosity-enhancing

agent is chitin methacrylate. Chitin methacrylate will be described in more detail
below.
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agent is chitin nethacrylate. Chitin nmethacrylate wl|
be described in nore detail bel ow. According to a
w@aoozukar aspect, the conposition may be a bREESG2007/000287

cenent conposition and/or a dental cenment conposition.

The conposition according to any aspect of the present

invention may further conpgise at |east one sol vent.

The at | east one sol vent n£ be about 15-30 wei ght %

based on the total weight of the conposition. Any

suitabl e solvent may be used for the purposes of the

present invention. For exanple, the solvent may
Accordingide, abparticylanaspedki thel aoppasdtiasy may @ bone cement

sal i.he, or, _a i nat | hereof . I n particular, the
COF@&S{;I@&GI}#O%?%H&I ?%@e&?ggg‘&og@-o@nhanci ng agent may be
m xed wth the solvent. Therefore, the conpatibility

Theotorhpesitibs @esbidire kaaey rgsprgt of the heddrd inodntion nayyfurther
be inmportant. Th com%_g]siti on according to ang asqpe t
conyyisend |gaskORe SANRINL iI1H8 #alpast ongesolvenpmayebe @ o8k J5-30

YT 9, T vl b e oo
maybbs ededriottthe fuspasesef ietprebentiaventigyo Sioriexampierthetselvent

maf R3S bt i det HRTER tendith, S9OSR, (Gnt Ggmbiation
the@dt SRACOAEEGIEE, iBenEdI @tk Wéte‘i’.n?hé\hﬁi&'a)sﬂy%‘ﬁihéﬂéin% agent may

platformto allow and/or pronote new bone grow and
be enixadcwithhéheresdgnic al hereferggt theacomuatibilityreof the viscosity-

entg B ESTara it e e Py B iRBafeim phosphat e el ¢
with different crystal phases. Any suitable

Thepsb®pesitidt cidcoedingtterargl aspactinf the gdetent inkentiore seayt further
i nvention. The osteoconductive material of the present

ComR{iggnt Abn laasy ($8'€a esieerand¥siveai WiaFﬁjiql-no?_Bﬁni &t Iegst oné
osté;rrc%g}i’@glﬁﬂve IRaBREF hid) B abb6t 98BI ARIGMCY] VasBRE &h itRt total

weight of the composition. For the purposes of the present invention, an
osteoconductive material is one which leads to bone deposition. An
osteoconductive material is one which provides a platform to allow and/or
promote new bone growth, and enhance the mechanical strength at mean time.
The osteoconductive material may be similar to natural bone mineral, which
'comprises calcium phosphate salt with different crystal phases. Any suitable
osteoconductive material may be used for the present invention. The
osteoconductive material of the present invention may be a calcium-containing
inorganic compound. In particular, the osteoconductive material may be
selected from the group consisting of: calcium hydroxyapatite, caicium
phosphate salt, calcium sulfate, calcium carbonate, strontium and a mixture
thereof. The calcium phosphate salt may be g -tricalcium phosphate. Even
more in particular, the at least one osteoconductive material is calcium
hydroxyapatite.
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selected fromthe group consisting of: calcium
hydr oxyapatite, cal ci um phosphate salt, calcium

W darw49 cal ci um car bonate, strontium and a nPRI/SGE07/000287
t hereof. The cal ci um phosphate salt may be b
-trical ci um phosphate. Even nore in particular, the at
| east one osteoconductive terial is calcium
hydr oxyapatite. Hydroxyapatite i s osteoi nductive
because it is able to adsorb osteogenic gromh factors
fromthe local mlieu and fromthe circulation, thus
creating suitable conditions for bone formation when

Hydremyiapatied is msﬁpm@@tﬁv@ dpgausaniéne. ablediv,apsp i asteggenic
o c a St
grO\ﬁtgnp?Aoc%rlén*rﬁ% {JS&H bon%q‘rcri] ﬂgrr'rlaltthé IHtﬁﬁat[Hﬁé thEQ”&F@thg
suitdiyldr @opditieohit éorv\/l bdnd efesmatian Memn lgtpﬂamﬂed dm zani vVsseous
preferred for use in the present vent| on as(J tanahi?vivss the

envipppent. ; HedrexHapr#its| 15 A CAICTHRIP &S TR A

e rial he i
modt GRE o Bolfbl A natRA B el Syftc, iydioxyapatie
witheleso theak28 pin gl'a]TLﬂ!e elzeds padferetfanusairuthel plesent invention as

hydr oxyapatite. COI‘dI n artjcul ar aspect of
it shoys ﬁl@%@n’ﬁheu FATBRL lgﬁglc?ﬁ@ngcn%gga% EH"‘F%;PVPB‘?‘%#@F‘O natural
0 t d
borOIGRE i, BSR0 ORSHA MR SUBLRL F rerycromyapati

alsa HWKepatqnerembiamahle trean Mue&ichﬂneMyonm@tlte % based
on the total weight of the conposition. The radi opaque
ox] de.,or hal o
AcqiSh 181z, BRicdbrerbh O e pERENY Ty e, She BopEB¥lipn may
furtBéd ¥8MmpridbSalidastlor GQﬂbFaq@é Qflatdiid. eAhEXﬂﬂmV@ radidPrque
ot her suitable heavy netal nmay be used

matesial opRgbe usederling @diopaaugematgrial Apay st abowe. %’l@ wslght %
bas%ﬂrdﬁjweswatglg\fvgightt LRGSR %pglp%'sﬁ t "rh%%%t{é‘?@ At Wy be

ZI'rco num sta
an bkidanbruhalogéh et dﬂharhaﬁvy mefahi Bramples dheeaof medals inciude

gol((i)t Bgl(luﬁ’lquslll\\llgll‘ eglsmr{ﬁ]% eolrrI gl gorfng{na%gﬁ Sereragfd ﬁgwever any other
suitable heavy metal may be used. Examples of radiopague materials include,
but are not limited to, barium sulfate, tungsten, bismuth compounds, tantalum,
zirconium, platinum, gold, silver, stainless steel, ftitanium, alloys thereof,
combinations thereof, or other equivalent materials for use as radiographic
agents. In particular, the radiopaque material may be bismuth oxide, bismuth
trioxide, barium sulfate or a mixture thereof. The bismuth oxide may also
provide the colour to the composition. Other examples of radiopaque material
include ZrO, and BaO. Even more in particular, the radiopaque material is

barium suifate.

The advantage of adding a radiopaque material to the composition of the
present invention is that the composition will be able to display radiopacity to
enable visualisation and assessment in a radiograph. This may be useful in
diagnostics. Depending on the degree of radiopaqueness desired, various ratios
of a radiopaque material may be added.
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agents. In particular, the radi opaque material may be
bi smut h oxi de, bisnmuth trioxide, bariumsulfate or a
WwWOoroowew44 her eof . The bi snuth oxi de may al so pPCI/EG@07/000287

the colour to the conposition. O her exanples of

radi opaque material include ZrQ2 and BaO. Even nore in

particul ar, the radi opaque terial is bariumsulfate.

The advant age of addi ng a Tadi opaque nmaterial to the

conposition of the present invention is that the

conposition will be able to display radiopacity to

enabl e visualisation and assessnent in a radi ograph.
TheTungpositiorhacosigling to anyiasgpest of dke pregsmdinyeptom mey further

degree,of .radi ueness desi.red ri,Qus .rati f .a ..
comPEiP b AgHR! i BV o I CRIREANHIRL 4t e e vmenzation
accélefNoidi THet & fabst asme Qiol@hetibgtich cpRiatorl BME/Y | |9olymeyization

further conprise at |east one polynerization initiator
accelgtator ragy | witiate oaePpyMarizationt reartigoc @andr Mt resulé iat the

forn{pagﬁ)ﬁtofoapx?oﬂﬁwﬁsﬁiv@eiﬁ&ﬁ ﬂ{éc})r B%E%&?)ﬁlfqr%‘y Qich as a bone cement

mer1 Zatton accel éra iate a
compasitivar arrhbr dentak aetnieah carmpositipnt Fheldt leasttdre polymerization

formati on of a conposition which ny e rea for use,
acoRlGEHOBEIAY HEed BB '%%9(5»9 ROIBCARANG Irufa%io @lpbag the
dnta : e At st e ] [ ; ;
polyiRgTRREIch, (B (hEC At 16885 lary CrRRreBhORRY ! @Bmprised in the
conpuisitionr: | Zatyi osuiiabile i polymearizatianal ipisiatarneand/or  polymerization

accBRiaiPT dBay | At WP b dBP PARESRRy oL PEaBeTt hvertion. The

polyRRéZERionZAtiaft rhay beaieiut 8NAO P waRjnY B bhgad bffthe total weight
accel erator may be used for the purposes of the

of theesamnpositioenilnenpolymerigatigneaqesiarats gyt baitarouted.08L.16

. t.. 0. 1-0 Laht .2 >.total wei ght of
We@ﬁg%cbo%ﬁ&?q ﬁ‘g\éﬁkgr\'{ée'é%ﬁb@ﬁggiczg?é%ﬁt'c’é’c:cel erator nmay be
about 0.08-0.16 weight % based on the total weight of
Thet akleastrpns igolyneriZdtnainitiaéarstagnse polvatese rsoidtlé oedox initiator.
initiat b t | ubl d initiat
in. rl)anrltiClIJIgr,otrhengglymeerﬁza%n elaitig?oruma?/ {)gz gxmrhgrgial gerg{ﬂfate (APS),
potassium persulfate (KPS) and/or a mixture thereof. Even more in particular,

the at least one polymerization initiator is ammonium persulfate (APS).

The at Ileast one polymerization accelerator may be N,N,N N’-
tetramethylethylenediamine (TEMED), N,N-dihydroxyethyl-p-toluidine (DHEPT),
N-phenylglycine, S -dimethylaminoprionitrile, sodium meta bisulfate, potassium
meta bisulfate, and/or a combination thereof. In particular, the at least one

polymerization accelerator is be N,N,N', N'-tetramethylethylenediamine
(TEMED).

The composition may further comprise at least one polymerization inhibitor. The
at least one polymerization inhibitor may prevent premature crosslinking of the
composition. In particular, the polymerization inhibitor may prevent or reduce
the premature generation of free radicals which lead to premature crosslinking.

Such premature crosslinking may render the composition useless. Any suitable
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In particular, the polynerization initiator may be:

anmoni a persul fate (APS), potassium persul fate (KPS)
W@e@p029089 m xture thereof. Even nore in parti CRCEHBG2001@00287

at | east one polynerization initiator is anmoni um

persul fate (APS). The at | east one polynerization

accel erator may be N, N, N, é(}r

t et ramet hyl et hyl enedi am ne (U TEMED) ,

N, N- di hydr oxyet hyl - p-t ol ui di ne ( DHEPT),:

N- phenyl gl yci ne, /?-di met hyl am noprionitrile, sodium

nmeta bisulfate, pot aSSI um neta bisulfate, and/or a
polypepzatian dmibikr @ay. be nisedr fias @@mplehenstsuitebde chamical or

R TR LA o anpty bo s for e

purpose® sf theopregem lhuenihm 'Ithma’( ieaet 8he [pedsherzion inhibitor may
ol yneri zati on | bi The at | east one

delByidfrieveat pisss| 'i‘%ﬁ{%'fngnﬁf;(«’rﬁﬁ%v@ﬁﬂufﬁcél#ﬁt an@lor transport of
t h
theggfﬁ;fﬁnébﬁhbﬁg Pbr %ﬁgﬁﬁf@osfﬁé OPol\y‘Tﬁbr%ElB hﬁfb’ltoh fnay be

rization i nhi ent or uce t
hydreguinbnee gep*@eamqmnomefredrmmmbealzenaml cmltrelaelanme or

dipﬁéffy Iur r@ﬁgséléﬁ_ﬁ;g lpgﬁg ggﬁaé ggﬁg‘gﬁnogffc’zlal’ug% Mhibitor is
hycﬁéq&mbhépﬁrﬂﬁarérﬁaﬁ 'aﬁﬁbdrﬂ rbftbdl%eﬂﬁdtl&ﬁrﬂ‘f&%ri |§ ﬁéquwed. For

exanp e, any suitabl e chem cal” or materi |
exginpige thespelyanerization inhibitarymay bezabat 0nRil-Obkeweighd % dased on

theltB&l f@ﬁégﬁg%[: %ﬁ%sﬁ gsent invention. The at |east

one po K bi t or may del ay or prevent
crosslinking during storage, nmanufacture and/or

The rsattimptimeobf the copmusiidn emay kary espendiag dmeahe amounts of
IoolBol nmerization inhibjtor may be hydroqui none,

igglRmi HutiRior ¢ 8 Pfr@@b’ﬁ&%’?@t'oﬁl t3csBlaiatone used. For the
pu bEQ@rBfl fHerYé%‘E”l rlltIC(l"lDP eﬁ‘%n% i@ Akl Bé”%ﬂnetoh%s the, time
r y a small

oymsrlzatlonlnhl |to oqui none
reqairedrior tfe mmpostmrzm reﬂch aulsebot eolld start@qﬁer bdingFapplied in a

fuif § et Slf ot PoBLEEGofiNe 1B BRiars telnimsrreghied for the
corA@8BiIA6h tbOdttain a specified degree of rigidity. The setting times may be
varied by the amount of solvent or the ratio of materials used. Accordingly, the
setting time of the composition may be controlled by adjusting the amounts of
polymerization initiator and/or polymerization accelerator used in the
composition. The setting time may also be dependent on the surrounding or
environmental temperature at which the composition is being polymerized. This
will be explained in more detail below. For example, for the same amounts of
polymerization initiator and polymerization accelerator used, the setting time of
the composition at 25°C is more than double than at 37°C. It should also be
noted that heat may be released during the polymerization process. The
amount of heat released during the polymerization process may depend on the
amount of polymerization initiator and/or polymerization accelerator added to
the composition. The mixing temperature may also be varied to change the
polymerization time.
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The setting tinme of the conposition may vary dependi ng
on the anounts of polynerization initiator and/or
w@ologaeowrat i on accel erator used. For the pur pPGESGZNT/000287
the present invention, setting tine will be defined as
the time required for the conposition to reach a set
or solid state after bei ng, %pplied ina fluid or paste
state. In particular, settffg tine refers to the tine
required for the conposition to attain a specified
degree of rigidity. The setting tinmes may be varied by
the anmount of solvent or the ratio of materials used.
A skiled perseg) youldHealize thatgor samecapnlicatiopsps shortehsellipg time

is dggllr&f’%ﬁ&]e gq’oPXﬂf%qu ééb?{l)lrbgg%%%] ?dﬁgllé'?ts%ttﬂﬂf |mgn|s desired. For

nmer zalonln

exampt@l GBT adrtifopesled siungitale atppnpalmrts oa. lohe settingi tigne imay be
| so be dependent on the

reqtr@r%q [ Rfewthe Twapep éPLnaé’ea?”%ﬁ i(ﬁ)l%ndl n%(gq%gnp(qmnjegt the
congﬂtsgtﬁrpg ?ﬁ@e‘éﬁﬁrs rlat-éhbéné’"‘slt% o@%ﬁiﬂg@hﬂ%é Qeﬁﬂbq¥ne of the

exa or t ane anmpunts-o
conpmsytm accrding ionany aistpectamﬂ tlp@lwamritziavémmn may be from 1

minf{e B RO 1 REN o AR et ey b T Baied to 45

mmatess,o fhfn ORsLitb S ad 4teatiniey, Bend elmﬂﬁﬁé!s ‘{’é”35nﬂuﬁd’i§s from 7
yrrerl zati on process. The anount of heat rel eased

mlngtﬁa iy 30hainpdes nfeemz 8t Minyies de eds minytese pora minues to 20

minB8R ot AR S 1S Pl iBh { L ARURE dac i imggs. Even
morEhm marﬁd:ln@r trwp@tnaguime fsefyornl 4 mimetes 46 i7adinutes:hange.
the polynerization tine.A skilled person would realize

that for. sone a ications, a shorter setting.tine
Thed@%mpéa'tlow»"’é%cgéfg'ﬁ)g de adTYh%ﬁFP%&S rﬂf thaRresant '&Vﬁgﬁlﬂé fay ?Ur’ther

conﬁﬂ'ﬁsté N feb8E drﬁe ‘ﬂﬁééétﬁ/@ gght CXBIThE: bfbégetsh%PembC present

gi cal applications, ong setting P e
inverdpm, ecuoadiival agemttis deﬁne@ @srbaing lamyeSLmsta‘naa let&ndeldrfer use

i 2 S5 GRK G5, Sl TReFBURLSF brelerihs' B iserge e the
ent@inckRfint of desirable physical or mental development and conditions in a
subject. Any suitable bioactive agent may be used. For example, the at least
one bioactive agent may include a pharmacologically active substance that
produces a local and/or systemic effect in énimals, preferably mammals, or
humans. The at least one bioactive agent may have osteoinductive features to
ameliorate bone growth to which the composition is applied and surrounding
tissue growth.

For example, the at least one bioactive agent may be bone morphogenetic
proteins (BMP), antibiotics, therapeutic agents such as anti-tumour agents and
chemotherapeutic agents, vitamins, cells, and/or growth factors. In particular,
the BMP may be selected from the group consisting of: BMP2, BMP4, and a
combination thereof. The growth factor may be selected from the group
consisting of: platelet-derived growth factor (PDGF), vascular endothelial growth
factor (VEGF), transforming growth factor- # (TGF- ), insulin derived growth
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conposition according to any aspect of the present
invention may be froml1l mnute to 1 hour. In
w@aoopzuokar, the setting tinme may be from 4 m PCI/EG2000000287

45 mnutes, from5 mnutes to. 40 mnutes, from®6

mnutes to 35 mnutes, from7 mnutes to 30 m nutes,

from8 mnutes to 25 mnutgs, from9 mnutes to 20

m nutes, from10 mnutes t©0 15 mnutes, from1l

mnutes to 13 minutes. Even nore in particular, the

setting time is from4 mnutes to 7 mnutes. The
nmposition according to a aspect of the present

factph (G} Sibrollast grawidr faswn (R GE) fnd @asembrnationo fiareqte Any
sunt%ﬂg nta tibipfic ! gﬁtp %@Oa g'hteh {b'fost%ntmb%u Qt 'b%@terﬁldal or

'Sadl Ve ag i'S de e ng an
bactenbetufied Hopr exsmaplen mbeadﬂlkaqm‘m‘nay Mrseledtedt lfg@hl the, group

o o5 e A e, o s
amcgé?é(glﬁho BRI EQ%@nﬁdllﬁHS’gdéréﬂhﬁUQﬂt@ ettﬁﬁ?MnSBebﬁ'Qb@?onn

act ve agent’ may be used. For exanple, the at |eas
antibioichi sauchi vas agataclogy cafatadid, a cefamandalepgicefdolin  and

active substance that@;ﬂaroduces a |Of§e anqlor system c

cefapefzang, n aafeRam. o RGNy FRHTR as

erytiforhf@s! é?ﬁiﬁo@ly@@?zﬁileV%nﬁB%ﬂbs”EMcmaé(@ §t$é;ﬁ@ht%m3t hé@mycm
features to aneliorate bone growth to which t

lincemKpins ikanamyici, a\pﬂmoe@ycahdsem’rwglmncnqhgnmrswéb@tl@wwch as

oo, LR B5ohIE Al 9T ol PRTEAT RSB an -

contiiestipetidreo e SitaiHs may dved iseladrat fropg ¢ing @r@mﬁ consisting
chenpt her apeuti c a%gnt S, VI tam ns, cells, and/o

of: ytasing /t\aet&sE KnBaaPei Bal Ba:, n@%ﬁmqmplneaoaéhe@oéﬂhe
cell% Lﬂ%}/tng & Fbrcegﬁiﬁérﬁlegstgﬁn r}j]@tfgztha?'\ﬁ‘be r'duced into

here r owt actor e se
ostédbrbafstshm pardicplacothel att ieagt oifie hmeaitweagemns at tbagt onelBMP.
BMES are na{urg(I;F %steoacgﬁ uc {veea{]nop ctzgr(t3 let‘fgcl:ti\?erly? t%cﬂitate biological bone

fracture healing process.

The composition according to any aspect of the present invention may be a
bone cement composition and/or a dental cement composition.

The present invention also provides a method of preparing a composition of the

invention, comprising the steps of:

a) providing at least one viscosity-enhancing agent and at least one

macromonomer; and

b) mixing the viscosity-enhancing agent and macromonomer with at least

one solvent to form a liquid component.
The method may further comprise the step of:

c) providing at least one osteoconductive material and/or at least one

radiopaque material to form a powder component.
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factor (VEGF), transformng growmh factor-/? (TG--"),
insulin derived growthfactor (I1GF), fibroblast growh

wo 200029044-GF) and a conbi nati on thereof. Any sPOT/861087/000287
antibiotic may be used. The antibiotic may be
bactericidal or bacteriostatic. For exanple, the
antibiotic my be selected,f,romthe group consisting

of : gentam cin, tobranycin, penicillin antibiotics
such as anmpicillin, anoxicillin, penicillin G
carbenicillin, tacarcillin and nethicillin,

cephal osporin antibiotics such as cal acl or,
ACC@é#lag ded wam@'élﬁéﬁﬁmﬁil ﬁwe @felraazbone. vmas@eﬁab@qug egent and

the %tlgﬁ&n&% .rhggrgm% gw?gé attﬁ% a‘is’leéﬁcggg solvent to

ronycin, am nog ycos

forrsta éuqumomp,oneebnvm niquid mmp&ment i@y vistous. The liquid
anconycin, si sgrryc n, poI%I Xxin antibjoti cs such
nt

comRAnen TRy B dn 3Be ypiEpof dedelntnsi fgiipf thach least one Viscosity-
enl‘#&ﬁ%ln@l ?gérﬂ AP R {/éht gﬁ@ tRe %Q@ééi%ﬁé’ﬂ]é&?@h%ﬁﬁmer in

m hs may be s ecte romthe group consi
the dmwdwctmmmmtﬁby Weight,[:‘mab(kﬁ in,thBZangs froBeO 58'5 12 tarﬁi55|5 20.

i ER Hhe Bara 3R o M i, B 1BERY, N sariiy. he ratio is

1:1096e0bl Bgés. | mopartipul apartif@apt | @RSt ORGobI 03fti Venitin
agent is at |east one BWP. BMPs are naturally

meihacadaienuater-poly (ethlenawiyadsiacrylats iss Hd D115 at e

bi ol ogi cal bone fracture healing process. The

AcdoP@Rgsid Eaﬁf&gﬂrdé%%ctéo r?é‘yataiﬁggﬁp op@f #t%‘acgﬂcg;fcg&% material

nvet I on cenment Ccohposi

andlkmnthﬁ atmaﬁntoneommanma'lfbﬂalpmyehié mm&@ﬁblff@ﬂnﬁé Sowder
rOV|de met hod of reparlng a conp03|t|on of the
”ﬁ) %%&%?P%ﬁ' t We Pariiidan st ea)'atb? &Vi tengt deast one

osté@&ﬁdu@:ﬂ@e Yﬁétéﬁé! W?@W@%EP% 29&hko g% %a{eﬁi%ﬁ'nﬂpﬁe from
Macr onoNoNer ; m XI ng t e VIS y en

95:2denb0:4fd Irralafbmiaortbe ratibhisafrone&6t10: to 80:20. Even more in

particular, the ratio of hydroxyapatite to barium sulfate is from 90:10:; to 80:20.

At such a range, the powder component may be clear enough to be viewed

under X-ray and still able to maintain its mechanical strength when used as part

of the composition for various applications.

The liquid component from step b) may be the composition. The liquid
component from step b) may be used for various applications as described
below. However, if additional properties, including, but not limited to radiopacity
and/or osteoconductivity is required from the composition, the powder

component from step ¢) may be mixed with the liquid component from step b).

The liquid component and powder component may be mixed together to form a
paste. For example, the ratio of the liquid component to the powder component,
by weight, may be in the range of 5:1 fo 1:1. In particular, the range is 2:1 to
1:1. Even more in particular, the ratio is 1.3:1.
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one solvent to forma liquid conponent. The nethod nmay

further conprise the step of: c¢) providing at |east
wWoea@Instepconducti ve material and/or at | east PECESG2007/000287

radi opaque material to forma powder

conmponent . According to a particul ar aspect, the at

| east one vi scosi tvy-enhanci)ggg agent and the at | east

one macrononomer may be m ¥€d in the at | east one

solvent to forma liquid conponent. The |iquid

conponent may be viscous. The liquid conponent may be

in the formof a gel. The ratio of the at | east one
Acoprding 4o tay paitlianleir mgpedie the pawdeeasmponentisl mixed \aitlol théd Bquid

corﬁéqr@n?s*n%&%a%%&%"rﬁagﬁn@bgftﬁwsw@ersgqrﬁr% Saha thd iquic
npdrick: rag% PeninPeel foi of a paﬁer Anﬁslyhferizbﬁah Qm%at%rléhd/or a
t01121 More in particul ar, e‘ratio is 1:

polm@ﬂzaﬂﬂneaccpelg%ﬂt@r wayde addedtatthe q&mmmqm Ubon addltlon to

the TEYRABLHLRL Sl er-RRhy LELI S5, B SRS RiBehe. The

hartiensd ccn@osﬁbaonayld)eqmeﬂ@l imahay abplamﬂnbas Fbﬁa%hoh fod of
one r.adi %pague mat erial nay be mxed tg forma p

time o ApBHRE ntheo PORETZSRD s ithe oﬁ”t'rﬁn CRRPESEigNaMay: ﬁé P‘QHQBY or
Wor‘P(fabFé@o Fhat! tﬁgséon%@siﬂﬁ{ chlh'td’ @é?iﬁ%% gbdtsé?%éo BEsild for

| east one radi opaque materia
injesfod,0mplantption ocubar, the rati o |s from90:10: to
80:20. Even nore in particular, the ratio of

hydr o atite to bariumsulf s from90:1 0: to
T SRR bR ) UL b SR v efin By ave
dlﬁé&eeﬁrseﬁm@umhe& Oad Be¥trRMNabBdE ThE 5aiting tins lof kihe eeh@osutnon
mai ntain its mechani cal strength when used as part
mabeQ hariednflepending orothe aameustsappipolmerdtzationTindiator and/or

ol EHER TP A SRl 40 s AT e SRRy o
of selventusr thieptatioadfi materizds deedr Thednixing temperature may also be
varied to change the polymerization time. According to a particular aspect, the
composition hardens rapidly at body temperature. For example, body
temperature may be defined as being at about 37°C. According to another
particular aspect, the composition according to any aspect of the present
invention may be at body temperature before use or pre-heated to about body
temperature before use. Alternatively, if it is not desired for the composition to
harden before use, the composition may be maintained at a temperature lower
than body temperature during use so that the composition does not harden and

the setting time is prolonged. Once it is desired for the composition to harden,

- the composition may be heated to about body temperature. For example, when

the composition is applied to a bone site of a subject, the temperature at which
the composition is applied may be at a temperature lower than body
temperature. Once the composition has been applied and it is desired for the
composition to harden, heat may be applied to raise the temperature of the site

to about body temperature so that the composition may harden. Alternatively,
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bel ow. However, if additional properties, including,
but not limted to radiopacity and/or
W@2ieozwrtuct i vity is required fromthe conposPCi/66G2007/000287

t he powder conponent fromstep c) nmay be m xed with
the liquid conponent fromstep b). The |iquid
conponent and powder conpoggnt may be m xed toget her
to forma paste. For exanpfe, the ratio of the liquid
conmponent to the powder conponent, by weight, may be
in the range of 5:1 to 1:1 . In particular, the range
is 2:1to 1:1 . Even nore in particular, the ratio is

the 1camposifie oMo oPEeRsed i elil ar termperature hiowsswdiean body

temé&%lgr@.e{tf at élgg 891&‘8'&&%{1%(23 p?lo ﬁggmg}gwbewﬁ%d and/or

befdreqthedcompspsment xsnrayplim it & hﬁef of £ @Ub}eonastrhe a!bmposmon
yneri zation initiator and/or pol ymeri zat i
pre%ﬁf@émé%%rcwé@ﬂ R adgmneraiyre W@owﬁasm%wmwaﬂﬂe so that

the ?tggh%%sﬁrg%ﬁs Ioctic%éoéﬁ rﬁagr“’ﬁ%letn' Emror%' gﬁgﬁi%z@ééooréﬁb‘?& beféBdthe

ens. e har conposi tion nmay
conmpesitiafislapphedritng sippfieacaitbjects. For a short period of
time, during the polymarization the entire
so. t hat

The GHBERH 1S PRI ST St S iR aRas BN Fray be for

usefifrmeficite. 11MpartisMbanthat ¢ d:@rﬁ[)@ﬁltl@ﬁ 9s al BBne wEMmSHit ESfposition
according to any aspect of the present invention may

andfpgva dgtale cemen aqmmgslmqrrregor axameis r thee gorpesS KON TMAY be
usegeéstb n%@iﬁfll%ebgﬁe% i 8%&?! il 11?1% %’rgeL ﬁ)gat ona?ement for

epen aloun yneri za

bonarpfb@thepxsl isnplantation andm«fméeofaetcfﬁ tisa@spaTdes. set ting
time may be varied by the anmount of solvent or the
rati o of. material

used, The m Xi t enper at
The,£RIIPEItionR May bceoFctrh‘éﬁ?gE‘ PRa° %‘F'(}n%? hng PR prn@xal%ple the
corf¥deiom ﬁ‘&gtﬁé forRad incéﬁlt%gﬁa%@s? Bfocddufes Bf']e?ﬁﬁt‘st fcﬁ‘"’[he flxatlon

hardens r at body t erature. For

of presthesas do élvm@yb@@esd efhen edrrmsblem@laatbmlﬁraIUusa ‘rrcbone fllllng,
bon’éccrgf)gllnrﬁa tt())orz?1 o}rrrllglranting and/or for joining bone implants. The
composition may be for use when reconstruction is necessary because of
osteoarthritis, rheumatoid arthritis, traumatic arthritis, avascular necrosis, non-
union of fractures of the neck of the femur, sickle cell anemia, osteoporosis,
secondary severe joint destruction following trauma or other conditions
(including fixation of some unstable fractures in metastatic malignancies),
collagen disease and/or revision of previous arthroplasty procedures. The
composition according to any aspect of the present invention may also be used
for filling bone voids and/or gaps of the skeletal system, such as extremities,
craniofacial, spine and pelvis, and for bone defects. The composition may also
be used for distal radius void filling, tibial plateau void filling, tibial pilon void
filling and/or calcaneal void filling.

