THERMOSENSI Tl VE POLYMERS FOR THERAPEUTI C USE AND METHODS OF
PREPARATI ON FI ELD OF THE | NVENTI ON [ 0001] The present invention

rel ates generally to polyneric materials and nethods of their
preparation, including nanoporous polyners suitable for use in

medi cal applications such as wound dressing and cell grafting.
BACKGROUND COF THE | NVENTI ON [ 0002] Wbund healing is an active area of
interest for many researchers given its inportance in the treatnent

of burns, Eﬁé@@és _ i ﬁt) (sﬁ?i]a WQ@&EE tic
\Smgﬁﬂgr%éari ﬁg by preven m&wmg%nd bacteri al

infection, and by pronoting the acceleration of tissue regeneration
(T. Stephen, in Wund nmanagenent and dressings, The Pharmaceuti cal

Press, LO@@L&)@#%E INVE ] Currently, avail abl e dressing

materials tend to be conposed of gauze, which frays easily. The
fibers of [86tA]9aYRE plcendl ihuRAGAME: LERRRGH bdhrhliR RASERndHHRE of |
heal i ng woundS, making the eventual "renoval” of the dressing extrenely
di ffi cul t Becreppetion dncluding ranogestug palyaists| sujtabils for ager inghadion] 4pplesitiaes s
or epit helsﬁ(ﬁl'as%hﬁédr@:ﬂ&%amlg%fgrm > proliferated and migrated onto
the dressing material, thereby corr%rom’ sing the normal healing
process by inflicting secondary damage to the wound (Cochrane et al.
Bi omat er i BACKGROQUXD ORTHE INMENTIONft en the case when a
dressing has to be changed routinely. SUWARY OF THE | NVENTI ON

[ 0004] | n[QA02] asiémind heblegps esemtivd aee pf iimerey riov indes racqprhoseggenf by
preparing.a her mosensi.tive 40l r_COnpLisSi olvnerizing a ..

i or oemul & R RarR TS L RET S e o8 TArer el S E R Fad i ng
a t hennoseosictic vieggpl Thrwbjcating: o upiag ¥ Menhddbdsing 1S toraceetdrate tvourt healing

by preventing excessive fluid loss and bacterial infection, and by promoting the

acceleration of tissuc regeneration (T. Stephen, in Wound management and dressings,
The Pharmaceutical Press, London, {1990), 1.).

[0003] Currently, available dressing materials tend to be composed of gauze, which
frays easily. The fibers of the gauze tend to become trapped in the nascent tissue of
healing wounds, making the eventual removal of the dressing extremely difficult and
painful. This would also likely tear off fibroblasts or epithelial cells that might have
proliferated and migrated onto the dressing material, thereby compromising the normal
heaiing process by inflicting secondary damage to the wound (Cochrane et al
Biomaterials (1999) 20: 1237.). This is often the case when a dressing has to be changed

routinely.

SUMMARY OF THE INVENTION

[0004] In one aspect, the present invention provides a process for preparing a
thermosensitive polymer comprising polymerizing a microemulsion comprising a first
monomer that is capable of forming a thermosensitive polymer and a polymerizable

surfactant.



[ 0005] In another aspect, the present invention provides a nethod of
dressing and undressing a wound conprising applying a

t hernosensitive polyner to a wound; inmmediately prior to renoving

t he pol yner fromthe wound, reducing the tenperature of

t hernosensitive polynmer to facilitate renoval of the polyner; and
removi ng the polyner fromthe wound. [0006] In yet another aspect,
the present invention provides a nethod of delivering a therapeutic
agent to a wound conprising incorporating a therapeutic agent into a
t her nosensi tive nanoporous pol yner; anhd applying the thernosensitive
nanopor ougoogsl! y nefandikert B3echVard gresdnd Q{;}Zﬂ’uoh rbr@vuﬂdd rd Retho@SP Afelsing AR
present invention provides a nethod of delivering a cell to a graft
site coinP@FﬁﬁgcﬁPWﬁW@h@nPﬁﬁm%ePPﬂﬁﬁgé*ﬁﬁ@?%ﬁ@@ﬁ@lFﬂW@ﬁhﬁhédﬁﬁ@G
pol yner; angheBhRf fdr iNembehy MRMHoSRP 'B‘bl%' ROwbitR, FRhdinP Bk Perbdbant @f t

site. [0008] In yet a further as éct, the present Invention provides
a t her mos dEMesEpBtIVe RS XPHAE fo f@ﬁilw te@owwéﬁ@rmb@ermé remperdng the polsimsio
provi des g hIGE WRSENSI tive nanoporous polyner prepared according to
t he various enbodi nents of the process of the present invention. The

i nvention 6§h her provi des a thernosensitive nanoporous pol ynmer
formed fi il Yo e asprek Shporrssntigveation previdaphpistbed ehdiimeingcr

form ng a mdngeams snat b e wolkd ¥BBHridNd iRoRSlKAE ral AR e R USJAC HAN

[0009] The present invention provides a process for preparing a

t her nps endhernessnsiiyg| papeporpyso pelmas; candernphdteothe fHeamqsensitiver ndnoperawest ul
in nedi cal,,BRR} LGRL QY. such as wound dressing and for delivery of
cells to a graft site. [0010] The invention therefore also relates to
use of a &hernnsen3|t|ve pol according to various enbodi nents of

the i nvendl?®{las aéﬁeé')s/ éhenlgeﬁﬁhm‘%wa@rqv\mﬁ agmetherbphdrdivering

agent to @eadindgaRsifeOcdh@risMer cubuG thet @120 22 iHermdsb MitivleORubpordire
polymer is formed by polynerizing a m croenul sion that conprises a
nononer c&pBEe 26t Plﬁ%?%ﬁhﬁ golimerroppgas S crl enty &eﬁmﬁs@nd a

pol yneri zabl e surfactant. 3

[0008] In yet a further aspect, the present invention provides a thermosensitive
polymer which is nanoporous. The invention also provides a thermosensitive nanoporous
polymer prepared according to the various embodiments of the process of the present
invention. The invention further provides a thermosensitive nanoporous polymer formed
from a microemulsion comprising a first monomer capable of forming a thermosensitive

polymer and a polymerizable surfactant.

[0009] The present invention provides a process for preparing a thermosensitive
polymer from a microemulsion. The polymer is useful in medical applications such as

wound dressing and for delivery of cells to a graft site.

[0010] The invention therefore also relates to use of a thermosensitive polymer
according to various embodiments of the invention as a wound dressing and, to deliver a

therapeutic agent to a wound and to deliver a cell to a graft site.

[0011]  The polymer is formed by polymerizing a microemulsion that comprises a

monomer capable of forming a thermosensitive polymer and a polymerizable surfactant.



[0012] By formng the polynmer froma m croenul sion incorporating such
a nononer, the polyner has thernosensitive swellability
characteristics that provide advantages when the polyner is used in
the context of a nedical application. For exanple, the polymer may
be applied to a wound as a dressing to mnimze the risk of

bacterial infection. Mnipulation of the anbient tenperature results
in the change of hydrophilicity of the polyner, facilitating renoval
of the polymer froma wound, and the%eby reduci ng di sruption of the
heal i ng process at the wound site. 13] The polyner can be nmade to
be nanopof@ni®] alByovéringhef @lic gaa@ﬁﬁmﬁ@xc&\alﬂaﬁ:enamnp&@uﬂp&aﬁng hasnad

i nsul ation. The olyner Cgah%ISO be .made to be transparent, as  would

be known {GRMEK |“Pq 2olyper oFBesITEYen v Ik sharesteristios; fat isRlide

Wit hout tB@an@eR0whéy 118 F¥AndrNE 1eEE RS R GeoRfeRiTBE HIiddical BELCARITOES,
the polyner of the invention provides a protective barrier that is

gener al | y “¥4HbD feapnlemirgnay; b apshighie: f’sWﬁ‘mdt et EBYIngHe mpniAtze the Fikhphi ze

risk of i gi@&ial lecibn! NBakiRiiEn Jf QR AhbilitCeRPERTIL Xsdh ik WS BRLYITEF
makes it suitable for dellverln% t herapeutic” agents, such as drugs,

ant i bi ot i E¥droRigliqity| orthy pelywers fac iremayal @& sy Dobapri frams apwouadiindng .
| ncor por aieRdy (e O?hﬁl‘ﬁﬁﬁonv\@fttﬂfb 1Rafi S BREU It @&ﬁ@ts]hea' lows for a

sust ai ned rel ease he therapeutic agent once the polyner is
applied to the wound. [0015%@The pol ymer may al so be used as a
vehicle f8018he bt poleingr @ begady ltfehe agpoparogy, allpywisg der gaseoxs iseharEcor

graft sitegnd {J@%@J thk® insARASE! srhapsll gALI A% & lﬁa@@topseegﬁﬁgarem
invention will beconme apparent to ose of ordinary skill 1n he art

upon revi W]éfbetlﬁ’@WPdPlaoﬂﬁﬂl?é m&%%rnepwm JpeEgivn)ofi wewomth@mﬂ@ of
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DESCRI PTI ON OF THE DRAW NGS [0017] I'n the figures, which illustrate

enbodi menPBViges ¢ pEotptive bamic Avikist $eorrally impeymeable toxmiepsioegadivmg,. thareby
[0018] Fi guipifig fo hhidide AL fredRh OB il A$COPY | mage depicting the

surface
[0014] The porosity of the polymer makes it suitable for déliveriﬁg therapeutic
agents, such as drugs, antibiotics, cellular factors, nucleic acids or peptides to a wound.
Incorporating the polymer with a therapeutic agent allows for a sustained release of the

therapeutic agent once the polymer is applied to the wound.

[0015]  The polymer may also be used as a vehicle for the delivery of cultured cells or

tissue to a wound or grafl site.

