RAPI DLY ACTI NG DRY SEALANT AND METHODS FOR USE AND
MANUFACTURE CROSS- REFERENCES TO RELATED APPLI CATI ONS
[ 0001] This application clains the benefit of
Wd)fdogﬁllﬁ;sg fromU. S. Patent Application No. 6PtBédaodRirsess
filed August 2, 2006. This application is also
related to U S Patent Nos. 5,874,500, 6,063, 061,
6, 066, 325, 6, 166, 130, and 6, 458, 889. The contents of
each of thesRAPIDRYAGHNGIRRY SEAIANEt ed by
reference. STATEMENT AS TO RI GHTS TO | NVENTI ONS
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1000- 5000, and pol y-N-vi nyl pyrrolidone, having an
aver age nol ecul ar weight ih the range of
30, 000- 200, 000. [0009] West and Hubbell, Biomaterials
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[0011] U.S. Pat. Nos. 4,925,677 and 5,041, 292
descri be a hydrogel conprising a protein conponent
cross-linked with a pol ysaccharide or
wopePRbgssaccharide and useful as a drug del pgfi¥007/074984
vehicl'e. [0012] Biodegradabl e injectable drug
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foll owi ng pendi ng applications, assigned to the

assi gnee of the present application, contain rel ated

subject matter: U S. Ser. No. 081903,674, filed on

Jul. 31, 1997; U. S. Ser. No. 60/050,437, filed on

Jun. 18, 1997; U.S. Ser. No. 08/704,852, filed on

Aug. 27, 1996; U.S. Ser. N@ 08/673,710, filed Jun.

19, 1996; U.S. Ser. No. 60/011,898, filed Feb. 20,

1996; U.S. Ser. No. 60/006, 321, filed on Nov. 7,

1996; U.S. Ser. No. 60/006, 322, filed on Nov. 7,

1996; U.S. Ser. No. 60/006, 324, filed on Nov. 7,



porous matrix havi ng interstices, and the
hydr ogel -f orm ng conmponent is capabl e of being
hydrated to forma hydrogel to fill at |east sone of
wd fbﬁs;hl@s%r stices. In some aspects, the pH Of p¢fiBs2007/074984
hydr ogel - f orm ng conponent may affect a reaction tine
for formng a sealant matrix bather. For exanple, in
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pol yal kyl ene oxide or the nmulti-electrophilic

pol yal kyl ene oxide, or botl¥ the nulti-nucleophilic

pol yal I cyl ene oxide and the nulti-electrophilic

pol yal kyl ene oxi de, nmay include a linking group. In
some cases, the multi-nucleophilic polyal kyl ene oxi de
can be given by the formula: polymer-QL-X"',. The



about 120 days. In sone cases, the first

cross-|inkabl e conponent includes nmultiple
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mul tiple electrophilic groups. [0024] In stil

anot her aspect, enbodi nents of the present invention
include a nethod for inhibiting bleeding at a target

: erogllﬂtlee}\xlyc{]og%l Bat hqg%eo érl ?9 ﬁXked-(_)QﬁS (Etga‘cfglg%asgln{l%bcls ldg&rlbed in WO
96/2088BNt suff|C|ent to inhibit bleedlng, wher e the

conposi t [ udes flrs ross-1ink
0@ hponent e etk e Be SRR o e EoRare (Fgnce of the
pregélﬁ%ﬁpllcbﬁdﬁﬁ cWhthin rbiaed kil sdt nettes 35 61 sekabd) a)swmmm efiltd on Jul.
under reaction enabling conditions,

and

31 hR87 o e -Seor No-re) @u3an Bled onthe. £ %%975111]08 SEEONY 08/704,852,

ﬁle%ré) ﬁuh %8‘1@93 PATRRP e[Q% So&&s ’Flr()o%?edl Juﬂk 1§ olé%r . Sl Ser. No.
Matri’x havi'ng interstiées, and dr ogel

60/10@t 898) dilebhigo rienw%aw &eSmawam%OQﬁ3Eﬂef h?g mykio‘at'?edf??@ u.s.

oo SR 579 L P 08 Bl vov

1998 %R B &er. NN 0891 F 10 Ml abaWin 07, Q§9mﬁdafuab1¢8dtosﬁem each of
when fully hydrated, that have an equjlibrium swel |

thescpppilingfions dninserpoticddunin by aiergnce daahpubligtiomsied above and
f r ials -
A L R T A
- suiGhie fon ubmehebmd}tempég fmnmlswmgrﬂlanmt@no&pshfapmwrﬁlen of surgical
second, cross-|inkable.co nent an i nel ude .oyl t i
ST OB B IR SEURS of ST, et pr ey ol Bes. for
* opBhalhie apFIRGEMs, AV @i ik Ielindeany e@thard detting time for these
delivering a bioactive substance to a t rget . site jn

mageriglstdan he Tass BayPPUTRL WheteRn fr suigiqahad fberdaedical Pl?mlga%oﬂs a
CaER! ' labl ial
o ARBRSIE KRl O BEERSR, Uil e gReity Sl el
manyrmdhu:dteswahﬁg psipedico dkat| drg kladd:serabl@ nfpoentain surgseat @pplications.

ro s-1ink e conponent t
b SO RS is AEINE SETis R s o BT RE 4 f8ue seatant
ﬁ{éﬁ@sﬂaﬂ@ aﬁcﬂ&dWBuMall@ﬂbp&cﬁyﬂB O@e\k/elﬂd) ml¥brbg desirable to prov1de
onent. The first and secaond cross-Ilinkable
H@ﬁ%&wéamn%m%§§e NHRIOPHUEDr m a por ous mat ri x
haV|ng interstices, and the hydrogel form ng

conponent may be capable of bein rated to forma
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dﬂiﬁmﬁb@ﬁ@dﬁtbwrﬁmeﬁillswelhngtpkop@lmea met hod for del i vering
a swell abl e conposition to a target site in tissue.
The met hod can include applying the conposition to
the target site, where the conposition includes a
first cross-linkable conmponent, a second
cross-1|inkabl e conponent thét cross-links with the
first cross-linkable WD 2008/ 016983PCT/ US2007/ 074984
conmponent under reaction enabling conditions, and a
hydr ogel -form ng conponent. The first and second
cross-1linkabl e conponents can cross-link to forma
porous matri x having interstices, and the hydroge
form ng conponent can be capabl e of being hydrated to
forma-hydrogel to fill at |east sone of the
interstices. The hydrogel can include subunits that



[0031] A conposition conprising: a first
cross-linkabl e conponent; a second cross- Ilnkable
conmponent that cross-links with the first
cross-|inkabl e conponent under reaction enabling
conditions; and a hydrogel -form ng conponent; wherein
‘the first ahd second cross-|inkabl e conponent

00@‘7:955 limbke afsﬁéd"f‘ Red@Qf @:‘dﬁld@&hkh?ﬁpb&’iﬁ@ﬂ@)tﬂpmsmg a first cross-
i nterstices, wherein the hydr ogel -form n

hnl@b}vpm@wemts acS@p%nsi @Oﬁllf&ébhﬁgcomiq%ﬁ ety o gith the fist
: | i .S 1f

Cm @'g%)g#ﬁ’dp (E)IFII’Iholgr}dt%It Bér?L @%ﬁ{ B%?’ag &@%m \%ﬁ]‘g raellwrﬁ1 orming
corﬁpdhsﬁt owhes:in thlel’fk‘&b%irel scemndounessthnfkdﬁp pome(gnfml bltosfplné( t0 form a

- nucl eophiljc .groups and th ras -
PO BERBRVES T LES: RiPE! "pﬁﬁsﬁg‘?fggarfﬁ iR eiph ?“é’ﬁ §§ capable of
belhé)ﬁﬁﬁhteér et RNPREIrbicd o 8l apREAGHAP l’(hf&ile inivheeices a{ndtvﬁfbrem the

first cross-Ilinkable conponent conPrlses

hydypgediformied eaprinenicdqss P?%\‘FTRVH%W‘&R hg dirsf L5955 dmhﬁible component

or AYSLBARBIL fn@bRUBTpoRAA, L e second cross-1inkable
nponent conpri ses a mul t-i - el ectrophilic

[Omtbl)]y al kyhengcoxd ah@ebtameregls prastidast & bip hopiasing: @u@gtamer and a

mix ro%@ﬁa%g%ﬁﬁﬁiﬁsq réﬁ'le c%%%a%n%PQ%er eI q}goléﬁ ops cgmprlslng a
first 'ciﬂb%s-lm]&'a\@laz&gﬁéﬁlkﬁ@&%ﬁﬁﬁﬁq@%@lﬁﬂem%ﬂu[t@@&Albs Tthe ﬁrst oross-
conposi tion of paragraph 33, wherein E t
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1’yval kyl ene oxide and the mul t|-electroph|
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hHQQMpﬁmgﬁﬁmHWﬂm@nmnmwEmmuwleoph|I|c groups sel ect ed

fromthe group consisting of NH2, -SH, -H -PH2, and
-CO- NH NH2. [0040] The conp03|t|on of paragraph 33

wherein the nulti-nucl eophilic polyal kyl ene oxi de
further conprises two or nore prinmary anino groups.
[0041] The conposition of paragraph 33, wherein the
mul ti-nucl eophilic polyal kyl ene oxide further
conprises two or nore thiol groups. [0042] The
conposi tion of paragraph 33, wherein the
mul ti-nucl eophilic polyal kyl ene oxide is polyethylene
gl ycol or a derivative thereof [0043] The conposition
of paragraph 42,. wherein the pol yethylene glyco
further conprises two or nore nucl eophilic groups
sel ected fromthe group consisting of a primary am no
group and a thiol group. [0044] The conposition of
par agr aph 33, wherein the nultl-electrophlllc
pol yal kyl eneoxi de further conprises two or nore
el ectrophilic groups'selectfd fromthe group
consi sting of CO2N( COCH2) 2, *- CO2H, - CHO, - CHOCHZ,
-N=C=0, -S02CH=CH2, N(COCH)2, and - S-S-(C5H4N)
[ 0045] The -conposition of paragraph 33, wherein the
mul ti-electrophilic polyal kyl ene oxide further
conprises two or nore succinimdyl groups.