The composition according to any aspect of the present invention may be

generally used for fixation of artificial joints to bone stock. The composition may
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particul ar aspect, the conposition according to any
aspect of the present invention may be at body
W evperEsur e before use or pre-heated to aboutP@D8E2007/000287

tenperature before use. Alternatively, if it is not
desired for the conposition to harden before use, the
conposition may be naintained at a tenperature | ower
t han body tenperature duriing use so that the
conposition does not harden and the setting tine is
prolonged Once it is desired for the conposition to

the conpositign may be heated to about body

be Bg é\safﬁﬂi'@n We'é&m@e Rrasthesie ivplastatian. dihg gomposition
ma@%@W%ta%héﬁfgéo’rnﬁgz :e%ﬂﬁ eI ?hé%%sltlérbﬁbaéﬁ%?’% 354 Grout or

interfacizd nzaterial b@lmment ﬂmrelamk;d t'rmmﬂalaqt uanal éntbe progimal femur

b d f t
or (A ETSlol e (F Mmap R e e shag vy oBpH Haei g alig ke Of the
proét'h@sﬁsenlﬂﬂaf @bep%sﬂfont BBpidd %o ttﬁe%%ﬂh é‘aﬁﬁ”’@@rr @Ré’fn le, is

hat the conposition nmay harden. ernativel
lnte@dﬁﬁd@l formna ﬂ@xerb@nmt@mfemlﬁxrnathlmsdmtmehdsherbone and

e, FRRSSG ud  fed BTRSHES 5888% w

theQﬁTé@fblf the présaradmorrsah® sﬁu&tdrﬁllyofcoﬁ\p‘él#@h%cfor th8@enability of
nposi ti on prepared may be cooled to a tenperature

theI%’\V@Pa&tﬁﬁhn@a@)ﬁo%@@aﬁwﬂé’ igdaneathat pyactbnipatshesdhe shape

en prior to being used and/or before the
Oftﬂg?n%tggﬁqtoﬁﬁé'ﬂs applied to a site of a subject. The
conmposition according to any aspect of the present

Foritheqnurpasesef/theepresenuisgentiomadpgaph Eefetswtopak:avnyé?ﬁthe bone.
the cpmpositi | S a bone cem ONPOSi nd/or a
The i etesie e oo b8 SN WORNaRaN BecconsieTed & diseaSe and
neéb‘é”ﬂp%'et tr@BtéEPYhé%ﬁ ew&n?s V\hﬁlﬁﬁ wWitH @hé'téhﬁr%eé]’,?ﬁfrg}’ers to a

cenent, dental erial, fixation ce
corsigtian M@@hh&l@tl npcmﬂy o disedse and | mayobesdieated non-

thelde Rl FOE BB PR Relc Blligee (e 10 "

‘The composition according o any aspect of the present invention may also be

for use in vertebroplasty and/or kyphoplasty. In particular, the composition may
be used as a bone cement composition for vertebroplasty and/or kyphoplasty.
Vertebroplasty and kyphoplasty are recently developed techniques for treating
veriebral compression fractures. Percutaneous vertebroplasty was first reported
by a French group in 1987 for the treatment of painful hemangiomas. In the
1990's, percutaneous vertebroplasty was exterided to indications including
osteoporotic vertebral compression fractures, traumatic compression fractures,
and painful vertebral metastasis. In one percutaneous vertebroplasty technique,
the composition may be percutaneously injected into a fractured vertebral body
via a trocar and cannula system. The targeted vertebrae are identified under
fiuoroscopy. A needle is introduced into the vertebral body under fluoroscopic

control o allow direct visualization. A transpedicular (through the pedicle of the
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conposition may be for use in arthroplasty procedures

of joints, for the fixation of prostheses to living
Whwes290Fhe conposition may be for use in boneP@T/bG2007000287

bone repairing, bone inplanting and/or for joining

bone i nplants. The conposition may be for use when

reconstruction is necessaryghecause of osteoarthritis,

rheumatoid arthritis, traunatlc arthritis, avascul ar

necrosi s, non union of fractures of the neck of the

femur, sickle cell anem a, osteoporosis, secondary

severe joint destruction follow ng traum or

vertglras) t RbRreachnisl byaicady t plaierainbek capnke Ldmea&néaterally The
corrgfo%ﬁbw ﬁéx gfkod;ﬁé AShrkg t r‘?@' EfShe c{ﬁﬂ% pﬁﬂﬁgy

revision o evi ous ‘ar
procedures. The conposition according to any aspect of

' Kyphbplqst)es'ena moddicetiom ofapeatuianeéeus saticbooplastyl iPﬁ;gahoplasty

involg% apieautany, e SRAG pineHRs A sRicyaneseS Pagpight S an
inflzRaBie KialRa! Bimpl ietHeo jadshrial Yody }hf@luéﬁ d¥ahe8flicbRrcreates a
di stal radius v0|df|II|n ial plateau void

cavity |inithg, beneipgior gp| @cpmp@wgom Inleqﬂgnaﬁdlrﬂaer ctilec prepanents of

perdifbfledli, KBS, ERTBCR s ed Rl il y2: &Ry BapSSit-tamo
mﬂaftionat:a@raméa@trpaﬁhany aéstpbrd Niestebfal sty Béigak . InTkgphoplasty, it
conposi tion maybe used as_fixation cenment for bone

has hesn proaposed thatihe aompesitigiecan hgdaiecteshatiayesnpresisres into
the gﬁgg%éﬁd bSﬁebr%Oélpgééi%g}ﬁxﬁtgtéﬂas%%géfv&'tﬁghe Lo neagﬁ-ﬂﬁmch

Inter err al ween
is nokthel dzseyincmakntidnal vertpbroplasty. f emur or tibia for
total hip or knee inplants, respectively, and the

The apesfiod dverdind e@@&%‘%t@“eip? the PresiriIEntip§ ay also be

for uéé fneedtistey BRGSO @e'n@?zl@ﬁta( %Pﬁéaﬁ)on@f Dé‘ﬁh§@3? EhHYBer@?Qﬁﬁ)ntal

bet ween the bone and g?q ant stem This cenent
apphigations | Q’layntbﬁdé@e'?@eh’é@h ingzll | tyeatmests ook wonHherapeutic

profiiaac" NRSHBIERRAGEC PPORRREY HRAYCLARBHLY SBURRHE Enta

procedures. The composition according to any aspect of the present invention
may be used for several clinical dental procedures including, but not limited to,
pulp capping, management of root fracture, root perforation repair, root-end
filling, barrier cement for intracoronal bleaching and/or apical barrier/plug. The
composition may also be used as a temporary filling material to be placed in the
tooth until a permanent restoration can be placed. The composition may also be
used as a permanent filling material. The composition may further be used as a
protective cement barrier in internal bleaching. The composition may be placed
above the root canal filling material to minimise the leakage of bleaching agents
through the root. Yet another use of the composition may be as a management
of root fracture, in which the composition may be used to root fill a tooth with

root fracture.
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the surgical technique to create a cavity in bone that
exactly matches the shape of the total joint stem For
W@ b@jpeaogoses of the present invention a "gap"PCESG2®7/000287
to a cavity of the bone. The term "defect"” refers to a
condi tion which nmay be considered a di sease and needs
to be treated therapeutically, whilst with the term
gap, it refers to a conditfon which is not necessarily
a di sease and may be treated nontherapeutically, for
exanpl e for cosnetic purposes. The conposition
according to any aspect of the present invention nmay
When &t sempesitios ds uged én paliy oppRisgyit indsed ik {lshasanagement of
[ : [ 0
ceoh AR BUREL: o feTIOR PLRRL P, BFpiliiE s Bl Bbosur
folldwipd eriuasdtic. addidertdr Dind asinpoaitibnkiy plagdcpster thieexposed pulp
recently devel oped techni ques _for treating vertebral

and@igsirative Hlling &z thanerlaced ovat Kneous vert ebropl asty was
first reported by a French group in 1987 for the

In theeshden @bt %rfgréiioﬁ‘ B PR Sis Eé‘rrgggot@lgwsdn intracanal

per cut aneous rtebropl asty was exten
approatincayi gsingi acswgioad appreeplr dihiec intesraaslat approach involves
conpression fractyres, trauypatic . coppression
plagqiehtu PR SRETRESMAR, WhAEs (B5, BFrioralioe (3s i order fpgeal the
perfof4tioH. aTeE Usuryiehl ppPeAGPLY G ib lhield&he0sRPS BfteN the
may be percut aneouslx injected into a fractured
€

intracaned Bparoashdyils ph ifdhe mestarationisdaaecsssikie Shomghthe access

e rtebrae are identified under fluoroscopy. A
Cavﬁzégﬁe@gﬁ}e’ntroduced into the vertebral body under

fluoroscopic control to allow direct visualization. A
Fortroatiepd dilling), &ris(a sumgighl proeeged cardedfouthievesthblistaa)seal at
approach_i s jcally. bilateral but can be done
the GAPY ShE a1 IOTROA IS Prepiing, A I ogk ag alyibr dgoth and
the CBARIHRN; ARGhE itv Kyphopl asty is a
em)di fi g@?%%@p@?%ﬁ?&ﬁ%agﬁg%gwebr opl asty.

Kyphopl asty involves a prelimnary step that conprises
Apiegldagedpliugrie sagigsl adkimemn-yitalaimmature permanent teeth with an

open root apex. The composition is placed at the root end to create an apical

plug which prevents the extrusion of root canal filling material.

Details of the procedures mentioned above may be found in any standard
endodontics textbook (Pathways of the pulp. Eds Cohen S, Burns RC. 8" Ed.
Mosby Inc. St. Louis). Further, it would be known to a person skilied in the art
how to perform the procedures.

The composition according to any aspect of the present invention may be
provided to a subject in different ways. For example, the composition may be an
injectable composition. Accordingly, the composition may be loaded into a
syringe and injected to an appropriate site of a subject. The composition may
also be applied directly to an appropriate site by using suitable apparatus, such
as a spatula. Alternatively, the composition may be loaded into a temporary or
permanent bag, balloon or carrier for insertion.
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inflatabl e balloon tanp in the vertebral body.
Inflation of the balloon creates a cavity in the bone
W®Lr09/0290d¢9 conposi tion injection. Further, the PCI/SG2007/000287

proponents of percutaneous kyphopl asty have suggested

that hi gh pressure balloon-tanp inflation can at | east

partially restore vertebra# body height. In

kyphopl asty, it has been p %posed that the conposition

can be injected at |ower pressures into the coll apsed

vertebra since a cavity exists to receive the

conposition - which is not the case in conventiona
Accowting e @pothsryaspred henpesent dwventioprrrionigiesca atsg of at least

one 385Gk RniahE ] SEEM G018 R AR, 45 s

abo@é‘dfd-’rr th@elprépmat:@h ¢fpal carapositisn ey raedicak tapemeht Medlcal
dental treatnents or non-t erapeutl c(ﬁqﬁcedure

trealpADt Meayafiid® Blbdse ot dimited) te opgiiedantab araliations and/or
I
onhgggg@t a@%gn&gﬁgHé ©¥he {tﬁnﬁ&é‘iﬂ?ﬁ' mbggfuﬂ@@wéang&éegawast one

resen venti on € use
solveeat; et ddast lonei osidaoa:tnfmimtha nuatedal; @ Ieast budiradipphgtie mterial;

ot e e SinaRaRor SRR o TEaREERE HonPhefiolon i,
Ieasgetgf?e!‘ o}ﬁﬁeﬁgﬁé‘tlbﬁcﬁlh%r Qh&%‘?hétn%a%%@r bﬁ*ﬁbﬁ\?é agent, all of

arri . ecorrp03|t|on rrayaso be used as a
whicle rgrer described| abgve;airerpaatlcwlar btheplcatydsition: heay st B bone

et soEmaRBITT g AT & Taebl it edmpEs fiRfichbe priposon may
be WEHEr @hy slitgblecdppichtio® F dreekdmisliehle dempssitomnay be used
protecti ve cenent barrier in internal bleaching. The

for applisetons aa desgribrd pha¥ed above the root canal filling
material to mnimse the | eakage of bl eachi ng agents

hefrgrye%gab lrtg)&%t.sﬂ%nso )éeév.a teke eat%aéthgnéQI‘B%%H)Lbﬁﬁancmg

r oot racture I n whi
ageht Bpd st tieast onmeymberammbmer rasadefirieldl akzoven dorthei graparation of

a C(if)l{n%(f:)t§I rggé‘\é\rh sﬁnfﬂgg E@{%‘é@lﬁt@h%ﬂg% Smgi lﬁjrtl'llenr c]?om;%)rlsceagfJ ,ea%t one
solvent; at least one osteoconductive material; at least one radiopaque material,
at least one polymerization initiator; at least one polymerization accelerator; at
least one polymerization inhibitor; and/or at least one bioactive agent, all of
which are described above. In particular, the composition may be a bone
cement composition and/or dential cement composition. The composition may
be used for any suitable application. For example, the composition may be used

for applications as described above.

According to another aspect, the present invention provides a method of bone
filling, bone repairing, bone implanting and/or joining bone implants, comprising
applying a composition according to any aspect of the present invention to a
bone site of a subject. The present invention also provides a method of
vertebroplasty and/or kyphoplasty, comprising applying a composition according
to any aspect of the present invention to a bone site of a subject. The subject

may be a human or non-human subject. The subject may be an animal. The
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deep carious | esions, accidental mechanical pulp

exposure and pul p exposure followi ng traumatic
wWaewoazays. The conposition is placed over thePERPGHOTI000287

pul p and a restorative filling is then placed over it.

In the case of root perforation repair, this is

carried out via an intracanal approach or using a

surgi cal approach. The i nt Pdcanal approach invol ves

pl acenent of the conposition where the perforation is,

in order to seal the perforation. The surgica

approach is used to achieve the sane after the
subjedt nzpabala mpmmoak Theahéthodrmad aldebe eistofat otber applications

| naccessibl e throygh the access .cavity of the tooth .
as QehTpBAcRAg. 17 PRIRYar (e Combasifign uabd b Bisagtieod may be a
boneaddmest Mhpodtigst abl ish a seal at the root-end of the
tooth. A cavity is prepared at the root end_of the

tooth and the conposition is &Iaced in the prepared _
Thecprgisept inngngian alse pravides agnethagaet pelp cappiriga root perforation

N= Vit n e Lth an r oot
e BRL Y ST SRR ol RO R e ancror
tempoezaty e filingapwheteip! the whethlodprooresrisest RPplitg Usi 86mPbsition
rogt canal filling nmaterial. Details of the procedures
ACCREHRY JA ANYaBsRECtHely theePresaRt inventiep ot ahleast one tooth and/or

urg AR Rl TR At Bk M e By Rtehursd ERECR. he
subject woay deban karomal.t The spbjesbmak bel ednammdh.eTlaetrghtbwd may
t f th ocedures. The, conpositjon.accordin
alsq periseids forc P BRRIIGHIBES 8 | RREHDPAnahaUP- DB pRSNA Ry the
conpbsiticH$&$ In the fietodr 98 beay 8enfzf Eeﬁféﬂ?@bﬁﬁoéﬁi%n.
conposition may be an injectable conmposition.
Accordi ngly, the corrgosi tion may be |loaded into a .
Thes atheds asddesgrinadeabeve sampsiseotha atep of applyingnan effective

am&ﬂﬁj &%he J&ﬁpS&HBQ%GEE%W any aspect of the present invention at
the bone site and/or at least one tooth and/or gum area of the subject. The
composition may be a bone cement composition and/or a dental cement
composition. As a particular, but non-limiting example, an effective amount of -
the composition is applied at the site of the bone defect of the subject. The
composition, when applied to the bone defect, may partially or fully restore
structural integrity of the bone. The composition may function as a bone filler (or
partial bone filler) or plug, to mend the bone defect. The amount of composition
applied may depend on the size and nature (of the bone defect, and the
outcome that is sought. The composition may be applied as a paste or puitty,
such that the composition takes the shape of the defect.

According to another aspect, the present invention also provides a method of
filling a tooth cavity using a composition according to any aspect of the present
invention, comprising the steps of:

- identifying the cavity of the tooth to be filled;
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al so be applied directly to an appropriate site by

usi ng suitabl e apparatus, such as a spatul a.
Wo\RGoeemmsd vel y, the conposition may be | oaded PEI/8GZ007/000287

tenporary or permanent bag, balloon or carrier for

i nsertion. According to anot her aspect, the present

i nvention provides a use of_ ,at | east one

Vi scosi ty-enhanci ng agent &4d at | east one

macr onononer, as defined above, for the preparation of

a conposition for nedical treatnment. Medical treatnent

may include, but is not [imted to periodontal

appividingitoe soapgstionpantiopedi ¢ appl i cations. The

conposition may further conprise at | east one solvent;

at; . 0 ctiV erd al_; .at ne

7 inirGB3eing et BhRRARGH ko SpECicEt Syl whERRY, B path of
comnmaicatiorabetvistht aw irMepQPottien iof #ie eaviBCard idlbalear Urface
Iﬁast one, pol )f rization inhibitor; and/or at |east

8 @%ﬁ%ﬁbﬁ%%ent, all of which are described above.

In particular, the conposition may be a bone cenent

In FERIIERS!, tuh@eoﬁ@gérgbnan&fagaé déﬂ%?@ém%ﬁg?cgrﬁggéi%n. The

conmposition e used for any suita plIcation.
For exanple, the conposition may be used for _
Anetbpr iaspetionkthesinyestion ika of reating denth desashusing the

oo &S ot 3 Bl P, Sy imgpoton, comprin tn

stepmef.onononer, as defined above, for the preparation of
a conposition for dentistry. The conposition may '

fgC{t h'&i cglg)ri se at |east one solvent; at |east one
oLBERYRY iRe A9t eri al ; at | east one radi opaque
material; at |east one polynerization initiator; at

L‘?é\%bvﬁ’lﬁethg.‘aééﬁymiéﬁelgdt@& lig M@l ffeg: at | east one

pol ynmeri~zati on tor; and/or at |east one

bi oactive agent, all of which are described above. In
p&revidingdhe compasigroandi on may be a bone cenent
conposition and/or dental cenent conposition. The

co {td: or,_any_Sui I jcatio
COEIARE. T Borliohods™ s el L §roRab) °Bid °Barn o
communication between an inner portion of the cavity and the outer surface

of the tooth is sealed.
In particular, the composition may be a dental cement composition.

According to another aspect, the invention provides a method of performing root
canal therapy on a tooth using the composition according to any aspect of the
invention, comprising the steps of:

- removing a portion of the tooth to expose the root canal;
- preparing the root canal to be filled; and

- introducing the composition into the root canal whereby the path .of
communication between the root canal and the outer surface of the tooth is

sealed.
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for applications as described above. According to
anot her aspect, the present invention provides a
woredonozbogd bone filling, bone repairing, bone PCT/SG2007/000287

i npl anti ng and/ or joining bone inplants, conprising
appl ying a conposition according to any aspect of the
present invention to a bo site of a subject. The
present invention also provides a nethod of
vertebropl asty and/ or kyphopl asty, conprising applying
a conposition according to any aspect of the present
invention to a bone site of a subject. The subject may

In padicylanutirercoprpasdiicrhmaybe alsjantal. cem@tmm&mmym@emaﬂwod

mayf B -FRERDSUE el 4 BT ine DEtHAThARpRE® cosmeti

metBd®ve. In particular, the conposition used in the
net hod may be a bone cenent corrpositi on The present

i nvention al so provides a nethod of r oot
AnoH@rfaﬁpgﬂ ahthﬁéﬁsﬁ?nt nysatemé# fhel useh@ Eﬁ-@ﬁgn gecording

r r f e
o §8PIaskEEE o e AR b :@g%g%%%yrﬂﬁ i, tre

con‘:p@smmsl it |aoderaalcmrden’gc¢mpa$lyoaslfxm¢xamprehmqocempnsmon may
oo PR SES s B35Vt Rl RS Rt th ton
TheSéH?h;%\éltioJ H’%ysé'@d) %tuééiyfownlﬁhp s%ﬂ*ﬂ e, T&ﬁllﬁl@?ﬁﬁé iMB¥nes

be a manmal . "The nethod may a be used f
andap mlastiet swoernad heeeemppsitionnoee alsmb@ asetl doedevatingedefects,

G2 A BB ke e Bt AR T

or othg pareofahe dAYYi ng an effective anount of the
conmposition according to any aspect of the present
i nyention at the bone site and/or at | east one tooth

Accgrtingly. asapeiofoihe presepbinyentionrpeovidesadnethed srespsmstic,
non%@%uﬁﬁ%w%ﬂ ﬁéFéu?'ﬂ'n@rr‘ﬁ’étE&d ogtwsl@rsn %Lf‘l%ef one step of

tron articular
usw@ﬂmpctoenpemtlcm aemndm tnamynaspct of the invention. In particular, the

composition is a bone cement composition and/or a dental cement composition.

The -composition according to any aspect of the present invention may be
formed into an implant or may be molded into a desired shape. The shape the
composition is molded into may be in the form of the defect or gap into which
the molded composition is going to be inserted. Accordingly, the present
invention provides an implant comprising the composition as described above.
The implant may be a bone implant and/or a dental implant. The size, shape,
thickness and/or volume of the molded implant may be controlled according to

what is desired and according to the application in which it will be used.

According to another aspect, the present invention provides a method of

implantation, the method comprising the steps of:

- identifying a site of implantation;
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the conposition is applied at the site of the bone
defect of the subject. The conposition, when applied

W@ o0vhzooone defect, may partially or fully reRE€D8&2007/000287
structural integrity of the bone. The conposition may
function as a bone filler (or partial bone filler) or
plug, to mend the bone defgct. The anmpunt of
conmposition ( applied may pend on the size and
nature of the bone defect, and the outcone that is
sought. The conposition may be applied as a paste or
putty, such that the conposition takes the shape of
+ hpredisgtan Koplentiicagprisingnatdsenpesifiest eccomling e apytaspect
|nv 0 a method of filling a tooth

?BV ﬁ@esﬁaﬁg\'ggﬁ%’b%ﬁa on according to any aspect of

the present invention, conprising the steps of: -
4 d&i‘ttdcfwdir’@gtﬁefimmwitbyh@&ité loé irhplahtation. be filled; -
provi ding the conposition and - introducing the

conposi tion int tooth cavity whereby .the th of
ThecgampRstian; accds 'Pﬁ/e any AgpRA %lﬂﬂ‘i’ duesent; e § Qf tpay be

appfad sbhﬁ]a‘?lﬂ i §1W t8RfcH ekg%n’g%e e ?cﬁaio%@h ad cent to, or

partic he conposi tion ent al ce
defmmlgpdbetbcme aﬂdmrh’e:roﬂa@bctorofhet lcomposition orayi beacontactmg

anoﬂﬁqgl}q?(jﬁlﬁft, Ec{gelgtf\b g;%gg%n%f%erf r gscigggﬂfeh?qﬁ%gﬁgos'rﬁo'n%ndefect

andmﬁgbﬁhsdéfgcﬁggé steps of: - identifying the decay;
removing the decay to create a cavity to be filled; -
provi di ng the conposition; and - introducing the

Theciyiegest nventien alsearroxides,a Maoawwmgetfgﬁapwneps'tlon according
to any aspect of the present invention. The composition comprised in the kit

may be used for different applications as described above. The kit may further

comprise a set of instructions on the uses and applications of the composition.

According to another aspect, the present invention provides a kit comprising at
least one viscosity-enhancing agent and at least one macromonomer, each of
which is described above. The kit may optionally comprise any one of or a
combination of: at least one solvent; at least one osteoconductive material; at
least one radiopaque material; at least one polymerization initiator; at least one
polymerization accelerator; at least one polymerization inhibitor; and/or at least
one bioactive agent, all of which are described above. The kit may further
comprise a set of instructions on the use of the kit. Each component may be
packaged separately within the kit. The components of the kit may be used to
prepare the composition according to any aspect of the present invention. The

composition may be used in various applications as described above.

According to a particular aspect, the kits described above may be used in
periodontal and/or orthopedic applications. The kits may be used in dentistry.

The applications may be used for therapeutic or non-therapeutic applications.
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comuni cati on between an inner portion of the cavity
and the outer surface of the tooth is sealed. In
w@aoopzuokar, the conposition may be a dental CcREESG2007/000287
conposition. According to another aspect, the
i nvention provides a nmethod of perform ng root canal
therapy on a tooth using t&g conposition according to
any aspect of the inventiony conprising the steps of:
- renoving a portion of the tooth to expose the root
canal; - preparing the root canal to be filled; and -
i ntroduci ng the conposition into the root canal
Anomafr aspech of ptheh presefmto mueTiticst ii®na bkt weemptisiagr aot implant

ﬁ'l 1{er surface of thetootﬂls s%aé_ﬁ "
Co”lﬁ’é'ﬁﬂgc PomPF?é P EardingntondRY REPECliRh g PL t'”"e” on.
TheCitiFIa8t fa9be BhisSom@impRNIRNIRS & d@h&bltlhﬁﬂé\ﬂe%'eccomposmon
nmethod. In particular, the nethod may a cosnetic
mayrbe o donamsMeit calpeesition andéoma sisaial crerm@mtt ¢ampositiemeThe

at RGeS SEAPRE LA ARGRERISN 1R AR BT b: ”

conposition is a dental cenment conposition. For
Anothxanasgectt dfetheoprasent iiventiey seausstdpburd $eaingntheg &piowing

bet ween teeth, or external appearance of the tooth.
S“”?Hﬁeconp03|t|on may al so be used for filling soft

tissue, for filling gaps in bones and in plastic

surgery. The conposition nmay al so be used in el evating

def eots-r1f i I 1 i ng voi dsp-eryanci ng the prgmpence of

cetain areas such ag facial features ot her parts

corrp?'Pses @t | east oneHQtep

wherein:
X, Y, and z are integers and each x,yorzis >1;
each R, is the same or different, selected from the group consisting of:

o CH, CH,

I _ - o+
—H —C—-C=CH, and —CH;~CH-COO |\/|,
wherein M'is a metal; and

each R; is the same or different, selected from the group consisting of:

T
~NH—-C—CH ~NH
NH-=C 3 and 2,
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usi ng the conposition according to any aspect of the
invention. In particular, the conposition is a bone
W@ 200e0290¢0nposi ti on and/ or a dental cenent conPCEBGROT000287

The conposition according to any aspect of the present
invention may be forned into an inplant or may be
nol ded into a desired shape., The shape the conposition
is nolded into may be in tA® form of the defect or gap
into which the nol ded conposition is going to be
inserted. Accordingly, the present invention provides
an i nplant conprising the conposition as descri bed

M nzbobe .anVhsuiiabpe enstalmity paeticuldn hé naspbaranyamahoelestropositive

metof e BT Acbartran Wiseartu hayebe BOReRbrT d- n particular,

according to what is desirgdgpd according to the

application in which it wil CI;nbe:aguhtsed. According to
t her, eserfe TiGiveht,i on provides a

at le%?ﬁgg %‘ﬁﬁﬁﬁ%%%ﬁy?g% t he nmet hod ‘conprising the
steps of: - identifying a site of inplantation;-

In am@n'egina‘te @nbodiphent} mdaa?ﬁ sEegRa inothposirtictare comprisoelas an
according to any aspect of t present .1 nyention, an
unsaijrateido HStiRGAY HROUPT Gl EXREIPln N8 WRSaSkTatsl HRPIRN B raroup
may' b SORRRELAAICHIARAC A B0cdBoRbArBSRSfduble BdMdl BF %5 BHoon-
I nvention may De applied so that It directly contacts
carlzon $ripladodrah dn gpaiticuiat, ozt leastijoaedri in the strugtfrerdamgprises a

t he bgne gnd/or, tooth site, or the.c osi tion may.be
carR PR GO, R FEFBTOrS i FATEL L GReL Qd) BF n the

tooth siteymgHbe a bone defect and/or tooth defect

site. The 8relse?1t i nvention al so provides a kit

stru%ﬂ!éFB"%-Sim r§e=Ebhposi ti on according to any aspect of
t d ‘esent inventi'on. The conposition conprised in

the kit nmay be used for different applications as
Stersisornbed oiibibiec abdhe &ompoapndf are ladso provided by the present

invention. The compound may be referred to as chitin methacrylate. In

particular, the structure of chitin methacrylate is:

Q Gh GHs

|

O—H O—C~-C=CH, O —CH;—CH-COO™Na
W ) o S

X Yy z
HO HO HO
R2
R2 R2

wherein:
X, Y, and z are integers and each x,y orzis >1; and
each R; is the same or different, selected from the group consisting of:

0O

Il
—~NH—C— —NH
NH—C—CH, 2
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conprise a set of instructions on the uses and

applications of the conposition. According to another
W@2pent9o4e he present invention provides a kit PCT/SG2007/000287

conprising at | east one viscosity-enhanci ng agent and

at | east one macronononer, each of which is described

above. The kit may optionah y conprise any one of or a

conbi nation of: at least o solvent; at |east one

ost eoconductive nmaterial; at |east one radi opaque

material; at |east one polynerization initiator; at

| east one polynerization accelerator; at |east one
Evepongreein patticwar,ithaéicompsundamay bavathe éellowiag structure:

bi oactive agent, all of which are described above. The
kit may further conprise Q gft of instructions gn the

ne 8
C-#

use af the kit. Each comp nf may be packaged 1 -+
sepdrat H]y within th hete QB%W?%HR@QO Na
ccording to

onpone

IR he

abovHO Acclording tota perticpl ar aspett,
descri bed Mhove nmay be used | n periodontal and/ or
ort hopedi ¢ appli cati ons. The'}”’l!(i ts may be used ']"'1‘1
dentistry. The applications be used for C=0
t herapeutic or non-therapeutgig applications. Arﬂg.ﬁ her

aspect of the present invention is a kit conprising an
i npl ant conprising the conposition according to any

WheteREELy, Und N ErPInfSGEts dridVedBt L1y orf R BTPHHML aBBY. dtfucture is

bone i'npl ant and/or a dental i rrp?ant. The conposition
a noayliniding éxamnplee iscnordiogiyosithénstrantiires raayiaisalbe possible,

cenent ¢ sition..The kit may further conprise a set
dep&ndmgs?lp ﬁg‘;t)ﬁ?%w?eo% "ﬂﬁgeEYi ¥ the | npl ant. Anot her

aspect of the present invention is a conmpound having
The bembelihe of g ptasentt inventishengy have an averagd ndoléc@ar weight

eqularllttg goerrgsreglltneorI tﬁgﬁh56(00’ D%. ?l’rl pzartlidc’ulgr, 1the average molecular weight
may be more than 8000 Da, 8500 Da, 9000 Da, 9500 Da, 10000 Da, 11000 Da,
15000 Da, 30000 Da, 50000 Da. Even more in particular, the average molecular
weight is from about 10000 Da to about 15000 Da. For example, the molecular
weight may be estimated as My, by gel permeation chromatography (GPC)

using pullulan as a standard.

The compound may have a degree of N-acetylation equal to or greater than
50%. For example, the degree of N-acetylation may be about 60%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, 100%. In particular, the degree of N-acetylation
may be about 90%.

The compound may have many properties. For example, the compound may be
photocrosslinkable. For the purposes of the present invention, photocrosslinking
will be defined as the formation of a covalent linkage between two
macromolecules or between two different parts of one macromolecule.

Photocrosslinking usually requires a crosslinking agent to be provided.



10

15

20

25

each R is the same or different, selected fromthe
group consisting of: wherein Mis a netal; and each R2
WO goovkzgogane or different, selected fromthe gr@UPG2007/000287

consisting of: OIl -NHCG CH -NH, andMmay b e any
suitable nmetal. In particular, Mmay be any
nonoel ectropositive netal._Even nore in particular, M

is sodium (Na) o r potassi (Ky. In particular, OC

H3 - GCC=CHat least one R in the structure is: 2

In a n alternate enbodi nent, at |least one R in the

structure conprises a n unsaturated functional group.
However dharqmlnepouﬂdeoﬁm@mrasamteidvermmm imayabe gbleule phgtopwsalink

. h .a_carbon-carbon double bond o r
W'thgugﬁx‘ﬁtﬁd}ﬁ%‘?rﬁBﬁaﬁqsﬁ iBkiBg A9 0 particul ar, at | east
one Ri in the structure conprises a car bon car bon

Accd € Bopdrichlenagpace the eehpoand af, thatpr’eeeﬁtt invaatiéh imay
inthe OCH3 Ii |_* -CC=CH structure is:

undeiger enlvoeEzaticft tihe M@W‘rp@ﬁn@‘ear'@V%m%‘ P8V degdergo
polyHer aﬂéﬁgﬁr ?ﬁﬁ%&%ﬁé@ﬂ&' EpnlePﬁngW?ggpg@X?ﬁ:rﬁaﬁf e&drfifrise
ultreﬁﬂlcrlellc(cLW)sligﬁt. Ebr blxamm hther gdrapeund mayhendéngo polymerization
under UV light at 365 nm. The conditions may further comprise the presence of
a polymerization initiator. For example, the polymerization initiator may be a
photoinitiator. A photoinitiator may be a compound capable of absorbing UV
light and generating an active substance which can initiate a polymerization
reaction. The compound may form a hydrogel after undergoing polymerization.
For the purposes of the present invention, the polymerized compound will be
referred to as a hydrogel of the compound. Hydrogels are hydrophilic polymer

networks that can absorb up to thousands of times their dry weight in water.

The compound of the present invention may also be dissolved in suitable
solvents. For example, the solvent may be selected from the group consisting
of: water, lithium chioride, dimethylacetamide (DMAc), dimethylsulfoxide
(DMSOQ), ethanol, methanol, a aqueous polymer solution, polar solvents, and a
mixture thereof. In particular, the solvent may be a mixture of lithium chloride
and DMAc; ethanol and water; or methanol and water.

The compound of the present invention may be useful in different applications.
The hydrogel of the compound may also be useful in different applications.
According to another aspect of the present invention, the compound and/or the
hydrogel may be for use in medicine and/or medical applications. The
compound may be for use in orthopedic applications and/or periodontal
applications. The compound may also be for use in dentistry. In particular, the
compound may be for use in biomedical applications. The biomedical

applications may include, but is not limited to, any one of the following: drug
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X, Yy, and z are integers and each x , yor zis >1
and each R2 is the sane o r different, selected from

W0 b@gewwp consisting of: O-NHC - rC HH3 - NMCRSG2007/000287

andEven nore in particular, the conpound may have the

foll ow ng structure: wherein x, y, and z are integers

and each x, y or z is > 1. The above structure is a

non-limting exanple. AccoP ingly, other structures

may al so be possi bl e, depending on the degree of

N-acetyl ati on. The conmpound of the present invention

may have an average nol ecul ar wei ght equal to or
deligewamurtdhdmessmgo bbae subsptute, bonecemené camgposijion, temporal

inEgSER” ot 5883 od 58098 OB MR S g

dlS’[QﬁSloﬁO%@ﬂ ﬁ?sueEh@ﬁJ’élmzj %\nUVbrp?éélé&éFnéﬁt nidieriasld e FBA more in
mol ecul ar wei ght is from about 10000 Da to about 15000

pariizulairdhe epeporad maebedordise wirdwgidgiveryay be esti mat ed
as Mwv by gel perneation chromatography (GPC) using

| .an S

Theb PS80 R e d N LSRR Y BBy €5 any
aspenaofpﬂhe,prébentdawrﬁmndﬁa\hhgmﬁ idllaw"cgwfdmwldae about 60%

70% 75% 80% 85% 90% 95% 98% 100% In

particul ar, the degree of N-acetylation may be about

90% The conmpound nmay have nany properties. For

exanpl e, the conpound nmay be photocrosslinkabl e. For

t he es of the presenriinvention, o—R1

uiresvya
rothe corrpouﬁ'éD of

wherein:
X, ¥, and z are integers and each x,y or z is >1;
each R; is the same or different, selected from the group consisting of:
Q s THa
—H —C-C=CH, _ —-CHZ—CH-coo'M",
wherein M is a metal; and
each R; is the same or different, selected from the group consisting of:
O

|
—NH-C— —NH, . iti
NH—C—CH, and 2 in the manufacture of a composition.
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wi t hout the addition of a crosslinking agent.

According to a particular aspect, the conpound of the
WQEe@smoeno49 nvent i on may under go pol yneri zati on. PAT8G2007/000287

conpound of the invention may undergo pol ymerization

under specific conditions. The conditions may conprise

ultraviolet (U)-light. Fo 0exanple, t he conpound may

undergo pol ynmerization under UV light at 365 nm The

conditions may further conprise the presence of a

pol yneri zation initiator. For exanple t he

ol ymerization initiator a photoinitiator.

{;@, 3Nt puitakie r?ﬁ@tabelnap%%'@unw @@M@%ﬁ%&%@%@ﬁal

Eve%'o?&hr‘i p%%l‘?ﬁnﬁeq\?ﬁéa on r@Hc)I &Eﬂéfé%e co ounggﬂ&@IThr at

nltlateapo tro
I(ﬁrm a hydrogelf ?Lter urtglelclﬁg ng ItOO| ymei |hzat| Ion For ;
€ purposes o e pre i ntion e polynerize
e REE

least BRBIRH the 'strubirs gd.er T a hydrogel of the
conpound. Hydrogels are hydrophilic polymer networks
that can absorb up to thousands of tines their dry

In apeplj@inate epehasimenh calc logsb one Bf in Hbepeaspatnd posHirises an

IO B e SR, gy oo
mayt ®@s astunefomdl: gmﬁoewnhl atddrbonahlisyri deuble bond or a carbon-

dlrrethlacetamde L di met hyl sul f oxi de ( DNVSO) ,
carteam iR 20 HARBICUBTaghIsssS op St fs%pemp&h'ndpqgrmnses a

car@&i—&ﬁfﬁoﬁ nggurigeabtgﬂd(tﬁ\r/& tnhk?r’e]e aHR: dtclghélr oaégﬁmm the

ol vent e a mxture |um foride an

et hanol andowdlidr; or nethanol and water. The conpound

of the pr_e_s&n_t'j= ntion may be useful in different
confRlrigGiat i ons. drogel of the conpound may al so be

useful in different applications. According to another

aspect of the present invention, the conpound and/or
In pariculsid fsgeompayndagohayese straciusaiipsifalowsid/ or nedi cal

applications. The

o CH
0—C— C CH, O —CH;— CH -COO™Na'

wherein:

X, ¥, and z are integers and each x,yor zis >1; and

each Ry is the same or different, selected from the group consisting of:
O

I
~NH—C—CH

—N
3 and HZ.

