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METHODS OF PREPARATI ON FI ELD OFTHEDWENTI ON [ 000. 1] The
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materials and nethods of their preparation, including

nanopor ous polyners suitable for use in nedica

applications such as wound dressing and cell grafting.
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I mportance in the treatnent of burns t he prevention
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[0003] Currently, available dressing materials tend to be composed of gauze, which
frays easily. The fibers of the ganze 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
healing 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 1or preparing a
thermosensitive polymer comprising polymerizing a microemulsion comprising a first
monomer that is capable of forming a thermosensitive polymer and a polymerizable

surfactant.



surfactant.[0005] In another aspect, the present
i nvention provides a nethod of dressing and undressing
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to a wound; inmmediately prior to renoving the polyner
fromthe wound, reducing the tenperature of
t hernosensitive polyner to facilitate renoval of the
pol ynmer; and renoving the polymer fromthe wound.
~[0006] In yet another aspect, the present invention
provi des a nethod of delivering a therapeutic agent to
a wound conpri sing incorpoﬂating a therapeutic agent
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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.



nmononer capable of formng a thernosensitive polyner
and a pol ynerizabl e surfactant.[0012] By formng the
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[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 ofa thernosensitive porous nenbrane; [0019]
Figure is a scanning slectron mcroscopy- imge of a
wee@s®ewerti on of a thernbsensitive porous menmPCEHEE2004/000094
[0020] Figure 3 is a graph of the swelling ratio of
menbranes with various nononer conpositions versus
tenperature, to denonstrate the tenperature-dependent
swel ling property of the nenbranes; [0021] Figure 4 is
a plot of in vitro release profiles of a nodel drug,
scopol am ne, from scopol am ne-| oaded nmenbranes; [0022]
Figure 5 is a photographic4 mage of cells grown on
menbr anes having di fferent nmononer conp05|t|ons (A)
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[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: (A) HMN 1; (B) HMN 2; (C) HMN
2a; (D) HMN 3; and (E) HMN 4; and

[0026] TFigure 9 is a photograph of a representative membrane, demonstrating the

transparency of the membrane.



epithelium Preferably, it should be transparent to
al | ow observation of the wound wi thout requiring
w@e@smoe renoval of the dressing, which resuPC€ESGIN04/000094
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
shoul d not exhibit antigenicity, or |ocal and systemc
toxicity. Finally, it should be cost-effective.
Despite extensive studies, such material is currently
not available (Wseman et al., in Wunddressings:
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[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)
(“‘PNIPAAm”) or poly(N, N-diethylacrylamide) (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



conmpounds to forma polynmer that is thernosensitive.

For exanple, the nononer may self-polynerize to forma
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anot her nmononeric conpound to forma random copol ynmer

or a block copolynmer, each of which will exhibit

t hernosensitive properties. [0032] The inventors have

di scovered that polynerization of a m croenul sion that

i ncl udes a nononer capable of formng a

t hernosensitive polynmer and a pol yneri zabl e surfact ant

results in a thernosensitiwe polyner. The pol yner

therefore has thernosensitive swellability
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[b@ﬁ? t Rgud Bl prREnt idvBiRioR pRAiEOS pRERATA blepRing b thdtBosensitive
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nelysier egmprising 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
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surfactant nay be conbined with water to forma
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di spersed-to-forma m croenul sion by standard

techni ques known to a skilled person to create the

m croenmul si on. For exanple, the m xture may be
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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 (“NIPAAm”) or N, N-
diethylacrylamide (“DEAAm”), which polymerize to form poly(N-isopropylacrylamide)
(“PNIPAAm”) or poly(N, N-diethylacrylamide) (‘PDEAAm™), respectively. PNIPAAm
is a well-known thermosensitive polymer that exhibits a well-defined LCST of about
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respectively. PNIPAAmis a well-known thernosensitive
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in water. PNIPAAmis fully hydrated, with an extended

chain conformation in water bel ow 320C and is

extensi vely dehydrated and conpact above this

tenperature. PN PAAmM has been successfully used in

-cell culture, where its therno-responsive nature

al  owed the detachnent of cultured cells w thout the

need for enzymatic treatnert (Takezawa et al.