[ 0046] The conposition of paragraph 33, wherein the
mul ti-el ectrophilic polyal kyl ene oxi de further
conprises two or nore naleindyl groups. [0047] The
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nmul'ti-electrophilic polyal kyl ene oxide is a

pol yet hyl ene gl ycol or a derivative thereof. [004511
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her nprising a polysaccharid
the &E&nﬁﬂg&oﬁ@oﬁéﬁ@ﬁ@aﬂeﬁta regctian giny dorSamiing g lssadain? matnx
0

barrieg| §@r2@l{g$§0§|()sgglgsﬁlq@tb|§%g§g@ ar % P@ﬁ{l‘ 4ginawées a?hyrbréglgfefonnmg
comp%ﬁ’nﬁf h&ﬁﬁ@zgpﬁ’ for B8 oGk & s@@deﬂrea@ttb‘nttirﬁb thehesshiositioh that

chondr 0| tin sulfate B chondr oitin sulfate
includgs akgdmgelrfosmklg ao@poncst BrvesiA Hl‘ﬁ?fag ‘heparin, and
derivatives thereof [0051] The conposition of
[co1 I BRfRRkrekslibkatilh ecrmmamrcms mgldanph@ﬂeemmleomh@p aroyps and the

the protein is collagen ar ri;vat iy [
secorfd g inkabie cARAOPER Of’:ngﬁlcglg g %’0@%1?10 \%B%Pg :)fr? spme aspects,
the ﬁﬁv+$és-1ﬂik%t1€% Rbﬁéﬁt Retuad Mhlﬁqmomptdﬁc polydlkgene oxide having m
ti-electrophilic poly aIICéIene oxi de, .or both .t

he
nucleaphiti¢ gznups, s Seaong srogsimkable sempRRgEngdes Hault- “eléchSphilic
I
g L e TS ek
cquam‘} t&@@raE@'lfVaﬁhm&ﬁﬁé memrmh:mm equal to Ty & BOPHRIPEES, 1 1s two, and
yl ene oxi de
m is ggq,t?ﬁ%q‘n (@fq w%eg}p\rin flﬁcggorﬁtljlfkl}% pog{a%)tlér’i]lg Bﬁldf can be
trafﬁﬁl;'h)ﬁﬂz\ﬂyca)éh%@d %'sﬂﬁe laSpcBis B s oo, izhle:l ik @reatdr dian or equal to three
pol ymer--C2-Y. wherein X is an el nﬁﬁlllc o
The ﬁﬂﬂb@l@ﬁml@nﬂihﬁ]ﬁlémng g%g S@ﬁﬂezcases |
both %‘ﬁ anue& WhaLS Hlic w" @aﬂéﬂé}e oxide a:ad the mulﬂ@ﬁé@éﬁhlﬁﬂﬁﬂyaﬂiylﬁ oxide

are roups selected fromthe group
are tefrafimttidnialiyg acifvated- [HHRNtG-nycleoghilic p?]@p&ylﬁne oxide can mnclude two or

more@nzge&fzﬁ o%dforozc g@%%hla%é?g % ?@%\ﬂfﬁmz In some

'casesV‘ﬁi@ Elﬁﬂﬁlnﬁélec@hﬂxc plly. a:'l]@IéﬂE oxidh éncides R cn’@h@e pOyBary amino groups.
NH- CH2CH2- n 1 P
- In some cases the mulu-nucle%phlhc polya ler/leoox?gealgchg Ltjx%' :p H!Opﬂi‘?tﬁl%?éroups
The multi-nucleophilic polyalkylene oxide can be polyethylene glycol or a derivative thereof.

In some cases, the polyethylene glycol includes two or more nucleophilic groups, which may

include a primary amino group and/or a thiol group. The multi-elect_rophilic polyalkylene
oxide can include two or more electrophilic groups such as -CON(COCHz) 2, -COzH, -CHO,
_CHOCH,, -N=C=0, -SO,CH=CHj, -N(COCH) , and/or -8-S-(CsHN). The multi-
electrophilic polyalkylene oxide may include two or more succinimidyl groups. The multi-
electrophilic polyalkylene oxide may mclude two or more maleimidyl groups. In some cases,
the multi-electrophilic polyalkylene oxide can be a polyethylene glycol or a derivative
thereof.

[0020] In some aspects, the composition includes 2 polysacchande or a protein. The
polysaccharide can be a glycosaminoglycan, such as hyaluronic acid, chitin, chondr01t1n

sulfate A, chondroitin sulfate B, chondroitin sulfate C, keratin sulfate, keratosulfate, heparin,

or a derivative thereof. The protein can be collagen or a derivative thereof. The multi-

5



wherein QL and 2 may be the sanme or different or nmay
be absent. [0054] The conposition of paragraph 53,
wherein Y is given by the formula: -CO2N(COCH2)2- -

e conposition of paragraph 53, whepet/is o1/ #4984

Wé?@é’ﬁl%%ht he formul a: -N(COCH) 2. [0056] The
conposi tion of paragraph 33, wherein the )

nuclevphiic poiyelkelephorideonibe pri-dertrophifieipolygik ylare oxide, or both the

Iti-elect ilic.pol ' o
i ghleop i PRURRT Pt S e LR SR ARl nd i, may
inclulidth Lihkigk gfoglﬁ.omgﬂoiﬂgcbamJ tyﬁilﬂn}ti-mmopbdlig gcgmlky_l'}hm oxide can be
conpri se(s) a biodegra e.gr . e .. -
giverti@hnﬁgg Soreudy p@m@@i—%@ S[ﬁle W@-ﬁﬁéﬂ%@ __ 1ctpﬂ§]alky{]ene oxide cap be
give z apt‘ﬂ@ G AReP h@yﬂx@@@p—vn.s XS&h 86 b @RcitdphMctddGupting UPcan be a

nsi st ng [ acti de, glycollde, c-caprol act gne, 5
nuclqophiji¢ ardupomaeng naet eich bp ety ¢.ant mernde; ) andppgh of Q and Q7can

.pol y(anhydr,i de 58k T QMRS IEHAN. ¢ Cpﬁgqgﬁgnq_ .
be h’gci“g éfﬁ'él"r%?l%h %Sh'é)'%(’g/}%%dgjgl’ P%rl% hg cg%%%ﬁég?z i s capabl %
(CHA-, {MBCAOR 1 dndibe®-RO-COBNHL dn Somagrmssst E¢abbot tnifa i igtrebe -1, -

dr ogel , t hat ri Ln and.wi |l [ I
Clsn e ok Aot By o - Rl 2SR QR B ot B or
diffetMiESrSlaR bt Bssehty Oh 0GRS asg@éﬁ} N G@He SOOMNICOCHRNOrRGOSNERRCH,),.

rangi ng from about 0

1 to about 5 f.ull
Insohptnezs e - Pisiomh i o FTIERS GG AT REP T Pom

' ut 400% 50009 . 2 of
poty Al AR ool B Ao A R o b P,
electibphilia galyaliglehé axideffutties sciudan bindegrodehle. grp@oelie bivflssradable

groug 0 ey Syt reali P Py ARy A0 e YD Afecid). o
2§Hﬁﬂﬁ’§1 i GORRE, R MEirspt] fRefingeomgattht is[cBiibld of being -

apol np05|??gﬂsggkpapadraph 60, mhergigm?he altlve agent

hydrated t foiot fiagmenigbbiocommublehyiiegel bt stides gty and absoros

A h WIRT £ 0ty bn inSiubi SRl havi
watel QAR el o HORE Bl s Bl ol BB Ohn HBb bR having
sizesPaigirgfrom bt 08X hod te st § sinmgherdfrily hydreted! aed apeqyilibrium

target _site aon e pati N, ano f o
swell a8 PRS0 RGP SR O PO gt Wispge pos n in vivo
degriiBhib @Rt BPled BRMINR@2A I8 B6mE Casts, irliydropel it deavepdrodly
-~ conprising adm nistering to a bleedin arget .si.t an ..
hydratedbwith apAqeRes melPBSRE IOHASY ARG pSeBh WREDpRPEpds 4 Hotting
Wy la]¥e) | eedi ng. WO 2008/ 016983PCT/ US2007/ 074984
qﬁmﬁgﬁ%%Fhﬁb%%?hod for delivering thronbin to a patient,

t he met hod conpri.sin drd.ni sterj. - '
o0 B e PGPSR Ak sl Slloa
delivBdngSaf dckicé Sgaht foQ [afibAtbThe blettwdicagincln@O&H}nkicring to a target site
.conposition conprising,a mylti-n

- nycl i ]|
on thp phiyesf Ry frapiEt ok ERMPRFILADIaE ﬁ%ﬁcefk?dr%%b‘%- Pﬁ‘léf”lﬁg B3PEFRY | ene

LS & 199E4e ik QidE 1@ 8k patiRer Bigméthed can
aﬁh%%#%ﬁ%ﬁ%ﬁ@%gﬁ?%?ﬂ_pof§alKy engﬁ%¥?%§ fu?ther ) :
includeajminsesingto & blreding tiegeb siterrmramonni H@ cgrpaptiemes depcribed herein
. least one.thiol.gr - an ' o nelud thod
in a0 SISO PR o S b BB aiments fnclude 2 metho
for daﬁieﬁﬁ% KirbrEhi@ t®X ipsktena nThenmbthod ednendiudppidividigtering to a bleeding

pal yal kyl ene, oxi de are capahl e of. substanti.al Ly. i g
targef ol OB IS IPHRPD & (GBI RGD B e Pt ghrent o inhibit
bleedi@Pri sing a mul ti-nucleophilic polyal kyl ene oxide, a
mi'tiel ectrophilic polyallcylene oxide, and a

drogel form ng.co . Mﬂ;; .0 : :

[002 yI ]{“1 %@@8@%@%&’ %%rq%@%’? %}Qﬂ Ene org(gie eﬁ1 I Ehar opass 2 B

compoRth 15 ctudes Smultberlédphitic pylyeliglenamddd, henulti-electrophilic
mul ti el ectrophilic polyal kyl ene oxide further
conprises two or nore electéophilic groups sel ected
fromthe group consisting of succinimdyl groups and
mal ei m dyl groups, and wherei n under
reaction-enabling conditions the nmulti-nucleophi lie
pol yal kyl ene oxide and nultielectrophilic




[0071] The conposition of paragraph 69 further
conprising a protein or a polysaccharide. [0072] The
conposi.tion of paragraph 69 further conprising a