The compound may have an average molecular weight from about 10000 Da to

about 15000 Da. The compound may have a degree of N-acetylation equal to or
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conmpound may be for use in orthopedic applications
and/ or periodontal applications. The conpound nay al so
wheohorowse in dentistry. In particular, the chPOPSGLY7/000287
may be for use in bionedical applications. The
bi onedi cal applications may include, but is not
limted to, any one of the.follow ng: drugdelivery,
wound dressing, bone substitute, bone cenent
conposition, tenporal joint spacers, dental cenent
conposition and/or skin substitute, soft tissue
di stension, soft tijssue repairing and/or | acenment
gratersthani2%. Fewexamples the degres of Pﬁacetvwéloedﬁ%&sﬁﬁoa% 60%,
oD r Vet o %ﬁﬁﬂ vigat _
O/"a%sso/opBr%%’ S%gédlf'géggﬁ’ %X’ 1Ebﬁo;louﬂg acc%?lgrntggtdoég}ee of N
acetglationtmay beh@rept&rsthah mrrmqamlltorBO%VENgentrheref ol particntar, the
y, and z are integers and each x
degreewn?”—agew‘:l\@?pnlls gga(&h R is the same or gdl fferent,
selected fromthe group consisting of: OCH3 CK _ H -
Eveﬁ:n%re n%art@dlé’r Pl ESRpMin@Rshyhaveh stMctieasTeliéls: and
each is the sane or different, selected fron1the
group conS|st|ng of: Ol -NH-C-CH 3 and -NH 2
t.h. e manufacture of a d@nﬁ%sltlon M may be ad?*
suit@bts netal. In padrettarCHMis a O —CH;—CH-COO Na
oel ectropositive tal. Even nore i partlcular M

wherein x, y, and z are integers and each x, y or zis >1. The above structure is
a non-limiting example. Accordingly, other structures may also be possible,

depending on the degree of N-acetylation.

In particular, the present invention provides a use of the compound according to
any aspect of the present invention in the manufacture of a composition for drug
delivery. The compound may be the hydrogel of the compound. Alternatively,
the composition may comprise the hydrogel of the compound. The composition
may further comprise a suitable drug for delivery to a subject.

According to a particular aspect, the composition may further comprise at least
one macromonomer. Any suitable macromonomer may be used. The
macromonomer may be as described above. In particular, the macromonomer
may be poly(ethylene glycol) diacrylate (PEGDA), copolymers thereof, and/or a
combination thereof.



In an alternate enbodi ment, at least one R in the
conpound conprises an unsaturated functional group.
wWo-200902%8uPpl e, the unsaturated functional groupP@EYGIE7/600287

functional group with a carbon-carbon doubl e bond or a
carboncarbon triple bond. In particular, at |east one

Ri in the conpound conpris a carbon-carbon doubl e

bond. Even nore in particular, at least one R in the
OCH3 ii I - CGC=CK compound is: In particular, the
compound may have a structure as follows: wherein: X,

y, and z are integers and each x % or z.is,> 1, %‘gd
The craser inventinn v RIPVIdEST ar BMthod opl delivering At lrast one
. . I SEI W : A -NH. and The
bloaggﬁ%(%g%@%a%gH%gpé%mg(}%bggﬁb%to? ecuff ar weight from
about 10000 Da to about 15000 Da. The conpound may
(appeovadidggatdeastfond bivativenbgent andial caropoung aceerdingate any

50% For ampl e, .the degree.of N-acetyl ation may be
ab@ﬁPe%td%%9g”%Séf§%"e§g@ﬁ HasiAs B ios ogaftgé'g}é”alw% In
particul ar, the degree of Nacetylation nay be greater

5 than or equal to 80% Even nore in particular, the
degree—@ft N-acetyl ati go—+R190% Even nore—R

wherein:
X, Y, and z are integers and each x, yorzis >1;
each R, is the same or different, selected from the group consisting of:
o GH G,
0 —H —C-C=CH, __, -—CHZ—-CH-COO-Nf’
wherein M is a metal; and
each R; is the same or different, selected from the group consisting of:
I
—NH—C—CH;, and —NH, :
(b) loading the bioactive agent to the compound; and

15 (c) administering the bioactive agent loaded compound to the subject.

M may be any suitable metal. In particular, M is any monoelectropositive metal.

Even more in particular, M is sodium (Na) or potassium (K). In particular, at
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wherein x, y, and z are integers and each x , y or z

is > 1. The above structure is a non-limting exanple.
w@\ewonzhionyl y, ot her structures may al so be posBCEG2007/000287

dependi ng on the degree of N-acetylation. In

particular, the present invention provides a use of

the conpound according to any aspect of the present

i nvention in the manufacture of a conposition for drug

delivery. The conpound may be the hydrogel of the

conmpound. Alternatively, the conposition may conprise

t he hydrogel of the conpound. The conposition may

further conprise a suitabl® 6ﬁﬁg for delivery to a

subj ect. According to a_aaELj g aspect, the

leastC @ABORY tih othenstyudturd er conprise &. Thastoropeund may be a
macr onononer . y suitabl e nacronononer may be used.

hydrogel ¢fdBeSRBIMAMEE: nay be as descri bed above. In
particul ar, the macronononer may be pol y(ethyl ene

In agl%lge‘i’nfgétedéﬁ%bmrﬁéﬁt (PEER%Y oné TPl fiRs Tohdpierfl compses an

I nat'i on t her éof. The present invention also
unsqiur:atdaaﬂe‘snatlonai tvdupf Foelexaemplag the unsatiratsse funcsiepal geoup

ent to.a s ect c risi tg f ) :

mayaPEA it gE R alah-bafbol 8800l botdor a carbon

carb@ﬁct‘ﬁb% Bend Olna@é’rtlaﬁléecét lehist bae (R eivethle d:dsmpnumd)ra:ompnses a
havi ngpt he foll ow nq@\f or mul a: . wherein:

carbenecahoRgRDISNEadVSn MarEgn parieLlr ShlRdRteee £y fpothe
same or dif nmt, selected fromthe group consisting
of : wher ei l,M||s a netal; and each R2 is the sane or
di ffer ent—GeIOe‘eCHi from t he group consisting of: O
COMPRUNEIFH, - NH

In particular, the compound may have a structure as follows:

o CH
O——C C CH, O —CHs CH -COO~ Na

wherein:
X, y, and z are integers and each x, y or zis =1, and
each R, is the same or different, selected from the group consisting of:

I
—NH—-C—CH —NH
NH=C % and 2,
The compound may have an average molecular weight from about 10000 Da to
about 15000 Da. The compound may have a degree of N-acetylation equai to or
grater than 50%. For example, the degree of N-acetylation may be about 60%,
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and (b) loading the bioactive agent to the conpound;
and (c) adm nistering the bioactive agent | oaded

W@ orvposdd t o t he subject. M nmay be any suit abl BCTYeGZ07/000287
In particular, Mis any nonoel ectropositive netal.
Even nore in particular, Mis sodium (Na) or potassium
(Ky. In particular, atO it 1 least one R in the
structure is: 2 . The conp find may be a hydrogel of
t he compound. In an alternate enbodi nent, at |east one
Rl in the conpound conprises an unsaturated functional
group. For exanple, the unsaturated functional group

O‘VWHK,G%e 89% BE%] DA%, Y%L P8, t100% chir particotarbtie degisleeof N-

car bo carbon tri articul ar
ace BG5S b sERa 1o s Se@rbiiors o pactsifin the
degfss.bf - at,&vgrg(rmre in particular, at |east one Rl
inthe O -C-C=CH, conmpound is: In particular,
t he conpound ma have a structure as foll ows: wherein:
Evep more manﬂrﬂ%ulai i{h? FOBHRAUBdIRAY Bave astrugjurgrasfallgws: 1;
and each R2 is the sane or different, selected from

the group consisting of: 5) CNH' C CH -NK CH,
I "
O—H C C CH, O —CH;—CH-COO Na
HO
NH,

l

(IB—O

CH

3

wherein X, y, and z are integers and each x, y or zis >1. The above structure is
a non-limiting example. Accordingly, other structures may also be possible,

depending on the degree of N-acetylation.

The bioactive agent may be any suitable bioactive agent. The bioactive agent
may be as described above. In particular, the bioactive agent may be selected
from the group consisting of: bone morphogenetic proteins (BMP), antibiotics,
vitamins, growth factors, therapeutic agents, and a combination thereof. Even

more in particular, the bioactive agent is vitamin Bs.

According to another aspect, the present invention provides a drug delivery
agent and/or drug carrier comprising a compound according to any aspect of

the present invention having the foliowing formula:

0—R1 O—R1 0—R1
) o} o) o~)\
y z ‘
HO
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and The conpound may have an average nol ecul ar wei ght
from about 10000 Da to about 15000 Da. The conpound

woreapokzo0e a degree of N-acetyl ation equal to oPCTBGL087/000287
than 50%. For exanple, the degree of N-acetylation may
be about 60% 70% 75% 80% 85% 90% 95% 98% 100%
In particular, the degree Nacetyl ati on may be
greater than or equal to 80% Even nore in particular,
the degree of N-acetylation is 90% Even nore in
particul ar, the conpound may have a structure as
follows: wherein x , y, and z are integers and each x

wherei: or z is > 1. The above structure is a non-liniting
exanpl e. Accordingly, other structures may al so be

t e of N-acetylation.
Ptegrgttgﬁgagen ér?r]g)fi )}t}g‘gny gw t abl e bi oacti ve

agent The bi oactive agent may be as descri bed above.

each Ripathe sarerqr differebt, setscted fragetite goupteensigtisgtaid
fromthe group consisting of: bone norphogenetic
proteins MP) , antibioti , vitamns, growth factors,
t her aﬁ?su, agents, and a i nation thereof. Even

__jor e—i@—parCHcul ar —tﬁm—bmc@c)@el\ﬁgent is vitam n Bi
- Accordi ng oa%ot her "aspect, the:present invention
provi des a drug delivery agent and/or drug carrier

Whe?éﬁﬁq\/l'?sérﬁﬂet%l ound according to any aspect of the
resent invertion having the follow ng

forrrula wherein: x, y, and z are integers and each x ,
eacly Ryris thé samelor differenki selected drovatiee group ¢onsisting of.

selected fromthe group consisting of: OCH3 CH, -H

-C—(b: CH-CHCHCOOIVi and wherein Mis a netal; and

I
—NH—-C—CH —NH
NH~C 3 and 2,
M may be any suitable metal. In particular, M is any monoelectropositive metal.

Even more in particular, M is sodium (Na) or potassium (K).

o) ?Hs
H
. —C—-C=CH
In particular, at least one R in the structure is: 2 . The compound

may be a hydrogel of the compound.

In an alternate embodiment, at least one R, in the compound comprises an

unsaturated functional group. For example, the unsaturated functional group

may be a functional group with a carbon-carbon double bond or a carbon-

carbon triple bond. In particular, at least one Ry in the compound comprises a

carbon-carbon double bond. Even more in particular, at least one R4 in the
o CH

compound is: _C C CH,

In particular, the compound may have a structure as follows:
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each R2 is the sanme or different, selected fromthe

group consisting of: OIl -NHGCH33 and -NH2 . M
woreapoz90any suitable nmetal. In particular, M iBCHBG2007/000287

nonoel ectropositive netal. Even nore in particular, M

is sodium (Na) or potassium (K). OCH3 C= CH In

particul ar, at |east one QLGin the structure is: 2 .

The conpound may be a hydrogel of the conmpound. In an

alternate enbodi nent, at |east one R in the conpound

conpri ses an unsaturated functional group. For

exanpl e, the unsaturated functional group nay be a

functional group with a é@ir%-car bon doubl e bcfﬂ'& or a

carbonclrbon triple b :C+G=pgH t i cul ar O at CHee3H - 00T Na

fol 'ows: wRerei n: x
, yor zis > 1, and each RR2is the sane or diRferent,
selected fromthe group consisting of: Ol

wherein:
X, ¥, and z are integers and each x, y or zis >1; and
each R; is the same or different, selected from the group consisting of:

0O

—NH-C—CH, __ . —NH,

nd
The compound may have an average molecular weight from about 10000 Da to
about 15000 Da. The compound may have a degree of N-acetylation equal to or
grater than 50%. For example, the degree of N-acetylation may be about 60%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 100%. In particular, the degree of N-
acetylation may be greater than or equal to 80%. Even more in particular, the
degree of N-acetylation is 90%.

Even more in particular, the compound may have a structure as follows:

? (l:Hs CI)H:’,
o—H O—G-C=CH, O —CH;—CH-COO"Na
0 0 o 0
X
HO HO
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NH- C-CH, -NH and The conpound nmay have an aver age
nol ecul ar wei ght from about 10000 Da to about 15000
w@00904conpound nay have a degree of N acet yPEI/EG007/000287

equal to or grater than 50% For exanple, the degree

of N-acetyl ation may be about 60% 70% 75% 80% 85%

90% 95% 98% 100% In p )Ii_}l cular, the degree of

Nacetyl ation may be greater’ than or equal to 80% Even

nore in particular, the degree of N-acetylation is

90% Even nore in parti cul ar, the conpound may have a

structure as follows:wherein x , y, and z are integers
whetginl xeycang z,arg infegers and-each ’h ailzdse> bt Fioe ehpee isfugture is

o L g B e ), BB Bossie

depéhcﬁﬁ@b)h'tﬁélo@pregbﬁNOHd&yldﬂbhvefy agent and/or drug
carrier urther conprise at |east one

macr onpnomer ui t abl e nacr onononer be used.
The ghHg éi@é'#ﬁ[yeag@'ﬁezli’&ﬁ SRt GREIeT Y Bertagr a@%@f'%&ﬁe%t one
t
mackiiForieh AL ML e R ATER i, oy cxampl, e

mactdmaoaoﬁmer onay becah destiilted Bbeveoln. paiieuldr uthedeiaiciangnomer
. age nd/ or_dr arr | oaded th | east
s SRR dghan e TR o TEEGIAL: FoBotise. Thardh o a

com%attﬁ;w PefidfoTRE @/r@g d@ll\?é‘?tégé‘ht aa8/Yr dray chenérsmgy bEdbaded
exanpl e, the bioactive agent” may be as describ

withagioleast anet dreig arget @t deastheng icaiivei aganit Poy $L§taé>le drug

T N R s

as delaeribédab¥ve. ¥, and z are integers and each x , y or z
is > 1;

Another aspect of the present invention is a hydrogel comprising the compound

according to any aspect of the invention having the following formula:

O—R1 O—R1 O—R1
X y z
HO HO HO
R2 R2 } R2

wherein:
X, Yy, and z are integers and each x,yor zis >1;
each R is the same or different, selected from the group consisting of:

0 Cl‘»H3 CH,
Il

l _
—H —C-C=CH, __, ~—CH;~CH-COO M

wherein M is a metal; and

each R; is the same or different, selected from the group consisting of:
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each RlL is the sanme or different, selected fromthe
group consisting of: OCH3 CH3 - H-CC = CH2 and -CH
WQ2@B0® M wherein Mis a netal; and each R2 PGI/S&m07/000287
same or different, selected fromthe group consisting
of :O-NHC CH-NH and M may be any suitable netal.
In particular, Mis any nonoel ectropositive netal.
Even nore in particular, M¥s sodium (Na) or pot assi um
(K). In particular, at O CH3 .least one rR, -i in xt
uhe structure is: C- C=CH2 . In an alternate
enbodi ment at | east one Rl in the conpound conprises
an upsaturated functional group. For exanple, the
unsall urated functional group may be a functional group
—NHC T h’rg,bon caWdn doubl e bond or a carboncarbon
triple bond®" qn particular, at least one Ri in the
compound conpri ses a carbon- carbon doubl e bond. Even

M niay e any paithblelnatal. i patieatar,odesRiny mohbelettrobbsitie Metal.
= CH conpound is: In particular, the conpound nma

EveR 0Fg,dh lﬂaétl%a$ V1| isveodiyimeNa)nor potassmm (K). In p%rtpcular at
Q G

least one R in the structure is: —C~C=ChH, :

In an alternate embodiment. at least one Ry in the compound comprises an
unsaturated functional group. For example, the unsaturated functional group
may be a functional group with a carbon-carbon double bond or a carbon-
carbon friple bond. In particular, at least one R; in the compound comprises a
carbon-carbon double bond. Even more in particular, at least one Ry in the

Q §hs
compound is: —C—C=CH2.

In particular, the compound may have a structure as follows:

o <,3H
0—C-c= CH, —CH;— CH -COO™Na'

wherein:
X, ¥, and z are integers and each x, yor zis >1; and

each R; is the same or different, selected from the group consisting of:
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X, Yy, and z are integers and each x , y or z is > 1;

and each R2 is the sane or different, selected from
W0 b@gewwp consisting of :O Il NHC CH -NH aPdr/SGm07/000287
conmpound may have an average nol ecul ar wei ght from
about 10000 Da to about 15000 Da. The conpound nay
have a degree of N-acetylatjon equal to or grater than
50% For exanple, the degr‘%g of N-acetylation may be
about 60% 70% 75% 80% 85% 90% 95% 98% 100% In
particul ar, the degree of Nacetylation may be greater
than or equal to 80% Even nore in particular, the
degre@e of N-acetylation is 90% Even nore in
partlicul ar t he conpound may have a structure as
Nidrt gﬁ and z are integers and each x,
yor2|s> The above structure is a non-limting
exanpl e. Accordingly, other structures may al so be

Thepasspdured negpeave ata)lg a?eragbe'rmmgmw wélg:’xk ﬁomf shaiti @000 Da to
T dro ma e r e'n evera tlons

abopp TG har Thefial g Tawe 3 degiee ol aesiatisneeRual to or

grat@PMérPBb%o%r e a;héofﬁédd ea&mlafcéiylé’ﬂtﬁ Y bé‘%bHQ?GO%,

Is not limte one of oW ng ug
70°/de75%e BQ"/o,vﬁﬁ%d 9@%3&5%9 98%3 nt0&abn patttcalarbthﬂadegmof N-

acefyiRRCiravCe dke? ufin bf EGlial P EDYE. 7 &8l e dF Eiiigyer, the
degfes¥ bf NLMﬁaf‘@@m o0y and/ or replacenent materials. In
particul ar, the bionmedical application is drug

delivery. The hydrogel accordin 0 any aspect of t he
EVe;Br’E@EEh'tn partiewer, JHGWRWH@?\Y%@@@ steuciurg aufallovse

macr onononer. Any suitabl e macronononmer may be

o CH
\w )\g ?\{\%COO )
wH $H
g0 G-o
CH, CH,

wherein x, y, and z are integers and each x, y or z is >1. The above structure is
a non-limiting example. Accordingly, other structures may also be possible,
depending on the degree of N-acetylation.

The hydrogel may be for use in several applications. For example, the hydrogel
may be for use in biomedical applications. The biomedical applications may
include, but is not limited to, any one of the following: drug delivery, wound
dressing, bone substitute, bone cement composition, temporal joint spacers,
dental cement composition, skin substitute, soft tissue distension, soft tissue

repairing and/or replacement materials. In particular, the biomedical application
is drug delivery.
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used. For exanple, the macronononer may be as
descri bed above. In particular, the macronononer is
w@iopzoy/ | ene gl ycol ) diacryl ate (PEGDA), copPCT/8€2087/000287

t hereof, or a conbination thereof. The hydroge

according to any aspect of the present invention nmay

further conprise at Ieastfﬁre drug and/or at |east one

bi oacti ve agent. Any suitable drug and/ or bioactive

agent may be used. For exanple, the bioactive agent

may be as descri bed above. Accordingly, the present

i nvention also provides a hydrogel accaording.to any
Thea@w@gebﬁcwém%%myoasmﬁt e‘ééh%@raswtu@\fagt'wéw further
comggggt taf%gépﬁngrﬁﬂgcﬁﬁﬁéﬁcﬁﬁer Aﬂﬁ{r hs‘i‘t’ltaﬁl%ol‘%r%kr&inohBF‘ner may be

Sent rnvention IS oslition conprising

used:ormuemmpmormmgna@omwomemapfba hees |d®$enbednabove In
the fol |l ow n

partigpla, e gars e eben 5. Yy EtnyeRe “aiol tiatmidEs (FRgDA),
cop@l?l"iﬁf‘eré’rthé#‘e“oft eéreﬁteorﬁ@ihﬁﬁéﬁ%éféﬁm The I%d@é@él%&dr@hgn@ any

elansamata each is the sane or
aspeitfdfdhe mxresentumrélonfmayﬁurﬁtergammﬂsmatsleesﬁ eie grugoand/or at

-NH G CH, .- NH. ndM sui I I
loash g Bl ve S oAy ot e g B Yo FEYE) coqf ey be
usefiDl Eorl Mex@dfipleC Uhar bidddtives ejant (i) sy a0t descrived Kabove.
In particular, at O CH3 .| easxt
Accordingly, the present invenfion also provides a hydrogel according to any

aspect of the invention for use as a drug delivery agent and/or drug carrier.

Another aspect of the present invention is a composition comprising a

compound according to any aspect of the invention having the following

formula:
O—RA1 O—R1 O—R1
wo)\{m O?\(m *h—
X y z
HO HO HO
R2 R2 R2
wherein:

X, Yy, and z are integers and each x, yor zis 21;
each Ry is the same or different, selected from the group consisting of:
0 g G,
1] N
—4 —C-C=CH, __, —CH;CH-CO0 M

wherein M is a metal; and

each R; is the same or different, selecied from the group consisting of:



one rR in tLhe strucxture -is: C- C=CH. In an
al ternate enbodinent, at |east one R in the conpound
W@orpie®es an unsaturated functional group. FoPCT/SG2007/000287
exanpl e, the unsaturated functional group may be a
functional group with a carbon-carbon doubl e bond or a
carboncarbon triple bond. Jd.n particular, at |east one
Ri in the compound conprises a carbon-carbon doubl e
bond. Even nore in particular, at least one R in the
O CH3 conpound is: . In particular, the conpound nay
have a structure as follows: wherein: x , y, and z are
int&yers and each x , y or z is > 1; and each R2 is
or d|ff nt, selected fromthe group
h&éné?sws ﬁiF NH-C- -NH and The conpound may
have an average mol ecul ar melght from about 10000 Da
to about 15000 Da. The conpound may have a degree of
M rTlayabﬁeaW stitabledgetal. InpasticyantM s ahumenoglegisppositive metal.

N

partl cular, the degree @ BSxfetylation may be greater
t han or equal to 80% Even Ino in particular, the

IeasfiSH% ﬁfthé\léﬁﬁ%)’é%t' on $590%'2Even nore in

e conpound may have a structure as
folloms wherein x, y, and z are integers and each x ,
5 In an alternates embindimant, afoleast bnecRurie the compound comprises an

unsaturated functional group. For example, the unsaturated functional group
may be a functional group with a carbon-carbon double ‘bond or a carbon-
carbon triple bond. In particular, at least one Ry in the compound comprises a
carbon-carbon double bond. Even more in particular, at least one Ry in the

Q §
10  compound is: _C—C=CH2.

In particular, the compound may have a structure as follows:

o CH
O——C C CH, O —CH;— CH -CO0~ Na

wherein:
X, ¥, and z are integers and each x, y or zis >1; and

15 each R; is the same or different, selected from the group consisting of:
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a non-limting exanple. Accordingly, other structures
may al so be possi ble, depending on the degree of
woR@oO2pkat i on. According to a particul ar aspeRCT/SGI087/000287
conmpound may be a hydrogel of the conpound. The
conposition may further conprise at |east one
macr onononer. Any suit abl §TRcr omononer nmay be used
for the present invention."fFor exanple, the
macr onononer nmay be as descri bed above. In particular,
the at | east one macronononer may be pol y(ethyl ene
gl ycol ) diacrylate (PEGDA), copolyners thereof, and/or
a c i nation thereof. The conposition my furt her
|§§ at Ieas I_%ne sol vent. The solvent may be any
he sol vent may be as descri bed
above In partlcular the sol vent may be water. The
conposition may further conprise at |east one
The eshguemdduay ihaverart avérage naokecelar vegiglat fsemeahosh d96O0\Ra to

aooffEl§dcharTie BEmiEAe 7 aT EPESHHEE U BoBBefich Lot or
rat@usth%csm%u Fob eRaffile fth@'dd”gﬂze f NaaiceBsationbedy alzosisout 60%,

Accord % t o anot her art| cul ar aspect,
©

t he
70°/q:o7rﬁ%580 rsa%y%%rt » 8@ ri098e.a p@ﬁ@ﬂl%n@e degree of N-

| e e
acel( B B E g BF oS 2RO EVRIERIRY Pl o
degrerdbfonagesyiatdreisi @0%may be barium sul fate The
conp03|t| on may further conprise at |east one

nmerizat.i itiator and/o ast ane
EveEan oA AT dhe GPRIAUBH Mapat & hiure S follows:
pol ymerization initiator and/or polynerization
accel erator may be used. dhexpol ynerization inighator

and/ gr_pol yrmeri zati on 6—‘—%' éLa:IHor may beoagclqleséﬁlé&gr,\la

bl e

" '
C=0 C=0
CH, CH,

wherein x, y, and z are integers and each x, y or z is >1. The above structure is
a non-limiting example. Accordingly, other structures may also be possible,

depending on the degree of N-acetylation.

According to a particular aspect, the compound may be a hydrogel of the

compound.

The composition may further comprise at least one macromonomer. Any
suitable macromonomer may be used for the present invention. For example,
the macromonomer may be as described above. In particular, the at least one
macromonomer may be poly(ethylene glycol) diacrylate (PEGDA), copolymers
thereof, and/or a combination thereof.
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particular, the polynerization initiator may be
ammoni a persul fate (APS) and/or the polynerization
w@ewehz9ad or may be PCT/SG2007/000287
N, N, N, N - Tetranet hyl et hyl enedi am ne (TEMED). The
conposition may further conprise at |east one
pol yneri zati on inhibitor. n%]&e at | east one
pol yneri zati on i nhi bitor prevent prenature
crosslinking of the conmposition. In particular, the
pol yneri zation inhibitor may prevent or reduce the
premature generation of free radicals which lead to
The moamudsitian ovaydeithakcomprise ah lgast maeradvantoblhe 'rsnk/ieng may be
may_render the conposition, usel
any SoltabErS R Ttod"F AN SPn Y e essirotraliols, I eiculay the
solveHt mal!s whem cal or material which prevents
free-radical polynerization nay be used for the
pur poses of the present invention. The at | east one
Thepmrpm@sntlcz@tm@\hfurﬁnﬁwqmpr%;ﬁt deaslyors qstessepguctive material.

Any® Eﬁﬁacﬂlén{%’%gc Hcﬁucﬁﬂ/es Tt WeAqlREe ﬁ{%?/ d¥teoconductive

t ranspor e compositi on' " For exanpl e

matpndalynay ibeads descrrﬁaobabcwe | ablidufalr, doplbsieoeonductive material
3})' benzoqui.none, trinitrobenzene, nitrobenzene or

ma d@%ﬁ%ﬁ%ﬂ T'Q?@/Ph?\’ﬁ' azyl (DPPH). In particular, the

pol ynmeri zation inhibitor is hydroqui none. Only a small

Acc@ﬂﬂhﬁ‘io ﬁﬁoﬂ’@rbﬁﬁidtﬂéﬁéébéc’t rthék&di"%oélﬁ’orf ﬁ'fély'fﬁﬁﬁer Efprise at

exanp le, the rrerlzatlonlnl bi t or be about
leasd. ane- mdlon@qtgmmaw@nalsérdmeoradml@am amatwea mayolpe tay suitable

racEBAREE ahefilet. o 1F SRS ik STt Bud g o

sulfagent may be used. For exanple, the bioactive agent
may . be as described above. In particular, the

bi oact i ve agent _may be sel ected fromthe group
Thec gaRPOSItiRG BTaY Baﬂéerneﬁarﬂﬁagén@ft .%asﬁrm%. vrpgm)tlon initiator

and BPIEH4( e O celdBIGE U 4808 poyAion
initissioo carid/oe p@gmenzaiyunbecmleea’mm nBay be used. The polymerization
initiator and/or polymerization accelerator may be as described above. In
particular, the polymerization initiator may be ammonia persulfate (APS) and/or
the polymerization accelerator may be N,N,N’ N'-Tetramethylethylenediamine

(TEMED).

The composition may further comprise at least one polymerization inhibitor. The
at least one polymerization inhibitor may prevent premature crosslinking of the
composition. In particular, the polymerization inhibitor may prevent or reduce
the premature generation of free radicals which lead to premature crosslinking.
Such premature crosslinking may render the composition useless. Any suitable
polymerization inhibitor may be used. For example, any suitable chemical or
material which prevenis free-radical polymerization may be used for the
purposes of the present invention. The at least one polymerization inhibitor may
delay or prevent crosslinking during storage, manufacture and/or transport of

the composition. For example, the polymerization inhibitor may be
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The conposition according to any aspect of the present

i nvention may be a bone cenent conposition and/or a
wa@leowarogenent conposition. The conposition ackRCr/8G197/000287

to any aspect of the invention may be used for severa

appl i cations. For exanple, the conposition may be used

as bone void filler, bone cenent, dental filler

mat erial, fixation cement Por bone prost hesi s

inplantatlon and/or filler of soft tissue spaces.

According to a particul ar aspect, the conposition nmay

be for use in nedicine. The conposition may be for use

hydroyuindrieg pedipcheazoiquiraineons . trifdiroleeragples, thmobengene or

OSI ion for use i.n arthrop rocedur .
d'pfen%w hsvdrazgf y@%ﬁ"ﬁ ) xHt i reﬁfhetﬂ abrg‘er@@eﬁ tqny il bitor is
hydﬁﬁﬂ eThSnl jiitarRBu ?8! er-‘!n Sn ibhiBase;s téddnr@ﬂ. For

e repalr ng, one I npl an or Jolning
exatypie, theplohymoarizatioa iobibjios mayolme abyutb@; Oﬂ ). 1weaighih¥nbased on
th Fﬁ GnStbF % on is necessary because of osteoarthritis,
S STE 8 FﬁQW?Q?% IO+ aumat i ¢ arthritis, avascul ar
necr osi s, nonuni on of fractures of the neck of the

Thef €oMposisibh khgy efdd fartiesm @mFﬁé@@l@%&ﬁMﬁ‘ne pReefdaragent. Any
severe joint destruction followi ng trauma or_other

suﬂeeleohl@aem@ g oY R Ysiedation @xampé% fae bigadiyeeagent may be
as %és%?lb%ea% éﬁﬁkﬂfa’ CtHé%.bﬂ%féCég rrp%}? lﬂqa%?cted from the

I sease an evl st on of previou
groyp anedistieg . oﬂ' Hu@mrmmpho@en@tcmpraiemg (BNIBmyaashnems ofrowth

th t I b fillin .
factindRoiaPeslic APOIS GRAS EFIAoRANETal Syer arredl drarticular,

the%ﬁdc‘ﬁ% g%ﬁﬁm‘éSF%@\ﬂfa’i‘ﬁxhaé spine and pelvis, and for
bone cts. The con‘pos|1i| on may al so be used for

di st aI _r_adi us void filling, tibial plateau void
Thef comppgition; ageardipl tonanyiaspect Iof e anagent inxeatioreanay be a

bon§?&q%%ﬁ%¢og§€%§ttwﬂﬁel§ @P%Sdéﬁfg&f‘%ejﬁé@ncdor@ﬁ%ﬁ o PheSHRbsition

accbrdiag itorangfaspett of theainviedtiohmap beamsedsfo? deverdleapplications.
conposi ti on nmay

For example, the comiposition may be used as bone void filler, bone cement,

dental filler material, fixation cement for bone prosthesis implantation and/or

filler of soft tissue spaces. According to a particular aspect, the composition

may be for use in medicine.

The composition may be for use in orthopedic applications. For example, the
composition may be for use in arthroplasty procedures of joints, for the fixation
of prostheses to living bones. The composition may be for use in bone filling,
bone repairing, bone implanting and/or for joining bone implants. The
composition may be for use when reconstruction is necessary because of
osteoarthritis, rheumatoid arthritis, traumatic arthritis, avascular necrosis, non-
union of fractures of the neck of the femur, sickle cell anemia, osteoporosis,
secondary severe joint destruction following trauma or other conditions
(including fixation of some unstable fractures in metastatic malignancies),

collagen disease and/or revision of previous arthroplasty procedures. The
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be used as fixation cenment for bone prosthesis
i npl antation. The conposition nay act nore as a
W0 paove29049or exanpl e, the conposition may serVvRCESGZ07/000287

grout or interfacial material between the reaned
medul | ary canal of the proximal ferur or tibia for
total hip or knee inplants,_ respectively, and the
netallic stem of the prostftesis. The conposition
applied to the nmedul lary canal, for exanple, is
intended to forma layer (mantle) of uniformthickness
bet ween the bone and the inplant stem This cenent

compesitica acsording el ady taspreicbbiheckriesent imventioe knap alpo thigeused

f th d b t [ .
for 1§ BB Yeldh PR oTans 8 os gredial St skl S paidhtes.
crarfofésial, t spihd) aR@rpeis aan@ XaiChbie dBfethe STHd eofipapiionfmbhalso

total joint stem For_the purposes o rese

] ! or_ { ) f . the present . .
be usrckfari distah ragivg" vaidffiling, tibial platgay veid filliegpbial pifpr void
- ) y £ 0 a condition which may be
f'”mé%ns@%gc?%%q{aeaéi(@gg@inddnd needs to be treated

therapeutically, whilst with the termgap, it refers
Thet compositidnt acooraingcto ismynaspentcefs e idrgsentdirveaten andy be

genBEliaed 1L Freisos! SECRLMINE,Hhhe soer o1 T combahiion may
be GSRES f%ﬁsn%e%eﬁgefm bloR¥ §hbk R sBimEbARtRA. TRk éb‘-‘ntﬁiﬁdgéltion

vertebroplasty and/or kyphoplasty. I'n particular,
may eofpoera aera fitkey. ber exaniples the somposiinanmay Geps as iaogrout or

. for. t ebr.gpl.ast d/ kKyph . |
ntel{A el G ey S o P dSBMET MHGy LA dpena) &P B femur
or tibi€fritBal WY bERA8E IPPENtE STspBciVERgtaiEthe RRtallid aleen WS the
vertebroplasty was first reported by a French group in
progthgsist dinet pemppeiionearPlisd Baithe unedeliaii ganms for) gxample, is
e 38, PRV P of SRt 1BBupeh 4R brPanc
the GopRINe StEANThisasneismahtle isrinterdetbivpmeshanically interlock with

fractures, d i nf ul t ebr al tastasis. | .
the Rares, CA MR gzengpégg Ié:g)rn(lép@lﬁ r@?’%p@?ﬂ}yrggéfoeﬁgétse for the pneablhty of
the surgical technique to create a cavity in bone that exactly matches the shape
of the total joint stem.

