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ELECTROACTIVE BIOADHESIVE COMPOSITIONS

~ Field of the Invention

[0001] The present invention relates to electrochemlcally initiated bioadhesive
composrtrons comprising blocompatrble polymers contammg derrvatrves of dlazomum

arylsulfomum or d1aryhodon1um in general, and to then' use in trssue fixation, in partlcular

Background of the Invention

- [0002] Current methods of trssue fixation leave much to be desired; ‘essentially relyrng ‘A
on technologies developed from the clothlng and carpentry 1ndustr1es Screws; pins, wires,

sutures, and buttress plates, are examples of bone and soft tissue fixation implants. These
devices have many disadvantages, 1nclud1ng the need for subsequent operatlons for removal _
~ and interference with mob111ty and growth 1mped1ments in youths. They also have hlgh rates

of comphcatlons such as'infection and tissue 1nﬂammat10n

[0003] Wlth the market value of tissue ﬁxatlon‘ devices estimated at approximately
four billion . dollars many attempts have been- made to 1mprove upon these implants.

Resorbable implants have made 1nroads 1n addressmg some of the issues above howeverv
they still have problems with the destructwe nature of the mechamcal fixation. For example

the trguma induced by r_esorbable suturing on intestinal tissue upregulates enzymes that
breakdown collagen (the structural component) for up to 4 days p'ost'-procedure—weakening '
i 'the' intestine tissue andra'ising the probabilities of tears and intestinal leakages—but it’s still
the standard operatlng procedure for intestinal anastomoses Intestlnal anastomoses are

P

‘typlcally performed for treatment of colorectal cancer

[0004]) | ‘Glumg soft—t1ssues and blomaterrals together is far more convenient than
sutures and convent10nal tissue ﬁxatlon but development ofa sultable b10adhes1ve has yet

to be fully realized. B10adhes1ve glues are a srgmﬁcant engmeermg hurdle in numerous

fields 1nclud1ng wound closures 1mp1antable electronlcs, meshes for abdomlnal surgeries,

and tisste engmeermg transplants Medrcal grade cyanoacrylates for example Dermabond®
. and Super Glue®, and fibrin tissue adhesrves for example Tisseal® and Evicel®, are currently
| the only commerclally available and FDA approved b10adhes1ves that have addressed soﬁ‘
V- _tlssue ﬁxatlon Unfortunately, they trade - adheswe strength for blocompatlblhty or vice

versa. Cyanoacrylates typically have strong tlssue adhesion, but are relatively 1nﬂex1ble.
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Their brittleness, combined with local tissue toxicity and ’incapability of local drug delivery ‘
limits them to skin and other topical adhesrons Flbnn-based tissue adhesives have many
‘ shortcomings as well. Their ‘bioadhesion is ‘hydrogel’ weak has potential neurotox1c1ty
complications and serious religious concerns due to the predominantly human (or bovine)
fibrinogen and thrombin sources. Due'to their weak mechamcal propert1es fibrin tlssues

adhes1ves are best su1ted for control of bleedmg

[0005] ' 'WO 2010/100410 and WO 2010/100413 ' (lisclose functionalized diazo
denvatrves 1nclud1ng dlazopyruvate and the1r use for producing a chermcally—bound three-

dimensional network on or w1th1n a substrate

' [0006] f WQ 2009/097152 relates fo calcium-reactive athines and acrylic or methacrylic
ester monomers adhesives, and use thereof for adhering dental and medical biomaterials o
hard tissues via a 'rno_lecular, brid_ge formed from to_ hard tissues such as enamel, dentin, and
- bone. | - | . | | | | '
[0007] - JP2007254307A describes a dental adhesive fhat comprises ofa polymerizable
" monomer 1nc1ud1ng an acidic group-contarnmg polymerizable monomer, water and a
polymerrzatron initiator comprlsmg a photo acid generator an oxidation type photoradical
generator. The photo acid generator is preferably a diaryl rodomum salt—based_ compound,v_

but the activation of the adhesive is by photo activation

[0008] | WO 2008/023 170 descnbes a group of dlazo compounds used as aryl carbene
' precursors for use in the process of producing a substrate havmg an adheswe surface, which
allows the substrate to-adhere to other materials to be tailored.

[00’09‘]‘- - WO 2008/121033 provides an_adhesiVe for facilitating the adhesion between
an electroactive polymer and a substrate, wherein the adhesive consists of a platinum or an

~alloy compnsmg platmum : g

[00010] EP 0330344 relates to use. of crosshnked collagen as a bloadheswe for |
' -sutureless closures of the skin and eye orasa superhydrated material for contact lenses
s moist bandage contact lens, lens or co_rneal implant material, or as a drug delivery agent.
~“According to EP-0330344, collagen which is an e)rample of amino acld containing -
' polymers is-crosslinked into ah1ghly molecularly crosslmked product upon photoactrvatron .

with photoactlve crosshnkmg reagents, such as drazo or az1de denvatlves
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[00011] Failure of soft tissue bioadhesives to address local tissue fixation and
b10compat1b111ty has prompted urgent need for a new broadheswe that allows b1omater1als
| to be adhered onto soft tissues while mamtammg a hlgh level of blocompatlblhty and

adhesrve strength.

Summary of the Invention
-[00012] Various embodiments of the invention provide electrochemically activated
- or 'electroactiye bioadhesive compositions containing diazonium, arylsulfonium, or

diaryliodonium and the respective derivatives, and their use in tissue fixation.

[00013] " In o_ne embodiment, an electroactive polymer cOmprises"a biocompatible
polymer comprising a single strand of repeating-units and up to 5,000 electroactive groups
Vcovalently attached to said strand whereln sa1d electroactwe polymer. has a molecular
weight of up. to 3 million Daltons and wherem sa1d electroact1ve groups are denvatlves of .
| dlazomum salts, derlvatwes of arylsulfomum salts, derlvatlves of dlaryhodomum salts or -
combma’uon thereof.
: [00014] | In particular embodiments; said biocompatible polymer ‘can be 'any
o bioresorbable p’olymer_that has been FDA—approved asa mediéal device selected from’ the
.group consisting of polyethylene glycol (PEG), PEG fatty acid esters; poly-Lflactic acidvl
(PLLA)' poly(lactide—co glycolide) (PLGA), i)oly ‘caprolactone (PCL), ' polyvinyl_
pyrrohdone (PVP), polyvmyl alcohol (PVA), collagen, ch1tosan hydroxy propyl cellulose B
polyamrdes polyglycerol esters of fatty amds polysaccharides, polyesters and |
comb1nat1ons thereof. The polysacchande is selected ﬂom the group cons1st1ng of dextran, '
chitosan, heparm ‘hyaluronic acid, algmates starch, glycogen amylose amylopectm |

cellulose xylan, and numerous other natural and synthet1c polysacchandes

= '[00015] ' In a further embod1ment the electroactlve d1azomum denvatlve 1s a

/
/ \
R

‘wherein . S . -
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_ X is an inorganic or organic anion selected from the group consisting of anion of F,
- CI, Br, T, BFs ,. BF3, ZnCh, HSOs, PFs, HgBrz, HgBrzClz NOs, nonaﬂuoro 1-
‘butanesulfonate, trlﬂuoromethanesulfonate d1methoxy—2-anthracenesulfonate and

methylbenzenesulfonate .

R is a bond or 5-7 membered saturated cyclic - or heterocychc aromat1c or

heteroaromatlc rmg unsubst1tuted or Mono-, d1- or tri- substltuted with:’

» C;-Cg straight-chain. or branched- alkyl group, Cz—Cs straight-chain or branched
alkenyl or alkynyl group, or phenyl group substituted at any ring -position with one or more
the same or different C1-Cs stralght-cham or branched alkyl group, phenyl or heterocychc
ring, whlch may be optionally substltuted with one or more the same or different C;-Cs
straight-chain or branched alkyl group, Ci1-Cs alkoxy group, C1-Cg alkoxycarbonyl group,
carboxyl group, hydroxyl group, nitro group, halogen atom or amino group opt1onally rnono,

or di- subst1tuted with the same or d1fferent C1-Cg stra1ght-cha1n or branched alkyl group,
methyl group subst1tuted with 1 -3 halogen atoms

‘amino group opt1onally mono or d1 subst1tuted with the same or d1fferent Ci-Gs

straight-chain or branched alkyl group; -

thlol or th10ether group havmg the same or different Ci- Cg straight-chain or branched -
alkyl group, '
_ ~ sulfone or sulfate’ group having the same or different Ci-Cs straight-chain or
~ ‘branched alkyl group; . . o ' - " '

~ nitro, cyano, halogen, hydroxy, carboxylic. acid or sulfonicacid group; or-

alkoxy or alkoxycarbonyl group having the same or different C 1-'an strai ght-chain or
branched alkyl group; ) B N

Y is a bond or. saturated and unsaturated C 1—Csoo stralght-cham or branched alkyl

| alkenyl or alkynyl group, wherem said chaln may opt1onally 1ncorporatc at least one hetero

“atom, and may also comprise at least one substltuent and

Z‘ 1S any sultable funct1onal group selected from the group consisting of halogen '
- amino, cyano hydroxy, aldehyde alkoxycarbonyl N-amlde N- hydroxysuccm1m1de ester

| _‘ma1e1m1de and thiol.-
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. [00016] In specific embodiments, the electroactive diazonium derivative can be
selected from the list of: ‘ | '
- 4 (dlmethylam1no)-benzene-d1azomum salt;
2—chloro-benzene—dlazomum salt;
l-naphthelene-diazonium salt;
_ . 4-anilino-benzene-diazonium salt;
-3, 54dichloro-benzeﬁe—diazoniu'm saltj

l—pyrene -diazonium salt;

| 4- Methoxy—benzene-dlazomum salt
4-bromo-benzene-diazonium salt;
4-foﬁny1—beﬁzene-ldiazoniufn salt;

~ 4-Nitro-benzene-diazonium salt
Fast Red TR salt
Variamine blue B salt .