Bi oet echnol . (1990) 8. 854.). Once coated with
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[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”.
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t he pol yner ¢ e increased by including increasing
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undde gosgsa%dinﬁ%ll\l’cet ﬁlecﬁggjeirt{ég 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 jtensile 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,
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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 microemulsion 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. Thé 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



percent age of the weight of the total nononers. [0048]
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el ng on the
nanome?ﬁr 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 nm, 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.
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t he "pol yner. [0056] Fluid retention beneath a wound
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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/m*/day, respectively ®uiz-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/m’/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.
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above th %}a an rre& k
R ST BB BER ESaPERASHA80 s o
veloe | thebodywerhfeertidre of the patient havmg the wound In one embodlment 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.
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[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 application at a temperature below the LCST. Due to the
temperature-dependent swelling properties of the polymer, the dressing will contract

upon warming.



manmal , for exanple, a human. The swelling properties
of the nenbrane nake it particularly useful as a wound
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fromthe wound when the dressing needs to be changed
facilitates renoval and m nimzes disruption of the
heal i ng process. [0066] Thus, there is provided a
nmet hod of dressing and undressing a wound conpri sing
~applying a thernosensitive polynmer to a wound;

i mredi ately prior to rermvigg the polymer fromthe
wound, reducing the tenper ure of thernosensitive
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renovi ng the polymer fromthe wound. [0067] The

pudajarerstinihe e Hapdied gEordn aP¥eaioRe applied to the

wound in a swelled or unswelled state. If the pol yner
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wound site t'o pronote healing of the wound. For
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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



[0071] Cenerally, the therapeutic agent may be
i ncorporated within the polyner matrix, which allows
wo eoosoe1TiT Ol | ed rel ease of the therapeutic agePtT/FGLO4/000094

the polynmer is in place 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

pol ynmer and applying the thernosensitive nanoporous

pol ymer to the wound. [007§% The therapeutic agent may

be any agent having a therapeutic or preventative

ﬂ%&L&ﬁ&mﬁ@n&ﬂ?oﬂﬁgﬁykﬂﬁnth respect to healing or

prevention of infection. For exanple wi t hout
ipmtation, the therapeutic en be. a dr
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culturing the cell thereon.

[0079] The pdlymer 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



with its thernosensitive swelling characteristics,
contributes to the useful ness of the polyner as a
waoedsobE1f or delivering cells or tissue to a grEr/8G2004/000094
site. [0078] In one aspect, there is provided a nethod
of delivering a cell to a graft site conprising
culturing the cell on a thernbsensitive nanoporous
pol ynmer; and pl aci ng the pol yner conprising the cel
~onto the graft site. In various enbodi nents, the
pol ymer may be coated mnthrpyaluronlc acid, collagen
or any other bioconpatible ‘matrix prior to culturing
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pade and the cells are nore readily released from
t he polyner to the graft site. The polyner may be
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[6(?3? er ghd rp%ﬁlme;r hg e MReERbA rlﬁayatbe m@dv@ﬂa{,@ow tulsgaul |11<171 rother

type wll detach fromthe pol yner nmay be var

apijlicationsswhave havingp oy telEriahr WA n GRTCTAfUsrdepeagset r%ﬁeil&hfy
&%nts&s iP1BARNE, PRy YeBhple, [ 86 3o gbrfa)ﬁs @blgibr Siay GeMmiyd e

any graft site, including a wound site, as well as any
w%@r ng forceald g e cwfivre. meludipy e pall uiiurge Upipgy thepnosensiive
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erq;ﬂennosensmve 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



[0083] The polynmer of the invention may be
advant ageously used in other applications where having
wa@2ovanerial with tenperature-dependent swel | abPCT/8§2004/000094
characteristics is desirable. For exanple, the
nanopor ous polymer may be used as scaffol ding for cel
or tissue culture, including stemcell culture. Using
a thernosensitive nanoporous nenbrane or fiber as a
-support for cultured cell growmh permts the transfer
of the cultured cells withgut the use of harsh
enzymati c or physical dlsrﬁbtlon to dislodge the cells
fjé%ﬂ&i‘ lture vessel. Furthernore, due to the
nanopor05|ty of the polyner, the thernosensitive
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2. Membrane Preparation

[0087] ‘The porous membranes were prepared directly by microemulsion
polymerization. Such microemulsions comprise variable amounts of HEMA, MMA,
NIPAAm, ultra-pure water, and the surfactant C;-PEO-Cy-MA-40 or fluronic68-
diacrylate, the cross-linker EGDMA when C;-PEO-C1;-MA-40 was used, as well as the
photo-initiator DMPA.