For the purposes of the present invention a “gap’; refers to a cavity of the bone.
The term “defect” refers to a condition which may be considered a disease and
needs to be treated therapeutically, whilst with the term gap, it refers to a
condition which is not necessarily a disease and may be treated non-

therapeutically, for example for cosmetic purposes.

The composition according to any aspect of the present invention may also be
for use in vertebroplasty and/or kyphoplasty. In particular, the composition may
be used ds a bone cement composition for vertebroplasty and/or kyphoplasty.
Vertebroplasty and kyphoplasty are recently developed techniques for treating
vertebral compression fractures. Percutaneous vertebroplasty was first reported

by a French group in 1987 for the treatment of painful hemangiomas. In the .
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the conposition may be percutaneously injected into a
fractured vertebral body via a trocar and cannul a
W@ IBnea4IThe targeted vertebrae are identifi edP@E&2007/000287
fluoroscopy. A needle is introduced into the vertebral
body under fluoroscopic control to allow direct
vi sual i zati on. A transpedi §¢“ ar (through the pedicle
of the vertebrae) approach”Ys typically bilateral but
can be done unilaterally. The material can al so be
delivered through an extrapedicul ar route. Kyphopl asty
is a nodification of percutaneous vertebroplasty.
1Qgﬂyprpmblatsngomv‘tﬂrbeimalap’tyeIviIaa' raaatgnd;&obptot mﬂicaﬁmpr irefsding
ttheé)[ercrh%) ?{ f an ?tabeba Jn ¢
OISR IS gbromp %ﬁs% FEUYEPy ‘“:5?'1‘ GfCONPRISERIPN JERftures,

and pagdliPveriesial ncYadtasis NR 9 peRiUtMed s ¢aHBIBbIdstechnique,
injection. Further, the proponents of percutanecus

the rgipRopitian thpan b@doegggfg@gp@@ﬂytmptad Hio ;o feaeurast vertebral body

vie B3HLTS1E B AR, A, Pk 6B bk 588 S

fluoruseppyp.eal ﬁeh.atle tidh fi:‘ntmdmfeﬁl iht@thes @Brtébral njoeiyt @ert ﬂddmgéoplc
co &ressures into the cqoll apsed vertebra since a
n

Qi erallaw dirgeleyigealizaior offdtRfsegicul amhmghsthﬁdze\@qie of the
vertéBiRR)! aprpgea&ﬁn.gl e@?éa|nétev5ﬁa§8reﬂ%‘ﬂswn E@%&Mﬁéfé@@. The

acco to an e I nvention nma
maténal aaealso b@edﬂlwete@tfmon@toanpmdnapddnﬂﬁr raptml i cations.
Dentistry and/ or peri odont al applications may be for
eutic dent

kyphBRERR" I o JHEPIEReRh, S Rt eoin et BPh AR Y. Kyphoplasty
lndeééCQ%féﬁmlrm?y $6p Qﬁét"@ém[ér@@sﬂ‘ﬂ@é pRFOREHEHES plaldtnent of an

osition according to ang@as pect of the present

lnflat&h/I@rha"@ﬁn rtampo@ t!r@ewerfte@hrab dy alnflatipniafdhe daalioan creates a
cav@r B ﬁﬂgf %?lgﬁghtn@o BH&’%{}R ch%ée%uhg.g[ pg\gp%qpqqe(%s of

percEL&aaedSus rkqphoplaeltyf ihiabé ngugdessted ethat tprfeQSure balloon-tamp
mflaltlrc])tnrgacnorast)rl]gajxstbrl)a?rﬁg )1 rr] stgrnedcglttegrgllcb%ldy ﬁélyl'l’? rI/n ky gi‘noplas’ty, it
has been proposed that the composition can be injected at lower pressures into
the collapsed vertebra since a cavity exists to receive the composition — which

is not the case in conventional veriebroplasty.

The composition according to any aspect of the invention may also be for use in
dentistry and/or periodontal applications. Dentistry and/or periodontal
applications may be for therapeutic dental procedures or non-therapeutic dental
procedures. For example, non-therapeutic procedures may be cosmetic dental
procedures. The composition according to any aspect of the present invention
may be used for several clinical dental procedures including, but not limited to,
pulp capping, management of root fracture, root perforation repair, root-end
filling, barrier cement for intracoronal bleaching and/or apical barrier/plug. The
composition may also be used as a temporary filling material to be placed in the
tooth until a permanent restoration can be placed. The composition may also be

used as a permanent filling material. The composition may further be used as a
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conposition may al so be used as a tenporary filling
material to be placed in the tooth until a pernmnent
W0 2®P02®ed on can be placed. The conpositi on naRCEEGWON@00287

used as a permanent filling material. The conposition
may further be used as aprotective cenent barrier in
i nternal bl eaching. The copposition nmay be pl aced
above the root canal filli material to mnimse the
| eakage of bl eaching agents through the root. Yet
anot her use of the conposition nmay be as a managenent
of root fracture, in which the conposition nay be used

protectiveoceament bawier doirtiemial bleanhing. ridw ummpoviﬁen o be placed

osi tion used i n_pul L7 t he
aboyie M iatisanal M asePrBtRirie B2 eptadstot BRGchilg 'alents
throlig§ e réct! YethRo®sPesEIot tAE CophpdsitorPesy e 49ld m%agement
traumati c acci dents. The conposition is placed o

of raqidrasipiss da Which the ¢ompasiiat maw ke fusei tagoos ﬂdlr@itpoth with
root@rla%ﬁﬁ% over it. In the case of root perforation

repair, this is carried out via an intracanal approach

or using a surgical approach. The intracanal approach
Whemihel e@sppsidoriensedin phkp capging) it ionsedar thet hnanagement of

erforatlonls i.n or S erfo atjon,
deeﬁmwa e%esaf»o%%d%a i‘?ecéiﬂ?“@fv avlpe?xposure
f f
ool z%ggfag@@%cmﬁgﬂﬁﬁéagﬁdgsg?nagv.l%ﬁ?@%m@%*g%eﬂ%wp

and Rorestarative fitlingii$ tHemgplaced oyenitsur gi cal procedure
carried out to establish a seal at the root-end of the

i 480 AR BB i R, Ry prca

appfaadht Yor égihgab dagideragproachs THY fimtesta®ial approach involves
non-vital I mmat ur e pernmanent teeth with an open root

placgmsnt %Hﬂ%mﬁwaﬂ%w@rwtaeeaeré@railﬁe iBodi Oéﬁgr e seal the
perfBFft?)tngaﬂg? aﬂrﬁﬁhl Ry odth a?. &Y 881 ScHibe GKET 838N aftEr the

roo |ng
intracanal approach fails or if the perforation is inaccessible through the access

cavity of the tooth.

For root-end filling, it is a surgical procedure carried out to establish a seal at
the root-end of the tooth. A cavity is prepared at the root end of the tooth and

the composition is placed in the prepared cavity.

Apical barrier/plug is carried out in non-vital, immature permanent teeth with an
open root apex. The composition is placed at the root end o create an apical

plug which prevents the extrusion of root canal filling material.

Details of the procedures mentioned above may be found in any standard
endodontics textbook (Pathways of the pulp. Eds Cohen S, Burns RC. 8" Ed.
Mosby Inc. St. Louis). Further, it would be known to a person skilled in the art
how to perform the procedures.

Another aspect of the present invention is a method of preparing the compound

having the following formula:
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Details of the procedures nentioned above may be found
in any standard endodontics textbook (Pathways of the
w@eiop/029ds Cohen S, Burns RC. 8th Ed. Msby | neCT/SE2007/000287
Louis). Further, it would be known to a person skilled
in the art how to performthe procedures. Another
aspect of the present invention is a nethod of
prepari ng the conpound hav?%g the follow ng
fornmul a:wherein: x , y, and z are integers and each x
, yor zis >1; each RL is the sane or different,
sel ected fromthe group consisting of: wherein Mis a
met aP—&1d each R2 is_OheRlane or differentRi sel ected

( the group -NK and M
posolt ar(ﬁ\m\

d (Na) dr pptag K) . Paf T, d

CH3 r ; R8] n least one RRAn the structure rs: In

an alternate enbodi nent, at least one Rl in the

conpound conprises an unsaturated functional group.
whergip: exanpl e, the unsaturated functional group may be a

functional group with a carbon-carbon doubl e bond or a

X y%ﬁ&;’%’%ﬁﬁﬁﬁ@ erférRi gagpng 0}9 ig&érlt.i cul ar, at |east one

e conpound conptisesS acarbon-carbon doubl e
bond. Even nore in particular, at least one R in the
eacth RGH8 the same or different, selected from the group consisting of:

Q ¢ GH,
u _ -+
-—H, —C—C=CH, and —CH;—CH-COO M ,
wherein M is a metal; and

each R; is the same or different, selected from the group consisting of:

0
—NH—C—CH —NH
NH=C 3 and 2,

M may be any suitable metal. In particular, M is any monoelectropositive metal.
Even more in particular, M is sodium (Na) or potassium (K). In particular, at
0 (|3H3

]
least one Ry in the structure is: —C=C=CH, X
In an alternate embodiment, at least one R in the compound comprises an
unsaturated functional group. For example, the unsaturated functional group
may be a functional group with a carbon-carbon double bond or a carbon-

carbon triple bond. In particular, at least one R¢ in the compound comprises a
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-C-C=CH, compound is: In particular, the conpound
prepared by the nethod may have a structure as
WO 200bo2®19 wherein: x , y, and z are integers aPcI/®6uia7/000287

X, yor zis >1; and each R2 is the sane or

different, selected fromthe group consisting of: O

NH-C- CH, -NH and The co[ﬁbound may have an aver age

nol ecul ar wei ght from abo 10000 Da to about 15000

Da. The compound nmay have a degree of N-acetyl ation

equal to or grater than 50% For exanple, the degree

of N-acetylation may be about 60% 70% 75% 80% 85%
carbofogargsn,daadie bpodydEviem prreiibupaiticulane atidepsdéeonsf Ry in the

Nacet yl ati on be greater than or equal to 80% Even

nore in par?i f@r, the degree of N-acetylation is

90% Even—r(p-r-e;#@HBarti cul ar, the conpound may have a
compprNdisire as fol | ows: wherein x , y, and z are integers

and each x , y or z is > 1. The above structure is a

bdrMud I ok disng! c

in pBRIGulr i BSmERE, epeLbli g Mietnth PRy g ERure as
followsacet yl ati on. The nmethod conprises the steps of: (a)

depol yneri zation of chitin; and (b) esterification of

the product of step (a) vviteHrret hacrylic acid. (Zél'ﬂe

step_of (a) depol yneri zaty on of chitin may be achi eved ,
by 48Tl suitable O—C—C=CH, O —CH;—CH-COO Na
o) o 0 o)\'
X y z
HO HO
R2 R2

wherein:
X, ¥, and z are integers and each x, yor zis >1; and

each R; is the same or different, selected from the group consisting of:

—-NH—(I|3—CH3 and -—NHZ_

The compound may have an average molecular weight from about 10000 Da to
about 15000 Da. The compound may have a degree of N-acetylation equal to or
grater than 50%. For example, the degree of N-acetylation may be about 60%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 100%. In particular, the degree of N-
acetylation may be greater than or equal to 80%. Even more in particular, the
degree of N-acetylation is 90%.

Even more in particular, the compound may have a structure as follows:
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acid and/ or enzynes. For exanple, the depolynerization

step may be achi eved by subjecting chitin to
woyapozdokori c acid for a suitable period of tiPE&l/SGI007/000287

particular, the chitin may be subjected to 10M

hydrochloric acid for about 15 m nutes. Suitable

enzynmes whi ch may be used édw t he depol yneri zati on

step include, but are not Timted to, chitinases,

gl ucosam ni dases, |ysozynmes and hydrol ases. The step

of (b) esterification conprises chem cal

derivatization of chitin. In particular, the

esterification step intrdéi s RL into the conﬁ&hnd to
chHtin nethacryl e-CHoecuhitin na ha@B—KheCoo Na

Qy i met hyl a
Having nowHgeneral 'y
wi Il be nore readily understNbod through refer hlce to

the foll owi ng exanpl es whi cld; -ar e provi ded by
illustration, and are not irfdtended to be Iimtl ng of
t he present invention. N}}tﬁis Chitin was puf%hased
fromEl and Corporation Ltd, Thailand. The nol ecul ar
wei ght of the chjtin grom mat el 298
WheA‘?fﬁsiﬂ Yo 88d pqa¥e. mtﬁg%ﬁ ﬁva ARy z( G ove ‘'structure is
a nBﬁJIM{lﬁr‘i@é)&'ﬁ?plgl )A\%badlr‘i’gl?c b?tﬂéﬂ &r&&ﬁ@mé‘ﬂ‘a@@be"‘%éssuble
pur chased from cg drich. Methacrylic acid
dependingl attiveded reaiod &- emwﬁ’ﬂonet hacrylic acid and
4-di met hyl am nopyri di ne (DVMAP) were purchased from

F o Li .\as,, abt. aj fromJT. Baker. Vitamn Bi 2
Thearhgﬁﬁ%#o&géql%% tg%a%%gy§ﬂ0) was bought from Merck,

Cer many.

(a) depolymerization of chitin; and

(b) esterification of the product of step (a) with methacrylic acid.

The step of (a) depolymerization of chitin may be achieved by using suitable
acid and/or enzymes. For example, the depolymerization step may be achieved
by subjecting chitin to hydrochloric acid for a suitable period of time. In
particular, the chitin may be subjected to 10M hydrochloric acid for about 15
minutes. Suitable enzymes which may be used for the depolymerization step
include, but are not limited to, chitinases, glucosaminidases, lysozymes and
hydrolases.

The step of (b) esterification comprises chemical derivatization of chitin. In

" particular, the esterification step introduces Ry into the compound to form chitin

methacrylate.

The chitin may have the following formula:
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Photoinitiator |rgacure 2959 from C ba Speciality
Chem cal s, Singapore. Other solvents used were

W ewborwad grade without further purification. PERSGI0000287
1 a) Preparation of |ow nolecular weight chitin (LMV
chitin)4.0 g of purified chitin powder was placed in a
250 m _ round-bottom fl ask_ (RBF) containing 120 m _ of
concentrated HCl sol uti on? 7% . The RBF was placed in
a water-bath at 4 O0C and stirring comenced to
initiate hydrolysis. After 10 m.n, the flask was
transferred into an ice-bath for cooling down and then
the sol ution was pou into, a 600 m _ beaker. The
hydrol yzed chitin sQl ution was neutralised with 33.3%
(ww) NaCH solution | [

stirring yieldin t hat
conconmtantly fo ' ol uti 6M The sol ution
was centrifuged, i duejcol | ected and di al yzed

agai nst water for 2 days, an\HGO®@H4 i zed to obtain

hydrol yzed chitin powder. b) Synthesis of |ow

nmol ecul ar_ wei ght chitin nmethacryl ate (LCVA)
whegaipdy isfancigteass ad #Bd- car boxyl i ¢ group and hydr oxyl

group in the presence of N Ndi cycl ohexyl carbodiim de

i _ . . . o radi L] h £

AocBitind16'a FE OB AREE, B8 octofcd B st IOk s barie@out n
a litisianpehleddé/irné&thyacgtarhiden LoCI/RDEYAC) Balvedesystdmal cohol

or esterification of carboxylic acid and al cohol in

t he presence,of concentrated sul fyric acid.. The .
HavindL pBrcaSRIled SGroeH dhE dketiane dhe e Villike mafggready
undBREGE Irough efetende RICHdIIMWSg exbivpiMs whidheard praVided by

shown: 0.8 g of |ow nolecular weight (LMAN chitin of
wayref] ibusiradionnang igre oot intpdsd teake limitigoofthedresent invention.

di ssolved in 20 nL of 0.5%Li Cl/DVAc to nmake 4. 0%

(wv) chitin solution in a 100 nL round-bottom fl ask.

2.0 nL (0.0236 nol, 6:1 as nolar ratio

EXAMPLES

Chitin was purchased from Eland Corporation Ltd, Thailand. The molecular
weight of the chitin was approximately 200000 Da. Anhydrous N,N'-
dimethylacetamide (DMAc) and poly(ethylene glycol) diacrylate (PEGDA,
Mn=575) was purchased from Sigma-Aldrich. Methacrylic acid, N,N'-
dicyclocarbodiimide (DCC), methacrylic acid and 4-dimethylaminopyridine
(DMAP) were purchased from Fluka. LiCI was obtained from J.T. Baker. Vitamin
B2 and Hydrochloric acid (HCI) was bought from Merck, Germany.
Photoinitiator Irgacure 2959 from Ciba Speciality Chemicals, Singapore. Other
solvents used were technical grade without further purification.

- Example 1

a) Preparation of low molecular weight chitin (LMW chitin)
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based on pyranose of chitin) of nethacrylic acid was
dropped into the chitin solution using a syringe.
W@209629944 40% nol of nol ar of pyranose of chi tP€i)/SG10024600287

DMVAP (dissolved in 4 nL of anhydrous DMAc) and 4.88 ¢
of DCC (dissolved in4 nL of anhydrous DMAc, having the
sane nolarity as net hacryléé: acid) was dropped into
chitin solution in sequenc After stirring the
m xture for 48 h at roomtenperature, a white
precipitate was filtered off, which was identified as
di cycl ohexylurea (DCU), a by-product of DCC. Acetone

4.0 g9v@f padfied chitin pewderwasplaced ipestihiniavandHotionoflask (RBF)

conBiing 128,BL2R<BhAERRAEDE0 s0lhieh Py TR R alah Spoc i

a w@t@r-aatrssmm anfd sﬁh‘m rﬁﬁhéh@ed It@hMﬁat@mmawgi%t After 10 min,
deioni zed water at 4 5 days to reno

the fislkewas damsfasrashinte aﬁdﬁ%@aﬂe@r cmﬂng ik gnd {irrn the solution
f
wasS PPN, RPN Sedke. Tl i wes

neutrammbmmom 3P/@r(WAW)iNaIDHls@uﬁo@ lnfthehncélmath under magnetic
met hacryl ate as Bared le 1 was dissolved in

STROsy DA SIS FegPaRtey It £opapRtaate formetl 3 Tk Gelution.
Thepéaléftfcﬁ{ eseamngtyeal § héjlféé‘?cﬁl.Yé %Fecﬁé& I%\nﬂut‘tﬁé 3/988 URyainst water

stirring to nake“a Vi scous sol

for ZTdaysuraEElddyomnRZ@ tf obitpity by@r@ﬂyzledt@ntanﬂo@derg of barium
sul fate was prepared and added to the viscous sol ution

b) BB eBeh LSBT i e bac R W) *(1s0°

nmg in 1 mM H2O was dropped into the paste and the

Estearification oMise Sarboxgit gnmrmhydr‘oayl grbup &€ emslpresence of N,N-
Thereafter, 50 m of NLNIN

dicygohexylcarradiiplide ppdehetmethy laanipaamins) is(tigdifionahmethad that
can %Oéoﬁ\@f'ctéﬁi dpdel Prifd ?eé}it%h%(ﬁpltm‘% BaRbErtPH ¥ cylation of
ready ftor anpl e

i njection.
acyl halide and alcohol or esterification of carboxylic acid and alcohol in the
presence of concentrated sulfuric acid. The reaction pathway of the
esterification of chitin and methacrylic acid in 5%LiCI/DMAc solvent system is

as shown;

O CH,
o o=
0 O CHs ’
0 | ] S%LICIDMAc O . pou
—(—= e———-
HO \>\ + HO—C—C==CH, - DMAP, DCC o o %
n
NHCOCH,8 n
NHCOCH;

0.8 g of low molecular weight (LMW) chitin of molecular weight of approximately
10000 Da was dissolved in 20 mL of 0.5% LiClI/DMAc to make 4.0% (w/v) chitin
solution in a 100 mL round-bottom flask. 2.0 mL (0.0236 mol, 6:1 as molar ratio
based on pyranose of chitin) of methacrylic acid was dropped into the chitin
solution using a syringe. 0.196 g (40% mol of molar of pyranose of chitin) of 4-
DMAP (dissolved in 4 mL of anhydrous DMAc) and 4.88 g of DCC (dissolved in
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Preparation of conposition, formulation 2 0.2 g of
chitin nethacrylate as prepared in Exanple 1 was
wa@le@eordped in a solution of 2.0 g of ultra-purBCEGEN07/000287

and 3.0 g of poly(ethylene glycol) diacrylate with
continuous stirring to obtain a viscous gel-Iike
solution. A mxture of 3.6 of hydroxyapatite and 0.4
g of bariumsul fate was pr%%ared and added to
t hevi scous solution to nmake a fine paste until no
obvi ous granul es were observed. 100 ml of APS (150 ny
in 1 mM H2O was dropped into the paste with

4 mii ofoantusirgus DMAcHhbaviog tHe saevo nudarifyohs ovetbabiylic laeid) was
addjtio 5 af TEME m_ inlmM HO. _Th

drogfi intqebe i 36y Bpn ih; SHlEPemAReh stiihg fikeBEKH o7 46 h at

roorﬁ%mﬂéi‘éﬂu?é‘ atvl'l}ﬂter ﬁFécﬁblféfte R4l AneraRabit @hich Was lidehtified as
sul phate was ch angvtmas conpared to that iIn

dlcyctﬂhwvlama) (P& 0a 9du¢t@fd3$€eAeaMa way iaddetlite the ﬁhrate

to PneBiR: hnPhruel BT Arat e AL Ayt 5 L Sacbtone

thretaemﬁ@é aTHeechite Reivhitive wdsdisabiednin BOMLS6f teltthised water,
nperature was perforned at three different

SUbleéﬁtﬁfbﬁ%tCLﬁ“%mélf agaBStAEENIZes Water et 43entor BdaysTie, remove
et OGP BB PARPASSS, 86 5T I WAGTERES ot

fluﬁy’ﬁbﬁﬂmw@lmhﬂiarmemmylaﬂeom in Table 1. The setting
time and maxi mum setting tenperature were noted. The
Exaggs‘%e?aof conposition prepared according to the nethod

nple 2 was | oaded in a 10 ml _ plastic single-use
syringe and injected into the finger part of a |atex

Preghpiten ok coRfsosmion) phignddicre 1T, 2 19-4680, RS Conponent
Pte Ltd, UK) was inserted into approxi mately the

m ddl e of the paste and seal ed by_a colgger wire. The
0.2 @ 4f eRitin iyethashfiateopsprepgrast dn ixampleei t was giseplyed in a

solfress P8 ofhitRLSHENGAE 8RE 3.0 g of poly(ethylene glycol) diacrylate
with continuous stirring to make a viscous gel-like solution. A mixture of 3.2 g of
hydroxyapatite and 0.8 g of barium sulfate was prepared and added to the
viscous solution to make a fine paste without until no obvious granules were
observed. 100pl of ammonia persulfate (APS) (150 mg in 1 ml H,O) was
dropped into the paste and the mixture was stirred vigorously for 45 seconds.
Thereafter, 50 ul of N,N,N’,N’-Tetramethylethylénediamine (TEMED) (200 ! in

1 ml H20) was added to the mixture. The paste was then ready for injection.
Example 3
Preparation of composition, formulation 2

0.2 g of chitin methacrylate as prepared in Example 1 was dissolved in a
solution of 2.0 g of ultra-pure water and 3.0 g of poly(ethylene glycol) diacrylate
with continuous stirring to obtain a viscous gel-like solution. A mixture of 3.6 g of

hydroxyapatite and 0.4 g of barium sulfate was prepared and added to the
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tenperatures, each of 25C, 30C, and 37C, to nonitor
how t he tenperature changed with tinme using the
woRmwozdoBeEnch- Logger software (National |nstr uP@&R$62007/000287
US). It generally took about 3 m nutes for m xing,
| oadi ng the paste and sealing the gl ove before
starting to record the cha &?e in tenperature. Table 1:
Setting tine (tset) and maxXTrmum tenperature (Tmax) of
conposition prepared according to the nethod descri bed
in Exanple 2 at 25C, 30C, and 37C with varying anmounts
of polynerization initiator (APS) and pol yneri zation
viscaus sblutiondo rhak/eEdjne fastermtthod dfvicus grandésigierdeobserved.
tti and et [ solidificatio erature
1003 AP LA e il e gt sappachin Qe PSR it eyously
|l n t e r
stlrrllnga@@% §e(§:ro‘?1§ib LO‘FIS{{!%H by %aﬁﬁgél’é 5toxﬂipz§ @EPHXZB?SE] in 1

ml HA&p&hatpaske dasiregdy fdrtinjegtiomnd Tw i s the tenperature
of the water bath. The setting time (tset) is the

cor BEBATS EuoAr B Sl AR e ves

chaf¥&d hay 'Bﬂmﬁé%%&letb ftRat 2P GoAndiatll ar & NQldy the dlfference in
shown. Exanpl e Toxicity of conposition In vit

vxswﬁ:&@:wo@amenﬁund@ Xei@yassshown ip Figyue dd accordl ng to
the net hod of Exanple 2 was eval uated by both direct
t assay and indirect contact assay in conpliance
Exa?t?@l{?afsc) 1 0993-5 (Biological evaluation of nedical
devices - Part 5: tests for in vitro cytotoxicity).
ObsEmeatice! bf $attimg tisedandmaninmam seitiegtemperdtinee cel | s
MG 63 from ATCC, USA.

The setting time and maximum setting temperature was performed at three
different temperatures of the water bath: 25°C, 30°C, and 37°C. The
composition was prepared according to the method described in Example 2,
except volumes of APS and TEMED were varied as shown in Table 1. The

setting time and maximum setting temperature were noted.

The paste of composition prepared according to the method of Example 2 was
loaded in a 10 mL plastic single-use syringe and injected into the finger part of a
latex glove. A thermocouple (Type T, 219-4680, RS Component Pte Ltd, UK)
was inserted into approximately the middle of the paste and sealed by a copper
wire. The sealed finger part of the glove was inserted into a water bath at pre-
determined temperatures, each of 25°C, 30°C, and 37°C, to monitor how the
temperature changed with time using the VirtualBench-Logger software
(National Instruments, US). It generally took about 3 minutes for mixing, loading
the paste and sealing the glove before starting to record.the change in

temperature.
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The cells were cultured in M ni nal

Essenti al

Med

ium

(MEM G bco BRL) containing 10% heat-inactivated fetal

whowpazoger um (G bco,
acids (Sigm),

Cul ture

G ade,

BRL),

US Bi ol ogi cal ),
(Sigm) and 0.1 g/L strept
di rect contact assay,

t he

Pis

cin (Sigm).
te was cut

For th
into ap

0.1 % nonessent i al PENBGL07/000287
1.5 g/L sodi um bi carbonate (Cell
0.1 g/L penicillin

e
i ece

of 5 mm(length) x 5 mm (width) 1 nm (height) and

sterilized by g-irradiation for 2 days at 2.5 M ad.
The paste was placed onto a confl uent
and incubated for 96 hours.
24, 48, 72 and 96 hours respectlvely Pol ystyrene film

| ayer of c

ells

Sanpl es were eval uated at

dllu IUDJCI Ial cX gl UVC VWT T DCU aS lIIC lé;

Tempesature/e \lumedifs, Amopstof vel Bettiite | Hjn lce?ntF?e%‘\arks

(WawwhWPsABSr(fmb) med EME[M(;,LLr)g Tinge pai) ¢ exg{éc?
coht .aCL t+he—eet-s; . The paolc extract—nas pfEpare Eﬁﬁtla“y
soaki ng|the1@ast g i n f2eshl y| pBepaoad CQBI‘SU:E&GTE
of, . conpestti-gp—as—deseri-bedpbpove—tor2-days—and 'stlidified
s%%sequ-nt | ;0@4 Felerod- T ough AT 4N 3\33“'12 £y 13Qlidified
to sterilizeothe m xtupe. The extract vvas expose t?"‘%
layer—of cels—ankineubated| for 96-hours,—w-th | solidified
sanpl es|bei ngo extract egp at 24,1448+ 1and 36 .6wyrs. FP §‘ﬁ"y
cylt ur elredium-angd-0. 5% phenbl solutign se ified
ng ati V(g_a!;u:llo ositive vé\)nf ro ’G-Qrianﬂrf 1464 Y 0.6 Solidified
opti cal denssoty of eackpsanp|e obhtained framthe Not
direct contact assay and the extract assay are s n%ﬂ’ll'.d"ﬂ.ed
in Figutes 30%nd B resé®ctive 9-5:'-'@13 nedlib % 2skbr SOI!d!f!ed
fgund t ¢_bel8®nparabl €590 the Alg@fve ESHiF 47 |welldified
neans the coggoositioniggel f | sy@p-teoXi r42t4)+t1r5e Partially
selected cell linkes and its extract allso exhib dified

Tabidgt bt Settitigt imeo(teg t @ubiragximunk deawieratura (T pad tofcmmposition
preparednaghoedinghte theptrmethiodddesdiribed ih lEExampibe2 at 26°CeBD°C, and
37°@rWith Vakahd AoUrieBP bBlyPnerization initiator (APS) and polymerization
accelerator (TEMED).

The method of calculating the setting time and setting solidification temperature

was in accordance with ISO 5833: Implants for surgery — acrylic resin cement.

The setting temperature (Tset) is defined as:

where Tmax is the maximum temperature during setting; and

Twp is the temperature of the water bath.

The setting time (ts) is the X-coordinate at the point of Tset on the dynamic

exothermal curve as shown in Figure 1 (for 37°C). The exothermal curves for
25°C and 30°C are not shown.
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Vi sualisation ability The visualizing ability of the
paste was eval uated by conparing five different
W0 o00ait®sd ons of the paste. In each fornul ati oPCT/8G207/000287
amount of chitin nmethacryl ate and pol y(ethyl ene
gl ycol) diacrylate was the sane as that used in
Exanple 2 . The total mass_of the hydroxyapatite and
barium sul fate was fi xed, it in each of the five
formul atios, the ratio of hydroxyapatite to barium
sulfate was altered, i.e. 100:0, 90:10, 80:20, 70: 30,
and 60: 40 respectively. The cenent is nmade to a
Exavyplerfdri cal shape by injecting the paste into a gl ass
tube and allow ng the paste to solidify. The X-ray

TOX@:%%?g?%hg}t@gd from CEC 6800 mni (lmaging3, Inc.) of

lidified paste fornul ations are shown in
Figure 4 . The paste fornul ation prepared according to
In vitxanytatoXdcityaof i thp ecdradositibio grepal aecofdimpdavtae meterd of

fl yoroscope njtori o.sinulate the environnent of .
Exapple c?empevﬁﬁaf%&vwgqth HdiRest citaet appay ARdsINgifgGks contact
Cati . ' : _
sssh {1 SR RSB YSOP ot S ek glotielarBevices

— Panjbe tastofor amulit(oQytafoxemityy. he renoval of the needle. The
pi ctures show that there is enough contrast to guide a

S on where .S 1 ntroduci th ipto
Thep R 88 B8 EGaR et Fslrdte SR Ba . ATEC, usa
TheCeanan@éreV euRGicen@e Midehl |Fssential Maedilf TMBM, Gibco BRL)

erformance of the conposition in a biological system
con{gdring ot cheai-inastivpted detapibgyinesseigine  Gilkefui PRhy @.A& non-
Ani roy it | r
essHfal im0 Ao (EHD L8 P sl pREarBbh e (O (ERER! G,
US Biaclggieal)t 0. 1ag/tgemitilia (Sigmaland i1 pdr streptomycia8igma). For
. . e q :
the S5t dantast Aroats e sastS Wasr Rt here br S by x 5 mm
(width) x 1 mm (height) and sterilized by y-irradiation for 2 days at 2.5 Mrad.
The paste was placed onto a confluent layer of cells and incubated for 96 hours.
Samples were evaluated at 24, 48, 72 and 96 hours respectively. Polystyrene
film and rubber latex glove were used as the negative and positive controls,

respectively.

The indirect contact assay was performed by using the paste extract to contact
the cells. The paste extract was prepared by soaking the paste in freshly
prepared culture medium of composition as described above for 2 days and
subsequently filtered through a 0.22mm syringe filter to sterilize the mixture.
The extract was exposed to a layer of cells and incubated for 96 hours, with
samples being extracted at 24, 48, and 96 hours. Fresh culture medium and

0.5% phenol solution served as the negative and positive controls, respectively.