W(p?d mi'aﬁg&harl de, wherein the polysaccharide pgr@s2007/074984
gl'ycosamni nogl ycan. [0073] The conposition of

par agraph 72, wherein the glycosam nogl ycan i
polyeﬂleﬁ&wtfm‘ﬂef mmﬂmgglr foupingsneipendnh ng@fmﬂga!ﬂelﬁ%ﬁhﬂéc polyalkylene

chondroitin sul.-fa g
oxid i el el g GG Py ey P e e PRSI I growp
Undef @éa%ﬁ&ﬁéﬁabmgeconhﬁ@ag ibe mman duelesphilatiolsatcytdne peidé and mulii-
[0074] The conpasition o par asgq%gglg, 69 further

elect:@@ha,})lp |pg]iyﬁ]§ylgn?3q}@@%§rﬁ capah cg' iSpb Ig{l]éqd']fﬂ;? %ro%solmké%e n
Emb&ﬁ?l@ntg €hdo Eés\é?,m%;l}ﬁﬁ%f he&eoﬁz ﬂu]?ﬁnﬁ@&dﬁ)ﬁﬂmfperyaﬁ@fdnb ﬁgde

ssue conprising at | east
er g B CStWO

mcluﬂesl twomg mrﬂhméwupfr a@tthmlm @mﬁ%@wﬂyakl%a%’fl

0ss-1inka d
ormip SleE BRI e SRR g e R or f melemitypae A
Embddif$hts 6156 Scotupassaldiupositomsoriendt thEI mméx—nucémphﬂmpolyalkylene oxide

enabl ing conditions; and a, h dro formn
mcludes e e Fore nucleophilic groups sich ﬂngaIfylafIIg{L %Tﬁ) gnedéf%rna iol

DK aklophiGe fefic 6£186 Sanl iheldel tovofoD rrmr@smomnmdyl
- gmu%t ri xlu%aw ngﬁ?lnt (g?gtg;&ges and t he hydr ogel ng

grougeso Fp vremeastss cihpditiats GRCOFEIAHRIPIF P4t 4ng
poly?%%cgggﬂvﬂ(‘go&voa& do?@ﬁﬁol Ojseéd?ﬁ ﬁoﬁkﬁﬂzﬁﬂhb @Beel having

nmprising su init's havi ng 'si zes rangi ng
two drin@ite alhﬁﬂﬁmﬁyDgrou;m dr enaddimidy! Sromps, mhhyd;pgeg: fayppinegomponent.

The s:]ugy %fﬁg% Hiol 2 q uilibriu ranlé%\}lnf%iq)(gq 1%51?1%11&3{1 BLoL g? &[LA? bé’ ?Héﬁst five,

and ﬁﬁ&ﬁ%ﬁn@&ﬁhﬁ@ﬁ cordditiéhsaROfst dol{thidste. gl)[cﬁDzZﬂ]sed’d]ﬁ polyethylene
hod of %kﬂ a raph 75, wherein

the fi
glyodd mwénelcamb fenbstangats mmedias erhseiking ¢ tIPﬁ?r&e cases, the first

arkPBe B oROhIIEEKy ] doS &8lud
potyBHEROAICY b AEOKRCHR S BE 2RPEO A oROPITERE, BRI b Rludes
four suehinimidyhgrougise Susamy esesatheapgpesiton 1@“'1!1@135&1 IRl s

hod
R e O e S e
chitil|cBeslirfign siilhge & O¢HoadioitinoslfaeB) rchmdngnn sulfafer Gtkeratin sulfate,
et MR SRR Je B e e

therebf ' St cross-|inkabl e component under reaction
enabl i ng conditions; and a hydrogel -form ng

o TR o SO RSO 38 st o

scaliGOIRGNERh&. Thossthot Bk inolutle rieast patly Gi¥ingattiskve tral/igy2

t t the h f
compoSRBIS! G HH A BaO LGP S AT RgRr LB |
comnehi@ia broa QiRkQkith e firflcedslinkMls cohhﬁ»nkm dﬂ@@ @baction enabling

conpri sing subunits having si zes ran |ng from a Oﬁlt 0
cond@nsrand e hadrogtl-forming wprapotient. | Therfrs é‘“cfon P

comSia AL HETE e ENEh O aﬁmhamwm&mag '8 @0Wdrogel-

e tissue tract after from
formapQstnpdndn® caﬂmﬁapélﬂé)oﬂwsg h)[dﬁﬂé’(qu e a hredrpgsl toofill at least some

par agraph. 77, where eflr
of th BN cOip FPeBab BN i et SRR B AR face rangips from
about 085 %ﬁﬁ Yol P whitkaubl Qy&@f&pthﬁﬂiav@mmqmlﬂ:e&m swell ranging
mul tip eelectro&élllctg@oups $$ 110
fromdiébut\#é)f)%tg abous L 309, apd thaideeadcin ﬂ?"on g '?f?g@ er %atfoﬁ
a patient's body, the nethod conprising delivering a
conmposition in conmbination with the bioactive

substance to the target site, the conposition
conpri si ng: 7




a first cross-1|inkable conponent; a second
cross-linkabl e conponent that cross-links with the
first cross-linkable conponent under reaction

condi tions; and a hydrogel - for m ngperus2e07/074984
W@&ﬂ%SHQQ% wherein the first and second

cross-|inkabl e conmponents cross-link to forma porous
abouﬂﬁld da&s hBMoR@ casts ahs fiisCasss-lakdble hempanedr mgiaﬂesfrmﬂtxpln g

nponent i s_capabl f be| h dr
ucloppEHIG GEUPE Bt the pocsp PRREr g clepit piE gues.
the hydrogel conprising subunlts havi ng si zes rangln% -
[0024) o ssibicmbther @ﬁeqmmtmdm@tof thenrpsRRERYLiPT iChiiE P Atcdhed for
havi n | i.briu
P 58 e At PRl LA P o e Rl ARlac i o

comlﬁfsitﬁﬁ 1 the farpd it inlantamoabouffic G0 tuliabibit b[_le@@@@] witiiethe
nmet hod of para%raph 79, wherein the fir

compEpiiga 1chHieh BT EBRD AR BB ddoo e kbl component

that &H&hﬁ&p Rlithitfe BPHPSE- [RREbIE BensReaNshderessioh endoaig eonditions,
onponent conprises nultiple electrophilic groups

and { QOB rmirermom PRz BfEGE F60PY CTRHUREPIF SoRponents oan
cmss%gﬁsgd, &Q&J ARES haﬁn%&%a ahil thedg@RLel fmgﬁgaonepom

n paragra erein thé broactive
may sm@ma @ébdnﬁg hjrdramdbta’forxtl 0083PeA wrﬁﬂ lrbidast eemeied the B

a swe| | ahl t to atar S e
R e e s
mm W& H?drat%ﬂ ttRat hht?eearpea;nmbﬁuml sorell et fsirm gboua4®0% &t about

cross-1inkabl e conponent

130059 oad @1’6‘%@@117 sy /h@qt@@ggfrom about 1 to abopt 120 days. The first
crosslint Sl?l & OE ﬁ’d@:‘%ﬂﬁluﬁl@%ﬁc}%ﬂﬁﬁ Jrbips andteRedoR8 cross-

e conponent under” reacti on.
hnkahleabmpmysnt mﬂntlummhah@l@trhgkuh@ gelps dr angiber aspect,

one e [
et GBSk pion LS, BT R R s
toa tﬁ%&tfsﬂ?é iMaphtigrs BedgT The arthod endinchde ﬂngengga cdopasitiog in
nponent i s capable of b

h
comiygPRgBIh tboDIPFR e ANUHAB5 1 BOMELFIS NG HcPBpPyGan inciudes

first ﬁh\kg&e U6l SR hissdond cfd bl ddapbiigt Ha? @Bss-laikgiwig) the
§r0n1 ut Op05 n#fto about 5 mmwhen fully hydrated,.

first nassrmgcabln cempérenbyridgrieasiion enghl g capdifipnsnngirdivdrops
compo]nrtane . L qk? ngd/gec%rgs%Q.g&ut g 21:{69011%5‘@ chil éﬁé&%ﬁk"t@ ®&xm a porous

¥ oM about cl ays,
matrik GAPIAg irttéreticed mﬂgh&igﬂn@ahﬁdnam@oamgoneh@nay b@cap able of being

1T b | to t

hydrgipeiodor « ERbpES 't 61 Brieeg e SkeATtBrt o DAREH Bhbe

suburdihaVB ga&@s fhgia TR ekt $85 meherabit Stihe vfrhsnﬁlly hydrated, an
cross-Tli nkabl e coggonent conpri ses Imu ti

cquiliburo i ARG FomBUoEAR e et 100 25 651 fesrad e tissue
tract %@%%:?n %ou? P rlﬁo Og{sﬁfofﬁégé gy s@m@l e&h aPhist d:6ssALRUPIE component

par agraph 83, wherein the target
1nc1ua¢staenmap1emutiee;ﬂubc grelpscnd dhef seoond; diess dinksehle @qsnmngmumﬁudes

scl e |the |aI tlSs
Bl ROl Breubt TR PPV ol bE® B bf FARAGHALELON quch s
thron®@f1Se organ tissue, vascul ar and cardlac tissue,
gastrointestinal organs and tissue, pleura and other
{002#1 Mgg&, USnbdGhrideYof tROSIAEN: ROertHod MeludeiBth&he @y
emal € repr ctive organs, adipose tissue, liver,
delivprdrpcs sa;aeﬂ},abie)cnmppsmwtplal tanges, sith massue r Bie methed ean inghgle applying

nucosal ti.ssue, and e
the oA 1 GROBECH G WAH GG CoRga P Rl AR ce olcabe
compoRént! P@8id &béselinkabla cv@pshenefhmosilinks with e fretl ceassdidkable
tissue. [0087] The nethod of paragraph 86, wherein
the void region is selectedgfromthe group consisting
of tissue divots, tissue tracts, intravertebra
spaces, and body cavities. [0088] The nethod of
par agraph 83, wherein the hydrogel has a degree of
hydration in the range from50%to 95% of the

o o o~ o~



WO 2008/ 016983PCT/ US2007/ 074984 [ 0091] The met hod of
par agraph 89, wherein the plasticizer is present at
fromO. 1% by wei ght to 30% by wei ght of the

: 4 on of the hydrogel conponent. [ O009g¢1/fs2007/074984
wg?@ﬁﬁj&bgas in any one of paragraphs 75-91, wherein the

hydr ogel conprises a cross-|inked protein hydrogel.
compoB&9 3hdeh revetitrohabling condiioag raph hgiogehiammaigcantpenent. The first

and Sg%ft ?ﬁs‘hg@gﬁ%gpgg?l{t%%@&g%@% gquﬁm(::l %g)%m%l% Ir%g'lxoﬁavmg
mtersfulcgé' Qrgﬁﬂﬂe h{/erﬁél PornfRS &inthonbit REOBECHible oﬂie&fghydxated to form a

keratin, lamnin, and derivatives and conbin

hydragsbtoddf at leapiGogjof foerraieriersad e RYGRgE! W@P%ﬁ#&%&bﬂ dave

sizes r%g%méac 1 gl%arugg ok Frgﬂg%?t{ %Qﬁe{ntn?‘ggﬁfafgﬁlﬁ?ﬁa@&a Q%Bh%gﬂéflled

equilibiameswelliriveinpoiyrs abai 400%do apus 230884 ae ingihe tigsue

v SO 9 B R B KSADB LA, AL

equﬂi‘b)‘ibﬁ%eﬂ%fu@ﬁ@.hcﬁkﬂﬂ 16 BicQtargaite &Me:teﬁtsa\mﬂattdan equilibrium swell
combi nat i ons t hereof . [0096] A neth

valuegfin W%@paﬁ% eryserossylfikallp ﬁoqlﬁ@eﬂ 6‘86 “@%ﬁ*‘bﬁ‘ﬂ"i‘ﬁé’gh‘?