[0016]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the figures, which illustrate embodiments of the present invention by way
of example only.



t opography of a thernosensitive porous nenbrane; [0019] Figure 2 is a
scanni ng el ectron m croscopy image of a cross-section of a

t hernosensitive porous nenbrane; [0020] Figure 3 is a graph of the
swel ling ratio of menbranes with various nononer conpositions versus
tenperature, to denonstrate the tenperature-dependent swelling
property of the nenbranes; [0021] Figure 4 is a plot of in vitro

rel ease profiles of a nodel drug, scopolamne, from
scopol am ne-| oaded nenbranes; [0022] Figure 5 is a photographic i mage
of cells grown on nmenbranes having different nononer conpositions:

(A) HWN 1j0018] HW¥igu2e 1 G anViloRis fhi) IH&ON:O%}/ intdap ddWedg B Ghuffie

cell culture plate. [0023] Figure 6 is photographic imges of cells
grown on {PRPEERRY @Gﬁhe&@%?nmé‘ﬁ)mmuﬁ HEMRE€8nsi ti ve porous menbrane (HWN
1); (B) cell culture plate; and (C) a close up of <cells connecting
bet ween c[00M9% OFi@FOV B aOstahilify BREINAMGosEI2thagkiof W Qosb-se&iod ¢l Ot

of percent of .cells detached fromvarious nenbranes as a function
of tenper3F %@ensftﬁﬁf?a’]"“’f‘:fnﬁ@ﬁ@n% is a photographic i mage of cells
detached fromthe various nenbranes, reattached and grown on a

cul ture piea20] (Rzubd Nisly orbfd) oﬂ‘ﬂlﬂ\bvasllin@@tld'di\ﬂﬂlenﬂ:ﬁéneé E))th A uS moaditer( E)

ot ana SaBgB B SE Erignhed ARREHE o8 eRet RO RRUA G in
DETAI LED Plobéeiyl dPTheGhErhiohed] | deal |y, a mound dressing shoul d be

fl exi bl e, gas perneabl e, durable and have the ability to control

wat er | os oul d ef fect und cl.osur.e to, prevent

and exce solz\l}ir F{ﬁ"de 1 (l)ssasﬁf’trﬁ o’lﬁ‘g‘ﬁ” ? I VQ“B?)BWE%&?E& m?d:epg%uﬁ"ap‘ﬁﬂﬁﬁ ‘e
well to tﬁemwuum&nmmdoh&dn&aﬁwmbg apply and renmove Wi t hout causing
danage to the granulation tissue or new

[0022] Figure 5 is a photographic image of cells grown on membranes having
different monomer compositions: (A) HMN 1; (B) HMN 2; (C) HMN 2a; (D) HMN 3;
(E) HMN 4; and (F) cell culture plate.

[0023] Figure 6 is photographic images of cells grown on various surfaces: (A).
thermosensitive porous membrane (HMN 1); (B) cell culture plate; and (C) a close up of

cells connecting between clumps of growth on the membrane;

[0024]  Figure 7 is a plot of percentage of cells detached from various membranes as

a function of temperature;

[0025] Figure 8 is a photographic image of cells detached from the various
. membranes, reattached and grown on a culture plate:r (A) HMN 1; (B) HMN 2; (C) HMN
2a; (D) HMN 3; and (E) HMN 4; and

[0026] Figure 9 is a photograph of a representative membrane, demonétrating the

transparency of the membrane.



epithelium Preferably, it should be transparent to all ow observation
of the wound wthout requiring premature renoval of the dressing,
which results in interruption of the wound healing process. It
should maintain its shape during application to the wound and al so
be confortable when in place. In addition, it should not exhibit
antigenicity, or local and systemc toxicity. Finally, it should be
cost-effective. Despite extensive studies, such nmaterial is
currently not available (Wsenman et al., in Wund dressings: Design
and use (Eds: Cohen, Diegel mann and Li nndbl ad) Phil adel phia: WB

Saunder s QETAIPED IPESCRIPTONr of Nurse 12 Suppl, 1997, 12; Rothe
and Fal anga, Arch Dermatol 1989, 125: 1390; Punma and Babu, Burns,

2000, 26: [6627]Pr l]déaﬂy,%%uh@‘eﬂeﬁ'ﬁ‘ng Motll bouleabib IS4 rp&%leaﬁé 2ucabld 2SI A

t hernosensitive polynmer such as _poly(Niso ropy acryl am de)
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[ 0029] Thernosensitive polyners are polyners that undergo a phase
shift whe Nﬂﬂiﬁéﬂfzquwmm@n@m reanqyakefothe divssingg Wwhish [remaiy incinfetrigtish of the

sol ution LWeiReratiy Eroé A ) C).lld 1‘3‘?19&’15] 1tsgﬁzépei L V%ett%);ﬂgaﬁgﬂltcy ﬁ@r\mhﬁp

becone dehydr at ed, naklng It less so el ow
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A nononer Tapa Tnlng Ermbsensttive neric
conpound that is capable of polynerizing with itself or with other
monomner i c[0028] A  thermosensitive polymer such as poly(W-isopropylacrylamide)

("PNIPAAmM”) exhibits a lower critical solution temperature -(“LCST”). PNIPAAmM is a
well-known thermosensitive polymer that exhibits a well-defined LCST of about 32°C in
water. PNIPAAm is fully hydrated, with an extended chain conformation, in aqueous

solutions below 32°C and is extensively dehydrated and compact above this temperature.

[0029]  Thermosensitive polymers are polymers that undergo a phase shift when their
temperature passes through a lower critical solution temperature (“LCST”). Above the
LCST, the polymer tends to become dehydrated, making it less soluble in water. Below
the LCST, the polymer becomes extensively hydrated, and is thereby more water-soluble.
A number of poly(acrylamide) derivatives, for example, poly(alkylated acrylamides) are
thermosensitive, which include, but are not limited to, poly(N-isopropylacrylamide)
(‘PNIPAAmM”) or poly(N, N-dicthylacrylamide) (‘PDEAAm™).

[0030] In the present context, the term “thermosensitive polymer” refers to a polymer

that has an increased affinity for water, and therefore can swell below a given



conpounds to forma polyner that is thernosensitive. For exanple, the
nononer may self-polynerize to forma thernosensitive honopol yner,
or it may polynerize with another nononeric conpound to form a.
random copol yner or a bl ock copol yner, each of which will exhibit

t hernosensitive properties. [0032] The inventors have discovered that
pol yneri zation of a m croenul sion that includes a nononer capable of
formng a thernosensitive polynmer and a pol yneri zable surfactant
results in a thernosensitive polyner._ The pol yner therefore has

t hernosensitive swellabiity character?stics t hat provi de advant ages
when the meiRfah@é hdréin rafeed th Bs LO®T.CcOnt ext of a nedi cal application
For exanple, a thernosensitive polynmer nenbrane which is nanoporous

may be appll tg a wound a essing, Wien the dressing needs to
b oo olbain. A RerSHE i oRRine BuheorReitiny ARV RReS 4 SHBSRSELr o
of the woundpdaal owatt e chGBIE of poligncBahny Ml itsBier @bwithashéd hahbmgid t s
renoval fron1th nd Slkﬁﬁ?hﬁgmd Thus, the _present .invention

provi des 50‘5‘?‘6‘8 & log e FHEFLER SF et Famplgoih mgpomer may

conpri si ngemglmﬂa{zleao NGrA AT HeFRRBMRE RbntPOR kS | ARGt @ndyl HFmEmRE opRl
capabl e ormng a therﬁﬂien5|t|vgﬁpol ymer and a polyneri zabl e

sur f act anfRotheyarappiade campeHptiosiopp @ rrlommopglymer org ledetprplymgh cach

refers too?ﬁrﬁiﬂ§ﬁélléaﬂﬁb1ttﬁérﬁﬁ§‘eru§1€i¢e Ibﬁmléé systens consisting of a
hydrophilic sol ution phase, a hy OphObIC sol ution phase and a

sur factan ich,is continuous -conti nuous, the nlcroenuIS|on
havi ng eqiRQ%r i JBT dBREPT have cqvwflé%at pglygrerigatin of Aemicatemplsion Haf

nm The puRRdESd ndRom&fcapibly (TEeRdiS £ BfrrhSckiBpolyihel BRI ApblynRALhble
m cr oenul si Ens i ncl dlng pol ymeri zabl e surfactants have been used to

prepare tf E%ﬁéﬁ?”%op}da pHicyRRspsitiysy ipqlymear i 06 s Polyashs thetrter 83 A

pol yner i zakhfosshbithdGlvaMbilith chaRddsBesOhat &%xﬁm&vzﬂms WhEA tHet B Rérfal
wi th other nmononeric conpounds to forma poly Due to the

i ncor por abiedrin die ¢miext el pegicaliprlivatien ¢ Fer %amphere% thqrmesengiive peymer
separati Oﬂneﬂliaraﬁg%hﬁ:ﬁrﬁ et pBlout ERAPHNS PRI ¥ Bhofnd A4 BfesRR. Y FREA SR 1 ON

can be avoid
dressmg needs to be removed, the membrane may be swollen by reducing the
temperature of the wound below the LCST of the polymer, thereby facilitating its

removal from the wound site.

[0033]  Thus, the present invention provides a process for preparing a thermosensitive
polymer comprising polymerizing a microemulsion comprising a first monomer capable

of forming a thermosensitive polymer and a polymerizable surfactant.

[0034] As is understood in the art, “microemulsion” refers to transparent
dispersed liquid systems consisting of a hydrophilic solution phase, a hydrophobic
solution phase and a surfactant, which is continuous or bi-continuous, the microemulsion
having equilibrium domain sizes typically on the order of 1 to 100 nm. The preparation
of microemulsions is known in the art, and microemulsions including polymerizable
surfactants have been used to prepare transparent solid polymers having various
nanostructures. A polymerizable surfactant is capable of polymerizing with itself or with
other monomeric compounds to form a polymer. Due to the incorporation of the

surfactant into the polymer, the need for separation of the surfactant from the polymer



[ 0035] The first nmononer and the pol ynerizabl e surfactant may be
conbined with water to forma mxture, which is then dispersed. The
m xture may be dispersed to form a mcroenul sion by standard

techni ques known to a skilled person to create the m croenul sion.
For exanple, the m xture may be sonicated, vortexed, or otherw se
agitated to create mcrodroplets of the different phases within the
m xture, the mcrodroplets being about to about 100 nmin
diameter. O, for exanple, the nlxturg can be passed through a
filter having pores on the nanoneter Scale so as to create fine

dropl ets. aft@Q36inchibaioh karSte sveiaeqrer used in the mcroenul sion nmay be
any nononer that forns a thernosensitive pol ynmer upon

pol yrmeri z al such. nono st _be safe for use in the
subj ect aiﬁb:’gﬁe ﬁe% emyﬂymeeb%fhe P eff\%ew%?fﬁla )% b with
NMONOMEr S, vwWikkr € fok Gl il @ire, PllchNOthed ki g%u&@d qﬁen@eﬁﬁln@awé%ge@éd\&atfbﬁfﬁs
such as N - 1. sopropyl cryI m de and N- di et hyl acryl am de.