The optical density of each sample obtained from the direct contact assay and
the extract assay are shown in Figures 2 and 3 respectively. The results were

found to be comparable to the negatﬁ/e control, which means the composition
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The conposition was injected into the left and right

distal fermur. The four pigs were separated into two
wWQe@ap2908D host the conposition for two differRel/SG2007/000287

durations. One group was to host the conposition for 1

week, and the other, for 5 weeks. Al surgical

i nstrunents and cenent corranents were sterilized by

autocl ave or g-irradiation”' Four nmale pigs aged 7

nont hs and wei ghi ng betmeen 58- 65kg were used for the

performance study of the bone cenent. Al animals were

fasted overnight prior to the surgical procedure. Each
itseliris nedn-temdc dbeﬂniec atlegtace sell dinesdandt its iexraaimadsnulexhibits no

Lnj.ectio ket 1 [k nd. iLts est j .
oyt PR iesfrabiieitRedrals B BorElan 3 niones AR RtER! density,
thehf@k@@ﬂ’ﬂbé@ll gﬂﬂispéra%ha machi ne (Drager, Germany) via a

nm di anet er endotracheal tube. The anesthesia

machl ne was set in the self-respiration node and the
Examplesf was nonitored for SpO2 status. The ani mal was

shaved on the hind |inbs and swabbed clean with 1%

; fol |l owed by 0.05% chl orohexi di ne and
Vis H)H‘aﬂﬁ 1% povi di ne i odi ne before sterile draping
for the surgi cal procedure. A small cavity was
The viseakdihy ahiligtadhei paste was @vealateqbduwbemparib@tﬂvet tifferent

forfyions Attt rastS St BN, e auol Dy GERT I rtthacyiate
and1atly (b |eﬁ@Qg|@dm) HIFCHR80REs ithe Gahhe agatbi Yiséd 9 W@ndole 2.

cenent Tiller nozzle (Képhon USA) under fl uoroscopic
Th@tﬂt@lame@s ofilee Aiidraxyapal tetamhbaﬂum suifadenyas txed ug in each

f r n. h
o (8 T8 8 el BByl D 2 B brere
i.e. 10DEX; 90010, 88:20,70180 pary 60:dE! r&sﬁétwef}edﬂﬁa‘ t@nehhie made to a
cylu?cljjrrlcal ¥|ape by injecting the paste into a glass tube and allowing the paste
to solidify. The X-ray images obtained from OEC 6800 mini (Imaging3, Inc.) of

each of the solidified paste formulations are shown in Figure 4.

The paste formulation prepared according to Example 2 was injected into the

spine of cadaver under fluoroscope monitoring to simulate the environment of

the cement in animal or human spine. Figure 5 shows the representative

pictures that were taken at three stages (A) before paste injection, (B) during
paste injection and (C) after the removal of the needle. The pictures show that

there is enough contrast to guide a surgeon where he is introducing the paste
into the bone site.

Example 7 J
Biological performance in a comparative science model

In vivo preliminary performance of the composition in a biological system was
conducted using four pigs. Studies requiring the use of animal models were

initiated after the research team was satisfied that the results of a
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Post operatively, each ani mal was mai ntai ned on

oxytetracycline daily for 5 days and anal gesic
w@2apeotew (2 ng/ kg) daily for 3 days. The ani neCHSGE08000287

host.ed for 1 and 5 weeks before being sacrificed. At

sacrifice, the bones where the cenent was injected was

i sol ated for histol ogical géudy. Each fenmur was

stripped all of its soft tPssues and fixed in '20

vol une 1 of 10% phosphate buffered formalin for 2

days. The bone and cenent of interested was sawed off

(i.e. the bone cavity filled with cenent and encl osed
conWeIamsim bmg;abnimeasm tHedains €ereent perfapiahce and safety in

vt e S, SR oF st yanEh cabTitpt s G anifal model
Thetétﬁnaégﬁaﬁ g ‘ir’{tatthé et qndméﬁt @St afui 0P fliepigs

dehydrat ed sanp was enb in paraffin wax to
wergesepamted mﬁoSM@ WIoUPR wd10§|t|tbedcgmpngltlan niadr by@ralifferent

curdffor, Kl BBt Do fihe SRS o B LB other, for

5 wéélkgles and dried in an 800C oven for 1 day. The
secti ons wer e de-waxed with xylene and al cohol

Al itokah UM Bhd %H%ﬁqqm%%ﬁv%g%ggﬁrﬁ%&%y fo85Ve or
d
SRR FORE (hARSOE! SodR R AC JIRNAiGHiRd! BdihBen 5865k

ual 'y 1 ncrea oncentra |ons

weréi sdd Yomﬂwbedormad&a%@n@f ghassoreoeemehbr All anlmals were

hi st ol ogi cal . ohservati on nder ht m crosc . The .
fastpd CQNaraiobk dyion torae surgcal e r% {Eaﬁacﬂ%méf%%ﬁ%er&ca"y

rest lﬁéaam lﬁﬁgﬁ’l\ug@@laf NAjgio nSIH?WgermSC > \g?/lé@n 8hd its

ski n, cutaneous 1issue an t he
anesthmsaa vatate mmsrrma{mmrfadr byi Qt%owﬂur‘ﬁmer inhadationo through an
udates or ti.ssue necrosi

ancffidsien guodhitn, EE0St HEeBBaRLETE an7: Bv5: Srdgigarngotatheal
tub@cwﬂnglt %ﬁh%ﬂa?ﬁ'\@bl@lﬁbcﬁbs ttigthe Qéﬁ-%@gﬁn*a@i&nohode and the
animal was monitored for SpO; status. The animal was shaved on the hind
limbs and swabbed clean with 1% centrimide, followed by 0.05% chlorohexidine
and finally with 1% povidine iodine before sterile draping for the surgical

procedure.

A small cavity was laterally created with a surgical spatula in both the right and
left distal femurs by removing cancellous bone. The mixed paste formulation
was loaded into a 10ml syringe and introduced into the cavity through a cement
filler nozzle (Kyphon, USA) under fluoroscopic guidance. The animal was
treated with antibiotic to reduce the risk of perioperative infection. Each pig was
given oxytetracycline (7mg/kg) by intramuscular injection. All four pig models
survived after the surgery.

Postoperatively, each animal was maintained on oxytetracycline daily for 5 days

and analgesic caprofen (2 mg/kg) daily for 3 days. The animals were hosted for
1 and 5 weeks before being sacrificed.
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The results obtained fromExanples 1 to 7 show t hat
the fornmul ation using the stated quantities provided

W@ b@oposum t hat fulfils the requirenents of BCT/SG2007/000287
conposition as follows: (a) in terns of surgical
procedure: being injectable, easy to handle,
radi opacity, desirable viscosity and setting tinme of
the conposition;(b) in terf® of a subj ect's response
to the conposition: the subject's body's response to
foreign inplants vis a vis curing tenperature,
bi oactivity, biologically conpatible, degradation

At satrificeanthe( bpnes whers thé cesient cwas infedided waspisolted for

nistOlooli st ERat S NS S hed 8T Ch i S8 RasEs AN ibesH in 20

lUASE’ ' 8 t
w6 SRR DG B8P L e, 1RBSRI g1 coen

of Interﬁstwh wiasi sgweast off (i erttbe bhaexity filed withdgemant aed eaclosed

oy GBLEhASY o) oBRARHHAN 8 SLUNYRRE RGO for 1 oy

TheUMéoanfﬂedTh@sbedwageﬂehmafemtﬁye précsbsig diigs Al¥omsl in the
t he desired anoun I1Hoared In Exanple 1

asca'afamgr%@@ﬂ@amof( %%’wﬁﬁz/cba@éd 08 handahviate samp?e was
eml% d rg RIEWRE! 169 %ﬂ%}fg @9@%8%%3&'“%@8& using a
T on &N ace

subsequen under

mlc(dt’ohhﬂb divel IthmhlstcﬁbglﬁaEéecmbnaﬁﬂ SR tMClmésszﬂ'iheZséch@hs ere
h. The solution was able to convert to hydrogel wthin

permitted tq agharg.anfoglasy glidastand dred in @nt $OrE @en for 1 day. The
secflsiL IRAE e Ak B VP ILHE AHLCAE OISR Rl i vter

andhg&dbséq:.mﬂy cshfainied \lmyh @B@m‘éltexym\l and lesimgHORtE) solution. The
tribution of yz I,n rfor using

staifieduerionss wese, AsRdh 208 GV GHEbr YT CraE iyt dardasing

conBEHrRRGEs W tlcofdl eér?d fmally mounted in depax and glass cover for

histological observation under light microscopy.

The results showed that there was no cutaneous erythema or discharge, good
healing was shown and preservation of the skin, subcutaneous tissue and
muscles around the tibia were earmarked for histology. There was no collection
of exudates or tissue necrosis noted. These findings show that the composition

is biologically acceptable to biological systems.
Diséussion of Examples 1 to 7

The results obtained from Examples 1 to 7 show that the formulation using the
stated quantities provided the optimum that fulfils the requirements of a

composition as follows:

(a) in terms of surgical procedure: being injectable, easy to handle, radiopacity,

desirable viscosity and setting time of the composition;
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LC (nodel 515) punp together with Waters 4 10
differential refractoneter as a detector. Pullul an
waea@ndaody P- 82 ( Shodex, Japan) was used for plBCT/BGL07/000287
the standard calibration curve. The LMNchitin sanple
was di ssolved in 5% LiCl/DVAc to make 2% (wt/v) chitin
solution and eluted wwth 5%Li Cl/DVAc at 0.8 nL/mn
t hrough three colum sets {%’henorrenex 10 Li near, 300
mm 7.8 nm 10 n) and a guard colum at 65C. The
detector tenperature was 40V_/.8.3 FTIR
Characterization The structure of LMNchitin was
(b) dotdrimsrel absulfiget’ respdnskdoNheecmappsitionorihdesygectsf body's
hydr ol zgd chitinl\NaP eval uat ed as.vvelb_i.‘WAs L. L
resfy of OTHRN c HMR'PRSefhadr Wit BUEPI K B?&?g@&v chicgriivity,
bioléﬁi&ﬁll;ﬁc%@aﬂb%?de dativhtrbtef aR@ KBr powder, ground and
then made into pellets to be scanned on FTIR

spectroneter (Bio-Rad Laboratories, Canbridge, MA
(c) indayms 6f cost: epsiedf the camnesents pidhegionapesitian.. 8. 4
Li qui d Nucl ear Magnetic Resonance (NVR) 1H NMR and

3¢ i h G -
el SR TR et S B "CoRRAthe S B Lianl
compusiticeriorded &y bBnelkeamai@raradfjekidbilitpc ailoegdr3@aidiny. time of

the SRSt e, 4 REORG BRIt et e HSalS i Sublect's
body T bJtRaGT B SERNitBS bbhie M ¥ SMIRA bérRtdnient

investigate the deconposition tenperatures of LMV
chitin and LCMA, as well as for the conparison to
Examnplg 8al chitin fromshrinp shells. The dried sanples
(approxi mately 10 ngy) (the sanples were dried either

8.1 PreB¥RMliok LA HydoGS) dy §F3igneT Y ng (for LCMA)) were

The hydrogel was synthesized by dissolving the desired amount of LCMA (as
prepared in Example 1) and Irgacure 2959 (5% w/w based on LCMA amount) in
D.l. water together to make a homogenous precursor solution and subsequently
placed under UV-light (Vilber Lourmat, France) at 365 nm to polymerize for 1 h.
The solution was able to convert to hydrogel within the first 10-15 min but the

exposure time was prolonged fo increase the crosslinking degree.
8.2 Determination of molecular weight distribution of hydrolyzed chitin by GPC

The molecular weight distribution of hydrolyzed chitin was performed using a
Waters Gel Permeation Chromatography (GPC) system equipped with Waters
LC (model 515) pump together with Waters 410 differential refractometer as a
detector. Puliulan standard P-82 (Shodex, Japan) was used for plotting the
standard calibration curve. The LMW chitin sample was dissolved in 5%
LiCl/DMAc to make 2% (wt/v) chitin solution and eluted with 5% LiCl/DMAc at
0.8 mL/min through three column sets (Phenomenex 10 Linear, 300 mm % 7.8
mm x 10 gm) and a guard column at 65°C. The detector temperature was
40°C.
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pl aced in alum na pans, and heated from anbi ent
tenperature to 7000C at 10 C /m n under nitrogen gas
wWawao/020089 ow rate of 100 ni/mn in the TGA i nSPCTIRGLN7/000287
(TGA 2960, TA Instrunents, Inc). The data was anal yzed
usi ng Universal Analysis Software (TA |nstrunents,
inc). 8.6 Powder X-ray Diffyaction.(XRD) Wde angle
X-ray diffraction was utilized to determ ne the
crystal structure of chitin, depolynerized chitin, and
LCMA. The powder of each sanple was pressed in the
hol der and run on X-ray diffractoneter (Sienens D5005)
8.3 fl fmCharpeterealion 40C at the scanning step of 0.01 C
/ second. 8 7Enzymati c degradation study In vitro

TheCSFYRE f IRARALMiA %sof:ortl‘ﬁi’r?ﬁ%t?%lly AR CaRf %ﬂd@é(cemgﬁon

using various concentrations ysozynme sol ution.
degpee -oldiyghadzedhittn wasxevalgalednas walhkédsmall anbaakeof LMW

oni P pid o P SR AR B Fhe e o
powdlek N dlolind ain@r thén I RiEIEE ihits OBy afyl Bé I séamRsl UBhi FTIR
a constant vvel(ght was achei ved. The degradation rate

spegiiemelgr Giedipt s aborsiprcmt Cambrigoe, M4, HSA) oy I (iwes at a
i.s1the mass of starting xerogel; and Wi is
res%@'ﬁﬁﬁé be ‘dried sanpl e after degradation. The
experiments were perforned at |least thrice. 8.8

8.4 Gyquodl diictadrVieyredticaRe sonavicenNiViRpel (a) Cel |l culture
Three types of cell lines including NCTC clone 929

TR S5 R ORI ke 8 et i B “he MUTPRA 4D of chitin
methacrylate. A sample was dissolved in D>O and recorded by Bruker ACF 300
NMR machine (300MHz). Proton NMR was scanned 32 times while carbon
NMR was scanned overnight.

8.5 Thermo Gravimetric Analysis (TGA)

Thermo gravimetric analysis was used to investigate the decomposition
temperatures of LMW chitin and LCMA, as well as for the comparison to original
chitin from shrimp shells. The dried samples (approximately 10 mg) (the
samples were dried either by oven (for chitin) or freeze drying (for LCMA)) were
placed in alumina pans, and heated from ambient temperature to 700°C at 10°C
/min under nitrogen gas with a flow rate of 100 mL/min in the TGA instrument
(TGA 2960, TA Instruments, Inc). The data was analyzed using Universal
Analysis Software (TA Instruments, inc).

8.6 Powder X-ray Diffraction (XRD)

Wide angle X-ray diffraction was utilized to determine the crystal structure of
chitin, depolymerized chitin, and LCMA. The powder of each sample was
pressed in the holder and run on X-ray diffractometer (Siemens D5005) from
26 =5°C to 40°C at the scanning step of 0.01°C /second.
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(osteobl ast from osteosarcoma, ATCC CRL-1427) were
used to assess the cytotoxicity of hydrogel in vitro
wW@2000029040s the cell s adhesive ability and theP€T/SG2007/000287
mor phol ogy on the hydrogel surface. Al cells were
grown in the Mninmal Essential Medium (MEM G bco BRL)
containing 10% heat-inactiyated fetal bovine serum
(G bco BRL), 0.1% non-essential am no acids (Sigm),
1.5 g/L sodium bicarbonate (Cell Culture G ade, US
Biological) 0.1 g/L penicillin (Sigma) and 0.1 g/L
reptonmycin (Signma) at 37Cin a 5% CO2 / 95% H20
375@?&(’6@@‘?@@9@@3@@ﬁw The direct contact nethod and

extract assay were conplied with | SO 10993-5 (Part 5:

In Jlﬁét%\zg{ﬂ{atfcndé%ﬁaﬁgtlﬁﬁtﬁ H?% DgkY Wway cSﬁ&?ﬁbH%f Js"}%f vanous

rogel ace or t it ract to the ce
conee(mnm b&lyﬁﬂi‘z’ymessmuﬁcm dEbe prewesighed sample of xerogel was

soafdd 3 Sebéanr AnlaibRet st £k &%&éé&@bﬁ?&tiﬁfﬁﬁoﬁ’%mm
timd §el{i6ds5 aﬁa rmém:&uéw 840an® rinsed it i lpmﬂ:yrl tolrehi AolyE &5

brom de) to purple fornmazan crystals Té m t ochondr i aI
andeip-ghied ldﬁ’ﬂl reecamtanic weight avas weheweds Tagddegradatier gatenwas

to.quantify at wavel ength of 590 nm (G Ci apetti
exp&'\é@% as1993) (b) Direct Contact Assay The hydrogel

was dehydrated at roomtenperature for 48 h and in
absol ute ethanol for 3 h prior tpystggihizing

over ni ght undePegradadiop. rateh¢/le hm#iﬁt—eaLhydrogel was

soaked in the fresh culture nediumf¥ar 24 h to reach
swel | i ng equilibriumto obtain nmedi um conditioned

wheb WETE the Bravecal SRRngxgeoehene Wids e fatear Agpdamele
afteh d%%; ré’ﬂﬁ@nt ?hé'éxﬁé’nhﬁﬁlté? ficke pbﬁfo?fﬁé& ?ﬁ Iéa%t EH?R:eb ottom

he nmedi um was renoved

precondltloned hydrogel was gently placed |n the wells
8.8(ytotoxicity evaluation of hydrogel

(a) Cell culture

Three types of cell lines including NCTC clone 929 (mouse fibroblast, ATCC
CCL-1), IMR-90 (human Ilung fibroblast, ATCC CCL-186), and MG-63
(osteoblast from osteosarcoma, ATCC CRL-1427) were used to assess the
cytotoxicity of hydrogel in vitro as well as the cells adhesive ability and their
morphology on the hydrogel surface. All cells were grown in the Minimal
Essential Medium (MEM, Gibco BRL) containing 10% heat-inactivated fetal
bovine serum (Gibco BRL), 0.1% non-essential amino acids (Sigma), 1.5 g/L
sodium bicarbonate (Cell Culture Grade, US Biological), 0.1 g/L penicillin
(Sigma) and 0.1 g/L strep;comycin (Sigma) at 37°C in a 5% CO; /1 95% H.0
humidified atmosphere.

The direct contact method and extract assay were complied with ISO 10993-5
(Part 5: tests for in vitro cytotoxicity) by exposing either the hydroge! surface or
the extract to the cells and examined by MTT assay to determine its cytotoxicity.
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touch the cells. Controls using polystyrene (negative
control) and | atex rubber (positive control) were
w@20joz4out in the sane manner. 1 nml _ of new PEUBEGINN7/000287
was added into each well and incubated at 37C in 5%
‘CO2 hum dified atnosphere for 1, 2, 3, 4 days for
further cells viability e ination. 200 mL of MT
solution (5 ng/nm. in 1X P was applied to each well
after renoving the culture nediumat each tinme point
and continued to incubate for another 3 h to Iet
healthy cells reduce tetrazoliumsalt to purp
MTTegsapisa mpid solaimesric wasthgdhasadeandhe @@@va@lq%ﬁ yellow

i LA risl5 450l Sy apbighies
to pbﬁﬁletfahﬁgzér@rcrﬁmélerbymﬁltddhoaﬁ?ab/en%}lhﬂes &fuhtatabm&xﬁally active
ressed as the percentage of vi e ce , W th _ea
cell%aa@ﬁlw@medd@. A %#q SHARHY At waslengin ot Eﬁilr@@ G chpati et

al, 1@@@? cates. The percentage of cells viability was
cal Cul ated as follows: Percentage viability (% where
ODs is the optical density of sanple; ODp aVgis the

(b) BirectxHoentapt Assdy density of the positive control; and
ODNavg is the average optical density of the negative

v S B SRR B 8 M SBEAGE D 5 Y osgt

etha(nLcM fop® hqurrioysmmbm? werhigt |Uride® Wit iam. VWi tee déhyldrated
then imrersed in a well containing 1 nL of cultur

hydfags AT Spakess! b dhe TS pEiUNeHEedRIT SO e doete@sh; swelling

B

werexdeatied inathes24widli plate by 56122 per wéll bhdrmaminiateﬁe‘oténl h at
37°G\ i Al (76U A0 AP ro she ot 3 S urDy theedium was
rerr@grégyand: 1168 threbbhdition st Hyd B dvas énalepiaked ahUhkORells to
touch the cells. Controls using polystyrene (negative control) and latex rubber
(positive control) were carried out in the same manner. 1 mL of new medium
was added into each well and incubated at 37°C in 5% CO, humidified

atmosphere for 1, 2, 3, 4 days for further cells viability examination. 200 u L of

MTT solution (5 mg/mL in 1X PBS) was applied to each well after removing the
culture medium at each time point and continued to incubate for another 3 h to
let healthy cells reduce tetrazolium salt to purple crystals. MTT solution was
aspirated and 300 x L of DMSO was introduced to the well to dissolve crystal to
result in purple solution and 200 xL of each sample was taken for colorimetric
assay. The results were expressed as the percentage of viable cells, with each
experiment being performed at least with three replicates.

The percentage of cells viability was calculated as follows:

(OD s OD Pavg)
(ODype = ODp,)

Percentage viability (%) = % 100%

Navg
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enpl oyed as negative and positive controls,

respectively. The positive control including pheno
w0092 and cells were placed in a separate PUHS&0WD000287

prevent the phenol vapour from contam nating the

hydr ogel extract or the medium of the negative

control. The procedure of T assay for each group of

cell viability was the sa conpared to the direct

contact nethod of (b). Again, the results were

expressed as a percentage of viable cells with at

| east three replicates. 8.9 Cells Mrphol ogy ) )
wharg SdPy it the wpisaenityaf sammuei @Dmms)gtwre%npﬂoﬁgiensﬂy
of tHe°'ﬁgsﬁlgg%gﬁﬁfny%nﬁr@mé%l m&%&%ﬁ ch%fgar@%ﬁé}&' df the negative

confokpensi on ( 1* 10 6 cells/n) was dropped caut i ousl y
onto the surface of culture medium equilibrated
rqg in,a, 24 | ate and incubated at 37C in 5%
(©) %‘8@&%&%&%%@9 here for 2 h for cell .
attachnment onto the hydrogel Subsequent |y, another 1

ThetresH h?dﬂi@@l ORE ¢U toes eyl | omauged 1o nﬁrhf(l-b)\@ridstehﬁerly

cover (ﬁdro gel surface and placed back into
washeglumigh dlilli-Arwater fwisa weadi thgn filmersedyi aouellscmtwmg AegnL of

curipAl o G 4652158 QU OBL NERIBTA e ot

lowbr déhsitycef hbbitxext Ofy@blksgeéu tereubeky firaz4d éfofe testing. The
radual concentralﬁl on et hanol at_aseries of 50% 70%
hyolegss ra@%%%ﬂ?r 50 SVl A2 e THer 20 ﬁ@h@pltw@owdlum

d db t
was; 3B fute B, 8% et BT S BFndh BPWRAGR For,of on Bl s b
beferfes IVE dagsageF el &dited aheditnt &&d C®B6Y% P's@ﬂl)}ho@xn Yere
its interaction with the material. 8.10 sults and

empjoyed @i BeOFtive ARG RosHivEoRPrEiRls clrspastieely.z e gesiivel eantrol

mcl[]H%@%é@!‘%% WY SNd é:%!ly %\fe‘?e ﬁéﬁé@ Iuﬁ%’ %é&r;é%n%lrg?e to prevent

ymeri ze
therpbnennbvapnurtftdm contaminating the hydrogel extract or the medium of the

negative control. The procedure of MTT assay for each group of cell viability

was the same compared to the direct contact method of (b). Again, the results

were expressed as a percentage of viable cells with at least three replicates.

8.9 Cells Morphology Observation

Scanning electronic microscopy (SEM) was used fo observe the cells’
morphology and ‘their adhesive ability towards the hydrogels. 50 x4 L of cell

suspension (1x10° cells/mL) was dropped cautiously onto the surface of culture
medium equilibrated hydrogel in a 24-well plate and incubated at 37°C in 5%

" CO./95% H.O humidified atmosphere for 2 h for cell attachment onto the

hydrogel. Subsequently, another 1 mL of fresh medium was carefully added to

- the wells to cover the hydrogel surface and placed back into the incubator. After

incubating for 2 days or 5 days, the individual hydrogel were taken out and
washed twice with PBS and then fixed with 2.5% glutaraldehyde for 1 h. The
cell-fixed hydrogel were dehydrated with gradual concentration ethanol at a



10

15

20

of glucosam ne and N-acetyl -glucosam ne by either

enzymatic or mneral acids hydrolysis. Hydrochloric
wa@eiodozdoemed ef fective hydrolysis of chitin i nPGH8G2007/000287

time without significant deacetylation (JA Rupl ey,

1964) . Depol ynerization of chitin by HCl does not

undergo side reaction |ike é}sul phation in terns of

hydrol ysis by H2SO4 ( GAF Roberts, 1992). The

solubility of |ow nolecular weight chitin in DVAc/LiCl

dramatically inproved and resul ts in its chem cal

serifa, R 7 i B o8 st for BLTY aicby 190 Rerthgnol about
15 Hf ANT ? g@ﬁe"r@%ﬁ ari&d Hgoéd'ﬁf&%ﬂ BBlnY"ﬁ(\;ﬁH% < The dried sample

|str| per cent age i and
wa\zgiattigred i with ogoli anky dbeepesd urider | SEMinipI eyahade the cell

ented. i.n. abI | e | ecul ar wei ght
mofgheloqhahd B in 9“’"8?8” X‘H-Hgatge/i"atﬂ“amdr ol yzed chitin
(n=6) The degree of N-acetylation (DA) was cal cul ated

8. 10 Rusyudts Rghat Disthssidw! | owi ng equation (J Brugnerotto et
al, 2001): - =0.3822 + 0.03133 (DA) 420The nol ecul ar

ht di stribution of hydrolyzed chitin indicates
(2) lg'e%?g argiae apd rogeé%ctemzat@mfdowﬁel%w welgli ydrolyged chitin
hi gh nol ecul ar wei ght chitin (around 240 KDa by GPC)

Chlhﬁ B 5 Pedliyt GopbIIAERLYY T Sk QHftlhoé]W cl)lot‘Nonomer mixture

nol ecul ar werght under the condition
of glucesanpioei antl Nfacdtytegluddsanadhe ei‘tmeresnzyfmdlmos mmenai; acids

nydffis BV ERD o okl sticniil BpRatVE fvicDits 8 8B Rstor tme
witifbiat! ighificamnds [4idr (JR@@(Q:I@?' ¢9614)arDe’feﬁjI3@ﬁén£éﬂchBf chitin

gl can contribute to get he ‘wat er - sol ub

by IQ'td%SdPQTWQO ﬁtﬁ%fﬁa@l’flﬁndm@t@ %ulmatmﬂnnterr@mfdnydroly&s
t. ¢ el

by ]APS 259 (C dﬂl’-sﬂdbl% é‘?%ﬁ’hg sor!‘mhtgxc(gﬁp %Le%c% v%ro\xyﬁr\éh? cHitin in

DMAc/L|CI dramatlcally improved and results in its chemical modification, which

is easier compared to high molecular weight chitin due to its viscosity being
pretty low.

The results of molecular weight distribution, percentage yield and degree of N-
acetylation of six hydrolyzed chitin samples are presented in Table 2.

Weight M\W. | Number M.W. - o *Degree of N-
(Da) (Da) Yield (%) acetylation(%)
10009 + 640 9054 + 372 61.6+7.4 88.0+£4.8
Table 2: Molecular weight distribution, yield and D.A. of hydrolyzed chitin (n=6)

The degree of N-acetylation (DA) was calculated according to the following
equation (J Brugnerotto et al, 2001):

A
“B2 - (.3822 +0.03133 (DA)

1420
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nol ecul es wi Il pass through the nenbrane. Therefore, a

menbrane with 12000 MACO refers to a nmenbrane which
wawedob/ozdokow ol ecul es smal I er than 12000 Da t oPEESG2007/000287

through it. (b) Synthesis and characterisation of

met hacrylated chitin and its hydrogel The

phot ocr ossl i nkabl e chitin (i*l rivative was synthesi zed

by reacting with nmethacrylic acid to introduce

met hacrylate onto chitin backbone using DCC as

coupling agent. In particular, the chi ti n met hacryl ate

had t he foll ow ng structure wher

and z are
Thej hmelpguiaranweight h distributipn 7 of shydrplyzmj @a%!ﬁ Apdicates ethat

cor S ] L g SR B
(arcdegr 240 0KDis- byeGﬁca)t 'rt@mtgaaatqemtet hananoweqiwsatlbmman%&d low
molgetiaR Wbt APt e oMo 0L AR in & [SHouRerR o fme. The GPC

profies df rél’omsaHbTesaQFB bk&@{te@%‘%é‘ Higdré28 \ﬁﬁ'ibh ]indi'cated that the

nmet hacryl ated chitin spectrum vvas attributed t
reprodiustbdlty mpsodcasptalar bidtizatiqy oflihe @lat}'smnﬂmrananmﬂaﬂ 2000

moiggitgh Neighit &R gPEARFOL ke iRiRERG Shioef o i HeoiteRisotuble
chitPholigo?fé8)to dutaihhguittHNMBrBResolabIlvEighe d&)tnblindﬁblﬁﬂ 4t the

net hacryl ate, there were two_peaks at 18 and
expgpae vili  Howeyieldcat n@%ﬁlmqqgweb charlst@mgn@ﬁatm@ﬁ which

I t
oS PoEEE RLERSE AR TTRte e ke Uiy 12000
MWGOD rafary ta b enerSbrenec Wwhishoaill aﬂlbwf msletwllésngmlagent thahi2000 Da
backbone could al so be viewed, for exanple, 4.6 ppm

to p\%§§ Rio¥gbMot on at C 1, the

(b) Synthesis and characterisation of methacrylated chitin and its hydrogel

The photocrosslinkable chitin derivative was synthesized by reacting with
methacrylic acid to introduce methacrylate onto chitin backbone using DCC as

coupling agent. In particular, the chitin methacrylate had the following structure:

o CH
C C CH, —CH;— CH -COO~ Na

wherein;
X, ¥, and z are integers and each x, yor zis >1; and

each R; is the same or different, selected from the group consisting of:
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broad peaks between 3.4 - 4.2 ppmare the C2-C5
proton, and the typical chem cal shift at 2.08 was

wa@raopiorosed to -CH 3 o n N-acetyl group of chiREHSG2007/000287
However, there were three additional peaks |ocated at
8.21, 6.93 and 3.24 ppm whi-ch were assigned to DVAP.
The presence of DVAP 0 n tﬁe chitin backbone was
rationalized in terns of the occurrence of a side
reacti on between the hydroxyl groups o n chitin and
met hacrylic acid via Mchael addition in the presence
of DMAP a s shown in the schene bel ow (ZB Zhang and C
L orm ck, 1997). The by-product with -COOH can
f ur ther onj uga_tSlH\g/ith DVAP base to formsalt. The

— Nt 3 S was al so the possible reason for
LCMA dissolving in water. This side reaction was
confirmed by the additional chem cal shift near 1.28

The spmposinddwsoa degtee of Nrasetylation gerater tan(enearal thd0%.
product in the scheme shown. CH3 CH3 M chael Addition

e N > ) il = )

ho Sk e e LEFRR £3ETR, NS bt sS4 EHR P

7. avesld [@eaks tied HBR IpactrudBSthk puiditieerat bewd giied720 ¢md in
carbons at_ the unsaturated

methagniiaied CRIS SRARIBIM Wk attﬂéééﬁoﬁg@gé%@&& obihe, aTbonyl
oro R S bl R ) 48 REIGH 10 i pRha Ly gpoup o
metivacrylat€o@uBpr @Hitn backthmneetSH Wimparak e, 260@)pin the 'H-
N SreeBu riatie gt Brb mstiarouae: TREHEE B pedlsoar 518
andé%%% NereCbhresishdify B8P Protdis 20fCtC=CH, of the

The obvi ous strong chemical shifts af”
42.2, 110.3, 144.4 & 159. 1 ppm were

methacrylate group (.e.  C C oH

2), and the peak at 1.96 ppm was attributed
to the -CHs on the methacrylate. Some chemical shifts belonging to chitin
backbone could also be viewed, for example, 4.6 ppm was the proton at C1, the
broad peaks between 3.4 — 4.2 ppm are the C2-C5 proton, and the typical
chemical shift at 2.08 was attributed to -CHs; on N-acetyl group of chitin.
However, there were three additional peaks located at 8.21, 6.93 and 3.24 ppm
which were assigned to DMAP. The presence of DMAP on the chitin backbone
was rationalized in terms of the occurrence of a side reaction between the
hydroxyl groups on chitin and methacrylic acid via Michael addition in the
presence of DMAP as shown in the scheme below (ZB Zhang and CL
Mccormick, 1997). The by-product with- ~COOH can further conjugate with
DMAP base to form salt. The formation of a salt was also the possible reason
for LCMA dissolving in water. This side reaction was confirmed by the additional
chemical shift near 1.28 ppm corresponding to proton at position (a) of the
product in the scheme shown.
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assigned to DVMAP. O her chemical shifts corresponded
to chitin backbone could be found in the spectrum as
waele®enedoed i n Tabl e 3: Table 3: Chenical shiftBCD$G2007/000287

carbon belong to chitin backbone Fromthe el ucidation
of the chem cal structure of LCVA, it was concl uded
that the successful attac nt of nethacryl ate group
onto chitin was achi eved. e degree of substitution
of both nethacrylate and the by-product were
cal cul ated according to the followng: The first step
is to get the ratio of nethacrylate chitin POE, ion and
si de reaction$Pt oduct _?réuﬁ%é _(/16,9. + /s, 93/ 2
EQ...3 _) 1/ wher e: Michp DA of et hacryliat e;
igm?ﬁgﬁh%P%EHPagéi%?'DNABNggntaanWG byép@%aﬁéy gﬁx%he
pol ymer chain; and each of 16.i 9, 15.78, .21 ‘and
16.93 refers to the quantity of Hl in peaks denoted as

In tee PONMR7spedrum showvrsiroFigureplctwe avgak pepkeate! 3.3 and

I ticul ar '
138 18 WiktpSiondd fo 14 b dlls phitle, fasatiraty ce@hgneLy) of
metha@y s BRSUY. VEhape alcte Tho Weaks ey R0epEim. asEignedaioutbe methyl
can be obtained electronically fromthe NVR na

hi ne.
grougeeiz ehitirte N-aestyl GROURERARAT! gh"é%&‘d@r@ﬂct mqﬂi'%ﬂ'v%?e group
(20 Pfh, EHAEHBEIIPARBIEr Ao Hesk@hedt bt WereHiRBb due to
the pamiomssor ¢heoneaftegl ouphie ther Mithae! mddiioaf byBmarRiucTdich are

17 5l fﬁoﬁ@%‘fqﬁé{gﬁ{#cﬁ@% T ot N8 50k RO ARG RS S8 on).