~ groups'afd $tiel sbaHs8 @rd%Q Rinkin?d QRhfonRaliNdRRies nﬁﬁ@%@ieoﬁoﬁﬁh@ efbups In

I n paragraph wherein the cross-1inked
someragpecis] the tygat sp@isyrmssug ehrebg muscle; in.tepiheyigbiisgue, smooth, skeletal

or car(ééﬁnSI o i?in cg) %%1 € opsgt}%ija %?1!? ,%%E&a&g%ﬂﬁ%nd other sense

Cyaer
organky hdcaiar @-id}tﬁﬁimdi&sue @ﬁdtnbamssohﬂ otmnesnd tissue, pleura and other
pol yoxyet hl enes and | 0 t hereo Adhpénse
pulmepar Berugdidng al gepgauicy} oPaht ¢
tissud) KOS nl‘:reﬁé:’ h§ %&hﬁtge |1‘f6ﬁ§ torﬂ%@s&%ﬂd@ﬁlﬁ:ﬁiﬁ tissik.emti@pleen and
from group consi st n ‘of cross-|inked_proteins,
other@bdjwnﬂlqum& gtﬁoy@aﬁém dargetgienclugess Yqidpegipn within the

selecteg %ssue su&gjamst@s%hg g?ﬁts tissul B3 in a ﬁa"IEEtE ol o gtl,se bbb ¥%aRRe In

ara ra ere|n nprises a
someltyséﬁ Qb@hydmgej{ hasra degekeaf hydhaoayein tha:@sg'rﬁ'qm ﬁﬂ%go 886t the

hydra\éwplgrgfgéqﬂ}]_ﬁ?pmﬁgg g:(flqu%%a%ﬁeté%ﬁ)rmg%e}/ nggs exlqlastlc1zer such as

'polye@cgrllh% tohyRBS soMbitsiNon/dlRebl C MRS Blabticidet NGy bé pﬂ&;eiht ﬁthﬂjm 0 1% by
nmer ol ecul es. 0100] A net hod i n any
 weighide S dprisieotis cvmeavsaﬁlqal Qe R omreaEy PR scs,
%ntﬂaﬁid al5tik) 86labl
hyd“’ggﬂ &Hh% °§5SQ édlg%l on ‘of :irkllﬁydlr)%ggl 8 ®

roduce Irra under

: collagmmbumm:mmdylahm,ﬁbmm,cﬁm cflSpmkﬁlPrgn@ﬂDW}@Fl@d@raﬁn Jaminin,

010
s TR RS I LBy b 06 e
linkedPOI9GUEAFAE " DisSpdlysakebarily cinGgethde giﬁiosdlﬁiﬁogiwns starch

produced by reactign of nono nsaturat d and
dmv@ofesﬁdi@%ﬂow@sawwwgﬂgwﬁ ‘{fﬁ%f W%P%@&Fd
: }moﬂ? Qﬁ&g& Ri%%é F& AR f s%ﬁx% c\ééys Cte lrij«ﬁb 1 ﬁfcﬁﬁ@si érolfted non-
roge nme

r nmol ecul es. [0102] A nethod of

biologio pqilymgr amdmm-luxkném-bmmg@qm@tca%msl@ri%@wa%ﬂ%x

ri t he a first
polyn&q%%glz% a 1%%11%3? %&vaarlr s1nsh§)01yacﬁﬁeo%lg€dl{)dg% i c
polcafiobidRBeq polysxyadard, axesmbinatiksithecdo ipwnemases, the hydrogel

inoude GLIEFB BT PRGBS o™k AR e OIS B fpigd prosens

cross%ﬁ 1} RcdhRFiMB:C Bl SR iR ASn-bBRER Wol sinersMTEHediydroge] can
are each greater than or equal to two

and
mcludwelt}e‘lmgehmiymsr @d@ewdroaehaﬁssdml@wapmt ah¢ hxﬂéogel polymer and
ning.the firs anent cross-
the GRS Bon iy ek £ hog] REAON P URARGRL wBRH Yletross
hydr ogel form ng conponent ¢o the first
cross-|inkabl e conponent and the second
cross-1linkabl e conponent;




allowing the first cross-Iinkable conponent and the
second cross-Ilinkable conponent to becone
cross-linked to one another to forma three

nal matrix. [0103] The nmethod of papEFHERET/074984
‘anggmédgther conprising contacting a first tissue

surface and a second surface with the first

linkifg mdfuga@bmrmmtwnm sotfeeasseshablydsegsb includpiamyplecular
CTOS&#W@%%{#%%?} B‘g tgét:}éﬁhoe% c{u%rde%rygl%n e seco%yéﬁ ek thder

condﬁiéh§ FERK 'yﬁlc?cr@é!stlkﬂ@gtdf&agv&@galpbfyﬁﬁ:ﬁmo[eﬁﬂl%] IiTdoenemesdspttie
paragraph 103, wherein the sec nd surf

hycrogsbiac AR MB0Ie B8 AaoS eI B P e Rt B resction of

mon&%gﬁlg'; yn?wieﬁ %u.r%@gntg&@édrh i %%}g?hd%%ﬁéé Mngflf'] %oggilgl?n§whﬁsﬂ§?ﬁld

crossplatkargrodfidib 88 polyner siotectile® synt hetic inplant is
selected fromthe group consisting of a donor cornea,

[0026N Ryt &omeabspbb@aﬂbma&gk of the resumt invedtion engmnpass a method of
fom}%%ﬁqit{%%h@engggaggwﬁtaﬁ:‘%%ﬁ? eEL hetslg:ﬁtme%é%idﬁ@u e@p?owcemg a first
cross B QS%W éﬁ%ucfe@;?i?l?&s%ﬁﬂﬁ afe b Re@n®tross-linkable

paragr ap rein the craoss-|inkabl e
complmmj ooeainingihsecsplitid goups sThe epeapralic grpRiTesrt With ke

f T u
R e SRR B35 GBP 5 s o
to twd 0R8/nPA60 8REMB20 07 ¢ iatB aive] ThOBkiDH elsorbichuds @fmblmng the

aragraph 102, wherejn the fir [08S- I|n
frst o OEN COPRPBLRGTRS er e Rk TR Py roee!

forming mﬁ?%ﬁ%'mé BFsFTErDgs-HRARe ReRporRhtandatdseaRl dred-lmkatde
In a single conbined mxed powder fornulatllmgabIe

| commnemmdfaﬂﬁmﬂgt’thesﬁﬁécrgﬁrlﬂﬂié@e cpmpangPt apd e REPHGF
com;?)a?x} ﬁ \S‘ ph 19;1965&%&890 rc‘m{: Re B XERnR ‘%"ﬁﬁ}@é dlﬁrféﬁﬂyﬁé}daﬁ{h The

r'ses a protein or a polysaccharid
meﬂab@&abﬂlsoTxhﬁudﬁtohmdung a Pt a::}naphfame)@d anteedngli aqrfgwémffh the ffirst

tissue surface_ s on or.i ard t
crosshahlg pRppERt here- e Crt oA aPAT 46 e ARGl fmine
componnt! i ShmeldagiUe Setoh@cefre i‘ﬁprmesnssammfaumdm someicases, the

adj acent to a surglcal site, and erei,n the t ha

secorfd furfaeris ea%ﬁ%@%@ug@@psw a3 f SEYGCHRIALY, TF sgfthetic
1mplz§1t E&J)e[ao(\ii%l o}%‘(% ﬁf&lﬁﬁﬁﬁaﬂglo&ﬁﬁe@&l alfRart Qive Wh QFticinl bhgn, a

ation further conprises collagen.
bond[;ﬁasm;ns 'lanemptantabtb laitlcpbr avpsanc &b, a sigmb s R AtepE2fi xed

com owder  Tor mul at bt% qh toQﬁLnl%tB%%\cx&é&Een@ ﬂ@ s%!:ﬁﬂ' c‘f@és-llﬁkaable

’{%emasﬁg:ﬁ'tcasef I cOmposI t
comﬁbﬁ&ﬁ I dng itihydroge] formmg coﬁrpfmdn,‘s bre@aﬂ&gwphcdw;lnq;bbvdcred form at the
conponent conprisin h|| rou
first figsec furfece. [ FOBS CpH Eﬁﬁ%ﬁﬁ% &P PRS-

e%S E'éﬂéfhelrﬂgﬁllﬁ%@f@m‘ﬁﬁ &Hﬁd’ﬂentc‘@éfwch apggdrmbbbwh@ ina

e ectpop I''rc groups, the second cross-|i bl e

single compigneiTnizied préoW*Wrﬁ the flastAsHy Gridrsel Th%%%#gmwder

onent _ i vder ed,
oo BRI R UGS A g, T PGB e
or in @h@@Sishiervf alkb tiesuep Ahe fitss tisue soéqpa bireindfide, surround or be

substantial ly inmredi ate cr.oss- 011
scjachpiaa SHEIRAET o SR BN GAY B0 TG F apie et P g some
casest ﬁl% Iﬁlg&%ovﬁfepﬁﬁmhlaﬁkﬁ hicmds@mg@mn &ﬂﬁ@&s&s@tﬁehﬁxed powder
cross-linkabl e conmponent provides q¥Fonb|ne

fomwammmﬁmmlelo@@nlﬁow@m g hpBSPIP 8Pl fanhofiengnts the

0ss-11nk {ﬁrﬁ}&ﬂ posiGtd thalinSudes a first cross-linkable
prese@% g%ﬁ’f’?a &%Jl F’scé) ?’gﬁdlgscg about O. %1 %1 oesazllbcgfjtcmzsg
percent by wei ght of the conbined cross-I|inkable
conponent conposition. 10