[0088] Two 20 cm 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



added drop-wise into the solution with stirring, then

the solution was incubated in an ice bath for half an
whows/007Tme ni xture was further stirred at roonPCT/SG2004/000094

tenperature overnight. The precipitated

triethylammoni umchloride was filtered, and tie excess

acryloyl chloride, CH2CI 2, and triethylam ne were

renoved by rotary evaporation. The residue was

di ssolved in distilled chloroformand washed tw ce

W th saturated sodi um bi cal onate sol ution The

chl orof orm sol uti on was futther washed twice with
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vigels bedorg subjcstsrhie WP chARfeEZaliPRe gl ass surfaces to be

contacted wth the m croenul sions were polished using
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HMN 5 10 0 30 35 23
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3. Topography Analysis

[0091] Investigation of the surface topographies of the membranes 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 SiN4 cantilevers (with an integral tip) had a length of 180 pm, width of
38 pm, thickness of 1 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.



[ 0090] The conpositions of formed nenbranes are set
out in Table 1. The crosslinker EGDVA forns the
w0 eosaioni7ny 2% of each conposition. Table 1 ConpCEBG200#000094

of Sel ected M croenul sion Systens Conposition by

Wei gh! t % Syst em HEMA MVA NI PAA Surfactant Water HWN |

10 10 20 35 23 HWN 2 20 10 10 35 23 HW 2a 15 7.5 7.5

35 3 3 HW 3 10 20 10 35 23 HVN4 5 10 25 35 23 HWN 5

10 0 30 35 23 HW 6 5 25 10 35 23 3.

Topogr aphyAnal ysi s [ 0091] IQvestigation of the surface

t opogr aphi es of the menbr af®s was conduct ed using a
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. Thermal Properiies

[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 (T4) ranging fr'om 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



machi ne. [0093] As shown in Figure 1, the surface

t opogr aphy anal ysis denonstrated that the nenbrane
wamosaecwiTtont ai ned pores, typically | ess than RODSGIN04/600094

scanni ng el ectron m crograph of cross-section of the

menbrane, shown in Figure 2, reveal ed the randomy

di stributed nanostructured channels created by the

wat er content during the fabrication process, the

channel s being 50 to 100 nmin dianeter. 4.

Ther mal Properties [0094] Tﬁg deconposition

tenperatures of polyneric nbranes were anal yzed by a
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means prior to clinical application. 5. Swelling
impesyed P8@$F009€FwTﬁ@ﬂﬁﬁﬁ$fﬂ%ﬂ@ﬁﬁ¥%m&lI|ng ratios
("ESR') of polyneric nenbranes wereneasured using
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1fie dry Water Content by Weight %

System 4°C 24°C 32°C 37°C
HMN 1 614 58.3 538 48.0
HMN 2 58.9 52.1 483 442
HMN 3 55.9 51.0 48.3 433
HMN 4 57.6 512 46.7 404
HMN 5 70.8 63.9 59.1 56.0
HMN 6 57.3 53.2 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 diameter of 16
mm were each 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.