The obvious strong chemical shifts at 42.2, 110.3, 144.4 and 159.1 ppm were

assigned to DMAP. Other chemical shifts corresponded to chitin backbone
could be found in the spectrum as described in Table 3:

C1 Cc2 C3 C4 |C5 |C6 NHCOCH;

C chemical | 103.9 |57.8 |74.7 |825|77.2|63.6 |177.3

shifts
Table 3: Chemical shifts of carbon belong to chitin backbone

From the elucidation of the chemical structure of LCMA, it was concluded that
the successful attachment of methacrylate group onto chitin was achieved. The
degree of substitution of both methacrylate and the by-product were calculated
according to the following:

The first step is to get the ratio of methacrylate chitin portion and side reaction
product portion.

X (.[6.19. + ]5,78) /2
y Ut .[6.93)/4

Eq. 3.1
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chitin can be further calculated by Eq. 3.2 as
follows: x| 2 _(/ 6.i9. +/5.78) / 2 Eqg 3 2 (DA 13)
WGe2(02/02908) +C / 3) (J196 +J 2J 13 where : DA i BCT/8&2007/000287
degree of N-acetylation of chitin for the reaction;
and each of 16.i 9, 15.78, 11.96 and 12.0s refers to
the quantity of HL in pea denoted as 6.19, 5.78,
1.96 and 2.08 respectivelyn Figure 8 .In particular,
| 2.0bis the signal integration of -CH3 on N acetyl
group of chitin and OCH3 11-96 is the integration of
nmet hyl of substituted groups either 2 or CH3 -CH
whepe:CH COO-M + jn Figure 8 . According to the above
equation and the integration of H NVR spectrum the

. ,Lution of methacrylate group i s about
ms%%%ﬁg\%fﬁgtggﬁmét -CH C't I—I-CCI}y . .+gavePagi ng four

sanpl es, which was equivalent to the group portion
y is thel peycepiageofiBiAPycddaiding By-produdienstbe weilyrerychas; and
of LCVA was carried out in organic solvents or water,

cachdf Jo.a; b3l e S0 1590 CRIES 304 DOHBED T H b0 PEBRoHEnSted as
6.19, W.79,:8.2 1 ahB % FRRespelctitely on Waguge 8.1 t s maxi num

concentration was not nore than 7% (w'v) and forned a
very viscous solution. The abave results nade i

! | t .
In paoisyias) thervalues Ghlend, Jevsl eenapd desirefers & thukalue of the signal
integration at the respective peaks shown in Figure 8. The values can be

obtained electronically from the NMR machine.

Hence, the ratio of methacrylate-pending chitin (x) and DMAP-pending chitin (y)
can be obtained from Eq. 3.1 by integrating two protons on —C(CH3)=CH, and
four protons belonging to the pyridine ring of DMAP.

The degree of substitution of either methacrylate-pending chitin or DMAP-
pending chitin can be further calculated by Eq. 3.2 as follows:

x/2 =(]6.19.+.[5.78)/2
(DAI3)+ @/ +313) ([ o6+ La00)!3

Eq3.2 °

where :
DA is the degree of N-acetylation of chitin for the reaction; and

each of lg 19, I5.78, l1.06 and lo g refers to the quantity of H' in peaks denoted as
6.19, 5.78, 1.96 and 2.08 respectively in Figure 8.



10

15

20

solution to form hydrogel under UV-irradiation with
associ ation of a photoinitiator. The LCMA aqueous
w0002 converted to a transparent hydrogel BGI/SGZHOMN000287
in Figure 10 in about 10-15min in the presence of a
photoinitiator, whereas no hydrogel was observed
W t hout the presence of agghotoinitiator by
UV-irradiation even after a few hours. (c) Thernal
characteristics of LCMA Figure 11 shows the TGA
patterns of purified chitin, LMNchitin, and LCVA
| oss curves of both chitin and LMV ¢ it.'.n
In pa(rbq&ahdm is e gisnahinérgrafion Oér(aﬁegs'aﬁﬂ?&eiéﬁ gERUR Q‘hCh' inand
around 50-1000C due to the |oss of residual watgrcHfhe
second stage is a little different between the éwg
.06 @lthé Nntdgeationg ofmethyh 0f ALBBGuted groups reithed 22 766t or
for LMW chitin. The | ower second deconposition stage
in ERwchitin was attributed to the |ower degree
—chf-pﬁHy@%@lM gg@gbggchltl n after strong acid
hydr ol ysis ( oveanu, 1998). However, three
stages were found in the LCVA thernal anal ysi s pattern
Accoﬁrd)ng 1I'd1d=he€ iabste smgtion ranad B6 mematmsnfslﬂﬂ‘ﬁ/ MRdseegteim, the

dogispo o o U s RRECHEl IBARcParBebt <8 et TRam oY

190- 3800C, suggesting that the sanple consisted @H
LCVMA and unsubstituted chitin. Mreover, the_(gm@y -COO™ M
avenagingefaurmaseples, whishtwWas equivajsing 4o tee SrauR o quite

different. The r re 3150C, 2800C and
POWWQ&PPE%'W&GW?W} li??’r{(\ngnd LCVA, respectively.

In the derivative weight |oss curves of the three
TheSsulubiety, tebtieot ECNBX alay eardbd naxXi| mwrga\mcgslwvérds sar(\ﬂratmz,) and

the raifecsiiputast T LR PLAAGL brRARe sEa! dsoitifayn EhaSD and
DMA%CZCUWe 09% \Ag\rl/\’/? &P) the TRGsEebf VﬁtﬁﬂeVQNéFtéPVE?tSOfmaXImum

S Clearer than its weight
concentration was not more than 7% (w/v) and formed a very viscous solution.

The above results made it possible to polymerize LCMA from its agueous
solution fo form hydrogel under UV-irradiation with association of a
photoinitiator. The LCMA agueous solution converted to a transparent hydrogel
as shown in Figure 10 in about 10-15min in the presence of a photoinitiator,
whereas no hydrogel was observed without the presence of a photoinitiator by
UV-irradiation even after a few hours.

(c) Thermal characteristics of LCMA

Figure 11 shows the TGA patterns of purified chitin, LMW chitin, and LCMA.
Weight loss curves of both chitin (a1) and LMW chitin (b1) have two
decomposition stages: the first is around 50-100°C due to the loss of residual
water; the second stage is a littie different between the two chitin thermograms,
240-410°C for chitin and 220-370°C for LMW chitin. The lower second

decomposition stage in LMW chitin was attributed to the lower degree of
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| oss curve to observe the heteropolyneric structure in
t he sanpl e because there was a snall peak on the right
WG bwalozkerd of mai n peak around its Tnacwhi ch waBCT/SG2007/000287
ascribed to a nuch higher deconposition tenperature of
- chitin. These results suggested that chem ca
nodi fication of chitin reg [ts in | ower therma
stability than the starting chitin material (S
Tanodekaew et al, 2004). In addition, the | ow
nol ecul ar weight chitin did not alter the thernmal

property of chitin too muc Crystalli | ysi
polymerizaign 5y chitb wfer mnsa@@éré\@r@ws’gﬂgﬁn'\/‘%ﬁ{ weggly 1998).

Howﬁg%d kf@feegkgtggg%r%rf%u ggﬁ?g%iﬁ:ﬁﬂ%\oﬁewﬁ? ana%'% 5 Eé\t’t’éc‘]'n (c1).
The LﬁlvM/ s:tbgél frorfib50180f @ r was atill 2 taﬁhelé\/aiﬁzraﬂm bh water, the

d 26.31
secard anctOire sGe PUBRAY cecnzpine it e ierfagiatiies spanned

from! H@b%aéo@p r@l{%}%@hﬁ Nthait Cthésgéllﬂdlé‘ecoﬂs'iéié& usfe LOMIRI 886l un-
[y han

essentl a ed after acid sis. However
subsdituted tchito. digieoser, dhe wnset termaera‘t@r@ﬁobﬁ tgetth@eL@mples were

aiso PR T bR Bl o, BN A 230 for chitn
LM\NtchHﬁ\tézﬁcﬁLCR/]A agpastptelyon of hydrogel in vitro by

bysozyrre Chitin and its derivatives are well known to
e readily to be depolynerized by |ysozynme in its film
In the dgevativesy W@ugmriOﬁ(C%\fﬁShaf theyHee Wma% i@f@ mp?f?éwe of

S e -0 d
mag T Bl OB Rl P SR SLTeitaeRne ue: é??@’ﬁsv“?'?“ef
tharﬂtr%ln{é%péfgﬁur@ 6BEMMY dhith r(@B&‘lQ Quroeno)nand uGMA. ((265°C in
I n 370C wat er ur shows t he
cungr e Ehadlsraaive s oL MGt 52 MWanaetrss, han s deight
Iossdhﬁrfv@rﬁﬁ Eééﬁfézirﬁ@ h%?é}%SBIS/hfgrlcOBﬁuctW@ ihi fhdi é‘ﬂ%f:t‘eh%‘é/cause
e ot ocrossl i nked hydrogel can be total
therdegasad esma/li péalnon the right shoulder of main peak around its TmaX which
was ascribed to a much higher decomposition temperature of chitin. These
results suggested that chemical modification of chitin results in lower thermal
stability than the starting chitin material (S Tanodekaew et al, 2004). In addition,
the low molecular weight chitin did not alter the thermal property of chitin too

much.
(d) Crystalline analysis of LCMA by XRD

The XRD patterns of chitin, its LMW product and LCMA are presented in Figure

112. Five main peaks could be observed in both chitin (a) and LMW chitin (b)

patterns at 26=9.27, 12.66, 19.19, 23.20, and 26.31° in agreement with reports
from literature (G Cardenas et al, 2004). The results indicate that chitin’s
crystaliine structure remained essentially unchanged after acid hydrolysis.
However, almost no crystal structure was found in the LCMA pattern (c). This
indicates that after chemical modification of chitin, LCMA has an amorphous
structure.
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48 hours by 2 ng/nL or 4 ng/nL of |ysozynme sol ution,
while it takes a longer tinme up to 96 hours in the
w@a®e/ozo49l ng/ nl | ysozynme sol ution to see conpP&r/8G2007/000287
di ssolution of the hydrogel. Therefore, the anount of
enzyme is critical to the entire degradation period of
the hydrogel. In addition, ghhe effective enzynatic
degradation by |ysozyne inglcates that the conti guous
N-acetyl groups on the unit of chitin, which is
serving for the binding point wwth the active site of

t |, 1982 till t | ow
(e) hég@&é%gP(Q?@VSFﬂg%% Qrtsﬂ QA TRR tlsnI aftg)r(I 2.Clsdl "o

hydrol ysis and chem cal nodification. This is very

Chififma@tiatd Meritatives el 'kﬁomsfédb@r%@&&ﬁf 5Bk merized by
hydrogel for use in bionedical E Ications. (f) In
2

lysozvmeolrtyHSoflmucm gsl iwaatjgm%ﬁml e andr ¥ lkada, 1997) The

meRASSEE F BReTBLE Al BTGBIalThS' e ik using

dﬁfaehaws}oipntéw eohcaraetiopsaini 0i0ly MfpH 1Te0 MRS ratad . m@lﬁﬁe 2.0
types of cell lines were selected for assessing t
mg/gils, sk @ g/ 0 ydirisgdath aFiosee 1y owsne &aultﬁ of the
f
deghByififert e BY HBFigeh BebHoh th aRiot ol BRSNS The
findinst shalve thmltdhe photdtrogssimkéd hycidodelldan He totalhedegmadedswithin

ave be essed s, t nean of per.cen
48 G581 SarSbRla 7 Slihlsstdy HE00g isgiitopn et g h Eikesamonger
timdgp toesd ﬂbUpsdi\ahbfba%b dfeﬁ%g/hm §80o ;ﬂﬁblé@ﬁﬁtﬁm tol8ée complete
percentage of cell viability is’calculated as
disqaitiaraot theahyesaaep| &@esareb;h@@omnrmf gnzytenigs cfitigal to the

en’t{i'/(]lz1 éir?%:rffrn%fttog\ Fl?(ﬁ é)f {{ﬁ% 28/%5 fgnte QIS? |e%!ectlve enzymatic

deg@mm?ﬁ tpdazy a0 irelicEdds @ﬁatZ’tﬁehcorﬁ ouB N -2eesd greudH Bfothe
hunamr: ﬁ br obl ast (CCL-186) % f or ost?ggl aséé_p

um’f( ehdemWh@hdmé%ww fapire blnﬁmgbpamt withoithe ) acireeite of
lysodynik |(@EH B8 AHm TEE o' 3885y, %P edidlE RENGH ASithdr weight

methacrylated chitin after acid hydrolysis and chemical modification. This is very

imperative for the chitin based photocrosslinked hydrogel for use in biomedical
applications.

(f) In vitro cytotoxicity evaluation

The in vitro cytotoxicity evaluation of biomedical materials is a necessary
prelude to further in vivo study to establish the bioacceptability bf the materials.
Three types of cell lines were selected for assessing the cytotoxicity on the
hydrogels directly or indirectly using its extract in culture medium. The
percentage of cell viability refers fo the positive and negative controls shown in

Figure 14 and Table 4. The results have been expressed as the mean of the

. percentage of viable cells with standard deviation. Each experiment was

performed with at least three replicates. The percentage of cell viability is
calculated as indicated at Example 8.8 (b) above.



10

15

20

25

l'ines fromhuman after 48 hours incubation increased
to nore than 100% probably due to the sizes of human
WO 2ipododst or osteobl ast being quite | arge whP€hSG2007/000287

caused it to attach on the surface of the hydroge

after it was covered by hydrogel, and subsequently
proliferate on the speci The rougher surface of

t he hydrogel than polystyrene can stinulate the hunan

ost eobl ast or fibroblast to be easier attaching and
gromﬁng on the hydrogel which led to higher viability

L] t he hydr ogel  (BD. |, 2001).
The Treingedon the FHSGL A% MO BEOUPR (e beRAUADINES A the

¢ CETT )
thre& ﬁgweg aré:gﬁ‘é(f)?];o%atﬁl QBfw? tgggﬁ éﬁl‘@ {1 3 th%nc‘fl‘eégééi d M50%
for Hurhailoostiasie(OCLL166), T26bcouustaciiaste(CRI-448%) and\P6% for

oSN IS B SRR oL i TR o i o

lineXtdrAh Emah Sé’ﬂeﬁX@Beﬁé@r@ E\%@lﬂaﬁbﬁ‘hhbﬂeta)éed NtoC PREHAT tHEPN 100%
with control after 48 hours of incubation. Two hunan

probasly dueriestheasizesmf umam fibooblastapr ostephiasikeiag auite large

o 5001 %5080 NS, SR IS e b s o

hydfdd%'l HHPStbdetuRYtly fpﬁﬁh‘e@(é oatheispesimahtThe Irwmrertsnaface of
hunman fibrobl ast or osteoblast. Fromthe as ect

the hydrogel ian pelystirens cap stinyaisyibe map osteehiask 5 ibrdBlast
o S o A5 bR SRR R o vt

of thbeeaellisdbmtlﬁ hydrlngbhéﬁﬂ de?cgtjal, 20 NgThisaballt iianuite similar to
i onedi ca t | d h

the GaPEPAUSIGSY e, FESh 8B ICHaM: ar20oes gl theaﬁ?hat"&?%ﬁ'ty of

cCl RwbdBRS 200kt tivan GCEA86 hiran BFoblastldingth 78

The quantitative cytotoxicity examination on the hydrogel extract without dilution
is shown in Table 4. The results showed that the extracts also expressed good
viability in comparison with control after 48 hours of incubation. Two human cell
lines have more than 90% viability compared to the control, and mouse cell
lines are not less than 60% after 48 hours. Again, the viable ability of mouse
fibroblast in hydrogel éxtract is -slightly lower than human fibroblast or
osteoblast. From the aspect of the cell viability either on hydrogel or its extract
medium, the material can be regarded as being non-toxic to the human
fibroblast or osteoblast, which leads to chitin-based hydrogel being useful in

biomedical applications, for example as would healing material or as orthopedic
material.

. . Cells Viability (%) (Mean + SD)
Incubation Time ——¢~— CCL - 186 CRL — 1427
24h 7843 987 7729
28h 6242 983 28

Table 4: Percentage of cell viability of exiract assay.
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48h 62 2 98 3 92 8 Table 4 : Percentage of cel
viability of extract assay.(g) Cell norphol ogy on
whyapozed SEM was used to observe adhesi on, spPEHSGZ0TI000287
proliferation of three types of cell lines on the
surface of hydrogel after incubation in 370C for 2 or
5 days. The exenplified phg%ographs, as shown in
Figure 15(a) to (c) on day clearly show that al
three kinds of cells were adhesive on the surface of
hydrogel s. Interestingly, nost of nouse fibroblasts
é -1) were still round-shaped and only a few cells
(9) eunumpmmggyndﬂwdgmxﬁe. On the contrary, both CCL-1 86
or CRL-1427 displayed nost of cells with spindle-shape

SEl\ﬂrWaéNﬁé ¥k ngrv%naci%%l&ﬂgﬁg&g %ﬁd\gg ollfer%{'@} %Fi}irg? t}/%es of

obser vati on grves a use

cell inesvondhasatfasé ovayd@ge! diteayedbation roB 7RG ftﬂtZ on5 days..The
ared to human fi brobl ast or osteobl] ast

exempanF%fé;e Ot%ﬁ%p Sias sy imbigse dS(@hter (<) 88 day 2 clearly show
that?réfeltatﬁgé(ft an ¥ of c¥iLhard Sﬁﬁé(swé’%hrih@éuﬁﬁﬁtéhe hgg%nt' age

extract assay, In terns
of cells viability is always |ower in the case of
Intecatinglynsoest 6f mm&sleaﬁbrobla@ms t(ﬁ@i.eﬂjmeae cftill npmend-shaped and
t .and st eQ the nor

onty st (2l SAfted % SPRfE Shabd., biCte (BftARL PethJ6&L e or

CRIRNDLPHisplagsdpisstidf dae wigPepindiisiBE aingl \bvereetsp@ad, on the
2005, that only few fjbroblasts showed spindl e shape

surfgag as a\fqlledﬂﬁ) abseawiiopngiyesue yelye et tthe mouse dfikreblast is

grovg@?;l ar |E\?IPI’ d3¥I§ ea_ hﬁs pp&#ﬂ[?agf)ﬂg H{gbur é{ @g%uman

dro e sur ace res
fibrétdlastt ar c(s_ﬁéec)blahbm hlydtogml arsd thislalyor mad:aeés thae tietieantitative

or i 2o sl s a5 e
perBSl  CERY STy AR e SREDRR BHSCLhel mouse
fibroblast than those data of human fibroblast and osteoblast. In fact, the
morphology of mouse fibroblast on day 2 is very similar to the
photomicrographs in the report by Muzzarelli et al.,, 2005, that only few
fibroblasts showed spindle shape and started to spread on dibutyryl chitin film
after incubation for two days. The photomicrographs of the cells-hydrogel
surface on the fifth day (Figures 10 (d) to (f)) show that cells had spread on the
material and proliferated. The fibrils of cells (indicated by the arrows) extended
on the surfaces of the hydrogels or cells connected with each other
demonstrate that the cells adhered very well. From the illustrated
photomicrograph of cell morphology on the fifth day, it is obvious to distinguish
that the sizes of mouse fibroblast in its spindle shape which are about 10 um
are smaller than in the corresponding state of human fibroblast or osteoblast
which are approximately 50 pm. This shows that cell-hydrogel attachment and
proliferation when conducting the direct contact assay to evaluate the
cytotoxicity and results in predominantly higher cells viability of human cell lines
than mouse fibroblast.
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phot om crograph of cell norphology on the fifth day,
it is obvious to distinguish that the sizes of nouse

WO pawpordoast in its spindl e shape which are aboRET/3G2007100287
are smaller than in the corresponding state of hunan
fibroblast or osteoblast which are approximtely 50
mm This shows that cell -h%/grogel attachnent and
proliferation when conductthg the direct contact assay
to evaluate the cytotoxicity and results in
predom nantly higher cells viability of human cell

. lines than nouse fibroblast. (i) Conclusion The | ow

(1) Gopclisinnar wei ght chitin based derivative, chitin
nmet hacryl ate, exhibits good solubility in water and

Thel I ght O?ér’tglz!\ i a? [ggﬁfyhfttﬁsggéé(?dﬁéﬁgg%’i C ! ﬂeg‘;ﬂé;héa(t&?}(?}]@’ Ekhivits

goodu&asbility fpossatereaidrDMSEO,aanti caregeadiiblferndr logdrogel under

oSl 300 SR R Ao e s oS8
useO8d %%Hég?éd%eWu%Jh@@iv@WJ%?s@n@f H?Pﬂ)c‘geell }’ﬂnﬁhitg r%x:ﬂggt did not

exam ned peri od. e observation 0 mor y
shownterarkable doxicity ¢ the thirga rilyeblage mpds psigoelashgs well as

| ttach fast . lif t . t
moli | uBBRet yAFby AL HRER. bl SRE bpUSlBrR gt o
morphbldgy- A& a8 imedactivdl wits elydrods dérscnidraas dhatesslisnéan attach

scaffold, Exanple 9 9.1 Preparation_ of hydrogel

| by :
fastpRBe oRriobtasaienkeRg Vel PoMheafyriaceDnal hydregsd Whishntnakesr this
phol¢ct3iiked At asdt ARFolEluul® s edifibotho sqffol.
solution was then cooled down to room tenperature.
Exdpaple®® was optionally added to the photoinitiator
solution, followed by dissolving LCMA into the

| ution. The hydrogel, precur,sor so [ ON ed
0.1 FReRratgn ALY i phelo e kineeet HrEl e St
(Vi | ber
Desired amounts of Irgacure 2959 was dissolved in water by gently stirring and

heating to obtain a clear solution. The solution was then cooled down to room
temperature. PEGDA was optionally added to the photoinitiator solution,
followed by dissolving LCMA into the solution. The hydrogel precursor solution
was poured into a plastic container and placed under a UV lamp (Vilber
Lourmat, France) at 365 nm for about 30 min to allow polymerization to take
place. The hydrogel was carefully washed with D.1. water twice for further study.
The amounts of photoinitiator, PEGDA and LCMA are summarized in Table 5.



10

15

20

Lourmat, France) at 365 nmfor about 30 mn to allow
pol yneri zation to take place. The hydrogel was

w@ 20000280k washed with D.I. water tw ce for furP€Te62007/000287
study, The anounts of photoinitiator, PEGA and LCVA
are summarized in Table 5.: The percentage of LCMA or
PEGDA was based on the nmasg, of water used. * : The
percent age of |rgacure 2959 was based on the total
mass of LCMA and PECGDA Table 5 : Conponents of each
hydrogel 9.2 Swelling behavior of hydrogel The

phot ocr ossl i nked LCVA hydrogel POL5 obtai ned from
Example 9 1 was.cut into s disks and dried i

|

vacyu®ameslDyays LeMABt ai h PESRA! an Irgagre 258™
Xer QUet pRIE accur at gey pr ef Wel qisgd before igggersing in
pH3..0 or pH7. Q phosphate buffer solutjon at 37C The
swol|{l en ®Bkdr oge] wa$%aken| out Bk PBS at di¥4 erent
ti me— ts—amnd efut Ty btgited—by w s—befpre
bei g wei grad. [The tofal t|me fO i nclibating t he
hy dr ol percentdge FPBSMidasr PRGRAbeasivasedtdnghewiaghof whter used.
hy dt ofjed pefcehtags ofiligacees2958wastrased fondine tokad masatof EEMA and
i ndi cBE€BAt hat t he wat er uptake-equilibrium of
hydrogel had reached. The equilibrium water content
( EWdlableh: Companeatseiieach hywogel ) VY d x 100 wherein
W is the mass of the hydrogel in the equilibrium
swol len state; and Wl is the mass of the xerogel. The
wel lin atio (,SR) at, each tine interval was

9.2§‘gl(eélmga8 “B?IF?’{@’@(QQGFIOV\A ng equation: SR(% =W- Wx
| OO Wwherein W denotes the mass of the hydrogel at

Thedb K dt8ERREIIRKETISCMA h@@pepwges igBRAlhedonP EXBRIPIB®. 1 Was cut

. triplicate and the results were plotted as a mean
into small disks and dried in vacuum for 2 days to obtain a constant mass. The

xerogel was accurately pre-weighed before immersing in pH3.0 or pH7.0
phosphate buffer solution at 37°C. The swollen hydrogel was taken out of PBS
at different time intervals and carefully blotted by wipers before being weighed.
The total time for incubating the hydrogel in the PBS was 24 h because the
weight of hydrogel did not increase anymore after that, which indicated that the
water uptake-equilibrium of hydrogel had reached. The equilibrium water
content (EWC) can be expressed as:

EWC(%) = W =W, 100

s

wherein W; is the mass of the hydrogel in the equilibrium swollen state; and Wy
is the mass of the xerogel.

The swelling ratio (SR) at each time interval was calculated by the following

equation:

SR(%) = (LV%V—L) x 100

d
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value with standard devi ation bar at each tine
interval. The swelling kinetics was investigated by
wae b@emws of wei ghing the mass of hydrogel atPE@ES6G2007/000287
time interval. 9.3 Differential Scanning Calorinetry
(DSC) Differential scanning calorinmetry was used to
expl'ore the water content gf the hydrogels prepared in
Exanple 9.1. The experinments were carried out using a
2920 DSC instrunent and data was anal yzed by Uni ver sal
analysis (TA Instrunment, Inc). A swollen hydrogel of
known wej ggt s .sealed jn an al um ni um _herneti.c
I

whelg (Wh (ig RSt nd e histrede! ehaereniotimeBok Each
expBYinftint vidCpekbited fRirfficae bAd Jfﬁé)fe%gtsﬁw%fné ﬁl erc]ilég % Rean

under nitrogen gas at flowrate o
valuge mdthastantaed deviation rbarhat agch diged infensil.sTheisweallingdinetics

forms: f.r ter, freezing, bound water, .and .
was, ByeRtigaiofl by His e v IRPIg i, 19RSs O fdTogs] @t sachytime
intep\@gs not participate in form ng the hydrogen bonds

with the polynmer nol ecules. Freezing bound water is

the water that has weak interactions with the pol yner.
9.3 pYtferentiabSeRtrdRg Ladornmeds (lA§PBound wat er show
endot herm ¢ peaks in the DSC curve, and the contents

Diffeferiti¢ %@aﬁﬂ?ﬁ? h‘ﬂa’lkgﬁggt;r% WAL lsER ri?( %ﬁ&ﬁé%l&%ﬁér %nﬁn& of the

integrating Yhe ermc pea ividing
hydrogalg maepaneddfq Exemplea®. 1ndhe SperinfenisvesreataTied out using a

20201 45356 it o, HetBy S MANZER BY S He 2RAbAR (TA
InstPe@meRseinesd A iswdIRNDHydfdyel eof W@mﬂp%igﬁ?iv@&s bQIael in an

wat er content is convéniently obtained fromthe
aludiumi ermgtiowan, Sndit was: cevled Zodae indtrumheiochanabevBio -15°C

by chieﬁthéhgﬂé'ateﬁ l'Iﬂ) Yo al%dCl\ﬁ Ja_ILf'gJ[ei O 1 ‘J(?/?r?l%:under nitrogen gas at

flow rate of 50 mL/min.

In general, the water in the hydrogel consists in three forms: free water, freezing
bound water, and non-freezing bound water. Free water is the water that does
not participate in forming the hydrogen bonds with the polymer molecules.
Freezing bound water is the water that has weak interactions with the polymer.
Both free water and freezing bound water show endothermic peaks in the DSC
curve, and the contents of these two kinds of water can be calculated by
integrating the endothermic peak and dividing by the integration of the peak
near 0°C of pure water. However, non-freezing bound forms hydrogen bonds
with the polymeric network. Hence, no endothermic peak can be observed in
the DSC curve. The nonfreezing bound water content is conveniently obtained
from the equation shown (SJ Kim et al, 2004; MB Ahmad and MB Huglin, 1994;
Y Liu and MB Huglin, 1995):

Wb(%)=W,—(W,+Wﬁ,)=EWC—%xloo

s
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W(NQW refers to the nonfreezing bound water, W

refers to the total water in the swollen hydrogel
wokiel2wan be substituted by the EWC val ue, WPCHESGH97/000287

free water and Wb is the freezing bound water. W and

W, can be approximately cal culated by the integration

of the endotherm c peak. do and ¥ are the heats of

fusion in the hydrogel and pure water, respectively,

and they can be integrated by using the Universal

Anal ysis software. 9.4 Scanning El ectronic M croscopy

(SEM Scanni ng el ectron m croscopy was

W estietsr inethenpostieezing brimshwesy W refges &qe/nmp&%géggé\é?@dwhe
swo@é}? Pé%e?%%g{ gg ( EM%%W’H‘%%%\/@?Q%I&@W is the free

watarehrak ¥, 3¢ dhe fmmg bsUad\t\m@tecr\pskafanxiewfg pan fbe apptoxineately

f d d f h
calog s 1oYatheo g aeny Ot ERREI TG Repky Qanrocdi Qi the
hea@’gf" fi’z%?d R i h{/c'ir%géﬁ aRBYUNE Wates ORdsy pé%flvé’l%/t Bnd M8ey can be

reezin cedure in the refrigera because
Integﬁat&thbyUsmgzthﬁdlevetsetAnebyglsrﬁnﬂwafe vol une of the
substance during the transformation fromwater to ice.

he dri | VOB ' coated with gold for 45 s
9.4 %FS%”H%Q)%@?‘?{)QE[MC%%}’? (SEM oot er (JEOL, JFC- 1600,

Japan). The m crophot ographs were taken by scanning
Scafhipgt reisctidrer asicaeopy EGlas J&MpiRed) toi tdbserve the surface

morRRgREY ohiNensybesedl bAMA red | EEMBYPEDGA: hvdspagts. The
ol B R E5REh U AL P10 iy e e
statetwele {ristantlyl eryofixed dhithe adetonel raxgiedw ice puxisne |aei1d freeze
crelot by el b A R SR kRS or the
hydrogel after freeze drying in contrast with the common freezing procedure in
the refrigerator because normal freezing process expands the volume of the
substance during the transformation from water to ice. The dried polymer matrix
was coated with gold for 45 s at 20 mA using an auto fine coater (JEOL, JFC-
1600, Japan). The microphotographs were taken by scanning electron
microscopy (JEOL, JSM-5200) with an accelerating voltage of 5 kV at various
magnifications.