4 [ethy1(2—hydroxyethyl)ammo]-benzene—dlazomum salt;
4—,(d1ethy1am1no)—2—methy_1—benzene-dlazomum salt;

“ 4- (ethylamino) 3-methyl—benzene-diazohium salt;
5- chloro 2~ methoxy-benzene—dlazomum salt

'3-methy1 4-n1tro-benzene~d1azon1um salt; _
b;s[4—_(d1ethylam1n0)—2-methylfbenzene-d1azonium] salt;
'_ -f | 24 dichIOfo-benZeﬁe;diaZOnium 'salt.' | A
-methoxy- -nltro-benzene-dlazomum salt
2 chloro 4—n1tro-benzene-dlazomum 2- naphthalenesulfonate
2,5 d1eth0xy-4 [(4-methylphenyl)sulfanyl]benzenedlazomum salt
F ast Blue B salt; . ,
9H—ﬂuorene—2 d1azon1um salt;” ,
- 9,10-dioxo- 9 10- d1hydro-1 anthracenedlazomum salt and

' -Methoxy—4-morpholmobenzenedlazomum salt.

[00017] Ina further embodlment the electroactlve dlaryhodomum denvatlve isa

compound of the following formula :
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' Wherein

A X is an inorganic or organic anionvselected from the,group consisting of anion of F,.
CI; Br, I, BF{, BFs, ZnCh, HSOs, PFs, HgBn, HgBrCh, NOs, nonafluoro-1-
butanesulfonate, trifluoromethanesulfonate, dimethoxy—2—anthracenesulfonate, and

methylbenzenesulfonate' '

Y is a 5-7 membered saturated cyclic or heterocychc aromatlc or heteroaromatlc '

- nng unsubst1tuted or mono-, dr- or tri- substltuted w1th

C1-Cs stralght-cham or branched alkyl group, C2 Cs stralght-cham or branched
| alkenyl or atkynyl group; or phenyl. group substituted at any nng position with one or more:
the same or different C 1—Cs stralght-cham or branched alkyl group, phenyl or heterocyclic
_Ting, which may be. optlonally substituted with one or more the same or dlfferent C1-Cs ‘
stralght-charn or branched alkyl group, Ci-Cs alkoxy group, Ci- Cs alkoxycarbonyl group,
carboxyl group, hydroxyl group, nitro group, halogen atom or ammo group optlonally mono

or di-substituted with the same or d1fferent Ci-Cs stralght-cham or branched alkyl group; .
methyl group substltuted W1th 1-3 halogen atoms '

. amino group opt1ona11y mono or d1-subst1tuted w1th the same or dlfferent Ci-Cs

| .stra1ght-cha1n or branched alkyl group;

thiol or thloether group havmg the same or dlfferent C1 Cg stra1 ght-chaln or branched

- sulfone or sulfate group havmg the same or d1fferent Ci- Cs stralght—chaln or

branched alkyl group;
- mtro cyano, halogen hydroxy, carboxyhc a01d or sulfomc a01d group, or

| alkoxy or alkoxycarbonyl group having the same or dlfferent Cl Cs stralght-cham or

o branched alkyl group, and _

Z isa 5-7 membered saturated cychc or heterocychc aromat1c or heteroaromatic r1ng

' unsubstltuted or mono— d1- or tri- subst1tuted w1th
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Ci- Cs straight-chain or branched alkyl group, C'z-Cg' straight-chain or branched
, alkenyl or alkynyl group, or phenyl group substltuted at any rmg p0s1t1on with one or more -
"the same or different Ci-Cs stra1ght-cha1n or brariched alkyl group, phenyl or heterocychc'.
' ring, which may be optionally substituted with one or more the same or different C;-Cs

- straight-chain or branched alkyl group, C1-Cs alkoxy group, Ci-Cs alkoxycarbonyl group,

o vcarboxyl group, hydroxyl group, nitro group, halo gen atom or amino group optronally mono

~ ordi- substituted with the same or different Cy-Cs stralght-chaln ot branched alkyl group;
methyl group substltuted wrth l -3 halogen atoms

ammo group optionally mono or d1-subst1tuted w1th the same or drfferent Ci1-Cg

stralght-cham or branched alkyl group; - ’

thiol or throether group havmg the same or drfferent Ci-Cs strarght—cham or branched
, ,alkyl group,

sulfone or sulfate group havmg the same or dlfferent C1-Cs stralght-chaln or

branched alkyl group,
mtro cyano halogen hydroxy, carboxylic aCid or sulfonic acid group; or

alkoxy or alkoxycarbonyl group having the same or drfferent Ci-Cs stralght-cham or

.branched alkyl group;

[00018] In specrﬁc embodlments the electroactlve dlaryhodomum derivative can be
selected from the list of: -
'_ Drphenyhodonlum 1od1de salt;
' bls(4-methoxyphenyl)mdonlum salt
' b1s(4-methylphenyl)1odon1um salt;
bis(4_-tertfbutylphenyl)io_don_ium salt;
4—(’phenyliodonio)benzoate salt;
, -gbis(4—fluorophen$ll)iodoniurn salt, |
bis(4—brorn0phenyl)iodo'nium salt; |
| ’ﬂbls(4-tert butylpheny1)1odon1um salt
. mes1tyl(4~methylphenyl)1odomum salt;
2 (phenyllodomo)benzoate salt, s
o 2- (phenyhodonro)benzoate
| (4—n1trophenyl)(phenyl)1odomum
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phenyl[3-(trifluoromethyl)phenylliodonium salt;
@3 -bromophenyl)(mesityl)iodonium salt; |
(2- bromophenyl)(mesuyl)lodomum salt;
‘mesityl[3- (tnﬂuoromethyl)phenyl]1odon1um salt;
mesityl(4-nitrophenyl)iodonium salt;
Diphenyleneiodonium salt; and

3,7-dini’§r0dibenzioddlium salt,

.[‘00019] In a further embodiment, the electroactive arylsulfonium derivative is a

compound of the following formula:

: Wherein

_ Xisan morganlc or organlc anion selected from the group cons1st1ng of anion of F
CI, Br, I BF4 N BF3, ZnCly, HSO4, PFs, HgBrz, HgBrzclz NO3 ) ‘nonafluoro-1--
,butanesulfonate tnﬂuoromethanesulfonate,_ _dlmethoxy—2-anthracenesulfonate, cand

' methylbenzenesulfonate

Yisa bond C1 Cs stra1ght—cha1n or branched alkyl group, or 5 7 membered saturated '
~' cycllc or heterocychc aromat1c or heteroaromatlc rmg unsubstltuted or mono-, d1- or tri-

substxtuted w1th

' C[-Cs stra1ght—cha1n or branched alkyl group, C2-Cy stra1ght-cha1n or branched
' alkenyl or alkynyl group, or phenyl group substltuted at any nng posmon with one or more
E ,'the same or dlfferent C1 Cs stralght-chaln or branched alkyl group, phenyl or heterocychc
_ ring, which may be optlonally substltuted w1th one or more the same or different . C1-C3, ‘
'bstralght-chaln or branched alkyl group, C;-Cg’ alkoxy group, Ci-Cs alkoxycarbonyl group,

: 'carbo'xyl group, hYdroxyl group, nitro group, halo gen atom Or amino group optionaily mono .

or di- substltuted with the same or different Ci-Cs stra1 ght-cham or branched alkyl group,
| methyl group substltuted w1th1 3 halogen atoms; ' E o , S g

“amino group optlonally mono or di- substltuted with theé same or dlfferent CiCs - .

strai ght-cham or branched alkyl group,
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thlol or throether group havmg the same or dlfferent C1 Cs stralght-cham or branched
alkyl group,

sulfone or sulfate group having the same or different Ci-Cs straight-chain_ or

~ branched alkyl group;
nitro eyano halogen hydroxy, carboxylic acid or eulfonic acid group; or _

alkoxy o1 alkoxycarbonyl group having the same or different C1-Cs straight-chain or
branched alkyl group; : A

Z is abond, C;-Cs straight-chain or branched alkyl group, or 5-7 membered saturated
cyclic or heterocyclic, aromatic or heteroaromatic ring unsubstituted or mono-, di- or tri-

substituted with:

- Ci-Cs straight—chain or:'branched alkyl group, C»-Cs _straight-ehain or branched

' ~alkeny1 or alkynyl groin, or phenyl gr'oup substituted atany ring position with one or more
th'e same or different C1-Cs straight-chain or branchec'l'alkyl g.rou'p,. phenyl or hetero_eyclic '
ring, which may. beioptionall'y substituted wlth one or more the same or different _Cr-Csl'
straight-chain or branched alkyl group, Ci-Csg alkoxy group, Ci1-Cg alkoxycarbonyl group,
carboxyl group, hydrokyl group, lnitr.o group, halo gen atom or amino group optionally mono |

or di-substituted with the same or drfferent C1-Cg strai ght—chaln or branched alkyl group;
methyl group subst1tuted w1th l -3 halogen atoms |

ammo group optlonally mono or d1-subst1tuted with the same or dlfferent Cr-Cg*~
stralght—cham or branched a]kyl group, -
- th101 or thloether group having the same or different C1 Cs stralght-chaln or branched
alkyl group;
sulfone or sulfate group havmg the same or- dlfferent C1—Cg stra1ght—cha1n or
branched alkyl group, '

mtro cyano halogen hydroxy, carboxyhc acid or sulfomc acid group, or

alkoxy or alkoxycarbonyl group havmg the s same or dlfferent C1—Cs stralght—cham or

| 'branched alkyl group, and

W is a bond Cl Cs stralght-cham or branched alkyl group, or 5- 7 membered
saturated cyclle or heterocychc aroma’uc or hetero aromatlc r1ng unsubstltuted or mono-, di-

or tri- substituted with:
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A C1.-C3 straight-chain or branched alkyl group, C»-Cs straight-chain or branched
alkenyl or alkynyl grOUp,_ or phenyl group.substituted at any ring position‘With_' one or more
the same__or dif_’ferent Cl—Cs-stra-ight-chain or branched alkyl group, phenyl or heterocyelle

ring, which may be optionally substituted with one or more the same or different C;-Cg
| _straight—_chain or brar_rched alk}d group, C1-Cg alkoxy group, C)-Cs IalkOXycarbonyl group, -
carb0xy1 group, hydroxyl group, nitro group, halo gen atom or amino group optionally mono

or dl—substltuted with the same or different Ci- Ca strai ght-cham or branched alkyl group;
methyl group substituted w1th 1-3 halogen atoms;

amino group optlonally mono or r di- substltuted wrth the same or drfferent Ci-Cg i