[0117] The m xed powder conposition of paragraph 115,
wherein the first cross-1inkable conponent added to
the second cross-1linkabl e conponent provides a

wgggﬁg}‘,%gs cross-|inkabl e component conpositi @at/u8ie7/074984
e second cross-linkable component is present at a

WD 2008/ 016983PCT/ US2007/ 074984 concentration in the
compeneyeingowdtrod form f@vm@ na%ﬂ@ nq@eoaéﬂle EMUPH? SGRomg [gTosginkable

com%%%ﬁ%@% ﬁ%@d fo l‘égfglf)l 2 oup IO hidrgk] forrmng

e m xe on of “paragraph™ 11
compdrehicin poardyved fitin. r(ﬁidmemdﬁon#maﬁlmg sonditians ﬁiel firstlant) IS@ond CTOSS-

nponent to the dc £5: | i bIe onent is
1“%%% OPQH%@F?F&Hf é’géﬂ’ﬁ'm&%a 119] The
m xed powder coqEOS|t|on of g@ragraph 115 wherein a
[002Fki he rqlaéa@d wpest, thErst ¢rpsstlinkabls sompeneniaddedhigioternd qress-

s 005 A s OmAn Skt e s
crosSAhﬂ{ablerbompmnghin heqtesenﬂwamentlm@ﬁn ths ranga df @@ub(hél to about

" Cros I|n nts .a t he hydr.o
20 DB BRI & G PR Pa oAb s S Bor g Jpme case
the séc%rf@l \Wobk- hﬁ%%am%ﬁeﬂihéﬁﬂﬂb Rewdes: acomeasitiondnthe range of about
051 b@fra ph 115, wherein a weight ratio between the
% a

20, percers Sp Heieh ektle P‘P’W’@ﬁﬁ gowsdmkaiierruaroRmyf cpwgosmon A
we1gﬁt5b/1q{19 Q% T 'g}o@sglui@g&% bndn? td’\ﬁhte BicBnPcrbR0oRakiE @&hponent can.

Yoto about 30% w'w. [0122] The m xed powder
‘be mahmpoga fromnbatft 45 % tagbays 5% Relatpdy, @iweigh eatipiof §te first cross-

, . )
BT N o
cases; b @efehk Hlilsdetveen CHEfSRAN s@on® ombd-linkable andpdreeatsfand dts

cross-|inkabl e conponent. is 0
ydrgish SRR TG, CEhGe ViHGE e SRaLAbos: 3 9 OBy

Relal@lyCE Wi ﬁﬁymﬁgbwﬁleﬁ?ﬁ A GOBRbAEHRIRRELIL b ks and the
cofrponent conposition 0123] The m xed

hydregshfoming @mp@ﬁer;t SPIRbR @zange\m dont %Or)é‘wf 4@%&30% wiw. In
somecarsogc }1h r}é oess-cl\i%%(f&gcﬁ{xpoﬁg& IQ%BQ Ire&%t g’cectcbgﬁ%nﬂanon in the

STe conpon provi des” a conbi ne
ranga:csfoﬁ»suﬂ 0.fivadboat 200mepenthyt weighird she dombined atpss-hekabBeomgonent

: cross-Linhkaple co nent..i.s.present at

compBbionnRe BicA b b dorRd croa ol GBaberd bahepraai i+ 20

concé%@ﬂ'aﬁ@ﬁ‘h Y rafeé fubof 0.5 keaveanty }E&d&ﬂﬂﬁ}oﬁaglhtldf lﬂﬂbioﬁlbmed Cross-
onponent conposition. [0124] The_m xed:

hnkable PPEEPRENb OTEHOSI R dy HpiBht T3t0 of{he fist ﬁOFé'IW@F@ﬁ Pom%&qe%t to the
secorl crodd qglnﬁgblilé E?ﬁg;gﬁfeﬁf dah BE @PHE LREBARERbud B4 A&bSRSEHY

Cross conmponent 1s 1N the range from about .
Smnlz&ﬂ%atwelg]mmo &3be fifs0@ ] linkiablersosapenepbindls seeensipwess thinkable

of wherein a weight ratio of the first
compé’P’S‘g aﬁ%ﬁ%ﬂ é‘%&onponent to the second cross-1inkable
nent is about 50% [0126] A kit conpris
[00231 0 gﬁ@“ﬁ%‘ﬁ asperd eoVodDImsy @IWSWYB@G@ W"G’f]&%’%a“é matrix
compgl‘ﬁ?ﬁi 1ROV tht c&?ﬂpﬂﬁé Lh08k aHipF0 2 S 6iflaitbr Rl B ik powder

cont al ner, he COﬂpOSItIOﬂ conpr|S|ng
compbitist dxspmsé wmhm«abb@t@mrp Ghe rempesitioniced imgludep firss Fross-

linka u C L o #ﬂwgplg Jug 80pr‘lr]]1ﬁ§ éroﬁlgsoaiﬁ a s%ﬁ&l pllogs—lénkable

comp@iliﬁﬁ ﬁahhﬁ iﬁlamp@e Sledphtio tgrcmph HpThiﬁmtgprmsHilnkaﬁlecomponent the
el ectro I 11 C groups, the secan C I N

secord R Hekeble PPIPRARGE' bl RAY bedR Pa“’ﬁq-ﬁ?%‘f g8 lfﬁ?‘)}Fﬁ‘FEWdﬂSO
inclnd P RRRESY fdrﬁlﬁé%ﬁﬂﬁfoﬁgﬂt fPpdWdered form. Under reaction-enabling

conditions the first and second cross-linkable components may be capable of substantially

11



wher ei n under reaction-enabling conditions the first
and second cross-1inkabl e conponents are capabl e of
substantially i mredi ate cross-1inking. [0127] The kit
of paragraph 126, wherein the container co j
VW%?W&W@ barrel and a syringe plunger. [0122?&#ﬁ§ﬁﬂﬁqmmm
of paragraph 126, further conprising witten o
immddsd &ML liRag,. 0 tormPpdsyd, e cohrainet meiddgovyenge barrel and a syringe

conposition to a bleeding target site i,n a. patient.
plungep 1 AgH cam Ak ineluge WERPRGIUBTIORSr Aldpe it TRET Ry
com Qi\tﬁgl? ¥0 Jﬁiéédﬂi:g' 5l ?\?;at?dﬂt. aglshme cagE M mxQ4d OVderhiectudes
[ agrap

of par 129, erein the active agent :

an acivengens dhenhiwragent. ma0nduge thraetin. cBABPINET #gectep kit may include
ol | agen spgnge:. . j fixed with

a colfygimsaana R satBll pppor- g 3 mixel p oMU fixcd wi

surfabd ofaEk PONEHST SARRPO Sittei compositigr dapiimmdude a first cross-linkaple

first cross-]inkabl e .component, conpr, SinNg. ol
compuRat S8R TSP B RO I BLPY B P00 AR b fomen

havidpQFRENE BlectdpnRRVESER The KRt cross-tinkable compone, disglsecond cross-
cross-|inkabl e conponent co risig%snulti

| e.
linkable eomparishi, bt eothyoaspee InpRwdered SR g &y cpp Heqineiude a hydrogel
- C nent: i f Bktthn QAakHitibAY thE Bkt and
m““@%%%%ﬂ%%%“?ﬁ“§§§%§?e 'f?ﬁé%r nﬁmgmgﬁgahere[n under .
secoridenessilpRaldnatuhpongnts arstibe icarebletdf eutfstang alhaimmesiiaip prgss-linking.
cross-1linkabl e conponents are capabl e of
(60294 D&Ir At & hthYeritBREEY 6 Be 84108 3nd hdiehiages df@H3RpseAt invention,
conposi tion for the manufacture of a nedic

. . ament . .
rofereromBIu] g o tercaies G 1o UHEABIE BTG ERePon with th
amm%@@ﬁﬁ@ggmﬁﬁgis-llnkable conponent that cross-Iinks

t cross-|inkabl e conponent under

eaction enabli.ng.c iti.Qns: WO :
U”?@ogﬁﬁﬁiﬁﬁgéﬁﬁ?P6@26%3@%%%@%%ﬁéﬁﬂy 'S gel -fornming
~__conponent; . . wherein the first and second
[003Hr 08 sofupeftlian @mPiB8nent cross-1ink to forma porous

' ,-[ﬁlPa [ L nLerstices, and wherein the .