Addi t i onal?| Jcregmuision, py itap %résfe?falmues Ran 9 1o Skifleh PESO 4P yHEAS s t o

forma nanque&ausoAaLHk kxilple B HfixAROMaPAS BEILIBATIRBxed2BH oftidSHig ned
rel ease of bioactive agents t hat may be incorporated in the polyner

A nanopora@l'j?éedrrﬁf rFSetec AHCBECBIEE aph de HEFEE Hhates npyBhianths Bixtirpe the

m croenul %laedreﬁets ibBink Bout qlrw LORK 160 fnliR blaBRtcP Ooesfof &afmﬁfemh@ mixture
bi - conti nuous phase as woul d be understood by a skilled person. It

i s furthecanbspgsaas thropging fltaehavingaeess dacthe apwplcter gealpesl gpnterareatenng n
the presgppfiof ultraviolet radiation and a photoinitiator, or of
polymerizing in the presence of a redox pair such as. amobni um
persulfatﬁ éfPS) and. N, N, N, N -_tetranethyl et hyl enedi am ne (TNEDA),
or pol ymed®@i8hg iThe sy pneRIsh gedoin e Apicropwblsion iBip be 2By MoRepsRfbat

pol yneri za@hen ta&ﬁleseanu%@ﬁer%ebbayﬁe@dﬁaﬁ oeeﬁefdu&esu(:ﬁhﬁhamerf R3]

I n one enbodi nent, the first nonomer is an acb% am de derivative such

as an al R§Isaledar deer i GerisHaiectiand ags arpfradlnceps rSpRptaeriging riyige other
(" NI PAAT ) @6mds, chﬂ'lﬁélﬁ%l Hat Xﬁbf'ﬂlﬁﬂxﬂ‘é‘d (to D!ér%f}%} H@?ﬂv%ep%éf{r% I¥e to

f orm pol y(N-1sopropyl acryl am de)
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of about
and sustained release of bioactive agents that may be incorporated in the polymer. A

-nanoporous matrix can be attained when the components of the microemulsion are in the
appropriate ratios so as to form a bi-continuous phase as would be understood by a
skilled person. It is further desirable thet the monomer be capable of polymerizing in the
presence of ultraviolet radiation and a photoinitiator, or of polymerizing in the presence
of a redox pair such as ammonium persulfate (APS) and N, N, N, N-
tetramethylethylenediamine (TMEDA), or polymerizing in the presence of heat, for
example by thermal polymerization through use of azobisisobutyronitrile (AIBN).

[0037] In one embodiment, the first monomer is an acrylamide derivative such as an
alkylated acrylamide, for example N-isopropylacrylamide (‘NIPAAmM™) or N, N-
diethylacrylamide (“DEAAm”), which polymerize to form poly(N-isopropylacrylamide)
(‘PNIPAAmM”) or poly(N, N-diethylacrylamide) (‘PDEAAmM”™), respectively. PNIPAAmM
is a well-known thermosensitive polymer that exhibits a well-defined LCST of about



8 32Cin water. PNIPAAmis fully hydrated, with an extended chain
conformation in water below 32C and is extensively dehydrated and
conpact above this tenperature. PN PAAm has been successful ly used
in cell culture, where its therno-responsive nature allowed the

det achnent of cultured cells without the need for enzymatic treatnent
(Takezawa et al. Bioetechnol. (1990) 8: 854.). Once coated with

PNI PAAM the treated culture surface remains hydrophobic until the
culture tenperature is |owered past the LCST of the PN PAAmM
Moreover, Lin et al. reported that Eudragit E filnms | oaded with

PNI PAAM nwcqga;l/at@emmw@dfuﬁy g!hfaieﬁ aih ¥in RRHGAL AR ondheRe!
between 25C and 37C. This m ght be attributed to the fact that at
25C, bel oatehEelpw IR G angppy wwweln%y%rm% Bt Fempast afoveithis ymperpgire.
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hydroxyethyl acrylate, hydroxypropyl acrylate- co-hydroxyethyl acrylate,

ethylacrylamide, cyclopropylacrylamide, n-propylacrylamide, or isopropylacrylamide.

[0038] The surfactant used in the microemulsion may be anjr _polymerizable
surfactant and therefore can copolymerize with the monomer. In different embodiments,

the surfactant may be @-methoxy poly(ethylene oxide)ss undecyl o-methacrylate (“Ci-
PEO-C1-MA-40"), or it may be fluronic68-diacrylate.

[0039]  The microemulsion may further comprise one or more monomers that may or
may not form a thermosensitive polymer and which may copolymerize with the first
monomer capable of forming a thermosensitive polymer and polymerizable surfactant to
form the polymer. A monomer that is included in the microemulsion in addition to the
first monomer capable of forming a thermosensitive polymer is referred to herein as a

“comonomer’.



first nononer capable of form ng a thernosensitive polyner is
referred to herein as a "conononer”. 9 [0040] The conononers may

i ncl ude any nononer that will polynerize to forma naterial suitable
for use in nedical applications and that can copol ynerize with the
nononer capable of forming a thernosensitive polyner. In various
enbodi nents, the conononmer conprises nethyl nethacrylate ("MVA")
and/ or 2-hydroxyethyl nethacrylate ("HEMA"). These conobnoners are
used to inprove or adjust the nechanjcal strength and hydrophilicity
of the resulting pol yner, respectiveﬂi. [0041] As will be appreciated
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strength. in a different temperature range, as may be desired for a particular application. As well,
there should not be too much total monomer content such that the resulting polymer

becomes too rigid or inflexible.

[0042] The type and ratio of different types of monomers that may be included can be
varied so as to influence the properties of the resulting polymer. For example, the
hydrophobicity of the polymer can be increased by including increasing amounts of a
comonomer or comonomers that are more hydrophobic than the first monomer capable of
forming a thermosensitive polymer. A skilled person will understand how to combine
different monomers and vary the ratios to determine the effect on the various properties

of the resulting membrane, such as the LCST, hydrophobicity and tensile strength,

[0043]  The ratio of the first monomer to the comonomers in the mixture used to form
the microemulsion may vary depending on the desired properties of the resulting
polymer. In various embodiments, the ratio is 1.0, 5:3, 3:1, 1:1, or 1:3. By varying the

ratio, the thermosensitivity of the resulting membrane, and thus its swelling properties,



[0043] The ratio of the first nonomer to the conononers in the

m xture used to form the m croemul sion may vary dependi ng on the
desired properties of the resulting polyner. In various enbodi nents,
the ratiois 1:0, 5:3, 3:1, 1:1, or 1:3. By varying the ratio, the

t hernosensitivity of the resulting nmenbrane, and thus its swelling
properties, 10 can be nodified as desired. [0044] In one enbodi nent,
the concentrations of the water, polynerizable surfactant and total
nonomer content in the mxture are bq@meen about 15% and about 50%
bet ween about 20% and about 45% and Detween about 25% and about 50%

(WwW, respechodifddas dbd@45] I n other enbodi nents, the process
optionally may further conprise a step of cross-linking using a
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to be crosgpdctitied. [0046] For exanple, when certain surfactants such
as C, - PEOHC | I-MA-40 are used as the polynerizable surfactant, the
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enbodi mentpicrbigulGONGRAL BhE R sNfindede cross-1linker is about 5% as a
percentage of the meight of the total nononers. [0048] The
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the polymerizable surfactant, the microemulsion may comprise a chemical cross-linker,
such as, for example, ethylene glycol dimethacrylate (“EGDMA?”). The chemical cross-
linker may be any chemical cross-linker that will cross-link the various components of
the microemulsion, for example, any cross-linker that is capable of cross-linking
monomers having vinylic or acrylic double bonds. Therefore, the particular cross-linker-

chosen will depend on the nature of the monomers and polymerizable surfactant in the

microemulsion.

[0047] In one embodiment, the concentration of the cross-linker is about 5% as a

percentage of the weight of the total monomers.

[0048]  The microemmlsion may be polymerized by standard techniques that would be
apparent to a skilled person. For example, the microemulsion may be polymerized by
- heat, the addition of a catalyst, by irradiation of the microemulsion or by introduction of
free radicals into the microemulsion. The method of polymerization chosen will be

dependent on the nature of the components of the microemulsion.

'[0049]  Polymerization of the microemulsion may involve the use of a catalyst. The



apparent to a skilled person. For exanple, the m croemul sion may be
pol ymeri zed by heat, the addition of a catalyst, by irradiation of
the m croemul sion or by introduction of free radicals into the

m croemnul si on. The method of pol ynerization chosen will be dependent
on the nature of the conponents of the m croenul sion. [0049]

Pol ynmeri zation of the m croenul sion may involve the use of a
catalyst. The 11 catalyst may be any catal yst or polynerization
initiator that pronotes polynerizatig between the different types
of nonomers and the surfactant. The Eecific catal yst chosen may
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may be rinsed and equilibrated with water, and optionally dried and may be sterilized in

preparation for use in a medical or clinical application.

[0052] The polymer, and resulting membrane, may be nanostructured, meaning that
the material possesses regions of ordered structure, these ordered regions being on the
nanometer scale, typically between a range of about 1 to about 100 nm. The pores are
formed from the volume occupied by water in the microemulsion. Thus, in different
embodiments the pores in the material and the resulting membrane have the dimensions
of the hydrophilic phase in the microemulsion, about 1 to about 100 nn1, about 10 to
about 100 nm, about 50 to about 100 nm, or about 50 nm.

[0053] When the polymer is formed according to the methods of the invention, the
polymer is preferably transparent, such that in use as a wound dressing it allows for

visualization of the underlying wound and monitoring of the healing process.



enbodi nents the pores in the material and the resulting nmenbrane have
t he di mensions of the hydrophilic phase in the m croenul sion, about
1 to about 100 nm about 10 to about 100 nm about 50 to about 100
nm or about 50 rim [0053] Wien the polynmer is forned according to

t he met hods of the invention, the polynmer is preferably transparent,
such that in use as a wound dressing it allows for visualization of
t he underlyi ng wound and nonitoring of the healing process. 12

[ 0054] The thernosensitive pol yner pr gpared by the above process is
preferably strong, flexible and stréfchabl e. These properties are
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A granul at1 ng wound experiences an evaporative wa
5138 g/ ni degalymens nuch as 20 tines that of skin with a first degree
bum [0057] Wund dressings with very | ow water vapour transn ssion

rate ( VWTR)OSG} Fluid retention beneath a wound dressing, caused by poor water vapor
permeation, or the dehydration of a granulating wound bed, caused by rapid water loss,
can pose serious problems to the healing of wounds. An ideal wound dressing maintains
the evaporative water loss from a wound at an optimal rate to prevent both excessive
dehydration as well as the accumulation of exudates. A granulating wound experiences
an evaporative water loss of about 5138 g/nf/day, as much as 20 times that of skin with a
first degree burn. ‘

[0057] Wound dressings with very low water vapour transmission rate (WVTR)
include, Vigilon®, Vigilon cover film and Stretch ‘n’ Seal® dressings, which have
WVTRs of 168 +32, 139 + 23 and 326+ 44 g/nt/day, respectively Ruiz-Cardona et al.
Biomaterials (1996) 17:1639.). Tegaderm® and Bioclusive®, as well as many adhesive
film dressings, also have low water vapour transmission rates, with respective WVTRs of
491 £ 44 and 382 = 26 g/nf/day'®. OpSite® (WVTR of 426 g/nf/day) is approximately
28 um thick and has been used as a skin graft donor site dressing with some success,
although fluid collections must be removed frequently by puncturing the material and
aspirating the fluid. '



include, Vigilon(r), Vigilon cover filmand Stretch "n* Seal (r)
dressings, which have WTRs of 168 32, 139 23 and 326 44 g/ nzz/day,
respectively (Ruiz-Cardona et al. Biomaterials (1996) 17:1639.).
Tegaderm(r) and Bioclusive(r), as well as many adhesive film
dressings, also have | ow water vapour transm ssion rates, with
respective WTRs of 491 44 and 382 26 g/nWdayl5. OpSite(r) (WTR
of 426 g/ niz/day) is approximately 28 mthick and has been used as a
. skin graft donor site dressing with me success, although fluid
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of the patient having the wound. I ment,

‘ LCST that is biologically relevant. That is, the LCST should be in a temperature range
such that the temperature of the polymer will be above the LCST when in place, and can
be readily lowered below the LCST when the polymer needs to be swelled, without
causing harm to the patient. The LCST of the membrane is preferably at least slightly
below the body temperature of the patient having the wound. In one embodiment, the
polymer has .an LCST that is below the temperature of the wound site. In one
embodiment, the patient having the wound is a human, and the LCST of the membrane is
between about 32°C and 37°C. The LCST of a given polymer can be adjusted by varying
the conditions under which the membrane is transitioned below its LCST, for example,
by including various salts in the solution applied to membrane during cooling. Typically,

the LCST is lower in a solution containing salts.