- strai ght-cham or branched alkyl group;

thlol or throether group havmg the same or dlfferent Ci-Cg stralght-cham or branched
a]kyl group, V ' '

} sulfone or sulfate group havmg the same or drfferent C| Cs stra1ght—cha1n or

branched alkyl group, -
. nitro, cyano, halo gen, hydroxy, carboxylic acid or sulfonic aeid group; or -

alkoxy or alkoxycarbonyl group havmg the same or drfferent Ci- Cs straight-chain or

branched alkyl group;

‘ wherem at least two of W Y and Z are not a bond C1—Cg strarght—cham or branched

| alkyl group
[00020] - In spemﬁc embodlments the electroactrve arylsulfonlum derrvatrve can be
selected from the list of . ‘

: Tnphenylsulfomum salt,
d1phenyl[4 (phenylsulfanyl)phenyl]sulfomum salt o
s "(4 ﬂuorophenyl)(drphenyl)sulfomum salt '
 tris(4-tert- butylphenyl)sulfomum salt;
: tr1s(4-chlorophenyl)sulfomum salt;
l(4 chlorophenyl)d1pheny1sulfomum salt
: tn—p-tolylsulfomum salt; '
tr1s(4-methoxyphenyl)sulfomum salt;
(4-methoxyphenyl)dlphenylsulfomum salt

' ethyl(4-methoxyphenyl)(phenyl)sulfonium salt;

10
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(3- chloropropyl)diphenylsulfonium salt; and:
(5- chloropentyl)d1phenylsulfon1um salt. .
[00021] " In another embodiment, an electroactlve bioadhesive composmon compnses |
the electroactrve polymer of the present 1nvent1on and su1table solvents, surfactants,
stablhzers fillers and other additives. The additives may be antl—lnﬂammatory drugs antl- :

proteases antibiotics, and/or antl-resten081s compounds

[00022] In yet further embodlment, the composrtron can be in a fo_rm of hydrogel,
biocompatible film, patch or bondage. In addition, the composition may contain conductive
particles or polymers of size less than 50 micron made of gold, 1ron iron oxides, platmum

magnesium, graphene, carbon black carbon nanotubes polyacetylene poly(3- alkyl-A
thiophene), polyaniline, polylsothlanaphthalene poly-(p-phenylene), poly—(p-phenylene _
vinylene), polypyrole, polythrophene or combmatlons thereof The compos1t1on is

| electncally conductwe with conduct1v1ty greater than 0.01 siemen per centlmeter

‘[00023} In add1t10na1 embodlment the conduct1ve partrcles can be coated with
amomc or cationic coatlng comprising fatty ac1ds 31l1ca, polyethylene glycol pluromcs |

‘poloxamers, polydopamme polylysine or any suitable pept1de

[00024] = Ina general embodlment, the compos1t10n may be used in_surgery, such as
Agastrointestinal surgery towards cancer r‘emoyal' anastomose.s- procedures, such as blood
vessel anastomoses wherem two tubes or lumens must be joined, tissue ﬁxatlon suture
sealmg and replacement treatment of lung punctures body fumen punctures or leaks '

_cerebrospinal fluid membrane damages, obes1ty treatments, and bowel obstructions.

: [0002_5],  Instill another embod1ment, amethod _for_ the preparatron of the electroactiVe _—

polymer of the present inVention comprises the steps of:

“(a) Preparmg a solutlon of sa1d b1ocompat1ble polymer havmg concentratlon of 0.1to .
100 mg/ml at pH72 ' ' ' '
.(b) Dlssolvmg sa1d electroactive derivatives of .di'azoniu'm 'arylsulfonium or
' dlaryhodomum compound ina sultable orgamc solvent within the concentration

range 0f 0.01 to 100. mM

(c) M1x1ng and reactlng the solution of sa1d blocompatlble polymer prepared i a) with

the solutron of the electroactlve derlvatlve prepared in b) m order to covalently

11
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attach the electroactive groups to the polymer strand; that is in the form of a thin

film on a conductive material, i.e. the electrode.

@ Purifying said polymer modiﬁed in c)ona Sephadex G-25 column or using other
' convent10nal purification and separation technlques in order to remove the

unbound electroactlve derrvatlve molecules
V [00_0_26] © In yet another embodlment method of tissue ﬁxatron comprlses the steps of o

(a) Applymg the electroactlve bioadhesive composition of the present invention, belng'

" ahydrogel, film, patch or bondage, to a tissue to be fixed; and

- (b) Applying_a voltage potential to an electrode on which the electroactive.polymer is
5 ..placed, across the COmposition and tissue area with negative 10 to positive 10 Volts
vs. a reference electr__Ode that can be of »_a'ny type such as Ag/AgCl or Ag wire or
‘any | other electrode that has a Vconstant potenti'al which depends :On the

composition, in an electrolyte w1th a concentratron of between 0.01 and 1 M

[00027] In still further embodlment voltage potent1a1 18 between negative 5 to
'positive 5 Volts, such as negatlve 2to posmve 2 Volts, and time of voltage potential in both -
cases is less than 20 minutes. The potential can be applied also in a sweeping mode_,-i..e.', by
changing the potential under a fixed of changeable scan rate (in mV/s) and scanning one or -
several cycles. ‘ | | -
.[00028] | . Various embodimen_ts ofthe _invention may allow various benefits, and may ‘

* -be used in conjunction with various applications: The details of one or more embodiments '

- areset forth 1 in the accompanymg ﬁgures and the descnptron below Other features, obj ects

and advantages of ‘the described techniques wﬂl be apparent from the descrlptron and

'drawmgs and from the claims.

Brief Des'c_ripti'onlof the Drawings
[00029] - _ The present invention will be understood and appreciated more fully from the

' followmg detarled descr1pt1on taken in conjunction w1th the appended ﬁgures Varrous

o exemplary embodlments are well illustrated in the. accompanymg fi gures with the intent thati

these examples not be restrrctlve It wrll be appremated that for 31mphclty and clarlty of the

1llustrat10n elements shown in the ﬁgures referenced below are schematic. Of the o

accompanving figures:

12
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" . Fig.1lis a synthetrc route to thm films crosslinked with dlazomum arylsulfonlum or

" diaryliodonium derivatives used in the 'ussue ﬁxatron

Fig. 2 is a schematlc of electroactrvated tissue fixation through dlazomum arylsulfomum

or draryhodomum derrvatrves surface functronahzatlon

Frg 3 shows free radlcals on surfaces react with nearly any polypeptide'chain nearby;
1nstant1y creating new covalent bonds As an ‘example, by applymg hrgh surface "
 concentrations of free radicals on PLGA thin films; strong bioadhesion was observed onto -

soft arterial tissue.

Detailed Description of the Invention

' [00030] In the folloWing description, various aspects of _the invention will be
described. For purposes of explanation, specific configurations and details are set forth in
order to provide athorough understanding of the invent'ion However it will also be apparent

“to one skilled in the art that the 1nvent10n may be practrced without the specific defails . .

presented herein. Furthermore well- known features may be. omltted or s1mp11ﬁed in order |

o not to obscure the mventron

v[00031} . It should be noted that although a portionof the " discussion may relate to l
‘electroactive bioadhesive materials, compositions and m_ethods,' the present invention is not
limited in this regard, and embo_diments of the present invention may beused in conjunction
with various other biomaterials, compositions 'and methods of treatment As such some
', embodrments of the 1nvent10n may | be used, for example in conJunctron wrth use of various
- b1ocompat1ble ﬁlms patches or bondages and in various. surgery procedures Some

embodrm_ents of the invention may be used not necessarrly in the context of in vivo treatment. _

»[00032]_ ‘;BiOCompatible’f material is defined as a natu'ral. or synthetic material haying
Jlow vaﬁabiiity, high 'purity,- and no detectable biologicaI feaetivity as’ determined by
biocompatibility' tests. -“Biocompatible 'polymer is a natural or synthetrc polymer havmg i
low Vanablhty, high purity, and no detectable brologlcal reactlvrty as- determmed by
blocompatlblhty tests “Broadhesrve or “bloadhesrve materlal” means a synthetlc materral
- designed to adhere to. brologrcal t1ssues By deﬁm’uon broadheswes are b1ocompat1b1e

: materrals

: [00033] | A blocompatlble polymer of the 1nvent10n is bu11t from a smgle strand of

- repeatmg un1ts and up to 5,000 electroactive groups covalently attached to said strand, and
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it has a molecular'weiglrt of up to 3 million Daltons. The crosslinked electroactiv'e groups
“are derivatives of dlazonlum arylsulfomum d1arylrodon1um or combinations thereof.
S Arylsulfomum in present context may refer to mono- di- or tn-arylsulfomum for example

trrphenylsulfomum drphenylsulfomum or alkyldrphenylsulfomum

[00034] The main polymeric strand or backbone can be any bloresorbable polymer
that has been FDA-approved as a medlcal device selected from the group con81st1ng of
-polyethylene glycol (PEG), PEG fatty acid’ esters, poly—L -lactic acid (PLLA), poly(lactide-
co-glycolide) (PLGA), poly caprolactone (PCL), polyvinyl .pyrrolidone (PVP), polyvinyl ~
alcohol '(PVA),' collagen, chitosan, hydroxy propyl cellulose, polyarnides, polyglycerol
' esters of fatty acids,. polySaccharides : 'polyesters and \combinati.ons thereof. The
.polysacchande may be selected from the group cons1stmg of dextran chitosan, heparin,
hyaluronic acrd algmates starch, glycogen,. amylose amylopectln cellulose, xylan and

' numerous other natural and synthetic polysacchandes

[00035] ".The . specrﬁc example of a blocompatlble polymer that has been FDA-
approved as a medical device is poly(lactrc—co -glycolic ac1d) (PLGA) employed in a form
‘ofathin ﬁlm matrrx It has been 1ncorporated into a number of drug dehvery medical dev1ces
due to its numerous advantages i. e. commercral ava11ab1l1ty in a range of forrnulatrons and
controlled release for numerous therapeutxcs The PLGA polymer can be blended for
E mdependent tarlormg of thin film- mechamcal propemes to match soﬁ tissue, controlled drug

release, and conductrvrty

[00036] - In a. ﬂthher ernbodrment the electroactrve drazomum denvatlve is a

.o compound of the followrng formula

N'=N X
]
77 R
wherein
X is an-inor'ganlic or organic' anion selected"frorn the group consisting of anion of F,
Cl', Br‘ “I?, BF4, BF3, ZnCl,, :HSO4 y PFs, HgBrz, HgBrzClz ‘NOs", nonaﬂuoro 1-.

butanesulfonate tnﬂuoromethanesulfonate d1methoxy-2—anthracenesulfonate andv

methylbenzenesulfonate

14
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R is a bond or 5- 7 membered saturated cyclic or heterocychc aromatic or

_heteroaromatlc ring unsubstltuted or mono-, di- or tri- substrtuted with;

C1-Cg straight- cham or branched alkyl group, Cz-Ca stralght-charn or branched :

- alkenyl or alkynyl group, or phenyl group substituted at any ring posmon with one or more

.the samie or drfferent Ci- Cs stralght-chaln or branched alkyl group, phenyl or heterocychc y .