9.5 Release proﬁle of vitamin B2 from hydrogel and xerogel

Vitamin Bq2 (VB12, FW=1355.4, Merck) was selected as the model drug to study
the release profile of hydrogels as potential drug' delivery system. Each
dehydrated hydrogel (POL5, P5L5 and P10L5) was soaked in 5 mL of 10 mg/mL
VB2 solution for 48 h. The drug loading capacity was determined by the total
amount of VB4, released from the h.ydrogel into Milli-Q water. The value was

expressed as loading capacity, determined according fo the following equation:
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VBi 2 solution for 48 h. The drug | oadi ng capacity was

determ ned by the total anobunt of VBIi 2 released from
w0 b@jgaogel into MI1i-Q water. The val ue waBCT/SG2007/000287

expressed as | oading capacity, determ ned according to

the follow ng equation:Loadi ng capacity (%9 = VBn x

100% VWV drymass where WBI2 is the total mass of V Bl2

in the hydrogel, determ net by UV spectronmetry and

Wiry mass is the pre-wei ghed mass ‘of xerogel. The

surface of the VBi 2-saturated hydrogel was blotted

wth a red solution and directly used for the rel ease

profile st u% or dehydrat ed at W%mte erature until

a const ant 'ogﬁtnm%w(%@@dﬁ/ro—sm %he rel ease

properties of the xerogels. 0.7 k44Cl sol ution (to

sinmul ate gastric fluid) or MIli-Qwater (to sinulate

i nt.estinal ,conditions repare s a,rel
whehd Jfiee Shireolital e af i B ORI dled Bt lineq iy WY
speteSREirPafdi Wy n01d Bkl Reticighed A¥¥s of xeregsin

i ndi vi dual experinment, hydrogel or xerogel was pl aced

in 150 Ml of releasing nediumin a conical flask at
TheBusEcH Qfﬁﬁéo\(@ﬂrﬁ?&!@t%cg Axdragehwasoploftad with 2 fed slyion and
dire e O R kel pr e UL SRyl e i fRfature
untioh Corstant aleighti wgs rethieved Thetsdhmbhe relebsei mopedies of the

di | ut ith, 5 L of MIL1i-0O water. fare in
worqgels s Jol bt clitfors hsimuiet® Gl il 8 A \ilter o
simjgte apfsitiMaPlebrfitichas hwhs MBrélirBl Was aCaberkat Atbdium. The

directly by the UV spectroneter's software at its
expguimental procedure dassgindiationthat deseribed iy B Esiviallol etrad, 2@05.

a function of concentration and absorbance of vari ous

i SRR B o SerdosC it g 185 . o
rele@siBg rhediunairda Lohicapfiatk ar 83TE elithvedntinudbe shiakieg at 100 rpm
in iligr,c?l}b%rtc\)/ral(ssar%fo,th%aF\SB.té in(;"l\_/%(%j sam Ileeso Stlioug iw%résal\ll\&ro?eg 'frso’m the
conical flask and replaced with another 5 mL of fresh releasing medium. The
sample solution was diluted with 5 mL of Milli-Q water before measuring its
absorbance at 361 nm. The concentration of released VB12 at each time point
was calculated directly by the UV spectrometer's software at its quantitative
mode according to the regressive line as a function of concentration and
absorbance of various standard known concentration VB, solutions. The
concentration of standard VB, solution was 0.2, 0.4, 0.8, 1.2, and 1.6 mg/mL,
respectively. The time intervals of the retrieved sample solutions were 2.5, 5,
10, 15, 30, 60, 120, 180, 240 minutes. Each experiment was conducted in
triplicate.
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10, 15, 30, 60, 120, 180, 240 m nutes. Each experi nent
was conducted in triplicate.9.6 Results and di scussion

W@ 200982849 i ng behavi or of hydrogel (i) Swelli nBCR&G2007/000287

(SR) Figure 16 shows the swelling ratio at different
time intervals of POL5 hydrogel in acidic (pH 3) and
neutral (pH 7) solution. The final swelling ratio

val ue was about 12 and 10 at pH 3 and pH 7 nedi um
respectively. The SR of hydrogel in the acidic
solution was slightly higher than in the neutral

sol uti on because of the presence of a small anount of

9.6 Rapwibs anddjscussiPRe chitin derivative as the starting

hydrol yzed chitin vvas not fully N-acetylated. In

(a) @ﬁ%ﬂhé 'é?%{n%ro"fﬁ PO group is protonated which

el ec atl c repul sions between the
pol ynmer segnents and exhibits the relaxation of the

" fipByalimgidatim(&REhai ns. However, such interactions

will be reduced in the pH 7.0 PBS due to the | ack of

sy Mo Mot s RSURE Bl o Breralle e Pl of oLs

h?ﬂ#ﬂg@l if atvigicelpHIBY &g inentranipH MEtvNtikni Fhé finar $welﬂmg ratlo
for the proposal of the controll ed-re] ease devi.ces

yelugswas abpuhitz ppd WheiRriE 3 and pHy pmediume iRsnestively.- he SR
TR, R SLER SR b b WA g e s
fsolummn beragspi ofithal preserade of a(@nﬂaanmmnewf amin@ageup Jn the
Cé\m{;]kélerllvgazifglé:as:th'gsstarting hydrolyzed chitin was not fully N-acetylated.
In acidic media, the amino group is protonated which induces the
electrostatic repulsions between the polymer segments and exhibits the
relaxation of the polymer network chains. However, such interactions will be
reduced in the pH 7.0 PBS due to the lack of the ionization of the amino

group (SN Khalid et al, 2002).
(if) Swelling kinetics

The investigation of the nature of water diffusion into network is important
for the -proposal of the controlled-release devices for drugs or bioactive
agents. The typical description of transport mechanism of low molecular
weight compounds through the polymeric nefwork can be expressed as the
following empirical equation (O Carmen et al, 1999; J Crank, 1978):

where M; is the mass of water of absorbed into the hydrogel at time t and
Ms is the amount of water in the equilibrium swelling state of hydrogel. k and
n are constants. The diffusional exponent n can be calculated by the slope

of the linear curve which is obtained by plotting log (M¢/Ms) as a function of
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where M is the mass of water of absorbed into the
hydrogel at tinme t and Ms is the anount of water in

W@ b@oeepoid i brium swel | ing state of hydrogel. kP@nsG2007/000287
are constants. The diffusional exponent n can be
cal cul ated by the slope of the Iinear curve which is
obt ai ned by plotting | og Q}ﬁ/hﬁ) as a function ofl og
(t). In the case of n=0.5," the transporting nechani sm
i ndi cates the Fickian diffusion, and when 0.5<n<1, it
Is called non-Fickian or anomal ous diffusion. The
val ues of n and k at the different pH | evel is shown

lios fthblre the casghpl NE0:5, iRy §3N8POTHNG KMECHRRIGRY H%IP%T&éI the
?é"fﬁréllfngloﬁHaHH v{q dn, BY L0 @’t?all@ﬁt@ﬁ—?ﬁc Br Sn¥RRilous
cula e dynam c’'curve in FHgure 16

dxfhelom ihetvaludseofanand kad the differeninp!d howel isblomen imMmhable 6.

value of n for POL5 in both pH 3 and pH 7 were greater

than 0.5, indi cati ng that the nature of water

di ff usi o ir‘.t re—hyeregel—was—hRor—F¢ki-an—Thi s

nmeans that t hfu i on afd rel dxati o of h dr ogel

net wor ks mmoes&oprﬂar abl eenmr:0.¢1 at | 00.80& @.hei r
contri butiopn—to-the shwellingabilityv of hvdr nge| . Such

results dr&0piR PRY tlo PRE s‘%% ds BrAS&RI | ng

PTapRIé:\eauds ofh) QﬁEOMA‘Frgﬂr@éel 0 \Férloustﬁq ®UifePSolution
dextran derivative ased gels in other

literatures (WC Lin et al, 2005 HK Can et al, 2005).
The diffusion nature of vvater i n hydrogel reflects t he
transportation properties of other small nol ecul es
§'bdeaatai in Table G elasmealcalatesd friox tﬁéio&nahﬂmuﬂ&ain Figure 16

SRS st T anplns cafielomeaPin itk 15 walth S n for PoLs
WQBH’QSH §%ﬁ8|;ﬁ-1v?aﬁleﬁé“g%’été¥ %rbm 53QH6|@ﬁhh%ghéththeD§§ure of

anal ysis of the sanples from -
wetterr diffusiaro intar hewhydiogelramse monslﬁlclwgnt hihis gpgans tbat the

dq‘Fusm Y& &hd ?&Q)t(g"tngn bphyyé?%elhﬁé{(rv%gl?s wate comparable in relation to

their contribution fo the swelling ability of hydrogel. Such results are similar

to the studies on swelling properties of chitosan (n=0.53-in D.l. water) or
dextran derivative (n=0.655) based gels in other literatures (WC Lin et al,
2005; HK Can et al, 2005).

The diffusion nature of water in hydrogel reflects the transportation
properties of other small molecules solute in this polymeric matrix. This

shows that the hydrogel may be used in drug-delivery.
(b) Water content of hydrogels

The water content of each hydrogel sample was calculated by conducting the
DSC analysis of the samples from -15°C to 15°C with reference to pure water.
Table 7 shows the results of the water content in LCMA hydrogel or
LCMA/PEGDA hydrogels. In Table 7, EWC refers to the equilibrium water
content, Ws refers to free water, Wy, refers to freezing bound water, Wy, refers to
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LCVA/ PEGDA hydrogels. In Table 7, EWC refers to the
equi libriumwater content, W refers to free water,
waRzHoey s to freezi ng bound water, W ref er SPCT/SG2007/000287

tonon-freezing bound water, Qendo refers to the heats

of fusion in the hydrogel and ¥ refers to the heats

of fusion in pure water. Id, was found that the

equi libriumwater content significantly decreased as

the ratio of PEGDA in the hydrogel increased with the
concentration of remai ning LCVMA constant (POL5

87.2%, P5L5 (74,.7%, Pl0OL5 2% Inter stin
non-HleeEHgP Lmbwsg%a@em éefﬁmfth%m ﬁ?f @@&W@ﬁ?'@nd
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wat er (V) (22 8% tremsndously boosted to nore than

It wasifoend Haat theaequilibriron Svatedcopent(Sgaigantihdscreased as the

ratic O PEZFA b 1B P aShaRfuiifi e ERbint i P ramaiping
LCMA Wohstmit FPOLESTeZL, opsm wcmwvﬂws m@ﬂ%)wmérestmgly,

PEGDA. From t he val ues of it was concl uded

altheugh R19E5: basidhe Jowest E&V@e@u@baw dﬁe M%yer@ﬁﬁaﬁqbv@@gel
strugﬁ@%octﬂ% il \\/\‘@?ern@dLmi 3f a‘?/%ﬁﬁl%ug}‘l t(/\{o‘?l‘?_l_?(%hﬁh_;reezmg

suUsSt al ned e dense

boufte m%désrtc(\/w) (2at83%6) B’emeaslousiyh?ddis::]@ffccsrriar@ ltham fWics tfmmathat of
e Ling-1her mo amo the freezin
POL;SU’?@W&?QFQ ark a-*“SSWGII' e kGl Bye svaler P "F'P@"iegn'l” forming

hydfgg@@%@r% T Btﬁcﬁ Hn@ﬂé netWBhE é’?ﬁ)eltoéléé( nAgkt EBaétfhbuted to

startlng rom In pure water, meaning t
the drydyopivilic wepert)ofofV\laE@lDﬁememdthenvplulee ofat(ak .+ |Wfb).' hi¢ was

configiEr Yhel e R, o oo esu oD P G Bhenpadtas PEGDA
conie’n‘?r\ﬁéé 'rﬁﬁlnﬁf chiis&d |0 Ideutdevabrsr (hHRH-@Risebusthined in the
75). The transition peak of freezi ngbound water

den@@mhﬁdfpgﬁbrrall sharp peak in the left of main peak)
becane nore significant as the anmount of LCVA

[ nulbﬁ;g'l}llogielll tieEi‘Iz(c:ir(‘;ngeo/ib. Si l‘;\llflale, the ]
samples o) (@Qenat@i) | O )
POL5 96.9+0.2 87.2+1.8 0.5+£18
P5L5 829+20 747134 8.2+1.8
P10L5 69.0+ 0.6 46.2+2.4 228+20

Table 7: Content of water states in hydrogels

Figure 17 shows the DSC melting thermogram of the freezing water in pure
water and of swollen hydrogels with different component concentrations. There
was only one sharp peak starting from 0°C in pure water, meaning that only one
state of water existed in pure water. in the case of POL5 hydrogel, there were
two transitions, the lower melting temperature attributed to the phase transition
of freezing bound water (HB Lee et al, 1975). The transition peak of freezing
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freezing bound water's percentage increased with nore

PEGDA content in the copolyneric hydrogel because
WORBDA29089 a hydrophilic polymer that can formPGH8GLEN000287

bonds with water. Notably, the heat flow of freezing

bound water was al nost equivalent to the val ue of

normal freezing water in PLOL5, indicating that the

heat flow rate of the two aks are al nost of the sane

intensity in the thernograns. (c) Morphol ogy

observation of hydrogels The surface and upper

interior structure of the hydrogel s was viewed under
bourgEmater costedt (dak shae pealgin éha &f afl main pepks hesrmsi more

signfieb 88 e ARgEr B ey PR SRSRLPL R blurobRIs Sty the

~ freeREPdANM WetdKs( p¥rcentagelincreasedRiEh more PEGEA echmht in the

phot om crographs present ed three-di nensi onal netwo
copglymesigphirdragal bpsausenBESRA sy Rydiophticaelynet ﬁla,att Wraaéorm

hyd r@ﬁ“eﬁq{cg{rgg \Q?ﬂq ﬁll Noté@&ﬁﬂé ﬁégﬂw of tfr'e\éﬁmﬁrl%z;lﬁsl‘?c{ ﬁlgfgr was

not as shm
almosimﬂwvmemiztedhbymilmgef nsrtmhfreezim'g water il #1005, iradic)ng that

e SHSLIEM, SR B e, o S o e, WlRGy in e

therfam@mpact pol yneric structure Sonme random cr acks
were observed on the wall of cells and this was
probably due to the poor nunber of crosslinks |eading

(c) Merpheiegysobsemyationef Ryshiagelsi ve ridges in the pure LCVA
hydr ogel that was destroyed during vacuum

Thel SHRAI S0 b bl B 3T/ R800E Il Viowed under
SENMy itectieonaigdial Eiget!18 @idoi ¢3 showshsix SEMwhbioraicrographs of

bi od d b I || t of d
the ,rrl,l\grpgp{o?gugo p%r%%gée?;zgsdrtle% ﬁydr%vg\;/eﬁs wit rg ?fglp % co%cen{rggon of

PGDA and LCMA (POL5, P5L5, and P10L5). All selected photomicrographs
presented three-dimensional network. In comparison with the same
maghnification of the three different hydrogels, the inter-connective channels of
the hydrogel without PEGDA were not as small as the copolymerized hydrogel
shown in Figure 18 (b1 fo c2). Such differences might be interpreted by the
higher concentration of precursor solution resulting in a more compact
polymeric structure. Some random cracks were observed on the wall of cells
and this was probably due to the poor number of crosslinks leading to poor
strength of connective ridges in the pure LCMA hydrogel that was destroyed
during vacuum freezing-drying. The size of the micropo‘res was estimated to be
from 10 to 70 um. Such porous scales may accommodate cells and its further

growth, or biodegradable vehicles to allow the transport of drugs in various pH
media.

(d) Drug release characterization of hydrogels and xerogels

Vitamin B4z (VB12) (cyanocobalamin) is a water-soluble vitamin which is dark

red coloured with an essential role for the growth and health of humans (SE
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(d) Drug rel ease characterization of hydrogels and

xerogels Vitamn B12 (VB12) (cyanocobalamn) is a
wWoR0e/02%dd ubl e vitam n which is dark red col ouPEHSGR0000287

an essential role for the growh and health of hunmans

(SELester, 1965). There were several studies involving

sustai ning and releasing of VBi 2 in polyner hydrogel.

Luo et al., 2001 , studied®ne transportation

properties of VB-1 2 fromthe synthesized hollow fiber

menbr ane based on copol yner of 2- hydroxyet hyl

nmet hacryl ate and net hyl nethacryl ate. The rel ease
Lestarn4965). Tdlerd/Bicze saverdl studins estdlyag edistainisgarice releasing of

VB fi, 08Nl as pop Sty A ciupRigBk didhsenaton properties
of \ﬁ%gqejom Tihe g?ﬁl‘h@?é@ﬂ' Holbwefib B ridtane Paseh drpégmﬁeél M;érr] gf 2-

ended hydrogel menbranes have been expl ored

hydsexvetnd metigicidatenand trhethyt anetpaetyiate ol hebidl¢ase behavior of

VB SRS krIRRlT Hhoyot TR Rl e Pl vinyi2-

pyrioit69s)s cresdligRed dwitly polyacryyhidec(R Dengendetr al,n@000s The
a drug delivery system The first is to conbine the

permeaelhgxh af o fRTPUGh ichrosN/FYA Riandest hysiioge! mebranes have

. ' - I Si -of.
beefyERAGE R IHE Hinors e dhat et Serich oD At nfigBeed
linepdy nutht theanhitoban sosteat irethel mydrgdelqd®M ¥angh2004t t er

method is preferred because the drug properties are

’ t [ected to t i zatli, d

GegepuEdieft afumd malbedntd oo G TR dRtpas B gBrendS: them as

a dRRAHERRSY SH¥E N"Thd %Bt)is td HRINSHiAE @he idiug ind MSABRIER  prior to
soaki ng thé dehydrated photocrosslinked hydrogel in

polyingrizaisic ehtthethygrogs wecarsas! the etherois past-inmeeraierelof the

5 Vo IRRER 0l Sy TOCHR A8 PR AR dotines
in hydesguts. OB [atfee thdthdihidpebteget beeausafrabtrigopr dgngre not

approximately 30%its dry mass of VB12 , significantly
subjgsrted te e pAYMSBalighProcess and no subsequent purification of drug-

loaded hydrogel is required (SW Kim, 1992). Therefore, in this example,

soaking the dehydrated photocrosslinked hydrogel in high concentration of VB4,

solution to load the model drug was chosen.

| Table 8 shows the loading capacity of VB2 in LCMA xerogel or LCMA/PEGDA

xerogel. The photocrossiinked LCMA hydrogel was capable of hosting
approximately 30% its dry mass of VB3, significantly more than the copolymer
of LCMA and PEGDA. This was afttributed to its higher swelling ability and
larger interior pore sizes, a function of the lower number of crosslinks in the
hydrogel network. In contrast, only about 2.5% VB4, was incorporated into
PEGDA to LCMA (P10L5). The loading capacity was increased to 5.2% when
the amount of PEGDA was reduced (P5L5). From the results of the loading
capacity of hydrogel, it can be. concluded that the VBi, loading amount is

controltable by regulating the hydrogel composition.
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‘of PEGDA was reduced (P5L5Y:

VBlibadiing Bapaeitypge| s aRALBydr ggel sPELE shown iR10L5

of LCMA and PEGDA. This was attributed to its higher
swelling ability and larger interior pore sizes, a

wo e of the | ower number of crosslinks i NnPETI®RG2007/000287

hydrogel network. In contrast, only about 2.5% VB12

was i ncorporated into PEGDA to LCVA (P10OL5). The

| oadi ng capacity was incre ged to 5. 2% when the anount
Fromthe results of the

| oadi ng capacity of hydrogel it can be concl uded t hat

the V B12 | oadi ng anount is control | abl e by regul ating

t he hydrogel conposition. Sanpl e Loadi ng Capacity POL5

P5L5 P10L5 (% ng/ng) 30.73 0.50 5.2 0.02 2.45 0.07

Table 8: loading capacity of Vitamn Bl2 in xeroge

i) Dynamic releasing profile , TBempleease profile of

i gur @6, rhg/mg) and PBO223 +esheclt | wed ¥.0.0De [diag6an®.07

0 of wnhich the
Concentr et one ST URES Tt L kA ad T (M) to the

final total concentration (M nO was expressed as
M/Mnf , tointerval tine. Referring to Figures 19
and 20, it was found that the LCVA xerogel (POL5)

(¢ IDyametlc wHdasimgqirofilest er than the xerogel,s cont ai ni ng
PEGA in both water and HCl sol uti on which were both

A3 reers e ool BT 3he arog8h and MRt arpeshown in

m%;@@ga apofahe 2atoz bésﬁé&ﬁelqurr@alaaramméﬁe plotted as the
| owi ng order: POL5 > P5L5°> P10L5.” The rel easi ng

ICQDGG‘@H’HWL&’[%ergwthbdhﬁmenﬁamF,)fd(Bﬁlth@ewa{gd time
W0 In2 fhdTeithPRbAteR (2) 48! SxgHsid] 'R MuMuy, to

interval time.

Referring to Figures 19 and 20, it was found that the LCMA xerogel (POL5)
released VB2 much faster than the xerogels containing PEGDA in both
water and HCI solution which were both about 30 min. In contrast, P5L5
and P10L5 only completely released VB4, over 120 min. Hence, the release
profile of the three xerogels have the following order: POLS > P5L5 >
P10L5. The releasing rate of POL5 xerogel compared to P5L5 or P10L5
being about 3.5  times faster shows that swelling ratio decreases with
increasing degrees of crosslinking (PJ Flory, 1953). Since the degree of
crosslinking controls the diffusion and transport of small molecules through
the polymeric network, the looser structure of POL5 results in a fast
exchange between water and VB1,. Conversely, the complex and compact
morphology of P5L5 and P10L5 hydrogels gives rise to slower water
permeation rates leading to a slower exchange and release of VB, in the

copolymers.

The release feature of VB,; from the hydrogels is shown in Figures 21 and

22. The release mechanism of the model drug from the hydrogel involved
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i ncreasi ng degrees of crosslinking (PJ Flory, 1953).
Since the degree of crosslinking controls the

waledobrozioan and transport of small nol ecul es t hp@U§GE2001@00287

pol ynmeric network,. the | ooser structure of POL5

results in a fast exchange between water and VBi 2.

Conversely, the conpl ex ar}% conpact norphol ogy of P5L5

and P10OL5 hydrogels gives Tt1se to slower water

perneation rates |l eading to a sl ower exchange and

rel ease of VB12 in the. copolyners. The rel ease feature

of 'VB12froem the hydrogels i.s shown in Figures 2 1 and

exclugivalyrtbe @xsBange RAWRLNHBelecHiesrREArug mglacuias, fsiead of
s . . e

O oo PR ALY I e P Sefgel betpuse the

hpdrtoge! diacswebthed) iteheateorequiliirien cataée dfefrer arapsrelease

b t d | h hed jt t i 1] bri
SFeliitoRs b Wi SnscasEpartasl GRICPRE Vil Eppdban 3
AbuRYHTIRAR Waté! nd PICi@skflioMBI 2 in less than 3 hours

In both water and HCI solution. It took approximately

60 min for POL5 to tqtalléﬁrel ease VB12 , and 180 min
ftdpokmppraximataly &) mimifer RALS 4 totelly delpsse e, aneel & min

5L SIS B e YR e i e

kBadgeld) Finthetaiargettss reldasedndrigoasmumes irhthehfigt d@emin were
was at its equilibriumstate _and no network expansion
wakas ﬁ@Bldv%%i%!ﬂSdﬁ theperagetn This vyas P@P@&@e’fh@e@b{cﬁpgel was at

n o € [ I h ean
P?o%%wlg?gg{el étlsﬁés\i% er N%r : a%fdcgégg?éz}aﬁAl\@%hf} r(gg% Supon
warmesr§ionrid the réleaseinoediasidente tthe reledisei oft Vi, veaddh be much

exa '.nafti on, J.e: VB 2 concentration did not increase
SHRAig 1eom Hyelr el iR Jrate” 39AICITBENEA dr ug coul d al most
conpl etely be released into nmedia. Such

All hydrogels were found to be colorless at the endpoint of each
examination, i.e. VB2 concentration did not increase any more, indicating
that the loaded drug could almost completely be released into media. Such
ability to entirely release VB4, would be useful and important in designing
drug carriers for delivering hydrophilic drugs with respect to controlling the
total drug loading amount as well as the final drug concentration in the
body. This is because the effective drug dose released from a drug-
releasable system that incompletely releases its drug content could give
rise to overdose issues. If the drug delivery system did not totally release
the drug at the prescribed therapeutic time, it is reasonable to conclude that
when the drug carrier eventually degrades in the body and releases the

residual drug, an overdose may arise, that may be detrimental to the
patient.

(iiy Release mechanism of model drug

The diffusion behavior of the model drug released from the polymeric

network was analyzed using the empirical equation of:
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ability to entirely release VBi 2 would be useful and
inportant in designing drug carriers for delivering

whyweoptoud i c drugs with respect to control |l i ngP€8G2007/000287
. total drug | oading amount as well -as the final drug

concentration in the body. This is because the

ef fective drug dose rel ea froma drugrel easabl e
systemthat inconpletely releases its drug content
could give rise to overdose issues. |If the drug
delivery systemdid not totally rel ease the drug at
the prescribed therapeutic tine, it is reasonable to
concl ude that when the drd carrier eventually
degrades in the body andjue¥éa es the residual drug,
an overdose may arise, that" may be detrinental to the
patient. (ii) Release nechani sm of nodel drug The
ahtfai M/, kethavrastiontl thg rabetele, di g theehneas ed drug nelease at

et ish iy 12 magh it g FREABS 25 (e SARIERPRRTE g '
m@n?f‘flﬁgsi?rﬁ% é ohaﬁ} %’gﬁfac@éri fUBf %6d §8RRAsa! mdcABnisndNk is a

Ss 0 rug rel ease as tine approaches
costant incomporatingethai ¢Harsctenistice qf dhenmacremealecular sngteork

Peiarpandidrig. THe Sanaival eididh, SOTIER the fist 0% of the

frReficra rerakar HeRt&ahE daYS it ThBRE Fang 10TWas computed based
exponential relation is valid for the first 60% of the

pnaesulitmal M/Mie5<b6. YWheoa) ig aaualdeD. b rimegasesisealiad Hekian
U AR R e Y f RIS efy 90 oo
ahdi ARepasc KO8T, hlédses|; dPL Ritger iandoeAvReppds, 51987d release
1.0 (PL Ritger and NA Peppas, 1987, release | ; PL

)+ ger and NA Peppas, 1987, release I1).

Tables 9 and 10 show the results of k and n of VB, released from xerogels
in water and HCI. The value of n was almost equal to 0.5 for VB, released
from P10L5 xerogel in water or 0.1M HCI solution. This indicated that the
transportation mechanism of solute or drugs from this xerogels foliowed the
Fickian diffusion that can be expressed as MyMi; = kit"? in water, and
My/Mis = kot"? in 0.1M HCI solution. ks is approximately 0.6 in water and k
is about 0.7 in HCI. However, for P5L5 where the copolymer contains less
PEGDA, the release mechanism deviates from the Fickian diffusion

principle. The n value of P5L5 was 0.59 in water and 0.56 in acidic solution.

Furthermore, it was found that n was less than 0.5 when drug was released
from the homopolymer of LCMA. This could probably be attributed to the
shape of the POL5 xerogel that was slightly changed to a cylindrical shape.
During swelling in water or HCI solution the low crosslinking density resulted
in volume expansion of its dimension that was much larger in the release

medium. However, the value of n can reduce to the range of 0.45 and 0.89
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the Fickian diffusion that

=M1/2 in water,
k2t1/2 in 0.1 M HO solution,
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and

approximately 0.6 in water and k2 is about 0.7 in HC .

However

, for

P5L5 where the copol yner contains |ess
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di f
Ut

5 BT and 8 e 187, ki

0.
r e,

59 in
it was

found that n was |ess than 0.5 when drug was rel eased
fromthe honopol yner of LCMA. This could probably be

attributed to the shape of the POL5 xerogel that was
slightlly changed|to a cylingri. pe. During

swel lingain el or HCl so%‘?'@k"ﬂ%gi | ow crosgll i nking
densi ty ?%@Bre?] d}lin vagl une |expa ionrlgf iks di nensi on
that was nuch | arjger in thd rel ease di um__However,
t he valfue of n cdn reduce tjo the rande of 0.45 jand

0. 89i n |t hePRldse df 0491 heR i c&isgé“a%?g t FA¥9<lippor t s

t he abgve—predretironr—of—thegresutt—ofiPOE5S—(P—R t ger
and NA |Peppgiss 1984 s591:eh. 6a5e0ldb)x 0.620 e Pgoedel pase
par anmetlers of VBI2 rel ease [from xerogels in watler
(3700 [Ta 0: l-eas r t.e VI | epse
from xerog%eﬁ)é'%i n %ﬁ%@Bgﬂ ?@%ﬁ& sﬁ}dég he hew

hydrogel synthesi sed by photocrosslinking

of

pol y( et Tgblen®: Re:lgast patimeters af ¥BdAdelgsisei from xerogels in
met hacr waggrg3na®) ng the formul a: wherein:

0.1 M HCI
Sample ID
n k R?
POL5 0.39+0.09 | 1.60+0.23 0.9829
P5L5 0.56 £0.03 | 0.92 +0.02 0.9987
P10LS 0.50+0.02 | 0.73+0.06 0.997

Table 10: Release parameters of VB, release from xerogels
in HCI (37°C)

(e) Conclusion

The new hydrogel synthesised by photocrosslinking of poly(ethylene glycol)

diacrylate and chitin methacrylate having the formula:
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W0 b@gewwp consisting of: OIll NH C CH - NK ankCTH&62007/000287
prepared in an aqueous system The chitin nethacrylate
had a degree of N-acetylation equal to or greater than
80% Exanple 9 shows that %§e new hydrogel held a
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body. The swelling behavior allowed the hydrogel to be
particularly useful in gastro intestine system The
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—NH—-C—CH —NH
NH—C 3 and 2.
was prepared in an aqueous system. The chitin methacrylate had a degree of
N-acetylation equal to or greater than 80%. Example 9 shows that the new
hydrogel held a porous structure to be suitable for transporting drug or bioactive
agents to a subject, such as a human body. The swelling behavior allowed the
hydrogel to be particularly useful in gastro-intestine system. The release profile
of the model drug demonstrated the liberating manner of model drug varies with

the environmental pH value but results in the total release of the drug.
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1.

ofutions. J. Appl. Polym ScL, 1997, 66:

293-305C aims 1. A conposition conprising: (a) at

| edseormpesiiipe cesipnsinginanci ng agent; and (b) at |east
one nmacr onononer. The conposition according to

2 .
cl ai : [ . a (R | S.+a.hone cenent
com&étqt%‘?@% o%'ggsggﬁg%n%@%ﬁg@bﬁﬁgsi tion. 3 .
The conposition according to claim1 or claim2 ,

wher efl) dt leasttonkaaatropnenomer. onononer i s a
cross-1linking macronmononer. 4 . The conposition

* nd M CHERRRBR SRR SRR PO siib et bone
bordfert comdtsitfoBRGbF b%n@%@n@éﬂ%o‘n@p@é’l‘ﬁ’or@ne of the
precedi ng cl'ains, wherein the at |east one

macr onononer_is poly(ethylene glycol) diacrylate
( PEGBAFOMpRRHPY merarding teelaim dnel eaina 2¢ wiisreintthe gt least one

th . C St ' o any one of

nd S emsdhonof £ ARSThkPaBGR Shotelc, “one

vi scosi ty-enhanci ng agent has an average nol ecul ar

weiliet cempasitibn awcogdingtte raryhamne ©9@e Paeceding claims, wherein

the at least one macromonomer is a polymer with double bonds.

The composition according to any one of the preceding claims, wherein
the at least one macromonomer is poly(ethylene glycol) diacrylate

(PEGDA), copolymers thereof, and/or a combination thereof.

The composition according to any one of the preceding claims, wherein
the at least one viscosity-enhancing age‘nt has an average molecular
weight equal to or greater than 5000 Da.

The composition according to any one of the preceding claims, wherein
the at least one viscosity-enhancing agent is selected from the group
consisting of: derivatives of chitin, chitosan, celluiose, dextran, collagen,

hyaluronic acid and starch.

The composition according to any one of the preceding claims, wherein
the at least one viscosity-enhancing agent is selected from the group
consisting of: chitin methacrylate, dextran methacrylate, chitosan
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7. The conposition according to any one of the
precedi ng clains, wherein the at | east one

W@ @008y - enhanci ng agent is sel ected from t heC8G207/000287

10.

consi sting of: derivatives of chitin, chitosan,

cel lul ose, dextran, coll agen, hyaluronic acid and
starch. 8. The conpositioni@cording to any one of the
precedi ng clains, wherein the at | east one

vi scosi ty-enhancing agent is selected fromthe group
consisting of: chitin nethacrylate, dextran

net; e I%la?'{ htaconyl 0 ;
chilﬂt&?‘gwlrlarlgét’hg%ry g’?%ﬁw;a%ﬁﬂha{ﬁ% 1(F‘%cc) y\}lgnéygqgfé:}%indl ??Iy(vmyl
polaledhol), podyetixiieee odide; dativaidestthereadf anchadniaturetheref.
thereof. 9. The conposition according to any one of

th recedi ng clains.. erein the_at |east .one, . .
vi S4B, ESBRRa rTABE S a7 ohF o MhensisRai Siaims, wherein
havthe &t fedst lonetvis®sitylihahBingagent is 8RfinZnéthdchiteAving a
and each x , y or zis > 1 each R is the sane or

di ftickiie; sel ected fromthe group consisting of:

wherein Mis a netal; and each R2 is the sane or

di ffereqt,gsel ected from ghe .group consistigg of: O Il

- NH- SR.ST -NH and 2 .blo.Rthe conposi '(gn R

wherein:

X, Y, and z are integers and each x, yorzis >1;
each Ry is the same or different, selected from the group consisting of:

o G

n -
—H —C-C=CH, _, —CH—CH-COO'M'

wherein M is a'metal; and
each R; is the same or different, selected from the group consisting of:
)

l
—NH-C—CH, __ —NH,

The composition according to claim 9, wherein at least one Ry is
o CGH,
n

—C—C=CH,
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13. The conposition according to any one of clainms 9
to 12, wherein the viscosity-enhancing agent is:

WoR@oe29049 X, y, and z are integers and each x PCHSG200Z/000287

11.

12. ¢

13.

14.

is > 1, and each R2 is the sane or different, 'sel ected
fromthe group consisting of: Oll -NHCCH 3 -NH, and
14. The conposition accorddég to any one of clainms 9

to 13, wherein the viscosity-enhanci ng agent

is:wherein, x , y, and z are integers and each x , y

or zis >1. 15. The conposition according to any one
OfTﬁge ﬁ?ﬁﬁérggaé?h td WdiRED BP MRS 119 ﬁfhel'é?ﬁsm is a
one €of nmposi tion according to claim
15mombele@terbhlavemaaht |s sel ected fromthe group
consisting of : water, ethanol, saline, or a

h Th '
e Sy P RRCPA A B LR s e
| egplk. one osteoconductive material. 18. The

conposition according to claim 17, wherein the
ost eoconductive material is a calci um cont ai ni_n .
g@wqrgm the

i ndhgaearapesiipn @seording RNk ORBR ElRtAS at &r'd:
cl Qis%&?y-gﬁhﬁ @?é%"% wherein the osteoconductive

materral’ s se romthe group consisting of:
cal ci um hydroxyapatite, b-trical ci um phosphate,
cal CI um suI fate, calciumo CH
O—C C CH, O —CH;— CH -COO™Na'

wherein:
X, ¥, and z are integers and each x, yorzis >1; and
each R; is the same or different, selected from the group consisting of:

0

Il
—NH=C—CH, __ —NH,

»

The composition according to any one of claims 9 to 13, wherein the

viscosity-enhancing agent is:
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carbonate, strontiumand a m xture thereof. 20. The
conposition according to any one of the preceding

W@L@pas9049 urt her conprising at | east one radi OPEEBE2007/000287

15.

16.

17.

18.

19.

20.

cla Hurther conpri

material.2 1. The conposition according to claim 20,

wherein the radi opaque material is an oxide or hal ogen

salt of a heavy netal. 22.10%e conposition according

toclaim2 1, wherein the heavy netal is any one of

gold, barium silver and/or bismuth. 23. The

conposition according to any one of clains 20 to 22,

wherein the radi opaque nmaterial is bariumsulfate,

bi smut h oxide or a m xture thereof. 24. The

conposi tion according to &nftene of the pr ecedi 0y,

' | D-Ag-at=digast one [

ast one pol yneri
0Si ti ccordi

i ator and/or at.

. . | cor di Ag
to cFai M 24u,0r claim 2%',0 wherei n the pol yr(Peri zation
initiator is: amonia persulfate (APS), potassjym
persul fate (KPS) or a mixturgdhereof. 27. Thel_
conposition according to anylone of clains 24 ?‘o 26,
wherein the pol ynerization detel erator is CH;,

N, N, N , N - Tetranet hyl et hyl enedi am ne (TEMED). 28. The

conposition according to any one of the preceding
o RISt VRIC € SHPITEORS Srd FRGlLX. BREZFoRYer | zat i on

inhibitor. 29. The conposition according to claim 28,

wher Borh?ésﬁﬁbn' @é}ﬁrdiﬁgetopghy’ e &rﬂfr*éJBrédé'ang ERlimb S further
sel ected fromthe group consisting of:
comprising at least one solvent.

The composition according to claim 15, wherein the solvent is selected
from the group consisting of: water, ethanol, saline, or a combination
thereof.

The composition according to any one of the preceding claims, further
comprising at least one osteoconductive material.

The composition according to claim 17, wherein the osteoconductive

material is a calcium-containing inorganic compound.