[0061] The swelling property of the polymer and the resulting membrane is
temperature dependent in that the polymer swells to a greater extent the further the
temperature is below the LCST. The -temperature dependency is not necessarily linear,
and the polymer may exhibit a discontinuous swelling ratio around the LCST.



- useful as a wound

pol yner has an LCST that is below the tenperature of the wound site.
In one enbodinent, the patient having the wound is a human, and the
LCST of the nenbrane is between about 32C and 37C. The LCST of a

gi ven pol yner can be adjusted by varying the conditions under which
the nenbrane is transitioned belowits LCST, for exanple, by
including various salts in the solution applied to nenbrane during
cooling. Typically, the LCST is lower in a solution containing
salts. [0061] The swelling property ﬁf t he pol yner and the resulting
menbrane i s tenperature dependent i “that the polymer swells to a
greater exdgd2| thee fWalifeprobds ofttEéTP(ﬁf/IﬂéﬂJiE ‘ﬁlsb SeRBHQNh iR éoggﬁtrat}gﬁe
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process of” the present invention is useful as a wound dressing fo

cl osing o en_wounds = that need healing. The wound may_ be on afym
ca
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ressi ng, as swel |ng of the menbrane prior to
renpval that need healing. The wound may be on any animal, for example, without limitation, a

mammal, for example, a human. The swelling properties of the membrane make it
particularly useful as a wound dressing, as swelling of the membrane prior to removal
from the wound when the dressing needs to be changed facilitates removal and minimizes

disruption of the healing process.

[0066] Thus, there is provided a method of dressing and undressing a wound
comprising applying a thermosensitive polymer to a wound; immediately prior to
removing the polymer from the wound, reducing the temperature of thermosensitive

polymer to facilitate removal of the polymer; and removing the polymer from the wound.

[0067] The polymer may be nanoporous and may be applied to the wound in a
swelled or unswelled state. If the polymer is to be applied in a swelled state, it is
immersed in water prior to applicétion at a temperature below the LCST. Due to the
temperature-dependent swelling properties of the polymer, the dressing will contract

upon warming,



fromthe wound when the dressing needs to be changed facilitates
removal and mnimzes disruption of the healing process. [0066]

Thus, there is provided a nethod of dressing and undressi ng a wound
conprising applying a thernosensitive polymer to a wound; i mrediately
prior to renoving the polyner fromthe wound, reducing the
tenperature of thernosensitive polymer to facilitate renoval of the
pol ymer; and renoving the polynmer fromthe wound. [0067] The pol yner
may be nanoporous and nay be applied_{o the wound in a swelled or
unswel l ed state. If the polymer is t & be applied in a swelled state,
it is i 68ed 1 i : ' ' a | ow
the LCST Nocert o har by i Brofe 19 afHE ke Sl B D ShEl Hotshe

t he pol ynevudateswexistinetbe woepdwit i drigd ptierte eppliggisn. war mi ng. 15 [ 0068]
However, if the polyner is applied in a dry state, for exanple, when
excessi V?[oo%g{idairﬁﬁd&%é o8 tHe e R A8 rdidimbaidipiRd 1P {He(?l'éal{ng wound,
application. 10069] In order to renpbve the dressing with m ni nal
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thernosensi tive nanoporous polyner as prepared by different
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the wound. For exanple, it may be desirable to deliver antiblotics,
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mh:ch al | e&gk&qgﬂkg&hhggw(elease of the therapeutic agent once the
pol ymer n

[0071]  Generally, the therapeutic agent may be incorporated within the polymer

matrix, which allows for controlled release of the therapeutic agent once the polymer is in

place on the wound.

[0072]  Thus, there is provided a method of delivering a therapeutic agent to a wound
comprising incorporating a therapeutic agent into a thermosensitive nanoporous polymer

and applying the thermosensitive nanoporous polymer to the wound.

[0073] The therapeutic agent may be any agent having a therapeutic or preventative
effect on the wound with respect to healing or prevention of infection. For example,
without limitation, the therapeutic agent may be a drug, an antibiotic, an anti-
inflammatory agent, a clotting factor, a hormone, a nucleic acid, a peptide, a cellular

factor, or a ligand for a cell surface receptor.

[0074] Preferably the agent will cause minimal irritation to the wound site, and cause
minimal interference with the healing process. As well, it is preferred that the therapeutic

agent is one that does not interfere with the physical or chemical properties of the



pl ace on the wound. [0072] Thus, there is provided a nethod of
delivering a therapeutic agent to a wound conprising incorporating a
therapeutic agent into a thernosensitive nanoporous polyner and

appl ying the thernosensitive nanoporous polynmer to the wound. [0073]
The therapeutic agent may be any agent having a therapeutic or
preventative effect on the wound with respect to healing or
prevention of infection. For exanple, wthout limtation, the

t herapeutic agent may be a drug, an %gtibiotic, an anti- inflammtory
agent, a clotting factor, a hornone, nucleic acid, a peptide, a

cel lul ar HeafdsOfsitivemafbpbicddpddyh@r a cell surface receptor. [0074]
Preferably the agent will cause mnimal irritation to the wound site,
and cause__mnimal interference with the healing process. As well, it
i s prefer F¥S2] hat bt Herapeiic sgeniimay bedpromorgted igivahe Relymer éar example, by
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t her nosensi ti ve nanoporous pol yner. [0075] 1e therapeutic agent may
be i ncor pageat Edtablet wdemiBe patigHaEpolmerization pprditionpyhat grsaRibggisedadl may

pol ymer 10 ; j .0l ag: : tively,
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conditions that are to be used, it may be incorporated into the

nanopor ou%8hbr YAk ths sgresidohef hsBEnbiars Grephe prsle of rdemep! War yi ng
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t herapeutic agent and the extent of the initial burst rel éase of the
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i s rel easgibfdQmnbhe menbrane in a sustained release manner. [0077]
As well, it may be desirable to deliver graft cells or tissue to a
wound or g{hgr g%aft Site sg as to seed the site with healthy

growi ng cHOTEl o B¢ rel jemayhedesuptiei e debivaealiorells enissysgp wivermd etohdi ng
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with its thernosensitjve swelling characteristics, contributes to the
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tissue towfh AsahimbdiSitive swelling characteristics, contributes to the usefulness of the

polymer as a vehicle for delivering cells or tissue to a graft site, -

[0078] In one aspect, there is provided a method of delivering a cell to a graft site
comprising culturing the cell on a thermosensitive nanoporous polymer; and placing the
polymer comprising the cell onto the graft site. In various embodiments, the polymer
may be coated with hyaluronic acid, collagen or any other biocompatible matrix prior to

culturing the cell thereon.

[0079]  The polymer may be used to deliver a cell, a number of cells, or tissue to the
graft site. Thus, “a cell” includes a single cell and a plurality of cells, including a tissue.
The cells or tissue may be derived from the patient to whom the graft is being applied, or
they may derive from another source. The cells or tissue may be transgenic cells or

tissue, where the transgene makes the cells or tissue suitable for gene therapy.

[0080] By reducing the temperature of the polymer, the polymer expands and the
cells are more readily released from the polymer to the graft site. The polymer may be

removed from the graft site after new tissue has formed. Alternatively; the polymer may



[0078] In one aspect, there is provided a nethod of delivering a cel
to a graft site conprising culturing the cell on a thennosensitive
nanopor ous polyner; and placing the polynmer conprising the cell onto
the graft site. In various enbodi nents, the polynmer rmay be coated

wi th hyaluronic acid, collagen or any other bioconpatible matrix
prior to culturing the cell thereon. [0079] The pol yner may be used

to deliver a cell, a nunber of cells, or tissue to the graft site.
Thus, "a cell"” includes a single celi and a plurality of cells,
including a tissue. The cells or ti Lue may be derived fromthe
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embodi menPolymEangydeyatisd lafaqﬁh%téngs\hé partieplas popemes Yoesne ratias pwA Wofermnhe
graft sitgephi9R8l] Various cell types may detach fromthe polymer at
di fferent optlnal tenperatures. The tenperature at which a

partlcula type wll detach from.the | ymer may be varied by
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wound site, as well as_any other accessible site to which it is
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Menbrane in the ear of a subject or to deliver cells for artlflcal

cor neal @@b 2%3083] The Iyner of the invention may
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Wit h t enpgiptaicss deReNARAMinSWel Inalhdll twith temperature-dependent  swellability
characteristics is desirable. For example, the nanoporous polymer may be used as
scaffolding for cell or tissue culture, including stem cell culture. Using a thermosensitive
nanoporous membrane or fiber as a support for cultured cell growth permits the transfer
of the cultured cells without the use of harsh enzymatic or physical disruption to dislodge
the cells from the culture vessel. Furthermore, due to the nanoporosity of the polymer,
the thermosensitive nanoporous polymer of the invention may be used in separation
techniques to filter or separate particles having nanometer dimensions. As well, the
polymer may be used to separate cells, by conjugating to the membrane a ligand that can

bind the specific type of cell that is to be separated.

[0084] The following experiments are illustrative of the process of preparing the
thermosensitive polymers and the resulting polymers and the methods of their use and do
not limit the broad aspects of the processes, polymers or methods of use as disclosed

herein.

EXAMPLES



characteristics is desirable. For exanple, the nanoporous polynmer may
be used as scaffolding for cell or tissue culture, including stem
cell culture. Using a thernosensitive nanoporous nenbrane or fiber
as a support for cultured cell growh permts the transfer of the
cultured cells without the use of harsh enzymatic or physi cal

di sruption to dislodge the cells fromthe culture vessel.
Furthernore, due to the nanoporosity of the polyner, the

t her nosensi ti ve nanoporous polynmer of the invention nay be used in
separation techniques to filter or ééparate particl es having
nanonet er ; dy I . As well, the polynmer may be used to separate
cells, bnggﬁﬁﬁgg??%b to the nenbrane a ligand that can bind the
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( n- hexanelC:- I evia-4§) yaosynihesiaidnacordihatoathé pGioMA)descaibell &y Piu et al. in

di met hoxy+2-phenyl acet ophengne ( r drich were used w t hout
further %érfél%f(f"&%f’tsl%ﬁg%w%%p?fe e@x%@@‘%%?’gﬁyﬁéne oxi de) 40 undecyl

a- net hacryl ate macronononer (Cl-PEGC, |-MA-40) was synt hesi zed
accor di ngl0086} heFar te ovothesie st flutvodttBiabiyiate tflvatic-68 ris disolWdcimodnizd.