- ring, which may be opt1onally substituted with' one or more the same or different C1-Cy -
straight-chain or branched alkyl group, C1-Cg alkoxy group, C1 Cs alkoxycarbonyl group,
carboxyl group, hydroxyl group, nitro group, halogen atom or amino group optionally mono

or di-substituted with the same or different C;-Cs strai ght-chain or branched alkyl group;
_ methyl group substituted with _1—3 halogen atoms;' |

amino group optionally mono or d1-subst1tuted with the same or drfferent C]-Cg

' ,'stralght~cha1n or branched alkyl group;

thiol or thioether group havmg the same or drfferent 01 Cs strarght-charn or branched :
alkyl group; ' )

sulfone or sulfate group havmg the same or different Ci-Cg strarght—cham or

branched alkyl group;
nitro, cyano, halogen, hydroxy, carboxylic a‘cid or sulfonic acid group; or
alkoxy or alkoxycarbonyl group having the same or different C-Cs straight-chain or -

‘ branched alkyl group;

Yi isa bond or saturated and unsaturated C1 Csoo stralght-cham or branched alkyl

_ alkenyl or alkynyl group, wherein said chain may optronally 1ncorporate at least one- hetero S

atom, and may also comprlse at least one substrtuent and

" Zis any sultable functlonal group, such as: halogen amino, cyano hydroxy,

aldehyde alkoxycarbonyl ‘N-amide, N hydroxysuccmrm1de ester malemnde or thlol

' [00037] In specrﬁc embodlrnents the electroactlve d1azon1um denvatlve can. bev
V’ selected from the Tist of: - ' '
R B (dimethylammo)-benieneudiazonium salt;
: 2 chloro-benzene—drazomum salt;
-naphthalene—dlazomum salt

4-an111no—benzene-d1azon1um salt; -

15
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3,5-dichloro-benzene-diazonium salt; ‘
l-pyrene-diazohiurri_ salt; - )

' 4-'Methoxy—benzene—(.iia'zon_ium‘ salt; |
4-bromo¥benzene-diazoniUm salt; |
4-fqnhyl-5enzene-diazoniﬁm salt;
47Nitro-benzene—diazenium salt;

Fast Red TR‘Salt; | '

Variamine blue B salt; .
4—[ethyl(Z-hydr‘oxyethyl)amir'lo]-benzene-diazonium- salt;
4-(diethylamino)-2-methyl-benzene-diazonium salt,

‘ 4-(ethy1amiﬁo)-3-methyl—benzene-diazonium salt;

5- chloro-Z-methoxy-benzene-diaioﬁium salt;
3-methy1 4-n1tro-benzene—d1azon1um salt
| blS[4 (dlethylammo) 2-methyl-benzene—d1azon1um] salt
2 4 dlchloro—benzene—dlazomum salt;
-methoxy— -nitro-benzene-diazonium salt .

. 2- chloro-4~n1tro—benzene—dlazomum 2—naphtha1enesu1fonate
2,5- -diethoxy-4- [(4-methylphenyl)sulfanyl]benzenedlazonlum salt
Fast Blue B salt;
9H-fluorene-2-diazonium salt;

© 9,10-dioxo-9 10-d1hydro- -anthracenedlazomum salt and

2- Methoxy—4-morpholmobenzenedlazomum salt.
- [00038] In a further embodiment; the eleetroactiVe diaryli_odenium' derivative is a
compound of the following formula: e | ;

_ Wherein

o Xi is. an 1norganlc or orgamc anlon selected from the group con31st1ng of anion of F,
_ C I BF4 , BF3, ZnClz, HSO4 S PFG, HgBr, HgBr2C12 N03 ) nonaﬂuoro 1-
- butanesulfonate trlﬂuoromethanesulfonate d1methoxy—2 anthracenesulfonate and

methylbenzenesulfonate; .
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Y is a 5-7 membered saturated cyclic or heterocychc aromatlc or heteroaromatic

nng unsubstrtuted or. mono-, d1- or tr1- substituted with:

Ci-Cs strarght-chaln or branched alkyl group, Cz-Cg stralght-chaln or branched |
alkenyl or alkynyl group, or phenyl group substltuted at any ring position with one or more
the same‘ior different C1-Cs straight;Chain"or branched alkyl group, phenyl or h'eterocyclic .
ting, which may be optionally substituted with one or more the same or dlfferent Cl-Cg-
strarght—chaln or branched alkyl group, Ci-Cs alkoxy group, C; Cs alkoxycarbonyl group,
- carboxyl group, hydroxyl group, nitro group_, halogen atom or amino group optionally mono N

or di-substituted with the same or different C-Cs straight-chain or branched alkyl group;
methyl group sub‘stituted with 1-3 halogen atoms;
amino group optronally mono or di-substituted with the same or drfferent Ci- Cs _,
'strarght—chaln or branched alkyl group; ' ’
thiol or thloether group havmg the same or drfferent Ci -Cs strai ght-cham or branched
alkyl group, ' o
sulfone or sulfate group. having the same Or dlfferent Cl—Cs stralght-cham or
branched alkyl group;
mtro, cyano, halOgen, hydroxy, carboxylic acid or sulfonic acid group; or
’ alkoxy or alkoxycarbonyl group havmg the same or dlfferent C I- Cs strarght—cham or

3 branched alkyl group,

Z isa 5 7 membered saturated cychc or heterocychc aromatlc or heteroaromatic ring

unsubstrtuted or mono-, di- or tri- substltuted with:

C]-Cs strarght-chaln or branched alkyl group, Co- Cs stralght-chaln or ‘branched
: alkenyl or alkynyl group, or phenyl group substrtuted at any ring position with. one or. more

_‘ ‘the same or dlfferent C1 Cs strarght-chaln or branched alkyl group, phenyl or heterocyche
'rrng, which may be optlonally substituted with one or more the same or different Ci-Cs

- stralght-cham or branched alkyl group, C1-Cs alkoxy group, C1-Csg alkoxycarbony! | group,
| carboxyl group, hydroxyl group, nitro group, halo gen atom or amino group optlonally mono '

-or d1—subst1tuted w1th the same or dlfferent C - Cs stralght-cham or branched alkyl group,

mcthyl group substrtuted w1th 1 3 halogen atoms
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amino group optionally mono or di-substituted with the same or different C;-Cg

 straight-chain or branched alkyl group;

thiol or thloether group having the same or dlfferent Ci- Cg stralght-cham or branched

alkyl group,

_ sulfone or sulfate group havmg the same or dlfferent Ci- Cs stralght—cham or

branched alkyl group;
nifro, cyano, halo gen, hydroxy, earboxyhc amd or sulfomc acid group, or

alkoxy or alkoxycarbonyl group having the same or dlfferent Ci-Cs- stralght-cham or -

branched alkyl group

[00039] In spec1ﬁc embodlments the electroactlve dlaryhodomum derivative can be
selected from the list of: A “ o
Diphenyliodonium iodide :satt;
bié(4imethoxypheny1)ioduuiUm salt;
bis(4—methy1phenyl)iodenium salt;
bis(4—tert-butylphenyl)iod01uum‘ salt; -
4-(pheny1i0donio)benzoate salt;
- bis(4-fluorophenyl)iodonium salt;
_bis(4;bfomophenyl)iodonium salt;
bis(4-tert-butylphenyl)iodonium salt;
mesityl(4—rriethytphenyl)iodonium'salt;
, _2—(phenyliodouio)benzeate salt;
2-(phenyliodonio)benzoate; .
: .(4-nitr6phenyl)(phenyl)iodonium'
- phenyl[3- (tnﬂuoromethyl)phenyl]10don1um salt '
' (3-bromophenyl)(mesﬁyl)mdomum salt;
(2 bromophenyl)(mes1ty1)1odon1ur_n salt;
: meéity1[3-_(triﬂuoremethyl)phenyl]iedonium salt;l
meSity1(4—nitrophenyl)iodonium_salt-;" :
' VDibhenyl_eueiodoniuru_ salt;'vand: "

3,7-dinitrodibenziodolium salt.
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[00(l4_0] In a further embodiment, the electroactive arylsulfonium derivative is a

“compound of the following formula:

Wherein-
X is an inorganic or organic anion selected from the group consisting of anion of F,
CI, Br, I BF4 R BFs, ZnClz, HSO4 , PFe, HgBrz, HgBrzClz NOs', nonaﬂuoro 1-

butanesulfonate trlﬂuoromethanesulfonate dlmethoxy-z anthracenesulfonate, Aand‘

_methylbenzenesulfonate

~ Yisabond, C;-Cg stra1ght~cham or branched alkyl group, or 5-7 membered saturated
cyclrc or heterocychc aromatrc or heteroaromahc ring unsubstituted or mono-, di- or tri- -

substltuted w1th

C 1- Cs stralght-cham or branched alkyl group, C2-Cs strarght—cham or branched

alkenyl or alkynyl group, or phenyl group substrtuted at any ring position with one or more
the same or dlfferent C1 Cs strarght—chaln or branched alkyl group, phenyl or heterocychc
nng, whrch may be optlonally substrtuted with one or more the same or different C;-Cs
'_strarght—cham or branched alkyl group,. Cl-Cs alkoxy group, C1 -Csg alkoxycarbonyl group,
carboxyl group, hydroxyl group, nltro group, halogen atom or amino group optionally mono

or d1-subst1tuted with the same or- different C1—Cg strarght—cham or branched alkyl group,
: methyl group substrtuted wrth 1 3 halogen atoms; -

amino group optxonally mono or di- substituted with the same or different C;-Cg

- strarght~cha1n or branched alkyl group,

thlol or thloether group havmg the same or dlfferent C1-Cg strai ght-chaln or branched .
alkyl group, ' |

sulfone or sulfate group havmg the same or dlfferent C1-Cs stralght-cham or.