' aﬁmﬂég%oge -%8&%?%% conmponent s capabl e of bein

a sechyddradsdibkblde famporentipafraoepeilinkswith fhe gt qr@aémkgﬁwna?romﬂ*
the interstices, .[01 The conposition of paragraph

unde&fﬁ%‘f“"w’?s?biﬁnﬁ ¢ Iﬁjemélllsr s% cross-|inkabl e conponent

a hy @SR Fdrmefe dtupoh@ite nucl eophilic groups and the second

cross-1linkable co nent conpri ses ltiple .
wherih 83 TR PRS0 OB F SOTPOTHS SOOI o 2 gprous ma
havh%%@&ﬁ@&haﬁ%eré‘iﬁ HeHyRrdgbEfotrhinglcoRpOssit Isicapedbd ¢ being hydrated

o}

mponent conprises a milti-nucl eophilic polyal kyl ene
to fomxa bigdrbgel tniGll st least baepel the B1XEEHs, and the second

cross-1inkabl e conponent conprises a

| Hie SLEGLEARRE L e A%t B85 2B cBmpone
[003g}1e{él#er(‘%%r#§%llﬁgﬁ)g{ %Aﬁ%g?ﬂﬂ\%@%&leﬁﬁﬁ Bk EtsdIRaBE cBmponent

erein mand n are each )
compgisentaltipkhacleqrhiiggrahips apdttheosecensrrogsdinkaiyie pwppqnent comprises

greater than or equal to five.

mulu%{e e?ecgophlﬂc groups. 9

[0033] The composition of paragraph 31, wherein the first cross-linkable component
COmprises a rﬁulﬁ-nucleophﬂic polyalkylene oxide having m nucleophilic groups, and the
second cross-linkable component comprises a multi-electrophilic polyalkylene oxide having
n electrophilic groups, wherein m and n are each greater than or equal to two, and wherein

m-+n is greater than or equal to five.
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[0135] The conposition of paragraph 134, wherein nis
two, and wherein mis greater than or equal to three.
[0136] The conposition of paragraph 135, wherein the
pyscl eophi l'ic pol yal kyl ene oxide is
W(?%autoéig Inctionally activated. [0137] The corril:))f)jrg'{Utsmo7"”4984
of paragraph 134, wherein mis two, and wherein n is
[0034)r eBlicarontpositionof mgapmipht 33, Where. n i (’M@&}ld Wherein m is greater than
C sition of paragraph 137, wherein the
‘”qu§q$ Tt ectrophilic polyal kyl ene oxide is
tetrafunctionally activated. [0139] The_ conposition
(00331 “Prercatpaption siparagratheimwhererm hasifupicieonticr Belpikyires
Odequt%chﬁl%&ﬁﬁ Q4hdfgand the nulti-electrophilic
ene” oxl de are tetrafunctio;aally activated.
sition aragr a h 134, wherei.n t
100341“ 1{4*}‘3]%? PEBIRp ree sty whReRth St igh 81w b8 tan
or eqed BPthires. two or nore nucl eophilic groups sel ected
fromthe group consisting of NH2, -SH, -PH2, and
o057 PP on pEDonl, GRS *.“éﬁﬁlp%%‘“??%s pERRtene
oxidegx fethafungtiaraBy actomfseli ses two or nore prinmary am no
groups. [0142] A conposition conprising: WD
[0038} 00&&3@83&&? 6&1&2%@%4@8?3& o tha gﬁﬂn—ﬁmfngmhc polyalkylene
.. conprising . native en fibers
oxidegng dhe oNicraseUEBhiBE ROl PIeRS S S e Rl bt
sponge, the m xed powder conposition conprising:
[0039, fThesomppgtien of mkagiing Gowheriaribe walipruckioplilipnplyaljsylgne
oxide RS SBAPHL o BB P Rontif® oS ARRGL TUAME grow ggpsistng
of NBj, SHQ&ﬁLREQap@Mﬂ@@H{}Hh a second
cross-linkabl e conponent conprising nultiple
[0040¢! eﬁierc@ﬁ{pbhhé‘n S (AHRSa éahtzlaewﬁaﬁmﬂe SRS dopkiabbélyalkylene
conponent in powdered form and conprising about 10%
oxidedprthasgompsited o pkiapre PEVIRATY AMino groups. g hydr ogel
form ng conponent in powdered form conprising about
(060418 O%kmfcaﬂpesiﬁbm&[‘tbamy@hﬂ}, wherein the multiwnetsopmlic pagalkylene
4o S cti on-enabl E@ﬁtlons the first and second
OX1ACATHEL CPOTRRES| EO%% capabl e of
substantlally |nned|ate cross-linking to

[0042 o rIdsomaesition ofnpragerpbrie evherpindhe mawdlltcwephﬂm polyalkylens
oxidey g&lg&ﬁggeﬂeoél L0 Gr &9%9%&‘651". capabl e of being

orn1a rogel to fill at |east sone of

t t BRI E
[0043ﬁ O%Z’ﬁ]%o%’%fl %eﬁ?qqaﬁf'sgﬁp t4gsE | et POlgh Te ﬁW

compfiSIARE eRnotCaRIBblIlc kRupOfiecaxtit e ptcapabndifting of 2 primary
present_invention. [0144] FIG 2 illustrates a second
mmm%?@%%am1%ﬂ%ﬁ@gm@onponent accordi ng to sone
enbodi ments of the present invention. [01451 HG 3
{0044 h diks compositemefifamgraph 33, whasis|thaeal-etentroplilic polyalkylene
oxxde 692:%)#861&?8 ! ochr}I% rl’éy ecgg}lq ic %rtoeﬁ né\%g‘r% ed%%%lo%g %12)%? cgnsmtmg

ese

of C(FZINECO@PEMV@JHJ eCHO)E F@Iﬁ00H2,0N=€=C}, SGIAHHET, MRHCOICH),, and -
é%ﬂESSition from a hydrophobi c pol ynmer -according to

8-S+ enbodi nents of the present invention

[0045] The composition of paragraph 33, wherein the multi-electrophilic polyalkylene

oxide further comprises two or more succinimidyl groups.
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[0147] FIG 5 illustrates a hydrogel -form ng
conponent subunit according to sone enbodi nents of
the present invention. [0148] HG 6 illustrates the

w&%ﬁfﬁsﬁsi on between percent swell and the pggE8807/074984
solrds of a fragnmented crosslinked polyneric ge

useful as a hydrogel -form ng conponent in a seal ant
10046 o riPesionipositiere efpattigrapht3s, whereindndoultirelertroplyiic pplgalkylenc

. ent_inventian, 1 . A-E illustrate the
oxid app ‘T"rccf'?l_ ' ’8?16%5\&0 gr%g{ﬁq%%?]']mn%l%?p%onposi tion to treat
[00473h2 }lkﬁ?cglgwéﬁg’{lérhegf}érmr pl%%&llége grgi%rﬂ%rrr]l tiEe?ec%%Jgk%ﬂ}: gglgztﬂiylgxfle
oxide%@lggéﬁf&ﬁ?%ﬁ{) édﬂ%@gggﬁﬁﬁégﬁéreof.015o] FIGS. 8A-E

i1lTustra e application of a sealant matrix

004 STRE BB e 200 Sk S5 A BEBRE B o

i.llustrates .the processi and packagi ng of .a .seal ant
10045 The CopgRtien o5 rmespbor AT COMBTIoN RPECTGTaT Agperein the
polysBEcBSSIY is h BKRBlabRbglych®152] FIG 10 illustrates the
processi ng ‘and packagi ng of a sealant matri x

o0s BRSO 30, SRR o

the giBiptcaBntentf Bhiwmioaidehitst clemdtolitn sutfeerAdichgndratin sulfate B,
nmbodi pent.s. of .t he, present .inventi.on. 0154 |G .12
chondipige e bk SieBkrap-wels BORHE P dPPuR briroeot

swelling ratio, according to enbodinments of the, )
[0051hr HhervomPAvEoR PiaHTagiaph s futhascomprising 4P ied dietepithe protein

is collza éﬁ&tda&g.ivﬁg@%g%?nt ration on swelling ratio,

cording to e ments of the present invention.

0156] FIG..14 il ust es. the effect of P
100523 o HHESPPRET T Sh PP g PAP R b B Epliengipolvalkyiens
oxideFaO0hAE&LBphiliEgol pAlRFASR oxidey 61bdt the nidHT-Ahdibdphilic
DESCRI PTI ON. OF THE ] NVENT| ON.[ 0157] Acco%gj%ng to s%r{e
polyaliyisag Pﬁ@ﬁﬁ%@@ﬁ@ll%F@§%?ﬁmF%RP&@89 © 9K iG; ygRergpipprise(s) a
ﬁnkjn%?é)@nt matri x conpositions for the achievenent of
nostasis or other fluid containment in an in vivo

context by sealing a tissue breach or defect. The
[0053% o i spmpesisorot S peEaseaph AB owherei e BrltmyeleppiiinpolyHkylene

- 1. GODPLA i And second cross-linkabl e conponents
oxxdeg%%%r%ﬁftggg rﬁ%u%]é hydr ogel -form ng conmponent, in a dry

conpos pblymer-@Ux.abl e for applying to a tissue of a
vertebrate to faciljtate fluid t.al nnent.. if st
o C ot B Al ropie Bof AR RN IR iy oM bl e

ONs 0
formmdlivent i on react under in-vivo conditions to forma

cross-linked gatrix, while the hydrogel -form ng
conponBA™FuRIdiry absorbs the biol ogical fluid coning
tAr ougR bR X iSHUGROEREL grodp HElis RfudidpBNBlAGIN NI
the resultant physical sealant matrix barrier formed
as t hewberetm gndingesceald2 éofponent s cross-1ink. As
descri g%gre;nnmjrgig; application, "sealant matrix
conpositrons™ may’refer to conpositions of the
i nvent ivherehedacti of @papidi @adre tinking gtohps telessd rogi the gramp

Vi Vo "seal an tri rier: er to-.t
consisBS 3 GRGIIR £ % GEP Pt TRt HECEOHPGE b ReCdr T
0,C-tRe1 iRy epiR?qro.sant act bi ol ogi cal fluids and the fast

and second conponents cross-link to forma porous

cr oss- WheesdhTakeri® cont ai ni ng the hydrogel . Seal ant

matri x it ion . produced in a variety of

fornatg%%gﬁgﬁudFﬁgé%%a%égg%’cakes, VO

2008/ 0 #Be8BACH-UR0G7Z00ANH8aHgads; ardnd t he |i ke Cake

enbodi nents i nclude sealant matrix conposition powder

sanpl es that have been heai4d or baked to form an
aggregat e body. Pad enbodi nents include seal ant
matri x conposition powder sanples that have been

pl aced on a sponge such as a col | agen sponge or ot her

support, which is then baked to created a solidified



framework. Rel atedly, the hydrogel forning conponent
can fill in the relatively rigid framewrk and
nedi ate the formati on of a physical seal. [0160] In
wishobgace with some enbodi ments of the prepefibsionrnraess
I nvention, sealant matrix conpositions can be
pr epar ed ntX|ng a first cross-linkable conponent with
a seconthersin@sand Qkmby be thenponerdiffenget @ may be absent.
hydr ogel - f onni ng conponent under conditions in which
h rQs do not
{00543 orfld do ld do 'ﬁ# 8{19:1 §ﬁ§%9%§¢a > %t%ﬂe@{%ﬁ% eg?v ‘twgr Rﬁ’éperlf%ﬁlgﬁta
tenperaCOﬂﬁﬁOﬁEﬁ) Upon Contact\Mtttthe bi ol ogi cal
fluid, or in other reaction enabling conditions, the
S k S- I|nk
[0055? the com§ ﬁmm og n_ﬁ%p%%%hgfg?rgigldilf %?gé%%%?%eéfo&ﬁﬁ’l
hydrogéNﬁﬂ@@thg conponent is hydrated to fornta
hydrogel filling at |east some of the interstices

t onaII t he. cross nkabl e Qenent
100547y 6 U Rt B R A o= P oD b suB RGP R oxide
or the&ﬁﬁl‘i:t%!étﬂloﬁmh& p6igeiRglend oxidead b th&/hiultti—)mcﬂ%@hﬁtc lpohitdylene
Conponent s [0161L Oten, the fi s Cr 0ss- ll%g?%%
oxideayasraRiti-cdesioRi S PRERHnBR e Ble TSOPRIFSR gedable
grouaNd the second cross-1inkabl e conponent contains two
or nore el ectrophilic groups capable of covalently