sanple weight and W is the wet sanple weight after
swelling equilibrium [0097] The nenbranes exhi bited
WO oo EIUr e- dependent swel ling ratios (Fi gur ePGi/SGXioe900094
appeared to swell to a higher degree at |ow
tenperatures. A discontinuous decrease of swelling
ratio took place in the range of 32 to 37 0C,
suggesting that the swelling behaviour is likely
-affected by the LCST of PNI PAAm At anbi ent
t enper atures above this tepperature range, t he
hydrophilicity of the nentfanes decreased, |leading to
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G MBSC humRIRY EAt 58%. ATHOEMCETR ag& @flcklited tfadndl the equation

menbr ane wei ght was neasured at a range of

WEHRTEW At c8haro W eathe oveiehirofisiearaer vaper Gsiuted fhrqughr e
n‘égx%ﬂp lsﬁnﬁe M atP A §NEmOt. I8k blerN@NWNIROE s for certain
ranes Water Content by Weight % System 4C 240C 32C
nBRO@nEdshn 1 Tabless. 3 53.8 48.0 HVN2 58.9 52.1 48.3
44.2 HVN3 55.9 51.0 48.8 43.3 HW4 57.6 51.2 46.7 40.4

g 70. 8y 83 2pad ThansBisGod RMOoBE1ed: Naoporatd- Merflbfanks 6-
SSI1 on e e water vapor

g )ﬁy}ﬁg{) of the nenbranes was
—1€ A —aCcCoTtuzg O SNy VIFEYO Wal €1 et nod.
i?"efly, nenbranesozgcs in diameter of 16 mm were each
" ged, with thegahd of water inperneable seal ant
I a plastic conpsipner containing 10 nL of distilled
e ar whi ch was ed in an inverted position such

t water could evaporate through the nenbrane into

:ﬁﬂkﬁﬁ%k&?? M.al chanber. The contai ner was wei ghed
perlodlca y to determne the rate of water novenent

[FT00FS  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



the nenbrane sanple into the environnmental chanber,

whi ch had a tenperature of 320C and relative humdity
w@b00500871The WTR was cal cul ated from the equaPCDRG2004/000094

WTR=W (f xA)r where Ws the ~weight of the water vapor

transm tted through-the nenbrane sanple having area A

at time t . The observed WTR val ues for certain

menbranes is shown in Table 3. Table 3 Water Vapour
“Transm ssi on Rate of Sel ect Nanopor ous Menbranes

System WTR(g/ m Vday) HWN 33 509.3 HWN 2 518.8 HWN 2a

862.6 HW 3 502.9 HVN4 53176 7. Mechani cal Properties

i&@%@%dﬁﬁ@m kih £686HEBY 5Jo REMIRLEID &/ B 40 DO, respectively.
ani cal pro erties would allow materials used. for

Romse vethedmile guengths gad slichibnhighis; Youas s godeyar mpst frequently
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maxi mum per cent s nmodul us, were

age strain and Youn
HTRHSTE L G hat e TRt en oy OB eracp s i
TRaRRSh: tafettwsﬁsistfsﬁgm 620 Sanokt R H mebitRanst Faﬁ%éﬂ ffo% 4 mo 6.9
br eak, Youn s and tensile strengt
MRerape 4has %ﬁ?@gﬁéa ﬁ‘édm’&? fom | 148 o 380 rwllaar 8%695@&*1&': these

nle@idlaBEs hanti Rt Wirdbilitp toA3A8ddChs %v‘oﬁﬁi @rss@in gﬂ I n ASTM 638
were used. The tensile rate was O. [00102]

Tl\/lerr‘oranes w th d| fferent corrp05|t| onsvvedre found to
£l 7 I o A t" s v '- -

strengt hs varled from4 8 to 6. 9I\/Pa with the highest
S‘found i ngFmﬁlF 2, I\/bnbr a‘ﬁ@’é‘gtshat only eéﬁ%ﬂél ned NI PAAM

H@Nihg' s ﬁﬂdftﬁ@ls aItho Htiohel r perc7é @straln at
Pﬂ\ﬁé2breaﬁ9p‘dﬁﬁ was coffroi¥ sed. Th|7§ 4be due to
HMPE3 st roﬁ%#@@r ophi | i c160£10 34

HMN 4 438078

140 + 20 48.63.: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+043 110+ 10 3424599
HMN 2 492055 280 £ 30 61.0£3.10
HMN 3 5.7+021 100+ 10 53.9+3.04
HMN 4 2.45+£025 120 £ 30 20.1+ 1.57
HMN 5 33+0.36 190 + 30 17.23+1.87
HMN 6 3.9+023 100 £ 20 44 4+3 .64