branched alkyl group, _
nltro cyano, halogen hydroxy, carboxyhc ac1d or sulfonlc acid group, or

alkoxy or alkoxycarbonyl group havmg the same or drfferent Ci-Cs stralght—cham or

branched alkyl group;
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'Zis abond, C;-C straight-chain or branched alkyl group, or 5-7 membered saturated
cychc or heterocycllc ‘aromatic or heteroaromatlc ring unsubstituted or mono-, di- or tri-

| substltuted with:

Ci1-Cs stralght-chaln or branched alkyl group, Cz-Cs stralght-cham or branched _

- alkenyl or alkynyl group, or phenyl- group substituted at any ring position with one or more |

'. the safne or different C;-Cs stralght-cham or branched alkyl group, phenyl or heterocychc ;
nng, which may be optionally substituted with one or more the same or different C1-Cs
straight-chain or branched alkyl group, Ci-Cs alkoxy group, C1-Cs alkoxycarbonyl group,
'carboxyl group, hydroxyl group, nitro group, halo gen atom or amino group optlonally mono'

or di- substituted with the same or different C;-Cs stralght-cham or branched alkyl group;
methyl group substituted w1th 1-3 halogen atoms;

- amino group .optionally mono or d1 substltuted with the same of dlfferent C1 Cs :

stralght-chaln or branched alkyl group, .

tthl or throether group having the same or dlfferent C1 Cs stralght—charn or branched-. -
alkyl group; ' ’

sulfone or sulfate group hav1ng the same or dlfferent Ci-Cs stralght—chaln or

~ branched alkyl group,

mtro cyano, halogen hydroxy, carboxyhc acid or SlllfOIllC acid group; or

alkoxy or alkoxycarbonyl group havmg the same or dlfferent C] Cs stralght—chaln or

X branched alkyl group,

W is.a bond 01 Cs straight-chain or branched alkyl group, or 5-7 membered'
saturated cyclic or heterocychc, aromatic or heteroaromatrc ring unsubstituted or mono-, di--

or. tn- substltuted wrth

Ci-Cs stralght-chaln or branched alkyl. group, C2-Cg straight—Chain or branched - :
alkenyl or alkynyl ; group, or phenyl group substrtuted at any ring position with one or more
: the same or different C;-Cg stralght—cham or branched alkyl group, phenyl or heterocychc

' ring, whlch may be optlonally substltuted with one or more the same or dlfferent C; Cg s

| vstralght-cham or branched alkyl group, C1-Cs alkoxy group, Ci-Cs alkoxycarbonyl group, A

N carboxyl group, hydroxyl group, nltro group, halo gen atom or amino group op‘nonal]y mono '

cor di-sub stltuted w1th the s same or dlfferent Ci-Cs stralght-cham ot branched alkyl group,
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methyl group substituted with 1-3 halogen atoms;

amino group optlonally mono or d1 substituted with the same ot dlfferent C1 Cs

stral ght-chain or branched alkyl group,

thiol or thioether group having the same or different C;-Cs straight—chain or branched
alkyl group; - - V ‘ |

sulfone or. sulfate group havmg the same or d1fferent Ci-Cs stralght-cham or

branched alkyl group;
nitro, cyano, halogen, hydroxy, carboxyllc ac1d or sulfomc acid group, or

alkoxy or alkoxycarbonyl group havmg the same. or d1fferent C1-Cs stral ght-chaln or

branched alkyl group, ‘

- - wherein at least two of W, Y and Z are nota bond,V 'Cl-Cs- straight-chain or branched

~ alkyl group. .
- [00041] In spemﬁc embodlments the electroactlve arylsulfomum denvatwe can be
selected from the list of:

Tnphenylsulfomum salt;

diphenyl[4- (phenylsulfanyl)phenyl]sulfomum salt;

(4- ﬂuorophenyl)(dlphenyl)sulfonlum salt '

trxs(4-tert butylphenyl)sulfomum salt

tris(4- chlorophenyl)sulfomum salt; _

(4-chlorophenyl)d1phenylsulf0n1um salt; -
 tri-p-tolylsulfonium salt; |

tris(4-methoxyphenyl)eulfonium salt;
: (4-rneth0xyphenyl)diphenylsulfonium-- salt;
:ethyl(44methoiyphenyl)(phenyl)sulfonium‘salt;

(3-chloropropyl)dlphenylsulfomum salt; and '

(5- chloropentyl)d1phenylsu1fon1um salt. .
| [00042] Reference is now made to Fig. 1 schemat1cally showmg synthet1c route to the
blocompatlble polymer crosshnked w1th dlazomum arylsulfomum d1aryhodomum or{ '
comblnatlons thereof.- = A _‘ , e ‘
[00043] _ Reference is now "made to Flg 2 where the b1ocompat1ble polymerv

crosslmked with denvatlves of d1azomum arylsulfomum d1aryhodon1um or combmatlons'
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. thereof'is followed by electro-activation through the electrochemical reduction or oxidation,
~ and soft tissue fixation. ane activated'With a voltage potential, for instance at +5 Volts or
,' by scanning the potential with afixed or changeable scan rate, free radicals'are forme_d that -
instantly react and crosslink soft tissues and biomaterials by C-C bond formatlon.' |
: [00044]' - The novel electroactive'polymer used for bioadhesion was conceived after
mcorporatmg of key advances in the. ﬁelds of plasma surface modification, blocompatlble
polymer functlonahzed with diazonium, arylsulfonium, d1ary110domum electrochemlstry,
and antrbody—based avidity binding concepts. This polymer allows one to trigger the tissue
adhesion' in situ, dir’ectly at the time and place the tissue fixation is required. The free-radical
“bond formation employed is advantageous over other known covalent protem bondlng :
methods as it leaves the bulk protein conformation relatively intact. |
[00045] Current commercial bioadhesives employ adhes1ve mechanisms that are
_ 'relatlvely 1nﬂex1ble and tend to have narrow apphcatlons The b1ocompat1b1e polymer of the

- present rnventlon, based._ on ele_ctro act1vat1_on of diazonium, arylsulfonium, or

draryh‘odonium residues, offers greater flexibility by allowing on-demand activation of the o

| ,di'azoniu_rn, arylsulfonium, or diaryliodonium -based surface binding. It is the only electro?,
, activated bioadhesive that is free of monomers and toxic photo-initiators. This electroactive

polymer creates a fundamental Shlﬁ in b10adhes1ve technolo gy that would have consxderable

1mpact on med1cal 1mplants — in vivo adhesion is a difficult hurdle that has yet to be o

overcome — espe01ally in wet and protem—ﬁlled environments.

' [00046] - Treatment of surfaces by non-thermal plasmas is well known to credte free -

radicals on b1omater1al surfaces whlle leavmg the bulk unaffected. The highly reactive =

. nature of free rad1cals causes them to have a short half-life, on the order of milliseconds to
'seconds However even within this short hfe free radlcals reactwith nearly any polypeptlde
- chains- nearby, mstantly creating new covalent bonds. As an' example, by applymg h1gh _
| surface concentratlons of free radlcals on PLGA thin films, strong b10adhes1on was observed |
~ onto soft artenal tissue, as seen in F1gure 3. ' . _
'. _»[00047] Free radlcals are generally con81dered detrlmental due to the1r lmphcatlons

in cellular’ aglng Recently however, several laboratories have revealed that proteins

' covalently 1mmoblhzed by free radical mechamsms tend to retain protem conformatmn and

‘have more functlonahty Th1s isa key observation in the design for soﬁ tissue bloadheslves
— the h1gher the protem conformatlon retamed the lower the local tissue tox101ty and ;

- ‘ 1nﬂammat1on is hkely to be
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[00048] Although bioadhesives based on free radical covalent bonding are interesting,
‘the plasma generation method i is 1mpractrca1 due to the. complexrty of the plasma ovens and |
the short term half-lives of the radicals themselves (the majority are hkely to be quenched -
upon atmospheric exposure). In order to take advantage of the free radical co_valent bonding,
a mechanism is needed to generate the r'adicais in situ (specifically at the time and place soft

tissue . bonding is desired). The following unique . 'i.unctional A groups_—diazoniurn, .
arylsulfonium, diaryliodonium%allovts irt'.situ formation of free radical by an applied

voltage potential. ‘ A A

[00049] * Reference is now made'to Fig. 2, which shoWs on-demand, electro- activated '
surface adhesion through surface functronahzatlon of diazonium,. arylsulfomum, or

_ dlaryhodomum deratives. The surface of PLGA thin films undergo plasma activated

. ammonia reactions, leavmg an amme—functlonahzed surface that readlly reacts wrth bromine

~ derivatives of diazonium, arylsulfonrum or draryhodomum compound Upon an apphed

voltage potentlal the dlazomum arylsulfomum or draryhodomum compounds decompose _. :
" to an extremely reactlve free radical. The free radlcal instantly crosshnks w1t11 any nearbyb |
polypeptrde chams of soft tissues —a fact that has made it widely popular for protein surface .
ﬁmctronahzatlon ‘ ' '

[00050] The electroactive functlonal groups allow in situ free radical generatron wrth

little to no tox1c byproducts for relatrvely harmless protein backbone covalent bondmg B

Many other event activated free radical formmg are available, i 1.e. photoact_rv.e compounds
such as azides, diazo compounds, benzOphenone,ianthraquinon'e, diaryl’vdiazom'ethanes,v and
' psoralene Hower/er »th‘e UV irradiation is required. for- photoactivation—the large intensities
ofi 1omzmg radlatlon required for photo actrvatlon can cause harm- to the adj acent t1ssues
[00051] The electroactrve mechamsm of adheswn has many advantages over other |
“adhesion mechanrsms For example cyanoacrylate cannot be-activated on demand often