[005’@ ; g@js nCI%mR&S ﬁ?ré&Sp n%raﬁgt%t%h%%‘ém%%?&gp%aﬁlg %r&cug 3 .I:elected from

the gloOppaBRLhS ollactidel glgcolidedcapeoliader) polploriydsoxyatid), poly(amino
t and second conponents and porous
m”dhﬁ§§PPB§§£&&e{Sescrlbed in US. Patent Nos. 5,874, 500;
6, 166, 130; 6, 312, 725;, 6, 328, 229; , and 6, 458, 889; the

[00581orﬁlerwmpgsiﬁwwfmr@r@hﬁéreb@wim Yoerest gnimg component is
capabteetﬁt e[% § fa eérﬁ%dntﬁ?& sﬁn@ ﬂysggagm D8 sipeg

gelatla lanﬁ] mlhwomvateremﬂnrdehaerétsta armbletstissuqdmgotsﬁteoaxsitvekemnm the
t . I th
by RSP T e BRI Ty B eb Gl ' g gap vhen

fully BRENYBBANEChas he ayidBieriky swall faninigioad dbopr 4006 1vahes 5000%.
(e.g., collagenase) to provide greater |ong-term

[00’592e r'lsﬂe%B &bl a%ra&:ﬂ%@ FHEE R By 1 bRk & 696 ld@@@tﬂitton

onp05|t ons. tively, the first and second

time efdegsdirmarvng yeand the hydr ogel - f orm ng conponents may be
sel ected to be elimnated or resorbed during wound

(00607 € ATicRGmbHsi@d@ ant @f PareirtpHsite dna SARVlicddin e Hylitogolis at least
ti ssue arqund the sealant matrix in vivo. [0163] In

partialfy 8ydiHse aTthenadusons medivgt cCOSRSERACIE PSR- a
synthetic polyner containing nultiple nucleophilic

[0061§r dihssofpesiit @seipargrdpd|66ywherein X aciie egentiam craslars agent.
with a second conmponent synthetic polymer containing

[00627u THeRbep6iga! 6QRtgtdpd 60 @hkpsin hegstseaicadishiabobinas

"Y"), resulting in a coval ently bound pol yner

[0063] et}("ﬂfeﬁmd%’ Jeﬁ{r%rﬁl\ésan aci{f ;?gg% Q%@@ét@ Ft)glln%g@ Q&ﬁ&i’gﬂx@4
pol ymer - X. + polymer-Yn -> pol ymer - Z- pol ynmer wherein

administemng tala target sKe on tNHRtiont 8B amog, of RHpmpogEPING{ gEEraph 60.
etc., and can be the sane or different; Y =

[0064] C@Mem)&liver%tdﬁalﬁ@-@mt-t&hm, thd\iﬂéﬂ;@l c@fftising
CHECH2, - IN( %'_2:2% S S éCSH%I&%e etc.., anfd can B%I

admimiferingffa bhed g fgrisHE an amgus oL e fREPPIIA O grEsHP

mﬁﬁdéﬁﬁyﬁhﬁgb&égﬂgthe uni on of a nucl eophilic group (X

nd an el ectrophilic group (Y). [0164] As noted

above X and Y may be the sane or different, i.e.,
the first conmponent may have two different
nucl eophi lic groups and/orl¥he second conponent may
have two different electrophilic groups. An exenplary
first conponent polynmer or first cross-I|inkable
conponent is illustrated in FIG 1. An exenplary
second conponent polyner or second Cr 0Ss- Ilnkable



wherein Q =whole structure = - - - N4+ (CH)n -
pol ymer-0- (CH2),-X (or Y) polyner-S- (CH2)n-X (or Y)
polymer-NH (CH2)n-X (or Y) WO
983PCT/ 1JS2007/ 074984 02C- NH ( CH2) §
w@%%%%e%‘?, 0 02C-NH (CHi n-X (or YY) 02C-( ) Perrusamnonasss
(CH2) npol ynmer - 02C-(CH, )" -X (or Y) pol ynmer-02C CRH X
[0065]or A Y)ethagl-for dedivede Rrengyh {onapatieniRhemetiqd xopprisivg administering

toa bgega%l tﬁlggt s1tﬁ%n g‘lgeﬂ 2?%@%&& pan 1@%’&% to 1nh1b1t

bleediffe same or different. [0167] For exanple, when Q2 =
OCH2CH2 (there is no Q in this case); Y =

(00667 2NCEES R b conBRling amﬁl%cleoﬁ&'fhc Plyalihdne bRide, a multi-

resul ting reactions and Z groups woul d be as follows:
electipphijigpplypliiplene oxide, and a hydrogel formmg component, wherein the multi-

nude?glkﬁ])ﬂgg er ; g&}é%gg% %;{_%ﬁgc%%m%ﬁp and at

least offs (QIGHZOME COdydieyrinenndet hiactimtenapliggoiopdispnChe multi-nucleophilic

polyﬁl%rlg%/ngfog&d%ﬁg o arlsy AL %‘?}%ly%llfy%hg SaShl c%%b?eotl)fys%srtamially

immediate cross linking.

[0067] A composition comprising a multi-nucleophilic polyalkylene oxide, a multi-
electrophilic polyalkylene oxide, and a hydrogel forming component, wherein the multi-
nucleophilic polyalkylene oxide further comprises two or more thiol groups and the multi-
electrophilic polyalkylene oxide further comprises two or more electrophilic groups selected
from the group consisting of succinimidyl groups and maleimidyl groups, and wherein under
reaction-enabling conditions the multi-nucleophilic polyalkylene oxide and multi-

* electrophilic polyalkylene oxide are capable of substantially immediate cross linking.

[0068] A composition comprising a multi-nucleophilic polyalkylene oxide, a mult-
electrophilic polyalkylene oxide, and a hydrogel forming component, wherein the multi-
nucleophilic polyalkylene oxide further comprises two or more nucleophilic groups sclected
from the group consisting of primary amino groups and thiol groups, and the multi-
electrophilic polyalkylene oxide further comprises two or more succinimidyl groups, and
wherein under reaction-enabling conditions the multi-nucleophilic polyalkylene oxide and

multi-electrophilic polyalkylene oxide are capable of substantially immediate cross linking.

[0069] A composition comprising a first polyethylene glycol comprising two or more thiol
groups, a second polyethylene glycol comprising two or more succinimidyl groups or
maleimidy! groups, and a hydrogel forming component, wherein the sum of the thiol groups
and the succinimidyl or maleimidyl groups is at least five, and wherein under reaction-
enabling conditions the first polyethylene glycol and second polyethylene glycol are capable
of substantially immediate cross linking.

[0070] The composition of paragraph 69, wherein the first polyethylene glycol further
comprises four thiol groups and the second polyethylene glycol further comprises four
succinimidyl groups.
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[0168] An additional group, represented below as "D',
can be inserted between the polyner and the |inking
group to increase degradation of the crossfinked
W(pgioygrﬁgsz,conpo& tion in vivo, for exanple, fpfrE8Rotkraoss
drug delivery applications: polyner-D-Q X +
polymer-D-Q Y polyner-D Q Z-Q D pol yner- [0169] Sone
[0071]s e’fhﬁl cobiposition eftisd geaphréS fpsher Psmpmghgaiprofea o1 afeolysaccharide.
gl ycol i de, E-caprol aetone, poly(a-hydroxy acid),
[007730| VieadBhipOsiclén EiSparaghphycOatilys ol prisingapoly@inuide, diherein the
or trlpeptldes A. First and Second Conponents with
polyspehiatids is Bghiep W@M‘?O] As noted above, in order to
prepare the conpositions of the present invention, it
[0073]s ’ﬂm‘omposlborpoﬁnﬁrmpa i wh@remdhqa@mamwcgkm@ls selected from

the gl%%? tcgﬁs?sltln of V\Dalu%mc RLE < 5]1%{ gl’l%%mmthlcsu%f%% Schox‘?&f&'ﬁn 31?&3’[3 B,

grou ps groups, and a sec
chondmmo;nﬁm Cpxaéryﬁre;ulﬂ@nkeﬁammgtd; Wepadin, amdderivatives thereo f
el ectrophilic groups capable of covalently binding
[0074'1/' tﬁlet daﬁlpeéiﬁbrﬁ@magk@h%mr COmbrind 4 Frdteint HWMRRMLIHE protein
The first and second conponen polyners can
is colmﬂsylm drsiviiéve thaapp£2008/ 016983PCT/ US2007/ 074984 [ 0171]
As used with respect to first and second conponent
[0077)0] A meetierd forhsealirgy anissypotracrehd metabé canprivirer at ddastgpattly filling a
A tri ) Ego-, and pol yam no aci ds;

I's
tissu ‘i‘ﬂﬂ%?’itﬁ%cm&?‘i’s&&mc"&mﬁ’& ysaccharides. [0172] As used

Wi th T g¥R&Clost-Ankdbledongiderecond conponent pol yrrers
the term’ sgnthetlc Folyner enconpasses %
that arecde croat-lirkabiecopmensyt thagorapralinks 3¢ ath%ﬁrst Gross-ikable

c.oranﬁ(Q’f'li Uged rééb@oféﬁ%ﬂﬁlfgaéonﬁl\ﬁgéﬂ g%a{l | agAS such, naturally

occurring proteins suc en and naturally
occur r rhydpegthfsanopesmpeentuch as hyal uroni ¢ acid may

be excl uded. hefic | | age and S

yar o SR F Y AR dep o G R PSR tpkto form o
porouSyiiHtive havingaeleysiesss arciohé ﬁydibgﬁ}fﬁmtm@dionﬁpmbﬁ_dpmphble obbeing
T T G TR R AR TR —
subuni@Bhiihf BAGLLARRS frdm @6t 0A58HM 1 Fbout S Inma When fully hydrated