Sci, Pure ﬁg@l SNEMy %396) 3 . 6] t-hesj s of
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further sprecipigdedatricthplamniopivpe clibtidee way @ttevedhind fichexcess acryloyl chloride,

CH,Ch, and triethylamine were removed by rotary evaporation. The residue was

dissolved in distilled chloroform and washed twice with saturated sodium bicarbonate
solution The chloroform solution was further washed twice with saturated brine. A solid
product was recovered from the chloroform solution after evaporation. The pure product
was obtained by re-precipitating the crude product three times from chloroform against

ether,

2. Membrane Preparation

[0087] The porous membranes were prepared directly by microemulsion
polymeﬁzation. Such microemulsions comprise variable amounts of HEMA, MMA,
NIPAAm, ultra-pure water, and the surfactant C{-PEO-C;-MA-40 or fluronic68-
diacrylate, the cross-linker EGDMA when C;-PEQ-C;-MA-40 wés used, as well as the
photo-initiator DMPA.

[0088] Two 20 em x 20 cm glass plate were washed and dried at room temperature.
The glass surfaces to be contacted with the microemulsions were polished using tissue

‘with a small amount of silicon oil to enable removal of the polymer membrane after



precipitated triethylammoni um chloride was filtered, and he excess
acryloyl chloride, CHzZCh, and triethylam ne were renoved by rotary
evaporation. The residue was dissolved in distilled chloroform and
washed twice with saturated sodi um bi carbonate solution The

chl orof orm sol uti on was further washed twice with saturated brine. A
solid product was recovered fromthe chloroformsolution after
evaporation. The pure product was obtained by re-precipitating the
crude product three times from chl orof orm agai nst ether. 2. Menbrane
Preparati on [0087] The porous nenbr arlds were prepared directly by
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pol yneri zation. About 1 g of each m croenul sion was first poured onto
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carried o oh a 1 ' sed in
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of formed nenbranes are set out in Table 1. The cross- |inker EGDVA

forms the pgipi ni NG.6 8fioCaLELRIRRSL LI 6n Systems

Composition by Weight %

System HEMA. MMA NIPAA Surfactant Water
HMN 1 10 10 20 35 23
HMN 2 20 10 10 35 23
HMN 2a 15 715 ‘1.5 35 33
HMN 3 10 20 10 35 23
HMN 4 5 10 25 35 23
HMN 5 10 0 30 35 23

HMN 6 5 25 10 35 23

3. Topography Analysis

[0091] Investigation of the surface topographies of the meﬁlbranes was conducted
using a Thermo Microscope Autoprobe CP Research atomic force microscope (AFM)
system (Park Scientific Instrument, Sunnyvale, CA) in contact mode. Conical silicon
nitride tips mounted on a silicon cantilever with a force constant of 0.40 N/m were
employed. The SiNy4 cantilevers (with an integral tip) had a length of 180 pm, width of
38 pm, thickness of I pm and resonant frequency of 45 kHz. Each image contains 521 x

512 data points. The surface topographical images were processed using IP2.1 Image
Software,



Table 1 Conposition of Selected M croenul sion Systenms Conposition by
Wi ght % System HEMA MVA NI PAA Surfactant Water HWN 1 10 10 20 35 23
HW 2 20 10 10 35 23 HW 2a 15 7.5 7.5 35 33 HW 3 10 20 10 35 23
HW 4 5 10 25 35 23 HW 5 10 0 30 35 23 HW 6 5 25 10 35 23 3.
Topography Analysis [0091] Investigation of the surface topographies
of the menbranes was conducted using a Therno M croscope Aut oprobe
CP Research atom c force mcroscope (AFM system (Park Scientific

I nstrunent, Sunnyvale, CA) in contact_node. Conical silicon nitride
tips mounted on a silicon cantilever §ith a force constant of 0.40

N'm wer e [goR| OY ethss-IGonal %@%gﬁd}tdﬂtﬁ‘é’ﬁéﬁbx(a}i\éstvbhsqﬁbekt@a%ﬁﬁﬁhgtaiJ@:bLhad
a length of 180 m width of 38 m thickness of 1 mand resonant

f requency 5810 add grssiorgum sqappine cleeirmni micraspapeFEGIEM)at BhepwrmbignesThe
surface t%ﬁgﬁi@%lﬁ%éd”ﬁgqﬁuﬂﬁeﬁﬁmg PGES gseu%{eng%ogﬁiec&oﬂs.m%or to
Software. 20 [0092] Cross-sectional topography of the nenbranes was
i nvest i gatxEninpipyhesagplos wegneouun diied as mossieppergiure for2thhrks hgfore being

el ectroni J4C ope. ( he menbr ane: e f l ured
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exami nat i oychinehe sanpl es were vacuumdried at roomtenperature for 24
hrs before being coated with a thin |layer of gold using a JEOL
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1, the surface topography analysis denonstrated that the
membrane surface contained pores, typically less than 100 nm. A scanning electron
micrograph of cross-section of the membrane, shown in Figure 2, revealed the randomly
distributed nanostructured channels created by the water content during the fabrication

process, the channels being 50 to 100 nm in diameter.

4. Thermal Properties

[0094] The.decomposition temperatures of polymeric membranes were analyzed by a
Perkin Elmer thermogravimetric analyzer (TGA). The thermal behaviour of about 10 mg
sample placed in a platinum cell, was evaluated from 30 °C to 800 °C. A temperature
gradient of 10 °C/min was applied under dry nitrogen flow and the weight loss was
continuously recorded. The temperature range where the sample weight decreased

sharply was regarded as the decomposition temperature.

[0095] The thermal analysis showed that membranes having different monomer
compositions had similar decomposition temperatures (Ty) ranging from 300 °C to 350
°C. This result indicates that the membranes are thermally stable up to 300 °C and that
alteration of the microemulsion composition does not affect the thermal stability of the
resultant membranes. This thermal stability is a significant advantage as it would mean
that the membranes can be sterilized by autoclaving or other means prior to clinical

application.

5. Swelling Properties

[0096] The equilibrium swelling ratios (“ESR”™) of polymeric membranes were



menbrane surface contained pores, typically | ess than 100 nm A
scanning el ectron mcrograph of cross-section of the nenbrane, shown
in Figure 2, revealed the randomy distributed nanostructured
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process, the channels being 50 to 100 nmin dianeter. 4. Thermal
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menbr anes exhi bited tenperature-dependent swelling ratios (Figure 3).

[0098]  The water content as a percentage of the total membrane weight was measured

at a range of temperatures for various membranes, as shown in Table 2.

Table 2 ‘Water Content of Select Nanoporous Membranes

Water Content by Weight %

System 4°C 24°C 32°C 37°C
HMN 1 61.4 58.3 53.8 48.0
HMN 2 58.9 52.1 48.3 44.2
HMN 3 55.9 51.0 48.8 433
HMN 4 57.6 512 46.7 40.4
HMN 35 70.8 63.9 56.1 56.0
HMN 6 57.3 532 50.6 47.1

6. Water Vapour Transmission Rate

[0099]  The water vapor transmission rate (WVTR) of the membranes was determined
according to the ASTM E96 water method. Briefly, membrane discs in diametér of 16
mm were cach mounted, with the aid of water impermeable sealant onto a plastic
container containing 10 mL of distilled water, which was placed in an inverted position

such that water could evaporate through the membrane into an environmental chamber.



They appeared to swell to a higher degree at |ow tenperatures. A

di sconti nuous decrease of swelling ratio took place in the range of
32 to 37 C, suggesting that the swelling behaviour is likely
affected by the LCST of PNI PAAm At anbi ent tenperatures above this
tenperature range, the hydrophilicity of the menbranes decreased,

| eading to lower swelling ratios. In general, an increased N PAAmM
nmononmer content in the mcroenmulsion inproved the sensitivity of the
menbranes to tenperature. [0098] The ter content as a percentage of
the total nenbrane wei ght was measuréd at a range of tenperatures
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distilled water, which was placed in an inverted position such that
wat er coul d t he menbrane jinto an enyi nment al
chanmber. 22 i _ _Water: Vapp vﬁw:.l l___‘_.!_\,;-. i“ elect.Na A ANES -
rate of t er novenent e nmenbrane sanple into the
envi r on q.mnha_mg_er, Mﬁfﬁ aﬁ’)f an 32C  and relative
hum dity H;Fm‘%g)% The WTR vvaz_s(l)gtgal culated fromthe equation

A C VAW Cl

HMN 2a 862.6
HMN 3 502.9
HMN 4 531.6

7. Mechanical Properties

[00100] From an engineering perspective, good mechanical properties would allow
materials used for wound dressings to maintain their shape during application. Here, three
parameters, tensile strength, maximum percentage strain and Young’s modulus, were

measured to determine the mechanical properties of the nanostructured membranes.

[00101] The strain (%) at break, Young’s Modulus and tensile strength of the
membranes were measured by an Instron microforce tester. Samples with standard size

stated in ASTM 638 were used. The tensile rate was 0.25 mm/min.