~ begins to polymenze at the shghtest amount of ‘moisture, and tends to be toxrc aﬁer

degradatlon Light activated acrylate or epox1de polymerlzatron based b10adhes1ves tend to .

have high front temperatures (causmg thermal damage) and leave behmd toxic monomers

' by—products as well as photornrtlators The drazonrum functlonal group leaves no monomer
. or photomltlator by products aﬂer currng - ' .
} [00052]: . " Wrth the use of commerc1a11y avarlable drazomum and d1ary110domum _
:derrvatrves novel poly—drazomums and poly-dlaryhodomums can be easrly synthesrzed by :

employmg antrbody 1nsp1red avidity-type binding mechanisms in a one-pot synthesrs -
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[00053] “Avidity” is a term to define the combined strength of multiple bonding
: »interactions simultaneously with one or more - targets Poly—diazoniums and’ poly-
: d1aryhodon1ums bloadhesmn attempts to av1d1ty bond soft tissue to soft tissue or soft tissue
to other relevant biomaterials. The poly-diazonium and poly-diaryliodonium based
bioadhesive could be tailored via numerous methods, depending on the application. For
example, interfacial bioadhesion strength'could be adjusted by varying the density of the
* functional groups on the polymer backbone orby controning the intensity/time of the applied
“voltage potential, so only the needed fraction of diazonium or diaryliodoniums are actlvated
“into free-radicals. '
[00054]- In light of the above, the brocompatlble polymer of the mventlon has the
following advantages over commerc1ally avarlable bioadhesives, such as' cyanoacrylates and
ﬁbnn—based bioadhesives:
. = Can st1ck to wet or dry matenals ' _
= ,' Actrvated on demand w1th immediate electro -curing;
© = Adapted to CXlStlng ‘biomaterials that have been F DA-approved asa medrcal devrce
~ = Adhesion mechamsm leaves protein 1n trssues relatlvely intact;
. Avoids any tox1c phot01mt1ators
n _Degradatlon has no toxic by- products and b
= Multiple fiinctional groups can be easily converted in the reactive diazonium,
tnarylsulfomum alkyldlphenylsulfomum or d1aryhodon1um derrvatlves mcludmg
prlmary and secondary ariines, ketones, and aldehydes :
[00055] - - The electroactive b10adhes1ve composmon may further comprlse the
electroactlve polymer of the present mvent10n and su1tab1e solvents, surfactants stablhzers
fillers and other additives. The addrtlves may be anti- 1nﬂammatory drugs antl-proteases '
. antibiotics, and/or antl-resten031s compounds The composrtron canbeina form ofhydro gel

_ blocompatlble film, patch or bandage

A_ [00056]‘ B10adhes1ve hydrogels could have multrple uses in surgenes particularly in =
anastomosis procedures where two tubes or lumens must be Jomed For. example
gastromtestmal surgeries towards cancer removal obesrty treatments and bowelA
E , obstructrons ‘Blood vessel anastomosrs is in s1gn1ﬁcant need of new bioadhesives. Sutures

| ~ currently limit blood vessel anastom031s to Vessels of more than 1 mm in d1ameter wh1ch

'hmlts reattachment of. amputated hmbs
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[00057] The bioadhesive hydrogels can be prepared from many common
bio'compatibl'e'polymers and polyglycans for example dextran chitosan, heparin hyaluronic'
-acid, algmates starch, glycogen amylose amylopectin, cellulose xylan, and numerous
. other natural and synthetic polysaccharides. Polysacchandes can be functlonallzed with |
.dlazomvum, arylsulfonium, or diaryliodonium derivatives through primary and secondary
amines groups, ca_rbonyl groups such as aldehyde groups, ketones, and carboxylicacids.
Most preferably are the primary arhines and aldehyde groups. Most polys‘accharides' canbe |
turned into poly—aldehydes through oxidation reactions such as treatment with sodlum

perlodate treatment wrth nitrous acrd ete.

[00058] B10adhes1ve th1n films have numerous apphcatlons across- the medlcal '
spectrum, Brodegradable thin films of the present invention offer a more cost effective
replacement for sutures, band aids, or dressings. Drug unpregnated with diazonium,

arylsulfoniurn,- or -di_varyl‘iodonilurn derivatives -based bioadhesives offer local drug delivery

- toa variety of soft- tissues, thereby eliminating systemic drug side effects and first-pass liver -

' metabohsm while allowmg delivery of ac1d-lab11e therapeutlcs (wh1ch cannot be’ taken' |
_orally). The novel approach inherent in the diazonium, arylsulfomum dlaryllodomum -
: denvatlves —based bioadhesive de31gn allows adhesion even in wet, protein filled

- environments — a claim no other bioadhesive has yet to make. Th1s allows targetmg of the
" vasculature a;llments by plggybackmg the bioadhesive: thin ﬁlms of the mventlon on’

modlﬁed angloplasty balloon catheters.

'[00059] In addltron the compos1t1on canbeina form of hydro gel, blocompatlble film, .
patch or bondage In addltlon the composition may contaln conductrve partrcles or polymers
of size less than 50 micron made of gold iron, iron ox1des platlnum magnesmm graphene A

carbon- black carbon nanotubes polyacetylene, poly(3 alkyl—thlophene), polyaniline,

' .polylsothlanaphthalene poly—(p phenylene), poly—(p phenylene vinylene), polypyrole'

‘polythlophene or combmatlons thereof The composition is electnca]ly conductlve w1th _r

conduct1v1ty greater than 0.01 sremen per centrmeter

2[00060] | In additional embodlment the-conductive particles can be coated with

' ‘anionic- or. cationic coating comprrsmg fatty a01ds sﬂlca polyethylene glycol pluromcs

. poloxamers polydopamlne polylysme or any sultable peptrde

- [0006_1] e B_1oadhe31ves towards organ:sealants or vas_cular ‘tissues is the preferable .

application, due to the plethora of sealants needed, ease of reach with common catheters, or
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both (sealants for air/lung or dura mater/fluid leakages, trauma haemostasis, or intestirial

anastomoses).

:

[00062] According to the embodiments of the invention, the cbmposition may be used
in surgery, such as gastromtestlnal surgery towards cancer removal anastomoses
- procedures, such as blood vessel anastomoses. wherem two tubes or lumens must be _]omed
tissue ﬁxatlon suture sealing and replacement treatment of lung punctures body lumen_- ‘
‘ punctures or leaks, cerebrospinal fluid membrane damages, obesity treatments, and bowel

obstructions.

[00063] A method for the preparatlon of the electroactlve polymer of the present

invention, 1nvolves the followmg steps

(@) Prepanng a solution of sa1d biocompatible polymer having concentration of 0.1 to
100 mg/ml at pH 7.2; | L

~(b) Dlssolvmg said dlazomum arylsulfomum, or dlaryliodomum derlvatlve compound.

in a suitable organic solvent within the concentration range 0of 0.01 to 100 mM

.(c) Mixing and reacting the solution of said blocompatible polymer prepared in a) with
the solution' of the derivative prep:ared_in»b),’ in order to coval_ently attach the
 derivatives groups to the polymer strand; that is in the form of a thin film on a ’

conductive mat'erial i.e."the electrode. .

(d | Punfymg said- polymer modrﬁed in c) ona Sephadex G-25 column or usrng other.
conventional. puriﬁcatlon and separation techmques in order- to remove' the '

unbound denvative molecules

[00064] According to another embodiment of the invention, method of tis,sUe fixation

comprises the following steps:

(a) Applymg the electroactlve bloadheswe compos1t10n of the present 1nvent10n berng

a hydrogel, film, patch or bondage to a tissue to be ﬁxed and -

-~ (b) Applymg a voltage potential to an electrode on which the electroactive polymer is
_» placed across the composrtlon and tlssue area w1th negative 10 to’ p0s1t1ve 10 Volts

L vs.a reference electrode that can be of any type such as Ag/AgCl or Ag wire or

" any. other electrode that has a constant potent1a1 which depends on the

composrtlon in an electrolyte having a concentration of between 0.01 and M.
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[00065] - The applied potential voltage range of the electro-activation is between
negative 10 Volts and positive 10 Volts, preferably between negative 5and p_ositive 5 Volts,
and most pfeferably negative 2 Volts and-p'ositive 2 Volts and time of potential Voifage in
both cases is less than 20 minutes. The apphcatlon of potential can be in the form of a

constant of variable potcntlal mcludmg AC.

[00066] o Although portions of the discussion herein 'may relate to bioadhesion, the
present invention is not limited in this regard, and may include, for example, additional

surgical procedures.

- [00067] A hiOCompatiblc polymer, composition and methods in accordance with

some embodiments of the invention may be used for example, 1n conjunction with a device |
which may be inserted into a human body. However the scope of the present invention is
not limited in this regard For example some embodlments of the invention may be used in

con_]unctlon w1th a dev1ce which may be inserted into a non-human body or an ammal body :

) [00068] ‘ Whlle certam features of the mvent10n have been illustrated and descrlbed'
'herein; many modlﬁcatlo_ns, substltutlons, changes, and equivalents will now occur to tho_se

of ordinary skill in the art. It is, therefore, to be‘ understood thai the lappended claims are
~ intended to cover all such modlﬁcatlons and changes as fall ‘within the true spmt of the.