8. Cell viability studies upon contact with solid membrarnes

[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



i nteraction between the polynmer chains. Wth the
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percent age of el ongation increased to a range of 48 to
86% In conparison, the tensile strength andYoung's
nmodul us of skin are normally 2.5 to 16 MPa and 6 to 40
MPa, respectively. Polymers with simlar strengths and
-slightly higher Young's noduli are nost frequently
used to replace skin tissug (Silve, in Biomaterials,
Medi cal Devices and Ti ssue
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spestrivman Besupare e TRs T @Er mwen@a? efiyiabletoplls: 16135@18 §@itiroks
wound dressings. Table 4 Mechanical Properties of
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properties of nmenbranes in the swollen state were al so
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properties after wetting, while HW 2 and HWN 3

retai ned their tegsiliyg%staeayth and nost of their

dykexi bility (IaRke 5). Tablgugs Mechani cal Properties
Janes A Terog@eiting lensile young s %

mBkal N System§tg engt h (MPagpgsbdul us (MPa) at Break

A3l 3.8 0.481110 10 34.¢1 5. 99

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.
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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 into 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 8).
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
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pl ate. These fresh plates were then returned to the

i ncubator to allow any detached cells to reattach and
resume cell growth. Each well of the original plate
was then washed gently with phosphat e-buffered saline
(PBS) at 250C and the viability of any remant cells
in each well was assessed using the MIT assay. [00109]
The cells were well attached onto the surface of al
t he nmenbranes as shown in Figure 5. The cells
consi stently organi zed thensel ves into aggregates
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fully incorporated by reference. WHATI S CLAIMEDI S: 1. A
fr oc @bsprbass @fickpa b iwhgrem thdwpicrremelsion conygisgrd gpmenomer.
conprising polymerizing a mcroenulsion conprising a

7.1 7 Sty drONOuEd dehahind So CRRARN €hOT iQbdMul§bn® comprises methyl

thernosensi tive pol ymer and a pol ynmeri zabl e
methaaiateart2-hygroxysiyl pedeeyateof claim 1 wherein the
first nonomer is an acryl am de derivative. 3. The

$r 0CERS pRkess| i Mg Me?dn{‘ theNBolfrhérShblSAEIRIL iiS odRethoxy

aIkyIated acryl am de.
poly(éthylene oxide)so undecyl c.-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, wherein the microemulsion further comprises a photo-
initiator.
11.  The process of claim 10, wherein the photo-initiator is 2,2-dimethoxy-2-

phenylacetophenone.

12.  The process of claim 11, wherein the polymerizing comprises subjecting the

microemulsion to ultraviolet radiation.



4. The process of claim3 wherein the first nononer is

i V-isopropyl acrylam de. 5. The process of claimi4
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nmet hacryl ate. 8. The process of claim7, wherein the
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rocess of claim 13, wherein the m croenul sion
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23% (W w) water and about 2% et hyl ene gl ycol
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Eﬁ 2% et hyl ene gl ycol dinethacrylate. 16. The
proce s of claim 13, wherein the m croenul sion

con'pr i ses about 7.5 %
17.  The process of claim 13, wherein the microemulsion comprises about 10 % (w/w)

N-isopropylacrylamide, about 20 % (w/w) methyl methacrylate, about 10 % (w/w) 2-
hydroxyethyl methacrylate, about 35 % (w/w) @-methoxy poly(ethylene oxide)so 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 % (w/w)
N-isopropylacrylamide, about 10 % (w/w) methyl methacrylate, about 5 % (w/w) 2-
hydroxyethyl methacrylate, about 35 % (w/w) o-methoxy poly(ethylene oxide)so undecyl
a-methacrylate, about 23% (w/w) water and about 2% ethylene gl§001 dimethacrylate.

19.  The process of claim 13, wherein the microemulsion comprises about 30 % (w/w)
N-isopropylacrylamide, about 10 % (w/w) 2-hydroxyethyl methacrylate, about 35 %
(w/w) o-methoxy poly(ethylene oxide)so undecyl o-methacrylate, about 23% (w/w)
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met heshoying dhedslymsgirem theprmpéssi ng a wound conpri si ng:
appl ying a thernosensitive polyner to a wound;
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applying the thermosensitive nanoporous polymer to the wound.