[00102] Membranes with different compositions were found to differ in
mechanical behavior (Table 4). Their tensile strengths varied from 4.8 to 6.9 MPa, with
the -highest found in HMN 2. Membranes that only contained NIPAAm and HEMA
demonstrated higher tensile strength and Young’s modulus, although their percentage
strain at the break point was compromised. This may be due to the strong hydrophilic
interaction between the polymer chains. With the addition of MMA into the
microemulsion, the membranes lost some of their tensile strength but their percentage of

elongation increased to a range of 48 to 86%. In comparison, the tensile strength and



W/TR=W (t xA), where Wis the weight of the water vapor transmtted

t hrough the nenbrane sanple having area A at tinme t. The observed
W/TR val ues for certain mnenbranes is shown in Table 3. Table 3 Water
Vapour Transm ssion Rate of Sel ect Nanonorous Menbranes System WTR
(9/nzz/day) HW 1 509.3 HWN 2 518.8 HW 2a 862.6 HWN 3 502.9 FAIN
4 531.6 7. Mechanical Properties [00100] From an engi neering
perspective, good nmechanical properties would allow materials used
for wound dressings to naintain their,shape during application. Here,
three paraneters, tensile strength, “maxi num percentage strain and

Young' s NY@UhIS molveisof SRBOEH hEEnAll9 20B{eIgTMPE 1@ FRRhIPaC adspectively.
properties of the nanostructured nenpbranes, [00101]. The strain (%

at br eak, PouRy vathniaiar siengds and shghty lggheeﬁgw oRodieare mostr e wer e

measur ed Byedan }egﬁhé QRinNi%hOf(SHwe z%egtoe{aten%rrwégcaw D&w&& mams@ ze
stated in ASTM 638 were used. The tensile rate was m m

[00102] MEMEPUHEE 4 {Hicganed dpaivechs Shpemaant &oRal Jinited ﬁ%@&#@mt 30%; 462 in
nechani ¢ alTh@ﬁbtatHdtQ[{e téﬁgi”]\p gt?cnét}l of & ahoshGARh ‘ﬁneﬁ!’o?a‘i@@ltaﬁ%es VR 28 5 5am

4.8 to 6. ghest found I n ranes that only

cont ai nedNﬁlaFaAﬂkrﬁlaéﬁhP ﬁm& s @é@fﬁ\lﬁstaﬂﬁséépnhﬂ%& 330 Adna) mgeesisetheft thesand
Young' s Qesieh, t t the break point
was conppgl(réhh&gﬁges H‘I%lklﬁ S maytE]ﬂ%%ilﬁggtgBgtgﬁgggf%%%g&%hg%%ph| lic
interaction between the polyner chai ns. VVth the addition of MVA into
the m cr dgney abPric e flSels figs Igedr tensile strength
but their percentage of eIongatlon |ncreased to a range of 48 to
86% | n conparisonTendile tensil e Stoumgigt h and 236 Strain

System Strength (MPa) Modulus (MPa) at Break

HMN 1 5.7 4+0.51 180 =30 74.4 4+ 431

HMN 2 6.9 +0.55 380£40 78.0 £ 5.40

HMN 3 59+0.21 160+ 10 86.9+4.34

HMN 4 4.8+0.78 140 + 20 48.6 £2.10

HMN 5 10.9+1.2 0.45+0.05 40,2 £3.81

HMN 6 6.2+0.50 0.2%0.03 58.8+7.14

[00103] Mechanical properties of membranes in the swollen state were also

investigated. HMN 1 and HMN 4 had reduced mechanical properties after wetting, while
HMN 2 and HMN 3 retained their tensile strength and most of their flexibility (Table 5).

Table 5 Mechanical Properties of Selected Membranes After Wetting
Tensile Young’s % Strain
System Strength (MPa) Modulus (MPa) at Break
HMN 1 3.8+0.43 110:10 34.2+5.99
HMN 2 49+0.55 280 +30 61.0+3.10
HMN 3 57+0.21 100+ 10 53.9+3.04
HMN 4 2.45+0.25 120 +£30 20.1+1.57
HMN 5 33+0.36 190 £ 30 17.23+1.87
HMN 6 3.9+£0.23 100 +20 44.4+3.64

8. Cell viability studies upon contact with solid membranes

[00104] To prepare the membranes for in vitro cytotoxicity studies, the membranes
were cut into 2x2 mm pieces and soaked in PBS solution over night. After being dried in

70 °C oven, they were autoclaved for use in the cytotoxicity study. Preliminary studies



Young's nodulus of skin are normally 2.5 to 16 MPa and 6 to 40 Mra,
respectively. Polynmers with simlar strengths and slightly higher
Young's noduli are nost frequently wused to replace skin tissue
(Silve, in Biomaterials, Mdical Devices and Tissue Engineering: An
| nt egr at ed Approach, Chapman & Hall, United Kingdom 1994, 46.). The
fact that the tensile strength of the nanostructured nmenbranes ranges
-from4.8 to 6.9 WMPa and that the Young's nodul us ranges from 140 to
380 Mpa suggests that these nenbran%é have sufficient durability to
be used as wound dressings. Table 4 chani cal Properties of Selected
Menbr anes weel @le o @taibkes RHAE BiridbsIdeflal momiidr@BhcehtAR6E. k1 4 Nem %1
Modul us (MPa) at Break HWN 1 °5.70.51 18030 74.44.31 HWMN\2 6.9 0.55
38040 78. §57BL/ghmopgwNyrgnyeellgling) wegoinathagd fg 244and 428 hanmsbetprg giablg,
14020 48. ells wekd coldy. Tndd-wte 3 Bpiftals €2 ABirdl RelflwittdNsRcihenrd- 28
0.20.03 58.87.14 [00103] Mechani cal properties of nenbranes in the
swol | en seReeiEncie rResultssase ciprspessitas gercendage PfNatle aelld rélprivedo emtrok educed
nmechani cal properties after wetting, while HWN 2 and HWN 3 retained
their tengid1espt r englh sangamshodd idelihibn FWi@XihBithdnibYared 3R211E eMibited

Tabl e 5 Mechani cal Properties of Selected Menbranes After Wetting
Tensi | e YBtEnsl 0G5 dp P& and Kydsh tarh0 b4 winkjlity, (enmativebbdhiablg$).( Wimnincrgase

B k H iabyli C ome of thetria 1 i izati .10
A 5 70 0P 1of° ra ol by st Bty ARk gt iR hen g
1.57 HWNwHicB g celis Blgptpgd res@ge 19rmakaro@ih. _

Table 6 Viability of E1L4 Cells After Exposure to Selected Membranes
Viability (% Control)

System 24 hrs 48 hrs

HMN 1 105.4 08.4

HMN 2 107.5 104.5

HMN 3 96.1 g4.1

HMN 4 60.8 69.2

9. Drug Loading

[00106] To determine if the membranes could be used to deliver therapeutics such
as drugs to a wound site, the membranes were tested using the model drug scopolamine.
The membranes were immersed in scopolamine base at a concentration of 1g/100 mL at
4°C for 3 days. The drug-loaded membranes were then air-dried before in vitro testing.
The in vitro tests were carried out at 37°C in PBS (pH 7.4) on a Vankel VK 7000
dissolution test station. At predetermined intervals, 1 mL sample was drawn for HPLC
analysis and replaced with fresh PBS buffer.

[00107] A sustained release of scopolamine over 3 days was observed for HMN 1
and HMN 2 membranes (Figure 4), indicating that the membranes are suitable for
sustained delivery of drugs, such as antibacterial agents or wound healing accelerators,

potentially resulting in greater efficiency of wound healing,



HW6 3.90.23 10020 44.43.64 8. Cell viability studies upon contact
with solid nenbranes [00104] To prepare the nenbranes for in vitro
cytotoxicity studies, the nenbranes were cut into 2x2 nmm pi eces and
soaked in PBS solution over night. After being dried in 70 C oven,
they were autoclaved for use in the cytotoxicity study. Prelimnary
studies 24 were done on nenbranes having various original nononer
concentrations. EL4 cells (a C57BL/6J nouse |ynpoma cell |ine) were
i ncubated for 24 and 48 hours before_viable cells were counted.
There were 3 replicates for control 3¥ells wi t hout speci nens) and

speci Mens ;o ReFWN L5 858m Wesngd as percentage of viable cells
relative to control” 00105] After 24 and 48 hours incubation with

t he menbr 88] cel I3 @xBitjr tt@rﬂperaﬁl%vﬁle&lll&%cﬁn&& B SheaRbhmbiBibs Syak O
69.2% viability,. respectlvely Tabl e GGK&The increase of viablity of

the cel | sotdied: bifes Bpusersoplsts r?lﬁst &l ,§f%f The membranes

acclimat | &eﬁela%c@téﬂnor\e@h&hwﬁmeeucahthés agdant eﬁ{%ﬁnﬂéﬁsbﬁgﬁ RSB was
growh. Table 6 Viability of EL4 | s After posure to Sel ected

Merbr anescut\gte Bielexgoy dl@%f@ocrﬁar\mﬂ)msﬁétv@% piede gpdghepldced to tepvells. Ihs . 4
98. 4  HWN2rl04f Me 100D wehwas?le%%]noﬁfﬁe& TidMN 29 :ﬁ&rsg ﬁ@x%bﬂst c%ns B9

Loadi ng [00106] To determ ne if the menbranes could be use
del i ver t ter agded pute theyopmbraresderugell sustage, wog rdqnsstytOéS % hE qtrésﬁmhmés

ver e teStaﬁmHeﬁ'd?%‘@ﬁnc{EPqedunﬁ&ﬁgd ] n&le?e”%f”@/ coTheAF[&;%gﬁ‘@sshfé%S

i mersed 1 n scopol ami ne base at a concentrati on of mL - at
for 3 daysultuleveds ingubtatedched, nenkdy Ahesd REr'€ fohbelf ai hOMrdS@dldUe?fameat in

vitro tesgi [ ' ) re.c Q at. 37C in,PB$ (pH
7.4) on a %%&18?%&16-?3’6%&; E)P ea‘é:ﬁ v}eﬁ WCIC aspu&éd n%qrans%rre toa f%sh 94 W%EI
plate. These fresh plates were then returned to the incubator to allow any detached cells
to reattach and resume cell growth. Each well of the original plate was then washed
gently with phosphate-buffered saline (PBS) at 25°C and the viability of any remnant

cells in each well was assessed using the MTT assay,

[00109] The cells were well attached onto the surface of all the membranes as
shown in Figure 5. The cells consistently organized themselves intc aggregates
connected by cytoplasmic projections (compare Figure 6B and 6C), a phenomenon not

observed in the control samples.