The composition according to claim 17 or claim 18, wherein the
osteoconductive material is selected from the group consisting of:
calcium hydroxyapatite, B-tricalcium phosphate, calcium sulfate, calcium

carbonate, strontium and a mixture thereof.

The composition according to any one of the preceding claims, further

comprising at least one radiopaque material.
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hydr oqui none, p-benzoqui none, trinitrobenzene,
ni trobenzene and di phenyl pi cryl hydrazyl (DPPH). 30.

wab@oozawosi ti on according to any one of the pPELEGRNNT000287

21.

22.‘

23.

24.

25.

26.

27.

28.

29.

30.

clainms, further conprising at |east one bioactive
agent.3 1. The conposition according to claim 30,
wherei n the bioactive ageritO7is sel ected fromthe group
consi sting of: bone norphogenetic proteins (BW),
anti biotics, therapeutic agents, cells, vitamns,
growt h factors and a conbi nation thereof. 32. The

Comgséérh ifiSre @E:Qérﬁﬂ‘ldhfb Slafh 203 wherdhefR! idid Lkzehﬁaterial

BMP I's selected fromt group consisting of:
BMisdan @wmleaordmibgerasabnfaﬂi@waﬁﬂef@b) t he growth factor
is sel ected fromthe group consisting of:

el et .
ST apPS abh i IF Eleincey, Wb ¢ Ry gretal is oy
fa@h@rof dold, Barium, silvenand/on bigghuthed growt h fact or
(1GF), f1 brobl ast growh factor (FGF) and a

nbi nation t her eof the anti bj d
Fr et BmBPBlien CoRarbg g 1% CBBRIaAREI 20 BuRanBrFein the

pe'?é&lbk)%hﬂe AMtbRAQL 'b%t?luﬁP&ﬂfeﬁé @lgﬁ'ld%l‘\ bkid% »or a mixture thereof

anoxli C penicillin G carbenicillin, tacarcilli
and neth|C|II|n cephal osporin antlblotlcs such as
calTas oompoei’clanmordmcetbaaiav]dmjeeof ther alzaﬂedrngaﬁl@lms further

cef aperazone treo m_p

antPHIRENS ¥y Sgso ;ﬂcﬂ 'Bﬁy'g?ﬁcm aﬁﬁ%&o I ggg@rdgt least one
antgdprAtligaticigadeeisratdrr ept onycin, neonycin,

Ilncony0|n kanamyci n, vanconyci n, sisonycin

pol_ym xi n antibiotics such as .colistip, and

pol omRosition according to claim 24, wherem the polymerization

initiator is a water soluble redox initiator.

The composition according to claim 24 or claim 25, wherein the
polymerization initiator is: ammonia persulfate (APS), potassium

persulfate (KPS) or a mixture thereof.

The composition according to any one of claims 24 to 26, wherein the
polymerization accelerator is N,N,N’,N'-Tetramethylethylenediamine
(TEMED).

The composition according to any one of the preceding claims, further

comprising at least one polymerization inhibitor.

The composition according to claim 28, wherein the at least one
polymerization inhibitor is selected from the group consisting of:
hydroquinone, p-benzoquinone, trinitrobenzene, nitrobenzene and

diphenylpicrylhydrazyl (DPPH).

The composition according to any one of the preceding claims, further

comprising at least one bioactive agent.
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anti biotics such as bacitracin and novobi ocin, and a
conbi nation thereof; (d) the vitamn is selected from

WO b@gewwp consisting of: vitamns A C, D, E,PE/S&007/000287

31

32.

B2, B5, B6, Bl12 and a conbination thereof; (e) the
therapeutic agent is an anti-tunour agent, a

chenot herapeutic agent or ®&onbi nati on t hereof;
and/or(f) the cells are adult or enbryonic stemcells
t hat have been induced into osteobl asts. 33. The
conmposition according to any one of the preceding

.Cl &8s cofrploshion édbdﬂ@iﬁpcﬂonélairﬁ430,T\WﬁeFéWifﬁﬁéiBiszﬁive agent is

according to any one of the preceding clains, for use

i n sgdgatedtirgm 8% greep ceonsisting of hooer diofphegenetic prateins

or 1 RURAREERPS fpPciric sfortfod, BRAPRC i FRicR anc

t o aapombiratioh thé@ofir ecedi ng cl ains, for use in bone
filling, bone repairing, bone inplanting, for joining

bo i npl ants, pul p ¢apping, root perforation repair,

r ogﬁlee?ngmppﬁl 'P'ﬂ&,ccgrﬁi"?ifo agﬂ’ﬂi?’ér whesi: f r act ur e,

bl eaching and/or tenporary filling. 37. The _
c0npog)tﬂherempcgrégléaeaorr&ﬂyth@ir@logp é&%aarngcsﬁlmpz, BMP4,

clains,” for use as bone void f bone Cenent,
dent al cambatcombination fheréeft material, fixation cenent
for bone prosthesis inplantation and/or filler of soft

tissug.\spaces. e Oof I 0 . ]
SRS S Mol VR foug gonsistng ot platlet-
Pracr OLTDndEmred govdrffacel (PDGERY \eizeulkl eHdatialial gréwth/ factor
or the
(VEGF), transforming growth factor- B (TGF-B), insulin derived
growth factor (IGF), fibroblast growth factor (FGF) and a

combination thereof;

(c) the antibiotic is selected from the group consisting of: gentamicin,
tobramycin, penicillin antibiotics such as ampicillin, amoxicillin,

| penicillin G, carbenicillin, tacarcillin and methicillin, cephalosporin
antibiotics such as calaclor, cefarodxil, cefamandole, cefazolin
and cefaperazone, azireonam, imipenem, macrolide antibiotics
such as erythromycin, aminoglycoside antibiotics such as
streptomycin, neomycin, lincomycin, kanamycin, vancomycin,
sisomycin, polymixin antibiotics such as colistin, and polypeptide
antibiotics such as bacitracin and novobiocin, and a combination

thereof;

(d) the vitamin is selected from the group consisting of: vitamins A, C,
D, E, K, B4, By, Bs, Be, B12 and a combination thereof;

(e) the therapeutic agent is an anti-tumour agent, a chemotherapeutic

agent or a combination thereof; and/or
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preparation of a conposition for nedical treatnent.
39. The use according to claim 38, wherein the

W@ 09p029089 on i s a bone cenent conposition and/RECT/8G2007/000287

33.

34.

3%.

36.

37.

38.

39.

40.

dental cenment conposition. 40. The use according to
claim 38 or claim39, wherein the conposition is for
bone filling, bone repairikpg, bone inplanting, joining
bone inplants, periodontal applications, orthopedic
appl i cations, pulp capping, rootperforation repair,
root-end filling, apical barrier, root fracture,

bl eachi ng and/ or orar

pone (01 B GRS a6 ARGy STPERNIGHRE! Pl Al PAYE Ragp dpouced

j oi ni ngiKRYBSELBRIsANt S, conprising applying a
conmposition according to any one of clains 1 to 37 to

a bone site of a subject. 42. A nmethod of pulp

c appé cgmposiionpradosdiagite mnyeng of thedmeceﬁwgf@ﬁlmSm dor use in

managemant of root fracture, root canal filling and/or
}é'??/ filling, wherein the nmethod conprises

applying a conposition according to any one of clains

1 The Zonipositidnoaddordind/torarguonendf thespiigceding el@imsTHer use in

nmet hod according to claim4 1 or claim42, wherein the

me€@BstNs for cosnetic treatment. 44. A bone i npl ant

and/ or dent aI i npl ant conprising the conposition

ac?ﬁé(yoﬂg) AMAcEBIingf toRrR e &f e Bréceliihg dalfhd, for use in

conpris e conposition according to any one of
cl permddntabamii/or aghopedic appegdidnsi ng at | east one
vi scosi ty-enhanci ng agent and at | east one

ma ' . .
17 TR el e TRl e S B L1 Bleckioiid B Fotee in

Z pbAeifilirgy ehearshatind, Bone Ymplantings for jbining bone implants,
pulp capping, root perforation repair, root-end filling, apical barrier, root

fracture, bleaching and/or temporary filling.

The composition according to any one of the preceding claims, for use as
bone void filler, bone cement, dental cement, dental filler material,
fixation cement for bone prosthesis implantation and/or filler of soft tissue

spaces.

Use of at least one viscosity-enhancing agent and at least one
macromonomer, as defined in any one of claims 1 to 37, for the

preparation of a composition for medical treatment.

The use according to claim 38, wherein the composition is a bone

cement composition and/or a dental cement composition.

The use according to claim 38 or claim 39, wherein the composition is for
bone filling, bone repairing, bone implanting, joining bone implants,

_periodontal applications, orthopedic applications, pulp capping, root



each R is the sane or different, selected fromthe
group consisting of: wherein Mis a netal; and each R2

WO goovkzgogane or different, selected fromthe gr@UPG2007/000287

41.
5

42.
10 483

44,

45.
15 46.

47.
20

consi sting of: 48. The conpound according to claim47,
wherein at least one RLis OCH3 11 | C C CH 49. The
conpound accordi ng to cl aifqp47 or claim48, wherein M
is a nonoel ectropositive netal. 50. The conpound
according to any one of clainms 47 to 49, wherein Mis
Na or K 5 1. The conpound according to any one of

! e S 05451 Do, FRERELIR, Hafing

Z bfdoriempbehredilimgR2 is the same or different,
selected fromthe group consisting of: O -NH C-CH

-NH, and 52. The o und accQor di to.a
o1& methad B bgng f fﬁw@ e faRatt PRIARERS /on,joining
1, 5B08 gl SRR RIS omphsloradcygind o3y one

vvhef elannsﬁetoo&i?w@oalbdnh@ﬁe@iﬁ assuhiegfe nol ecul ar wei ght
of equal to or greater than

A method of pulp capping, root perforation repair, root-end filling,
management of root fracture, root canal filling and/or temporary filling,
wherein the method comprises applying a composition according to any

one of claims 1 to 37 to a tooth and/or gum of a subject.

The method according to claim 41 or claim 42, wherein the method is for
cosmetic treatment.

A bone implant and/or dental implant comprising the composition

according to any one of claims 1 to 37.
A kit comprising the composition according to any one of claims 1.to 37.

A kit comprising at least one viscosity-enhancing agent and at least one

macromonomer, as defined in any one of claims 1 to 37.

A compound having the formula:

O0—Ri1

N e T e

wherein:



5000 Da. 54. The conpound according to any one of
clains 47 to 53, wherein the conpound has an average

woredoenedody wei ght from about 10000 Da to aboutPABSGB07/000287

5
48.
49.

10
50.
51.

15

Da. 55. The conpound according to any one of clains 47
to 54, wherein the conpound has a degree of
N-acetyl ati on of equal toq¢9f greater than 50% 56. The
conmpound according to any one of clainms 47 to 55,
wherei n the conmpound has a degree of N acetylation of
about 90% 57. The conmpound according to any one of
claims 47 to .5 mhergin hhe cO oug?,is
photYo AN L PIEHRERASE aBE S2PRK Yoifoind  accor ding to any
one of clainms 47 to 57, wherein the conpound undergoes
POLNEFE R, 7thc0iam& 9r differenio pladns fronnthei group conkting of:
58, wherein the conpound undergoes pol ynerization by
UV-irradiation, 60. The conpound according to any one
of clainms 47 $6359, for use intedicine. 6 1. The
conpe nd_aQ'-'pD difg to any ops-oH-@@bNE 47 to 60, for
use i1'n,orthopedic éﬁmkﬁcatioﬁs and/ or peri odont al
applications. 62. The compound according to any one of
clajms .47,t0 6 for, use in dentistry. 63. The
coﬂ%8UﬂHK$5%%PH%ﬁbaﬁg any one of claims 47 to 62, for
use in bionedical applications. 64. The conpound
aceasliRyds tie shrakror@ffereht rsailacted éroi theegtioaplconsisting of:
applications conprise: in drug delivery, as wound
dressingt)as bone

|
—NH—-C— —NH
NH—C—CH, and 2
The compound according to claim 47, wherein at least one Ry is
O (|:H3
n
—C—C=CH,

The compound according to claim 47 or claim 48, wherein M is a

monoelectropositive metal.

The compound according to any one of claims 47 to 49, wherein M is Na
or K.

The compound according to any one of claims 47 to 50, wherein the

viscosity-enhancing agent is:

O (;':HS ‘ CI:H3

1} -
O—H O—C~C=CH, O —CH;—CH-COO Na'

o) o o) 0 o) o)\
X Yy z
HO HO HO
R2 |
R2 R2
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substitute, as bone cenent conposition, as tenporal
joint spacers, as dental cenent conposition, as skin

we et e, in soft tissue distension, in sof PCT/BEHOT000287

92.

53.

o4.

55.

repairing and/ or as replacenent materials. 65. The
conmpound according to claim64, wherein the bionedica
application is in drug deli{y®ry. 66. Use of a conpound
according to any one of clainms 47 to 65 in the

manuf acture of a conposition for drug delivery. 67.
The use according to claim®66, wherein the conposition
fun&m§é"ponprises at | east one nmacronononer. 68. The
use according to claim66 or claim®67, wherein the
macr onononer is a cross-linking macronononer. 69. The
use&, §cand diarg integarsyarheacth x¢y @r zds 64 ;tamdb8, wherein
the macronononer is a polyner with double bonds. 70.

The_ u accprding to . an ne .of cl.ai 66 to 68, . ..

wh &SP R e aal B TEtent SeIBepATon tar oo Eghgisting of.
di acryl ate (PEGDA), copolyners thereof, and/or a
conbinatign thereof. 7 1. A nethod of delivering at

| east onejlbi oactive agent to a subject conprising the
st epsNef--CtaCHy ovi diridHat | east one bioactive agent
and a conpound a@B8rding to any one of clains 47 to

65; (b) loading the bioactive agent to the conpound,

andrie bopfhBundsacddraigigt 16 ahly oaed oy &IAARNY7! adedwherein the
conpound to the subject. 727 The method according to

cl egamgound isher ei n t he bi oactive agent is sel ected
fromthe group consisting of: bone norphogenetic

proteins o CH, CH,
It | +
0—H O—C~—C=CH, O —CH;—CH-COO Na
o 0 O
X
HO HO
NH,

wherein, x, y, and z are integers and each x,yorzis >1.

The compound according to any one of claims 47 to 52, wherein the
compound has an average molecular weight of equal to or greater than
5000 Da.

The compound according to any one of claims 47 to 53, wherein the
compound has an average molecular weight from about 10000 Da to
about 15000 Da.

The compound according to any one of claims 47 to 54, wherein the

compound has a degree of N-acetylation of equal to or greater than 50%.
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(BWMP), antibiotics, therapeutic agents, cells,
vitam ns, gromh factors and a conbi nation thereof.

W@ 200904et hod according to claim 72, wherei nPCT/8§2001@00287

56.

57.

59.

60.

61.

62.

63.

64.

65.

BMP is selected fromthe group consisting of: BMP2,
BMP4, and a conbination thereof;(b) the growh factor
is selected fromthe groupitdnsisting of:

pl atel etderived growh factor (PDG), vascul ar

endot helial growh factor (VEGF), transform ng growh
factor- b (TG--b) , insulin derived growh factor

I j t & .
cortinSPBRafHaRspiRg Lb pRE e of im"1 30 55 herein the
f r mompringlr leapa cegstes of Nepadtylatiembhaboun90%obr anyci n,

penicillin antibiotics such as ampicillin,
SRR REB St sCond SRR b vz 8035 Wbl e

c al ephprundas fphiotsbrbsslinkabrrandol e, cefazolin and
cef aperazone, aztreonam im penem nacr ol i de

ant biotics such as erythronycin, am noglycoside

antThﬁ 60MPOUBH CAFCREAIBgT topEBIyRN of aiMFc A, to 57, wherein the
cin, sisonycin,
poI ym xcimn an@?%igggiysﬂu% %gxcol istin, and

pol ypepti de anti biotics such as baC|tracin and
novidis ociinppuadi @caortimbion akairorbg, vehierein thedgornpeund uaderyoes

|sslecte 0 up consisting of: vitam ns A
yrf:ien;@ 'Oé’ byngyj'"@g’ 59‘@% B-i 2 and a conbi nation
ther eof (e) the therapeutic agent is an anti-tunour

ageTha o@m;iwmt besaafid t6 ABedhe OF chim@NMBY NRt 9N for use in
t hereof; and/or

medicine.

The compound according to any one of claims 47 to 60, for use in

orthopedic applications and/or periodontal applications.

The compound according to any one of claims 47 to 61, for use in
dentistry.

The compound according to any one of claims 47 to 62, for use in

biomedical applications.

The compound according to claim 63, wherein the biomedical
applications comprise: in drug delivery, as wound dressing, as bone
substitute, as bone cement composition, as temporal joint spacers, as
dental cément composition, as skin substitute, in soft tissue distension, in

soft tissue repairing and/or as replacement materials.

The compound according to claim 64, wherein the biomedical appiication
is in drug delivery.
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(f) the cells are adult or enbryonic stemcells that
have been induced into osteoblasts. 74. A drug

wa@l20009290y9 agent and/ or drug carrier conpri si ngP@r/sG2007/000287
compound according to any one of clainms 47 to 65. 75.
The drug delivery agent and/or drug carrier according
to claim74, further conprjqgi ng at | east one
macr onononer. 76. The drug delivery agent and/or drug
carrier according to claim74 or claim75, wherein the
nacronononer Is a cross-linking macronmononer. 77. The

|ver agent and/.or drug carrier _accor
B 61 CRInEeHEa aCng, ALY PR (e RERS Ao et in the
'Sn?arﬂﬂédtﬁféo%*cbn%%moﬁfbpﬂﬂﬁg déeryhe drug delivery
agent and/or drug carrier according to any one of

clains 74 to 77, wherein the nacronononer

67. polljieetusel assosiingolo elainer §Pat Whemieoie casgmg;m sfurther
thepao) lség%(t?éas@oﬁe %%Ho(m)nt\ dereof. 79. A hydrogel
conprising the conmpoun

according to any one of clains
47 to 65. 80. The hydrogel according to claim79, for
68. usdhenuds arremiid«'ng tappim & oosklRIM&7,. widreirh for ogeromonomer

accordin {.@( i m80, wherein the bionedical
appi ?&5‘? Ila%,lﬂﬁqulg\o PR®ir ug delivery, as wound

dressing, as bone substitute, as bone cenent

69. COMpRSiske0 hecafdihg MOy jortientofS BRGMES 662%0 d8It Alherein the
cenment conposition, as skin substitute, in soft tissue
di shagrememomer is gf polymeswithrdaybile bagdsind/ or as
replacenent material. 82. The hydrogel according to

70. gl ?gré]de e Vg?:%'b?dlﬂgt{be APBHY G ARk B8t 1ON68 S Wikrein the

macromonomer is poly(ethylene glycol) diacrylate (PEGDA), copolymers
thereof, and/or a combination thereof.

71. A method of delivering at least one bioactive agent to a subject
comprising the steps of:

(a) providing at least one bioactive agent and a compound according

to any one of claims 47 to 65;
(b) loading the bioactive agent to the compound; and
(c) administering the bioactive agent loaded compound to the subject.

72. The method according to claim 71, wherein the bioactive agent is
selected from the group consisting of: bone morphogenetic proteins
(BMP), antibiotics, therapeutic agents, cells, vitamins, growth factors and
a combination thereof.

73. The method according to claim 72, wherein:

(a) the BMP is selected from the group consisting of: BMP2, BMP4,
and a combination thereof;



83. The hydrogel according to any one of clainms 79 to
82, further conprising at |east one macronononer. 84.

wab@osyuogel according to claim83, wherein tPEI/SG2007/000287

5
10
15
20
74.
75.
25

macr onononer is a cross-linking macronononer. 85. The -
hyrdogel according to claim83 or claim84, wherein
the nacromonomer is a pol yger with double bonds. 86.
The hydrogel according to any one of clains 83 to 85,
wherei n the macronononer is poly(ethylene glycol)

di acryl ate (PEGDA). 87. The hydrogel according to any
one of clainms 79 to 86, EF

: far g ali adrug deltlver]y latelet
agentb e Fewdh {Rptenisselgcted drom the, gyl ¢rsisting of. plateiet-
conpri sj PESSES| RSP fqreweH Fact
47 to GEQWSﬁgﬁﬁﬁsﬁ t |Aoﬁga\}c¥cégp%ir%wt o] cllégigrl;?SS, fetor
f urt her (¢PGPY,i frangfoanirigeasbwtindaatacr GrdiGHB),. ireolin Therived

conposi tion accordin o ¢l ai 9, wherein th

nacr onogvdh factgr c(lgﬂ:é»lﬁ?wpk’%?nﬂ&‘%ﬁorfaﬁfé’ﬁ ?5Gf) fnd @
conposi EE%i&@iﬁﬂrtHél%f't o claim89 or claim90, wherein

t he macrononomer 1's a polynmer w th double bonds. 92.

The conposition according to any one of clainms 89 to 9
1, wHe) ehe arntibiatieds setesterkfromstheogrpuptappisisiag fifygentamicin,

di | at PEGDA) , .C. | h f L Qg -
coni natotAMYEL, diniSBE° ek TECRes NSLR by, ARbidin amoxiilin,
any one pahiciliRiGcBehitill iR tatarciive andanethisiiling caphalosporin

| east one sol vent. 94. The conposition accordi g to .
cl ai m 93ntihisteei suchhassealasler, csfajef¥ht egfamandole, cefazolin

and cefaperazone, azireonam, imipenem, macrolide antibiotics
such as erythromycin, aminoglycoside antibiotics such as
streptomycin, neomycin, lincomycin, kanamycin, vancomycin,
sisomycin, polymixin antibiotics such as colistin, and polypeptide
antibiotics such as bacitracin and novobiocin, and a combination

thereof;

'(d) the vitamin is selected from the group consisting of: vitamins A, C,
D, E, K, By, By, Bs, Bs, B12 and a combination thereof;

(e) the therapeutic agent is an anti-tumour agent, a chemotherapeutic

agent, of a combination thereof; and/or

(f) the cells are adult or. embryonic stem cells that have been induced

into osteoblasts.

A drug delivery agent and/or drug carrier comprising a compound

according to any one of claims 47 to 65.

The drug delivery agent and/or drug carrier according to claim 74, further ‘

comprising at least one macromonomer.
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fromthe group consisting of: water, ethanol, saline,
or a conbination thereof. 95. The conposition

wa@ewonzhiony to any one clains 88 to 93, furtherPCT/SG2007/000287

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

conprising at | east one osetoconductive material. 96.
The conposition according to claim95, wherein the
ost eoconductive material 444 a cal ci um contai ni ng

i norgani ¢ conpound. 97. The conposition according to
claim95 or claim96, wherein the osteoconductive
material is selected fromthe group consisting of:

cal ci um hydroxyapatite,  b-trical ci.um phos te, ia ‘
e e, ATy, SGRHCRHBE ATHESATEST SRR foaFlAim, 74 o
mc’ﬁiH{ 5 WARLER! tgegr?\acfgﬂﬁor?&ﬁﬁpﬁ' 4 ERRsARRPIINAgrdnoralyer.
one of Clains 88 to 97, further conprising at |east

one radi opaque material. 99. The conposition accordi ng ¢
t oThe adirng Ilivelyeagent ene/aradiugp satier nade@rding 1o agy one o

O 8 TSR B SRRl Wi e

MdgHdsl S any one of gold, barium silver and/or
bi smuth. 101 . The conposition according to any one of

| ai 98 to 100, wh in t di terial
bifheudraal dE BOSHLEATIN 0D PaH e Ataranionts ao, Sne o
108 4° TS ih SRRIrR G HaBEbrichdiidr %N (efiyiere ol
to , furthér conprising at |east one

podiigerate 4APEGDARicopalyoreraribéreof andios astongpigation thereof.
pol yneri zation accel erator.. 103.. The conposition

dj t | ai. 02. wh in, t .nol ' i .
" ogel Sripfiur e gt cassdRg 2, 6% g Bias 47
co ition according to claim 102 or claim 103,

wherein the

The hydrogel according to claim 79, for use in biomedical applications.

The hydrogel according to claim 80, wherein the biomedical applications
comprise: in drug delivery, as wound dressing, as bone substitute, as
bone cement composition, as temporal joint spacers, as dental cement
composition, as skin substitute, in soft tissue distension, in soft tissue

repairing and/or as replacement material.

The hydrogel according to claim 81, wherein the biomedical application is

in drug delivery.

The hydrogel according to any one of claims 79 to 82, further comprising

at least one macromonomer.

The hydrogel according to claim 83, wherein the macromonomer is a

cross-linking macromonomer.

The hyrdogel according to claim 83 or clam 84, wherein the

macromonomer is a polymer with double bonds.
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pol ymeri zation initiator is: amonia persulfate (APS),
pot assi um persul fate (KPS) or a m xture thereof. 105.

wab@oozawosi ti on according to any one of cl ai nBCT/BQ2001000287

86.

87.

88.

89.

90.

1.

92.

93.

94.

95.

96.

104, wherein the polynerization accelerator is

N, N, N , N - Tetranet hyl et hyl enedi am ne (TEMED). 106. The
conposi tion according to apy one of clains 88 to 105,
further conprising at | east one polynerization

i nhi bitor.107. The conposition according to claim 106,
wherein the at |east one polymerization inhi bi tor 'S

selected fromthe o] consi st | r .

p- K DR Qﬁin%ccqrﬁ%ﬁ F‘f@%n?@%e" mﬁbg%g[@ eréln the
d t
at@%?%@%éé’%y ietySirgEo) ity Bie (PE0 ”’ﬁt hor "

conprising at |east one bioactive agent. 109. The
coﬁpehydragel accordiightp aoy onei oh daig)s VB deditn Temese as a drug

ctive en sel e fromthe group consisting
ga‘ (?ﬁ%a%&tp?{bﬂ%gwgcc% eins (BVP), antibiotics,
ther apeutic agents, cells, vitamns, growh factors

ang| cﬂarﬁmﬁiﬂlcﬂﬂbbmrﬁsh@rtﬁefcorﬂﬂ@:ndr hec@mmg)ﬂo anpone of claims
according to claim109, wherein: (a) the BMP is

seftéd® 8. from the group consisting of: BWP2, BMP4, and
a conbi nation thereof; (b) the growth factor IS

Seﬁ'ﬂﬁt&?nﬁéé?m I&%CSI; t&‘él%ﬁr’rf% NGirfler dIraprading %@ﬂéé’éidone :

rowth tactor asc endot hel 1 al* grow h
fam:—mromVEﬁﬁ)sr transformng gromh factor- b (TG~ b)
insulin derived growh factor (I GF), fibrobl ast

gr ?Wehcofn"?;%s?trlorg accgrdah'b to°claim 89, wherein the macromonomer is a

cross-linking macromonomer.

The composition according to claim 89 or claim 90, wherein the

macromonomer is a polymer with double bonds.

The composition according to any one of claims 89 to 91, wherein the
macromonomer is poly(ethylene glycol) diacrylate (PEGDA), copolymers
thereof, and/or a combination thereof.

The composition according to any one of claims 88 to 92, further

comprising at least one solvent.

The composition according to claim 93, wherein the solvent is selected
from the group consisting of: water, ethanol, saline, or a combination

thereof.

The composition according to any one claims 88 to 93, further comprising

at least one osetoconductive material.

The composition according to claim 95, wherein the osteoconductive

material is a calcium-containing inorganic compound.
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conbi nation thereof; (c) the antibiotic is sel ected
fromthe group consisting of: gentam cin, tobranycin,

W(p)emlﬂmsiohsr n antibiotics such as anpicillin, PCT/SG2007/000287
anoxicillin, penicillin G carbenicillin, tacarcillin
and neth|C|II|n‘ cephal osporin anti biotics such as
cal acl or, cefarodxil, cefdnandole, cefazolin and

97. |

98.

99.

cef aperazone, aztreonam i m penem macrolide

antibiotics such as erythronycin, am noglycoside

anti bi otics such as streptomycin, neonycin,
?ﬁ@”ﬁ&ﬂnﬁos@ﬁ@a%e&ﬂmsg‘(ﬁﬁc%‘Bﬁ‘ﬁ 5 4rS UG 6, wherein the
pol ym XI n"an otiIcs ch as colistin, and

pobsﬂeepbmdimiwei Imaterials lsusnsbiealsdbeimmrm rgraupi consnstmg of:

novobj oci n, and a,_conbin tlon t her i tam n

i scaleiuge hydroyaratitee Bgtf'ﬁﬁﬁ'%r@"l%spﬁﬁ{? é?(a?g' ar’i% galcium
' , Blredrd a conbi natl on

th‘é%é’gﬁat&(?irgf’ﬂu'%ﬁ”e%&'gﬁr% agent is an anti-tunour

agent, a chenotherapeutic agent, or a conbination

th$heo{:¢mansition acgording t@l any aoree anfutlairos 8%rbloy &, cfurther

stemcells that have geen i nduced. i nt o ost eobl asts.

1lgom1pﬁ|§lngoq%%§§ttqngr{a PEAHEY ecfaérny one of clainms 88

to 110, wherein the conposition is a bone cenent
C OITR@sddnhSBkitidttl aecordi alhirt 98 Whereimpei radispaglématerial

- The conposition according to any one of clains 88 to

100

101.

102.

103.

104.

105.

106.

1118 an gxidgsy halogriysalf aka heayy Metal-conposi ti on
according to any one of clains 88 to 112, for use in

derhbSidposition according to claim 99, wherein the heavy metal is any
one of gold, barium, silver and/or bismuth.

The composition according to any one of claims 98 to 100, wherein the

radiopaque material is barium sulfate, bismuth oxide or a mixture thereof.

The composition according to any one of claims 88 to 101, further
comprising at least one polymerization initiator and/or at least one

polymerization accelerator.

The composition according to claim 102, wherein the polymerization

initiator is a water soluble redox initiator.

The composition according to claim 102 or claim 103, wherein the
polymerization initiator is: ammonia persulfate (APS), potassium

persulfate (KPS) or a mixture thereof.

The composition according to any one of claims 102 to 104, wherein the
- polymerization accelerator is N,N,N’,N’-Tetramethylethylenediamine
(TEMED).

The composition according to any one of claims 88 to 105, further

comprising at least one polymerization inhibitor.
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114. The conposition according to any one of clains 88

to 113, for use in orthopedic applications and/or
w@eeookows al applications. 115. The conpositi oPCT/SG2007/000287

according to any one of clains 88 to 114, for use in

bone filling, bone repairing, bone inplanting, for

j 0oi ni ng bone inplants, pulpgcappi ng, root perforation

repair, root-end filling, apical barrier, root

fracture, bleaching and/or tenporary filling. 116. The

conposition according to any one of clains 88 to 115,

f use as _bone void.filler ne..cement .. dant
107'021%@%?”88%@{? f??qoé?'nﬁak%r?lgﬁ? ﬁia%ghelgeﬁ%n?tf%eﬁ st one
bopelyiiepizhlies mhibiidrai agéledteandtam the | gfoupf cwfsisting of:
ti ssue spaces. 117. A nmethod of preparing the conmpound
aclyrankipons, akybenroayinanasi nigindrobepzene, ¢ pitipbeszage and

t hg; o i zation of chitin; and (b
eo R e PR o By (MGt om step (a) wiih

met hacrylic acid. 118. The nmethod according to claim
108.11The whampositivheaesrding f tac ariyornst efp cldinsi 88ctar rliogd further

out in.alit fri urp chl.ari de/ di net hyl acet am de sol vent
sySeBRfising at least one bioactive agent.

109. The composition according to claim' 108, wherein the bioactive agent is
selected from the group consisting of: bone morphogenetic proteins
(BMP), antibiotics, therapeutic agents, cells, vitamins, growth factors and

a combination thereof.

- 110. The composition according to claim 109, wherein:

(a) the BMP is selected from the group consisting of: BMP2, BMP4,

and a combination thereof;

(b) the growth factor is selected from the group consisting of: platelet-
derived growth factor (PDGF), vascular endothelial growth factor
(VEGF), transforming growth factor- g (TGF-f), insulin derived
growth factor (IGF), fibroblast growth factor (FGF) and a

combination thereof;

(c) the antibiotic is selected from the group consisting of: gentamicin,
tobramycin, penicillin antibiotics such as ampicillin, amoxiciliin,
penicillin G, carbenicillin, tacarcillin and methicillin, cephalosporin
antibiotics such as calaclor, cefarodxil, cefamandole, cefazolin
and cefaperazone, aztreonam, imipenem, macrolide antibiotics
such as erythromycin, aminoglycoside antibiotics such as
streptomycin, neomycin, lincomycin, kanamycin, vancomycin,

sisomycin, polymixin antibiotics such as colistin, and polypeptide
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111.

112.

113.

114.

115.

116.

PCT/SG2007/000287
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antibiotics such as bacitracin and novobiocin, and a combination
thereof;

(d) the vitamin is selected from the group consisting of: vitamins A, C,
D, E, K, B4, By, Bs, Bg, B12 and a combination thereof:

(e) the therapeutic agent is an anti-tumour agent, a chemotherapeutic

agent, or a combination thereof; and/or

(f) the cells are adult or embryonic stem cells that have been induced
into osteoblasts.

The composition according to any one of claims 88 to 110, wherein the
composition is a bone cement composition and/or a dental cement
composition.

The composition according to any one of claims 88 to 111, for use in
medicine.

The composition according to any one of claims 88 to 112, for use in

dentistry.

The composition according to any one of claims 88 to 113, for use in

orthopedic applications and/or periodontal applications.

The composition according to any one of claims 88 to 114, for use in
bone filling, bone repairing, bone implanting, for joining bone implants,
pulp capping, root perforation repair, root-end filling, apical barrier, root
fracture, bleaching and/or temporary filling.

The composition according to any one of claims 88 to 115, for use as
bone void filler, bone cement, dental cement, dental filler material,

fixation cement for bone prosthesis implantation and/or filler of soft tissue
spaces.



WO 2009/029049 PCT/SG2007/000287

121

117. A method of preparing the compound according to any one of claims 47
to 65, comprising the steps of:

(a) depolymerization of chitin; and
(b) esterification of the product from step (a) with methacrylic acid.

118. The method according to claim 117, wherein the esterification step (b) is
carried out in a lithium chloride/dimethylacetamide solvent system.