1nvent10n

27



WO 2015/108487 ' A ; PCT/5G2015/000009

CLAIMS

1.  An-electroactive polymer comprising a biocompatible polymer comprising a slngle ‘
- strand of repeating units and up to 5,000 electroactwe groups covalently attached to
‘sard strand, -wherein said electroactlve polymer has.a molecular we1ght of up to 3
million Daltons and wherein said electroactive groups are denvatrves of d1azon1urn, :

arylsulfomum or diaryliodonium. _ . _‘ -

2. The electroactlve polymer accordmg to cla1m 1, wherein sa1d b1ocompat1ble polymer
is selected from the group consisting of polyethylene glycol (PEG) PEG fatty acid
esters, poly—L—lactlc acid (PLLA), poly(lactide-co-glycolide) (PLGA), poly

‘ caprolactone (PCL) polyvinyl pyrrdlidone (PVP), polyvinyl alcohol (PVA), cOllagen
chitosan, hydroxy propyl cellulose, polyamldes, polyglycerol esters of fatty ac1ds
P olysacchandes polyesters and combmatlons thereof. '

3. The electroactive polymer accordmg to claim 2, wherein sa1d polysacchande is-
selected from the group consrstmg of dextran chitosan, heparin, hyaluronic acid,
alginates, starch, glycogen amylose amylopectin, cellulose xylan, and numerous.
other natural and synthet1c polysacchandes ' '

4. The electroactive polymer accordmg to any one of clarms 1 3 ‘wherein sald diazonium

derlvatrve is a compound of the followmg formula:
| ,--N"*:;N X
7>
wherein - |
_ | Xisan 1norgamc or organic arnon selected ﬁorn thegroup conststmg of anions of F-
| , ClI, Br, I', BFs, BF3, ZnClz, HSO4, PFe, HgBrz, HgBrzClz N03 , nonafluoro- 1-

butanesulfonate tnﬂuoromethanesulfonate dlmethoxy—z-anthracenesulfonate, ~and

methylbenzenesulfonate

R is a bond or - 5 T membered saturated cychc or heterocychc aromatrc or

, -heteroaromatlc nng unsubst1tuted or mono- d1- or tr1— subst1tuted with: 7
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Ci1-Cg straight-chain or branched alkyl group;' Ca-Cg straight-chain or branched ;
alkenyl or alkynyl group, or phenyl group substituted at any ring position with onel or more .
the same or different Cl-Cs _s'traight?ehain or branched alkyl group, phenyl orheterocyelic
ring, which may be optionally substituted with one or more the same or different C;-Cs
straight-chain or branched alkyl group, Ci-Cs alkoxy 'group,‘C1-Cs alkoxycarbonyl group,
carboxyl group, hydroxyl group; nitro group; halogen atorn or amino group optionally mono

- or die"substituted.with' the same or different C;-Cs strai ght-chain or branched alkyl group; -
methyl group substituted with 1-3 halogen atomS'

amrno group optlonally mono or . di~ substituted with the same or d1fferent Ci- Cg '

' stralght-chaln or branched alkyl group;

th101 or thloether group havmg the same or dlfferent C1—Cg strai ght—cham or branched
' alkyl group, ”

' sulfone or sulfate group’ hav1ng the same or dlfferent Ci- Cs stralght-cham or

branched alkyl group;
n1tro cyano halogen hydroxy, carboxyhc acid or sulfonic ac1d group, or

alkoxy or alkoxycarbonyl group having the same or d1fferent C)-Cs straight-chain or

branched alkyl group,

'Y is a bond or saturated and unsaturated C1-Csoo strarght—ohaln or branched alkyl,

alkenyl or alkynyl group, wherein sald cham may opt1onally 1ncorporate at least one hetero

" atom, and may also compnse at least one substltuent and

Z i is any suitable functlonal group selected ﬁom the group con31st1ng of halogen, - .
,armno, cyano, hydroxy, aldehyde alkoxycarbonyl ‘N-amide, N- hydroxysuccm1m1de ester,

: malelmlde, and th1ol

’4 O The electroactlve polymer accordlng to cla1m 4, wherein sa1d d1azon1um der1vat1ve is

4- (dlmethylammo) benzene-dlazomum salt
_2_—chloro-_benzene—d1azon1um salt; |
Al‘-.naphthalene_-dia‘zonium salt;
E 45anllino—benZene~diazoniuna salt;

3,5;dichloro-beniene-diaionium salt; ~
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l—pyrone- diazonium salt;
N "4-.methoxy-benzeﬁe—diazoniuol salt;

" 4-bromo-benzene-diazonium solt;

4-formy1-benzeoe-diazorﬁom salt;

_ 4-Nitro-benzene-diazonium salt;

Fast Red TR salt;

Variamine blue B salt;

4- [ethy1(2thdroxyetﬁyl)anﬁno] -benzene-di azonium _salt;ﬁ :
| _ 4-(d.ietliyl'ami'rio)42-methyi—bonzehédiazoniﬁm salt;

‘4—(ethylamino)-3 -methyl-oenzene-diazoniﬁm salt;

5-chloro-2-methoxy—benzene—dlazonlum salt

| ‘3-methy1 4-n1tro-benzene-d1azon1um salt

_bls[4-(dlethylammo)-2—methy1—b_enzene-dlazoniﬁfn] salt;

2.4-dichloro-benzene-diazonium salt;

' 2;methoxy;4-nitro-beri'zehe—diaZoniuﬂx salt;

v2-chloro-4-nitro-benZene—diazonium 2-naphﬂ‘1ale‘nesolfonat>e.salt" :

o 2 5 d1ethoxy-4 [(4-methylphenyl)sulfanyl]benzenedlazomum salt
‘ Fast Blue B salt
| 9H—ﬂuoren672-d1azoniu'rn sait;
_-.-9,1OTdioxo-9,10-dihydrojl—anvthrac‘enedi,aZOniqm.sai_t; or .. -
' '.2-Methoxy—4—Iﬁ0rpholioobéozonediozonium s'alt':
‘6. The electroactlve polymer accordmg to any one of cla1ms '1 -3, whereln said

| dlaryhodomum derivative i isa compound of the followmg formula: -

S ow X

Whefeio
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X is an inorganic or organic anion selected from the group consisting of anion of F~,
‘Cl, Br, I, BFy, vBFa, ZnCla, HSOs, PFs, HgBra, HgBr:Clz, NOs', ‘nonafluoro-1-
butanesulfonate trrﬂuoromethanesulfonate dimethoxy¥2-anthraCenesulfonate, and

methylbenzenesulfonate
" Yisa5-7 membered saturated cyclic or heterocyclic, aromatic or'heterOaromatic
ting unsubstituted or mono-; di- or fri- substituted with: 4 | '
Ci-Cs straight-chain or branched alkyl group, C2-Cs straight—chain or branched
“alkenyl or alkynyl group, or phenyl group substituted at any ring position with one or more
the same or different C)-C;s straight-chain or branched alkyl group, phenyl or heterocyclic

"+ ring, which may be optionally substituted with one or more the same or different Ci1- Cs

strarght—cham or branched alkyl group, Ci-Cs alkoxy group, C]-Cs alkoxycarbonyl group,
carboxyl group, hydroxyl group, nitro group, halo gen atom or amino group optronally mono

_ or d1-subst1tuted with the same or dlfferent C1-Cs stralght-chaln or branched alkyl group,
. methyl group substrtuted with 1-3 halogen atoms |

ammo group optlonally mono or dl—substltuted wrth the same or- drfferent Ci-Cs

strarght—cham or branched alkyl group;
, thiol or thloether group havmg the. same or different 01 Cs stralght-cham or branched
alkyl group, ' '
sulfone or sulfate group havmg the..same or drfferent Ci- Cs straight-chain or
branched alkyl group; . '

nitro, cyano halogen, hydroxy, carboxyhc acrd or sulfomc acrd group; or

alkoxy or alkoxycarbonyl group havmg the same or drfferent Ci-Cs stralght-charn or .
"branched alkyl group, and .

Zisas- 7 membered saturated cychc or heterocychc aromatrc or heteroaroma’nc nng_

unsubstltuted or mono-, d1- or tr1— substltuted with:

Ci-Cy stralght—chaln or branched alkyl group, Cz—Cs stralght-charn or branched _
- alkenyl or alkynyl group, or phenyl group. substltuted at any r1ng posrtlon with one or more
the same or dlfferent Cl—Cs stralght-chaln or branched alkyl group, phenyl or heterocychc »
- ring, whrch may be optronally subs‘ntuted with on€ or more. the same of drfferent C1 Cg:

- stralght-cham or branched alkyl group, Ci-Cs alkoxy group,_ Ci-Cs alko_xycarbonyl group,
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carboxyl group, hydroxyl group, nitro group, halogen atom or amino group optionally mono

or d1 substituted with the same or different C1 Cs stralght—cham or branched alkyl group, -
methyl group substituted w1th 1-3 halogen atoms; |

amino group optionally mono or d1—subst1tuted with the same or drfferent Cl-Cs

stralght-cham or branched alkyl group, ‘

‘thiol or thioether group having the same or different C)- Cs stralght-chaln or branched |
alkyl group;

sulfone or sulfate group having the same or d1fferent C[-Cs stralght-cham or

. .Abranched alkyl group,
nitro, cyano, halogen hydroxy, carboxyhc acid or sulfonic acid group, or

4 alkoxy or alkoxycarbonyl group havmg the same or dlfferent Ci-Cs stra1 ght-cham or
‘ branched alkyl group ' -

7.  The electroactive polymer according to clalm 6, wherem sa1d dlaryhodomum

" derivative is D1phenyhodomum iodide salt;

'bls(4-methoxyphenyl)1odon_1um salt;

, bis(4-methylphenyl)iodonium' salt;
bis(4-tert—butylpherryl)lodoniuru'~ salt;
4-(phen§liodouio)beuéoatevs'alt; o

| his(4-ﬂuorophenyl)iolionium ealt,
his(4fbromophenyl)iodonlum ‘salt;

: bis.(tl-tert-l_)utylphenyl)iodonium salt;

. ‘."rhesi't)?l(4¥methylphenyl)iodonlum salt; 'A
‘ ‘2—(phenyliodonio)benzoate salt_; |
4 2-(pher1yliodonio)benzoate" |
| _(4-mtrophenyl)(phenyl)rodonlum
, .phenyl[3 (trlﬂuoromethyl)phenyl]1odon1um salt

(3 -bromophenyl)(mesrtyl)lodomum salt;
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(2-bromopheny1)(mesityl)iodonium salt;
. mesrty1[3 (tnﬂuoromethyl)phenyl]1odon1um salt
mes1tyl(4-n1trophenyl)1odomum salt
Diphenyleneiodoniu_m salt; or
3 ,'7-di'nitrodibenziodolium salt..
‘8. The electroactive polymer .according to any one of claims 1-3, wherein said
arylsulfonium derivative is a compound of the vfollowing forrnula:.
W.
Lx
Yy~ Yz
Wherein . | |