[00110] After incubation at 4 °C for about 30 minutes, 50 to 70% of the cells
attached to the membranes were found to have detached, No apparent cell detachment
was observed in the control plate. The effect of cooling temperature on the detachment
was also investigated, as shown in Figure 7. The maximum number of cells detached
from the membranes at 15 °C. However, it is noted that the effect of cooling temperature
on the membrane may be vary for different types of cells, and with varying membrane
composition. The cells that had detached from the thermosensitive membranes and that
were transplanted attached to the new surface and resumed nominal growth (Figure R).
This result demonstrates the viability of the detached cells and constitutes evidence
against incipient cell death being the cause of the observed detachment. This property of

the membranes indicates that the membranes are suitable for use as a vehicle for cell



di ssolution test station. At predetermned intervals, 1 nL sanple was
drawn for HPLC analysis and replaced with fresh PBS buffer. [00107]
A sustai ned rel ease of scopol am ne over 3 days was observed for HW 1
and HW 2 nenbranes (Figure 4), indicating that the nenbranes are
suitable for sustained delivery of drugs, such as antibacterial
agents or wound healing accelerators, potentially resulting in
greater efficiency of wound healing. 25 10. Cell Delivery from
Menbranes [00108] The effect of tenpgrature on cell detachnent from

t he nenbranes was studied using nou & neopl astic fibroblast cells
(L929, ATEGinSA). The menbranes were autoclaved prior to use wth
cell cultures. In this experinent, each nenbrane was cut into the
exact dia ter of a well in a 24-well plate and then placed intg test
vel I's. ThEPOdHk facé siPrespriativgniopsbraiey shares it dfgure AndemensaeingTHe
L929 nousgadshheded| Rshe ﬁl%lnbéné!"e&}ﬁch Len a‘?l%@d@g vﬁﬂélﬁaﬁoﬁleofnﬂ%@%@ﬂ?& or
wel | surface, at a density of x 105 cells/m and cultured §7C
under a hWA¥: fi ed at nosphere of 5% CO2. After about 48 hrs, the

cul tures were incubated at 4, 10, 15, 20 and 27 C for half an hour as

cold treafomame] Suksesue aﬁdeysmowb@ RO BLRA § (B arg aedhy WRId W8S to the
aspirated and transferred to_a_fresh 24-well plate These_ fresh

pl at es wePEMPkEHcRRAdTREdeseribed berein ang Bessipler Sheympenioniythereisntsaded
cells tow@alhmsnpich ﬁ%&ﬁ%oﬁ%ﬂhmgfs%%ﬂ% astRERdWS the @fimi he ori gi nal
pl ate was then mashed gently with phosphate-bufféred saline (PBS) at
25C and tﬂ®ﬂ¥&abll of any remmant  cells in each well was assessed
usi ng the kssayt d["ﬁ'@ﬁﬁ’éﬁ refegd fodieredn e Ay fpsorpostteisheteredft o t he
surface of all the membranes as shown in Figure 5. The cells

consi stently organi zed thensel ves into aggregates connected by
cytoplasm c projections (conpare Figure 6B and 6C), a phenonenon not
observed in the control sanples. [00110] After incubation at 4 C for
about 30 mnutes, 50 to 70% of the cells attached to the nmenbranes
were found to have detached. No apparent cell detachnent



was observed in the control plate. The effect of cooling tenperature
on the detachnent was also investigated, as shown in Figure 7. The
maxi mum nunber of cells detached fromthe nenbranes at 15 C

However, it is noted that the effect of cooling tenperature on the
menbrane may be vary for different types of cells, and with varying
menbrane conposition. The cells that jiad detached fromthe

t hernosensitive nenbranes and that were transplanted attached to the
new surface and resuned nomnal growh (Figure 8). This result -

denonst r SVEAT IeCysakith ty. of the detached cells and constitutes
evi dence against incipient cell death being the cause of the

observedlldet aggrrent. }hi s property of the nenbranes indicates that
t he menbranesfaPeoosssi feblpeeraning us ethasndke@iicC ey | ,1:.26 : s
i o om%&?r? Dﬁ’inbeﬁr gorgprising

grafting 1&%9&11% A representative nenbrane is s

denonst r At T ng fHe & K TR Eymprisinge fishtmoanesr tiat ¢hcapabilech ooty -

for vi suhbirzathomy | und. [00112] As can be
Holih& dﬂﬁ%%op%ﬂngl%a})%t?%

understood by one skilled 1n-t difications to the
exenpl aril enbodi ments descri bed herein are possible. The invention,
'S

r at her, i nthengerss @@I@mbmam%z&klﬁrﬁmgmggfgn Lop-wihin.its
scope, as defined by the clains. [00113] All doScuCrr% %&%%%ﬁ% “to

herein are f i nco r.ated. by.reference. 27 WHAT IS CLAIMED | S:
1. A pr ?(r': ess U|I+fH S xjr%d%gsp%ffc%‘@ g‘”@ﬁ‘éﬂr@% mongmen wropdicdatsd patylaride.
conprising polynerizing a mcroemul sion conprising a first nononer

that is 4capablle mbedsooiilaign 2 wheheh FRIBAS LA ol ymer and _
pol ynmeri zabl e surfactant. 2. The procegzﬁ%#o%%%lf%fﬁ@a%qrﬁw- first
nDNoner i s a?.PacerI am'd%g derivative. 3. The process of claim?2 '
wher ei n~t he AT KOHShderlaia 4 ivbgrkinl Seepolamesitam dorfactdnt E“%)—ﬂfeﬂlﬁ%%s

1 5. e

of cl ai gy R ¥ I nmonomer. | s i sQpropyl acryl am de.
P MALR dkide)s uﬂié@; e tﬁ?%ﬁ %%@J%@‘@%@ﬁ%ﬂw i's o-methoxy

process of claim4 erern
6. The process of claim 5 wherein the microemuision COMPrISes a comonomer

7. The process of claim 6 wherein the microemulsion comprises methyl methacrylate
or 2-hydroxyethyl methacrylate, '

8. The process of claim 7, wherein the polymerizable surfactant is w-methoxy

poly(ethylene oxide)s undecyl o~-methacrylate and the microemulsion further comprises a
chemical cross-linker. | |

9. The process of claim 8, wherein the cross-linker is EGDMA.

10.  The process of claim 9, Wheréin the microemulsion firther comprises a photo-
mitiator. |

1. The process of claim 10, wherein the photo-initiator js 2,2-dimethoxy-2-
phenylacetophenone,

2 ] £ clai i ‘

12. The process of claim 711, wherein the polymerizing comprises subjecting the
microemulsion to ultraviolet radiation,



pol y(et hyl ehe oxi de) 40 undecyl a-nethacrylate or

fluroni c68-diacrylate. 6. The process of claim5 wherein the

m croenui si on conprises a conononer. 7. The process of claim®6
wherein the mcroemul sion conprises nmethyl nmethacrylate or

2- hydroxyet hyl nethacrylate. 8. The process of claim7, wherein the
pol yneri zabl e surfactant is o-nmethoxy28 pol y(ethyl ene oxi de)40 undecyl
a-net hacrylate and the m croenul sion further conprises a chem cal

cross- | ildker . THe.prddaes OF ASESD &fm Gkl , rein.the.cross-linker is
EGDVA. é)g'a The gr ocess of claim: 15%'1\/%1?&@63"&‘@’%?%@%{1% B &GT SF BHcrprpylpien

conpri s&8 28eyrrdithickness prie topolybierizitien. pr ocess of clai m 10, wherein
the photo-initiator is 2,2-di nethoxy-2- phenyl acet ophenone. 12. The

process af chaj r.ein, the polynerizing conprises subjecting
Phe” “m A Pikbisg? u‘ief?‘P‘aC’ba’HﬁgF R miqrommulsien campiites abooc2B% Of/w)
cl ai m 1¥-copmpylatriBndids &he 100, REA ' lL.ayer, of m croenul sion
of a desired thi crEness prior to0 gﬁ?@%‘?@ 5{%?63@%%?’ tpﬁb%s@’/‘ﬁ} 2-

cl ai m 13ydrrestel mathasrylater demtiBS 06 oy Si} % (YW
hout 10% (\?v/W ev?r@netﬁgc%{ mst téﬁ:a%%%ﬁﬁogmei%gﬁgeqb

N- | | anid
% I( \v \F/)v; aggétﬁ'%? 18%?@%%@%%&1@%@1& abalpbte eifyloe(ahfot] dihsREDORY,

pol y(et hyl ene oxi de)40 undecyl a-nethacrylate, about.23% (wWw water

and abow. 29%7iet hwtene koethacryl ate. - 15. The process of claim
13, whereint helmr?i cr og%ﬁﬁgh%%%rﬁg IS B OFcapRriesbout 10 % (wiw)

N- i sopr ¥psAranyiacatimile, aboutt 1000%¢ W WetARt Ml c 8, o, about, 20
% (W W) 'm&%ﬂrﬁ% th!éh met hacr tlja??a, _%ﬂg%ut 3%@%%@6@3%%“?%8@ z
pol y( et Hyl €ne ™8 g'ﬁaﬁ A Feey 3 & (vl acmethae polyberhyle S M) M dajier
and aboyme2r_idiy! » et hacryl afe’ 16. The process of claim
13, wherein tﬁg rﬁaglragte%llj g?@%%%p@ﬁ?égu 8 Gthyiens stycplimethacrylate.

N-i sopropyl acryl am de, about 7.5 % (ww nethyl nethacrylate, about

15 % (wlon) Ahe’process of claim 13, wherein the microemulsion comprises about 7.5 % (w/w)

N-isopropylacrylamide, about 7.5 % (wiw) methyl methacrylate, about 15 % (wiw) 2-
hydroxyethyl methacrylate, about 35 % (w/w) o-methoxy poly(ethylene oxide)qg undecyl
a-methacrylate, about 33% (w/w) water and about 2% ethylene glycol dimethacrylate,

17. The process of claim 13, wherein the microemulsion comprises about 10 % (ﬁ/w)

| N-isopropylacrylamide, about 20 % (w/w) methyl methacrylate, about 10 % (wiw) 2-
hydroxyethyl methacrylate, about 35 % (w/w) w-methoxy poly(ethylene oxide)y, undecyl
o-methacrylate, about 23% (w/w) water and about 2% ethylene glycol dimethacrylate. -

18.  The process of claim 13, wherein the microemulsion comprises about 25 % (wiw)

N-isopropylacrylamide, about 10 % (w/w) methyl methacrylate, about 5 % (wiw) 2-
hydroxyeﬂ1y1 methacrylate, about 35 % (w/w) o-methoxy poly(ethylene. oxide)sp undecyl
o-methacrylate, about 23% (w/w) water and about 2% ethylene glycol dimethacrﬁate.

19. The process of claim 13, wherein the microemulsion comprises about 30 % (wiw)

‘N-isopropylacrylamide, about 10 % (w/vr) 2-hydroxysthyl. methacrylate, about 35 %

_ (w/w) o-methoxy poly(ethylene oxide)s, undecyl o-methacrylate, about 23% (wiw)



hydr oxyet hyl net hacryl ate, about 35 % (w w) co-nethoxy pol y(ethyl ene
oxi de) 4o undecyl a-nethacrylate, about 33 % (ww water and about 2%
et hyl ene glycol dinethacrylate. 17. The process of claim 13, wherein
the m croenul sion conprises about 10 % (ww N-isopropyl acryl anm de,
about 20 % (ww) nethyl nethacryl ate, about 10 % (wWw 2-

hydr oxyet hyl net hacryl ate, about 35 { (W w) co-nethoxy poly(ethyl ene
oxi de) 40 undecyl a-nethacryl ate, about 23 % (W w) water and about 2%
et hyl ene gl ycol di net hacryl ate. 18. The process of claim 13, wherein
the m croenul sion conprises_about 25 % (ww N-isopropylacryl am de,
about 1%ates yaRpuine pivieee ehyael dimsthecrdgiout 5 % (ww) 2- hydroxyet hyl
nmet hacryl ate, about 35 % (w w) co-net hoxy pol y(ethyl ene. oxide)40
undecyl a-nethacrylate, about 23 % (ww) water and about 2% et hyl ene
glycol dinethacrylate. 19. The process of claim 13, wherein the

Shout T 3 CHFoGs el Ry RerrE ha e arals R BGoRDlises GR0oF bp U (/)
@ et hayxysoplpylatiyiathidBe v 8) 40 (WAL Gekhya-mahiaem aab@ut 9%“@/%?)%-

(Ww) 29 water and about 2% et hyl ere gl ycol dinethacrylate The
pr oces styéroxgethylmeBacyilats, @bwttSIﬁé%rﬁwiwﬁ) enuiegioay polyfigihylses oxibiepg urieco

(w N- I bout .25 % ( t hyl th | at
about STASTAPO S DR Tk D iAo AbPYI) BIeb b CoB T .

w- et hoxy pol y(et hyl ene oxi de) 40 undecyl a-nethacrylate, about 23%
(ww water and about 2% et hyl ene gl ycol dinethacrylate. 21. Use of - a
t her nosensi tive nanoporous pol yner for dressing and/or undressing a
wound. 522. f r v ng
U her dpeut oo am eop QSRR Sund Y Eair HOROIcE 45: BEHE ent B Bl &
pol ymerwosmdpri sing the therapeutic agent. 23. The use of claim 22,
wherein the therapeutic agent is a drug, an antibiotic, an anti-

i nfl ammatory agent, a clotting factor, a hornone, a nucleic acid, a
peptide, a ceIIuIar factor, or a ligand .for a cell surface receptor.