23.  The method of claim 22, wherein the therapeutic agent is 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.
24.  The method of claim 22, wherein the therapeutic agent is a drug or an antibiotic.

25.  The method of claim 22, wherein the therapeutic agent is a wound healing

accelerator.
26. A method of delivering a cell to a graft site comprising:

culturing the cell on a thermosensitive nanoporous polymer; and



22. A nethod of delivering a therapeutic agent to a
wound conprising: incorporating a therapeutic agent
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wound. 23. The nethod of claim 22, wherein the
t herapeutic agent is a drug, an antibiotic, an
anti-inflammatory agent, a clotting factor, a hornone,
‘a nucleic acid, a peptide, a cellular factor, or a
ligand for a cell surface receptor. 24. The nethod of
claim 22, wherein the therégeutic agent is a drug or
an ant.i.hi oL ' 2, wherein the
therg%%% ?%pggg%?xyéhgmaghﬁgqﬁggﬁg%gﬂg%%elerator. 26.
A nethod of delivering a cel|l] to a graft site
Tonprihe magod of glaig 20 fErhiehecrgEEon a t her nosensi ti ve
nanopor ous pol ynmer; andpl acing the pol ynmer conpri sing
t he e&lutingthk @erigeeatge aff the setntoseridifive Th@pomity@dynad: te faailitite
26, further conprising: reducing the tenperature of
?WﬁwﬁﬁéLﬁﬁéﬁﬂﬁi ve nanoporous polyner to facilitate
renoval of the polymer; and renoving the polymer from
t he gmafvingshetpelyn@8from e gmft dted of cl ai m 27, wherein
the step of reducing the tenperature is perforned
Af t erppl AGIAY0f BiGint DO WRSEASIKE | 4P BERARGEL Wt Relp¥ARfe is
carrying the cell onto the graft site. 29. A
nerferned sEtaspledingethp divepesersiie patopaisps PRTBACTAEES ey s} onto
thbgapiipcess of any one of claims 1to 20. 30. A
t hernosensi ti ve nanopor ous nenbrane when prepared by

t he process qof claim13. 31. t her nosensi ti ve pal yner
i B PGS BORPOTots POl UL A R e oy one
dranaporwas, pol yner of claim 31 having a deconposition

tenperature of at |east about 3000C.

30. A thermosensitive nanoporous membrane when prepared by the process of claim

13.

31.  Athermosensitive polymer which is nanoporous.

32.  The thermosensitive nanoporous 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 polymer 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 monomer



33. The thernosensitive nanoporous polyner of claim32
havi ng a water vapour transm ssion rate of about 500
wao eooaloarrt7 2000 g/ n2/ day. 34. The t hernbsensi t i RET/SG2004/000094

nanopor ous polymer of claim 33 having a tensile
strength of about 4to about 20 MPa. 35. The
t hernosensitive polyner of claim34 forned froma

m croemul si on conprising a first nononer capabl e of
form ng a thernosensitive polynmer and a pol yneri zabl e
surfactant. 36. The thernosensitive nanoporous polymner
of claim 35 wherein the firdt nononeris

liViyi gyl am de. 37. The thernpsensitive
ﬁgxg%g@gﬁgx%%&gﬁer of claim 36 wherein the
polynerlzable surfactant i s w nmet hpx % pol y(e