: X 1s an 1norgamc or orgamc anion selected from the group cons1st1ng of anion- of F
CI, Br, I, BFs, BF;, ZnClz, HSOyq, PFG, HgBrz, HgBr:Clz, NOs, nonafluoro-1-
- butanesulfonate, triﬂuoromethaneSulfonate, _ diniethoiy-2—anthracenesu1‘fonate, ~and

methylbenzenesulfonate;

" Y isabond, Ci-Cs straight-chain or branched alkyl group, or 5—7 membered saturated
cyclic or heterocyclic, aromatic or heteroaromatic ring unsubstituted' or mono-, di- or tri-

substltuted w1th

, 'C1-Cs stralght-cham or branched alkyl ‘group, Co- Cs stralght-chaln or bra.nched, .
“alkenyl or alkynyl group, or phenyl group substituted at any ring posr’uon w1th oné or more
the same or different C;-Cs stralght-cham or branched alkyl group, phenyl or heterocychc
ring, Whrch may be: optronally substituted with one or more the same or different Cr-Cq g
straight-chain or branched alkyi ‘grou'p',‘ Ci-Cs al.koxy- group, Cll'-Cs_alkoxycarbonyl group,
carb'oxyl ‘group, hydronyl 'g’roup, nitro 'group,. halogen atoni or arnino group optionally niono o

or d1-subst1tuted w1th the same or dlfferent Ci- Cs stralght-cham or branched alkyl group,
methyl group substltuted w1th 1- 3 halogen atoms

A ammo group optlonally 1riono or d1 subst1tuted w1th the same or dlfferent Ci- Cs

.stra1ght—cha1n or branched alkyl group,
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thiol or thioether group having the same or dlfferent Ci-Cs stralght—cham or branched

alkyl group,

sulfone or ‘sulfate group having the same or different Ci-Cs straight-chain or

branched alkyl group;

mtro, cyano halogen hydroxy, carboxyhc acid or sulfomc ac1d group, or

alkoxy or alkoxycarbonyl group having the same or drfferent Ci-Cs stralght-cham or -

_ branched alkyl group;

‘ Zisa bond Ci-Cs stra1ght-cha1n or branched alkyl group, or 5-7 memb ered saturated
cyclic or heterocychc aromatlc or heteroaromatlc ring unsubstltuted or mono-, di- or tri-

subst1tuted thh.

C1-Cg stralght-cham or' branched alkyl group, C>-Cg stralght-chaln or branched
alkenyl or alkynyl group, or phenyl group substltuted at any ring position w1th one or more
the same or dlfferent C1-Cs stralght-cham or branched alkyl group, pheny] or heterocychc
ring, which may be optionally subsntuted with one or more the same or different C;-Cs
stralght—cham or branched alkyl group, C1-Cs alkoxy group, C1-Cs alkoxycarbonyl group,
| carboxyl group, hydroxyl group, nitro group, halo, gen atom or amino group optlonally mono

or di- substltuted w1th the same or different C]-Cg stralght—cham or branched alkyl group;
methyl group substltuted w1th 1 -3 halogen atoms

ammo group optlonally mono or d1 substltuted with the same or dlfferent Cl-Cs

strarght-cham or branched alkyl group,

th101 or thloether group hav1ng the same or dlfferent Ci-Cs stralght-chaln or branched o
alkyl group,

sulfone or sulfate group hav1ng the same or dlfferent Ci- Cs stralght-cham or’

: branched alkyl group, ,
- nitro, cyano halo gen, hydroxy, carboxyhc acid or sulfomc ac1d group, or

alkoxy or alkoxycarbonyl group havxng the same or dlfferent CI-CS stra1ght-cha1n or -
' branched alkyl group; and ’ B

W is a bond C1 Cg stralght-cham or branched alkyl group, or 5-7 membered -

i saturated cyclic or heterocychc aromatlc or heteroaromatlc ring unsubstltuted or mono- di-- |

or tri- substituted with:

34



WO 2015/108487 | " PCTISG2015/000009

C1-Cs straight-chain or branched alkyl group,’CrCs straight—t:hain or branched

~ alkenyl or alkynyl group, or phenyl group substituted at any ring pOS1t10n with one or more o

the same or different C;-Cg straight-chain or branched alkyl group, phenyl or heterocychc'
ring, which may be optionally substrtuted with one or more the same or different C1-Cs
stralght-cham or branched alkyl group, C-Cs alkoxy group, C1-Cg alkoxycarbonyl group,
~ carboxyl-group, hydroxyl group, nitro group, halo geh atom or amino group opt10nally mono

or d1—subst1tuted with the same or different C1 Cs straight-chaln or branched alkyl group,
methyl group substltuted with 1-3 halogen atoms; |

amino group optronally mono or d1-subst1tuted- with the same or differen_t C1-Cs

stralght-chain or branched alkyl group;

~ -thiolor th1oether group havmg the same or different C]-Cs strai ght—charn or branched
alkyl group; ' ’
sulfone or sulfate group having the same or different C1-Cs_straight-chain or
branched alkyl group; R '
- nitro, cyano, halogen hydroxy, carboxylic acid ot sulfonic acid group; or -

_  alkoxy or alkoxycarbonyl group havrng the same or different C1-Cs strai ght—chain or
’ branched alkyl group; '

wherein at Ieast two of W, Y and Z are not a bond C1 Cg straight-cham or branched'

alkyl group
9." The electroactii/e polymer according to‘clairn'S, \;Vherein said arizlsulfoniurn 'derivatiue
s Triphenylsul'fonium salt' I B ' 4
| d1pheny1[4 (phenylsulfanyl)phenyl]sulfonium salt
- ‘(4 ﬂuorophenyl)(drphenyl)sulfomum salt
: trls,(4-tert~butylphenyl)sulfomum salt_, ,
tris(4-chlorophenyl)sulfonium salt; |
_' (4—cliloropheny1)diphen)}l_sulfonium‘ salt; |
Vtri'-p_—tolylsulfonium salt; |
tris(4-'r_nethoiryphenyl)sulfcn'iu'rn salt,
(4—‘methoxyphenyl)diphenylsulfonium salt; |
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ethyl(4-methoxyphenyl)(phenyl)sulfonium salt;
' A-_(.34-chlo.ropropyl)diphenylsulfonium salt; or
' (5—chloropentyl)diphenylsulfonium salt.

10.  An electroactive bioadhesive com_pos_ition comprising the electroactive polymer of
any- one of claim_s 1-9 and suitable solvents, surfactants,- stabilizers, fillers and other -
additives. | | . | B
11. . The composition according to claim 10, wherein said additives are anti—inﬂammatory
drugs anti-prOteases antibiotics, or anti-restenosis compounds. '

‘ 12. " .The composmon accordmg to clalm 10 or 11, wherein said composmon isina form'
. of hydrogel ' ‘

| 13._ ~ The composmon according to claim 10 or 11, wherem said composmon isina form»
- of b1ocompat1ble ﬁlm ‘patch or bondage ' ' ' A
14. ' The ' composition accordmg to any one of clalms 10- 13 further compnsmg_

conductrve particles or polymers of less than 50 micron compnsed of gold, iron, iron ox1des

.. platinum, magnesium, graphene, carbon black, carbon nanotubes, polyacetylene, poly(3-

'alkyl—’thiophene) polyaniline pOlyisothianaphthalene poly-(p-phenylene)_, poly-(p-
phenylene vinylene), polypyrole polythlophene or combmat1ons thereof. -
15. The composrtlon according to’ 14, wherem said composmon is: electncally .
-' conductive w1th conductivity greater than 0.01 siemen per centimeter.

. 16. . The compos1t1on accordmg to'14, whereln the conductive partlcles are coated with
anionic or cat10n1c coating comprising fatty acids, silica, polyethylene glycol, pluromcs
. poloxamers polydopamme polylysme or any suitable peptide.- ' '

17. , ‘The composmon accordmg to claim 14 wherein said conductrve partlcles are coated

with anlomc or cat10nlc coating,

18. The compos1t10n accordmg to any one of clalms 10 17 for use in surgery, such as -
gastromtestmal surgery towards cancer removal anastomoses procedures, such as blood o
vessel anastomoses wherem two tubes or lumens must be Jomed tissue fixation, suture

seahng and replacement, treatment of lung punctures, body lumen punctures or leaks, |

o cerebrospmal fluid membrane damages obes1ty treatments, and bowel obstructlons

| '19.--' A method for the preparatlon of the electroactlve polymer of any one of clalms 1 9,

comprlsmg the steps of

36



WO 2015/108487 - - o . PCT/SG2015/000009.

20.

L

(2) Preparing a solution of said biocompatible polymer having concentration of 0.1 to -
100 ing/ml at pH 7.2; |
(b) Dissolving said diazonium, arylsulfonium, or dialjyliodonium derivative in a

. suitable organic solvent within the concentration range of 0.01 to 100 mM;

(9 ‘Mixing and reacting the solution of said biocompatible polymer prepared in a)

with:the solution of the'derivative prepared in b), in order to 'covalently attach the
denvatlve to the polymer strand that is in the form of a thm film on a conductive

matenal

’_(d) Purifying said polymer modified in c) on a Sephadex G-25 column or usitlg other

- conventional purification and separatlon techniques in- order to remove the
unbound derivative molecules. ' A

Method of tissue ﬁxanon comprising the steps of:

- (a) _ Applymg the electroactive b10adhes1ve composmon of any one of clalms 10- '

18 toa tissue to be ﬁxed and .
(b). Activation of a voltage potentlal applied to an electrode on whlch the

electroactive polymer is placed, across the composition and tlssue area with- negatlve

_. 10 to positive 10 Volts vs. a reference electrbde that can be of any type such as

_ Ag/AgCl or Ag wire or any other electrode that has aconstant potentxal whtch depends

on the composmon in an electrolyte having a concentratwn of between 0. ()1 and 1 M.

‘The method according to clalm 20, wherem the applled voltage is between negatwe '

10 and pos1t1ve 10 Volts, time of apphed voltage is less than 20 minutes.

' _22.

The method accordmg to claim 20, wherein the appl1cat10n of voltage potentlal isin"

4 “the form of a constant or variable potential including AC.
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