24. The,use. of m22 y\,hereln t he t herapgut.i ent _is a drug or
an ant (li%'i ot IUO ermosénsmve ‘Nanoporous po ymerp or de]gve g aﬂaerapeutl% agent to

a wound, the thermosensitive nanoporous polymer comprising the therapeutic agent.

23.  The use of claim 22, wherein the therapeutic agent is a diug, an antibiotic an anti-
mﬂammatory agent, a clotting factor, a hormone, a nucleic acid, a pept[de a ce]lular

factor, or a ligand for a cell sm*facg receptor

24.  Theuse of claim 22, wherein the therapeutic agent is a drug or an éntibiotic.

25.  Theuse of claim 22, wherein the therapeutic agent is a wound healing accelerator.
26.  Use of a thermosensitive nanoporous polyrmer forl déiivering_ a cell to a graft site.

27. The use of claim 26, wherein the thermosensitive nanoporous polymer is adapted for

reducing the temperature of the thennosensiﬁve NANOPOrous p‘olymér to facilitate



25. The use of claim 22, wherein the therapeutic agent is a wound
heal ing accelerator. 26. Use of a thernpsensitive nanoporous polyner
for delivering a cell to a graft site. 27. The use of claim 26, .
wherein the thernosensitive nanoporouggpol ymer is adapted for
reduci ng the tenperature of the thernosensitive nanoporous polynmer to

facilitate_; val . of the pol r.fromthe graft site. 28. The
use of cl airgn]g%‘?aﬁggﬁlgrpg}yﬁn?ﬁﬁjq r%"?r)%@ﬁsi ti ve nanoporous polyner is
adapted for reducing the tenperature after the thernosensitive

nanopor ous polynmer carrying the cell is placed onto the graft site.
+29. A thernpsensitive nanoporous pol yner when prepared by the process

of any LhAl Ji gl L or oys
menbr an?g\?\heﬁf%r epa(fr%(]‘] yﬂt’ ﬁ’é&e[r)%% (%@E%ﬁ&%ﬁgﬁﬁ?hﬁfﬁ%@% %%Pymer i§ adapted
- t her nosefos redueimgpibb yereperathiec iftersthe divoposaasiive 3dnopdiGus PEIRIRS 6asjihd Ve

nanopor ous .pol r of claim 31 having a deconposition tenperature of
at Ieastcegﬁgﬁlﬁx%ﬂg‘? ﬂ@sﬁ?g{%ﬁé&-t her nosensi ti ve nanoporous pol yner of
claim 32 having a water vapour transm ssion rate of about 500 to

about 2000 g/ nR/day. 34. The thernosensitive nanoporous polyner of
claim 33 having a tensile strength of about 4 to about 20 |vlpa. 35.

The t hermgosensiqtd falon® i 4 rned fr m_or oemul si on

conpr i sizr?g ar_}? ﬁ%%ﬁgﬁonoﬁegﬁg%%gﬁsgéog}é roxgvﬁr:]annaregarteﬁggry hTPT Ye?ty one

pol ymer ofinkhimas 1 tp@0.yneri zabl e surfactant. 36. The thernosensitive

nanopor ous polynmer of claim 35 wherein the firstnononei 31 is

N-i sopr Byl acy yl am de...37. The t her nosensi tﬂ ve nanoc{)orous pol yner _ of

claim 33 merpé?ﬁ}?rqiﬂ%enﬁlgyg RETSRPLYySgnembrane when prepared by the process of claim
13, '

31. A thermosensitive polymer which is nanoporous.

32. The 'ﬂle:moseﬁsiﬁve Hanoporous polymer of claim 31‘ having a decomposition
temperature of at least about 300°C. |

33, 'The thermosensitive ‘nanoporous polymer of claim 32 having a water vapour
transmission rate of about 500 to about 2000 g/m*/day.

34.  The thermosensitive nanoporous pdlymer of claim 33 having a tensile strength of
about 4 to about 20 MPa.

35.  The thermosensitive polymer of claim 34 formed from a microemulsion
comprising a first monomer capable of forming a thermosensitive polymer and a.

polymerizable surfactant.

36.  The thermosensitive nanoporous polymer of claim 35 wherein the first TMOROHSE



surfactant is w nethoxy poly(ethyl ene oxide)40 undecyl a-nethacrylate
or fluronic68- diacrylate. 38. The thernopsensitive nanoporous polyner
of claim 37, wherein the m croenul sion conprises

N-i sopropyl acryl am de, nethyl methacryl ate, 2-hydroxyet hyl

nmet hacryl ate, w mnethoxy pol y(ethyl ene oxi de)40 undecyl

a-met hacryl ate, water and ethylene gl3icol dinethacrylate in a ratio
of approxi mately 20:10:10: 35:23:2. 39. The thernopsensitive nanoporous
pol ymer ipN-isdpaépplRTylambtier ei n t he ni croenul sion conpri ses
N—isopropylacrylanide met hyl nethacryl ate, 2-hydroxyet hyl
nethacrg%ate thoxy poly(ethylene oxi de) 40 undecyl

a- met hacr'y| afr@e Fenélﬁ'(‘!e SERYRoENE Rfilymol of dameBhachorbiatthe ipblyancraiile

of appr el 3; 2. 40, The fhernosensitjive nanoporous
pol ymer Q&F | all%ln%%e&\(lg\ﬁ 8 ﬁ &lﬁlgn%%‘%ﬁﬂ%‘f@% ouBFBRGrEete or fluronic68-
N- i sopr dpyivdas.yl am de, net hyl nethacryl ate, 2-hydroxyet hyl

nmet hacryl at e, w nethoxy poly(ethylene oxide)40 undecyl

a- met ha a% wat er and et hylene glycol dinmethacrylate in a ratio
of appr }éﬁ BIFH‘P)%#SIBVQWEOK@BS zolyﬁjbr of blith 1397 SRS tHel MBroemulsion

nanopor 1 7 the m croemnul sion conprises
N i soprop@ﬁrfaggér ﬁéﬁr %Yl ajtaﬂ'k}i m% %%rélatez2rhy@1m§yyéawhmethacry1ate ®-
met hacr kb TeROXYx [ 40 _undec

a- net hacryl ;g)t{eﬂowv\(gﬁﬁgr and Igéta %@‘%e gl ycgﬂ.ﬁc FELty fﬁfﬁ Elisens elvceb
of appr(@me%@@layemIﬁ@ﬁo bOaifioRBiakly 22:10:Thestdpey nOSensi tive nanopor ous
pol ymer of cl al m 37, wherein the m croenul sion corrprl ses

N- | agy. th | at t hyl '
ot hatr 71 At o epe 0‘3?%‘3? vﬁépw”‘é%% ihe” 65418 6. Wherbeyihs microemulsion

a- met haompliasse-i vl ratio
of approg?ljﬂrnat el y%g@io 35 2 43 e)ﬂ%% I%t%e?%% %g%th)’tlél h’&ﬁ%’ﬁﬁ(ﬂhs
pol ynernghoxy) @P%‘{@hﬂeﬂm@xmegthenﬂc mmﬁw  3%ated O | 'eﬁ@%me alycol
N-i sopr, r OX met hacryl ate, co-nethox
pol y(gtd%H%(dé%%ﬁX%m éjﬁsz {fﬂ%’ Xt&-yn]é} %3995&@& wat er and et hyI ene
gl ycol dinethacrylate in a ratlo of approximtely 30:10: 35: 23: 2.

40.  The thermosensitive nanoporous polymer of claim 37, wherein the microemulsion

comprises N-isopropylacrylamide, methyl methacrylate, 2-hydroxyethyl methacrylate, o-

methoxy poly(ethylene oxide)s undecyl o-methacrylate, water and ethylene glycol
dimethacrylate in a ratio of approximately 7.5:7.5:15:35:33:2.

41.  The thermosensitive nanoporous polymer of claim 37, wherein the microemulsion

comprises N—isopropylacryiamide, methyl methacrylate, .2-hydroxy,eth3-rl methacrylate, -
- methoxy poly(ethylene oxide)s undecyl o-methacrylate, water and ethylene glycol

dimethacrylate in a ratio of approximately 10:20:10:35:23:2. |

42, The thermosensitive nanoporous polymer of claim 37, wherein the microemulsion
comprises N-isopropylacrylamide, methyl methacrylate, 2-hydroxysthyl methacrylate, -
methoxy poly(ethylene oxide)y undecyl a—methacrylate water and ethylene glycol

dimethacrylate in a ratio of approximately 25:10:5:35:23:2.

43. . T . & Te e . - .
The thermosensitive nenoporous polymer of claim 37, wherein the microemulsion



44. The thei nosensitive nanoporous polyner of claim37, wherein the
m croemul sion conprises N-isopropylacrylam de, nmethyl nethacrylate,
2- hydroxyet hyl nethacryl ate, w nethoxy pol y(ethyl ene oxide)40 '
undecyl a-nethacrylate, water and ethylene glycol dinethacrylate in
a ratio of approximtely 10:25:5:35:23:2. 45. The nmethod of claim 28
wherein the graft site is a round w ndgow nenbrane of an ear, or a

cornea, of a subject.

comprises N-isopropylacrylamide, 2-hydroxyethyl methacrylate, @-methoxy poly(ethylene
oxide)sp undecyl a-methacrylate, water and ethylene glycol dimethacrylate in a ratio of

approximately 30:10:35:23:2,

44, The thermosensitive nanoporous polymer of claim 37, wherein the microemulsion
comprises N-isopropylacrylamide, methyl methacrylate, 2-hydroxyethyl methacrylate, -
methoxy poly(ethylene oxide)sg undecyl o-methacrylate, water and ethylene glycol
dimethacrylate in a ratio of approximately 10:25:5:35:23+2.

45. The method of claim 28 wherein the graft site is a round window membrane of an

ear, or a cornea, of a subject.