36xi dEYeABTATRYETe JangpoFRYs a%lmractfélae? b TEISHY ﬂefep@ymenzable
gﬁx@a@faﬂt’ @tcﬁmefigxy Pt ?i@ﬁé’f&é&‘e%'dnﬂééﬁ am&%%&sopﬁ&w&a’s-
of claim 37, whereln the m croenul Sion

hﬁse3|v-|sopropylacrylan1de, met hyl nethacryl ate,

2-hydroxyethyl methacrylate, w methoxy poly(ethylene

0% deThedrisrdmaite nandpbiohiasolthe beclaimed 72 whatid tiet Mittoamalsion
gl ycol dinethacrylate in a ratio of approximtely

semprgesy¥risgpropyiacyylamgide, mpghyl mﬁfémd%tér?swdr%ethsdm@wb@ -
Hf&h%gﬁ li)019(7e’ch‘§7 efid MZ)&; MH%E;@' @n‘ﬁﬁﬁmﬂ%&r aﬁfﬁ ylf: %lycol

npri ses7V-i soprop acr acry
@W@m&@m h;ﬂﬁonﬁmm@x@ 10pL0: 3r§e2t3t?oxy pol y(et hyl ene
oxi de) 40 undecyl a-nethacrylate, water and ethyl ene

@by C Ofhe GhcBisBIR@TVY hadoPorofls lynak bOclffh FPREGN%h MRk MWemulsion
10:10: 20: 35: 23: 2. 40. The thernosensitive nanoporous

WWN#PP@P%%@W‘@ mﬁwbmﬂhméatm%hydwtbﬂ dsthacrylate, o-

SOREE) i B B S BB B o
Meﬂw@gwh@ lmmé@yfaparormaltﬁéscwwa&%% ek er and et hyl ene
gl ycol dinethacrylate in a ratio of approximtely

40.5: 71 thkhncbrsiive anofidrousifdBnich 6f BB SWhdraie thd 3Meleh Akisn
pol yner of claim 37, wherein the i croenul si on

EaRRRETSIEBPIyORydasHasge. meiyl methaselaterchygiroxyasih methprsipt, -
%eﬁﬂ&if fmy(%fhp%ﬁe Bﬁh@?ocﬁﬁde@}ﬁ €-mBthacrylate, 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-isopropylacrylamide, methyl methacrylate, 2-hydroxyethyl methacrylate, o-
methoxy poly(ethylene oxide)sp undecyl a-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-hydroxyethyl methacrylate, o-
methoxy poly(ethylene oxide)sp undecyl a-methacrylate, water and ethylene glycol
dimethacrylate in a ratio of approximately 25:10:5:35:23:2.

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



nmet hoxy pol y(ethyl ene oxi de)4o0 undecyl a-nethacryl ate,

wat er and et hyl ene glycol dinethacrylate in a ratio of
wapmsoxi7nat el y 10: 20: 10: 35: 23: 2. 42. The PCT/SG2004/000094

t her nosensi ti ve nanoporous polynmer of claim 37,

wherei n the m croenul sion

conprisesi V-i sopropyl acryl am de, nethyl nethacryl ate,

2- hydroxyet hyl methacryl ate, w nethoxy poly(ethyl ene

oxi de) 4o undecyl a-nethacrylate, water and ethyl ene

gl ycol dinethacrylate in a _ratio of approximtely

25:10: 5: 35: 23: 2. 43. The tRérnosensitive nanopor ous

ner . ' wher gi -
A 881 PGB Men it P\ 2du BB o popamis,  ometton
oly(yityleneyatdayd umedyhaenetiaatylaie, wateredod othylepogly¢od tdmydtiennylate
oxi de) 40 undecyl .a-pethacrylate, water and ethyl ene
’ﬁl?%&%éﬁw’fg}flﬂg%llyiﬁ&pgg'?%S’a rati o of approxi mately
30:10:35:23: 2. 44. The thernosensitive nanoporous '
$ol yriibe thefmasénaitive Baboparpiesipelymet dferlaith §7.oehiereinsihe microemulsion

conprises JV-isopropyl acryl am d th { .

S ey SRR R AR BT RERG o

0theke) dody(ehgey bxide)etddast \-atiacrylatt,etvaian dné tothylean eglycol
| ycol dimethacrylate | ratiq af. approxi mately

‘%ﬁ‘.gt%%“:r%l‘i‘tggl. azrﬁt.lcéc.’iy aR%r.OXIﬂffgly?Pé)tzl'a? 0,303%07;3 2l ai m 28 wherein

the graft site is the round wi ndow nenbrane of the ear

4% a Thelbiethod ofbalaip@Brvdarein the graft site is the round window membrane of

the ear of a subject or cornea.