‘activated") can refer to synthetlc gners whi ch
havinggay eqmbbnmvawelb@éﬁng frem abapi 4P0kp\ai abpletd 3p@ropmgcicetagie in the
uSsueq.Fac{rHS?ﬁrcl {iut%o% ctrophilic groups which

are cap ab F oac ng mn one another (i.e., the

nucleophlllc groups react with the electrophilic
[0076jr SUhpsiethat Ffparmempl 26 oviterg)p febsfirfyopess-liokable component comprises

ot RS B B BB, RO B Y By

groupdct i vated, and star-branched polyners. [0173]
Mul tifunctionally activated synthetic poelyners for
[0077?15 € blditoll ForhSBREH bicBHRE bi Pfarddf §ifNin § QR Pb&ly, fHR&Sdhod
or at |least Three, functional groups in order to
comptigngreliveting e cetiipasiisndn e tangeisifE imireamanat sfikenfite Fabibit
h I [ ntaining nmultiple nucleophlllc
bkﬁd%ﬁg& %&%ﬁmﬂﬁ)cﬂﬁﬁﬁgﬁgnucleophlllc polymers"). In
ot her wiird srost-lisabrcentpppércal I y at | east

di functi ona ted, or anct na

et 1 af FCOROHART GOaEE GpetFat el GG ke Sedf b inkable
comp@ﬁ’én‘!’ ®der fe%ctﬂancﬁnﬁblﬂ%tdoﬁﬂiﬁbﬁ a@dCtivated synthetic

pol ymer, the second synthetic polymer typically

cont ai ASYdREdEOBINALABOGGA]t i onal groups in order to
obtain a three-dinmensional crosslinked network. Both
the first and the second conponent pol yner may
contain at |east three functional groups. B. First
Conponent Pol yner [0174] Fi¥st conponent pol yners
containing nultiple nucleophilic groups are also
referred to generically herein as "nulti-nucl eophilic
pol ymers”. For use in the present invention,

mul ti-nucl eophilic polyners often contain at |east



[0179] Pol yam nes such as ethyl enedi am ne
(H2ZN- CH2CH2- NH2) , tetranet hyl enedi am ne
(H2N- (CH2) 4- NH2) , pent anmet hyl enedi ami ne (cadaveri ne)
) 5-NH2) , hexanet hyl enedi am ne CTIUS2007)
Wéﬁ%‘?\f’%) 6- NH2) , bi s(2- hydroxyet hyl)am neP HUSTOOTOTS
(I'TN- (CH2CH2OH) 2), bi s(2) am noet hypam ne _
( HN- ( CHeralNbe Yizgt andisagond ¢ragsslinkabln semhgnsatsicrass-link to form a
1°1-(0-12 NH2) 3 ' .
porois b BahECHCRUEN o Y 04rD8c AP Chnbabeldts Wkt of beine
hydratedcth €opha hydeo gl aufild at 1€ast Sewosfdhmmpaied) thePotisngelrcomprising
.0180] Second .copponent ners,. containin lti,ple
submhisinedﬂs BP9 TRRET gﬁw%a?fé’[-’ & t5hapsd Sélamt@eﬁ Sl hykped
having i lefiitiSias sWaPRinking fRA1 WHRF $00% kobolSBOL%, iftedegrading in the
presént invention, the nmulti-electrophilic polyners

tissuegface it divmeabeuit tof abgut 120d8ys.or at | east three,
el ectrophilic groups in order to forma

10078] N BR-FLHRNSH faRRtaph 70 SehdrBik o6k M MsKinWitiB component comprises
ful ti-nucl eophilic pol ymers. [0181] ) )
mulipginuploegthilist growsianil acsebapderess fiskahleeompenengomprises multiple

itjons of the invention can be polyners which
elem%@]ﬁ?g?rr?h?% or nore succinimdyl groups capabl e of

form ng caoval ent _bonds wi th nucl eophilic.groups. on
(0079 e pl.e%@fié'gru:le ge_:m&?g&pqﬁnﬁ? Wstaaﬁ:eota 6@5?1:@1‘(% inbzhf%]ent s body, the
meth&]e&)l(r:ﬁéirl‘éﬁlg‘Mefi%rﬂi%ta%ﬁ'@bﬁti&Pﬁ?@hﬁ&ﬂ%ﬂo@ﬁrﬁtﬁﬁ@’oi@d&tiﬂ@wbstance to

(-NHZ) groups, Such as nulti-amno PEG poly(lysine),
the tapget gits, thg gempoBirc¢ommmistgl groups are slightly |ess

reacti i RESd taining thiol (- SH)

gr oups}{%érgl?g#gsés mJH| TR %F’ PEG or synthetic _

pol ypeptsécdesd cosniiakablengpmpohdrit phag croyslimis vathrtbs fibtieress-linkable

0182], As used herein, .the term"containing tw or :

comphﬁng“%({%ﬁaﬁ??ﬁ Wﬁ%@ﬁ@”nﬁ’? ant to enconpass

pol ynek sydvop&lforhiae compaicat; al | y avail abl e contai ni ng

two or nore succi nimdyl groups, as well as those
that aP@crsHethe Sat pyd SHEPRA DTS R2b16 SOBRARSRS Gyt DB 1o form &

poroMa%‘h{SMthﬁsgxés, S OHP Rydrbge! Y68 NG Rent i aphiBlE BT being

"succl ni mdyl grou " 1s intended to enconpass o
hydratad| t6 Symociivdragetial filhaideastsomepidhdiatersiges, thedivilepinespoping

N " o i
s DS BT 0B S5 832 005 Lkl
having ah ¥@dlibriun se¢leangng frensdloubd10%4 to abbutt 1360%oindndegradidg in the

. drophi lic_Polymers faor Use as First or Second

tlss“e%ﬁb‘tf%éﬁrf’m@%’ﬂ‘b%‘i‘? O‘ftol%gélf‘yﬁ'—wdr ophilic polymers and,

in particular, various polyethylene glycols, can be
[0080Y S etheinfethiddex fiphfagtapR g, WREEA theCRrSRORInkpilt YorBFonent comprises

_backbones_according to sqone enbodi nents of the, )
multiple sudePbilineaeins GA Deseenpd greseriakeble qomepopg fpmppiegs multiple

lectrEEIRR: es pol ymers having the repeating structure
oo ?%%sz%%ﬁ%s VO 2008/ 016983PCT/ US2007/ 074984 [ 0184]
strucgture. for a r nct.i I [ for
1008h 2 Pl S o, A OBk SR8 8 T cgent
roduct obtained by reacting a tetrafunctionally..
[0082] ¢ Pihed SPEGAHFEI S P EEIAHT h@aqiﬁ@s‘ﬁ?na%ﬁ Thepihin
the figure, the succinimdyl group is a five-nmenber

ring structure represented as -N(COCH2)2. In FIG 3,
[0083] hel mpthios Ifordehiveringa sswellabie sprapositioniia g dareet piie Bgissue, said

4 el N , ) .
S A R R e
her ei nadisst S@sPhtabld dompowoétti - ami no PEG and t he
reacti on product obtained thereby. Another activated
formof PEGis referred to as PEG succi ni m dyl
propi onate (SE-PEG . Enbodil#rents incl ude
tetrafunctionally activated SE-PEG and the reaction
product obtained by reacting it with nmulti-am no PEG
In some enbodi nents there are three repeating CH2
groups on either side of the PEG Further enbodi nents




[0192] Pol yal cohol s such as trinethyl ol propane and
di (trimethyl ol propane) can be converted to
carboxylic acid formusing various methods, then

wd Hhdbigsssderivati zed by reaction with NHS i npdhBs2007/074984
presence of DCC to. produce trifunctionally an
tetrafunctionally activated polynmers, respectivel
as deseﬁmmmdcun&hm@bkappmpaaﬁﬂ@hﬂ@@ﬂmhwwmxmﬂﬁUBﬂgﬁdﬂkﬂﬂe

ds SLIC PCTM52007/ 074984 as
compﬂxé%%( SR Feacuona%r‘la\glgﬁ-?ﬁ,{h?ég—é? , octanedi oi c
acid’ (1L9&Ggﬁﬂbﬂﬁﬂg6&ﬁbﬁmmand helcaclecanedioic aci d
(1- 1OOC ri |zed the a
O sucOmETeH B A PSS oR bR RRIRRS BrPRbes Sioat gk fo fin o
pororﬁ%dﬁ;@ﬁ%ﬁﬁ{e}@ﬂi@éss anc{ 1fe ?;%rlz] % |f(¥rﬁﬁigﬁﬁ>ilp%ﬁ&ﬂ iF&pable of being

hyl enediam ne (i-

hydratféittra dormes Inydregeb ol i #ﬂ%t rormfmgemnwshe hydrogel comprising

iSO SS UL L e L SEIBIERIED s iy s

havmg]m LN GG y GelNdh Bing ﬁbmﬂﬁmhw/owyebomlﬁa@mnmd degrading in the

s {f%%éér‘fr;%oﬁ%f oo a0l 13 AR g ted at less

its eqﬁﬁbﬁﬁh@@bﬁ gatidafo bR tabearnite ahbry nchsrells/aat dnzgdilibdum swell
pol yaci ds, can then be derivatizecl to contain

valuet wo™ or nore su00|n|nidyl groups by reacting with the
appropriate nolar anmounts of N-hydroxysuccininde in

[ﬁ{}&@lh eTHRSRACST 83 AFhHE8 CHd fReickrd-1idksbie epmddnetdofrises
No. 08/ 03 358. Nhny of these pol yam nes are

multiple sreleeuhilil grounsang ts|secdnd srRSHUPHe CORBRPEH CoRpRTsa AYDle

%334%3 sonme enbodi nents, a first cross-|inkable
clectrp nl{)]s'(e g. nulti-amno PEG is present at a

L I EXDEG RE N R T
groupCRARQRRN neRPR Okiid, efithelialittisie, S@MRE e F AFPotting Kiahlepnerve
Cor’rponent IS resent at .a concent rs‘gél on in the ran

tissueqpphiliabayic Bede&teasealﬁ%‘erealzssst}er‘@gﬁ%ar GEHahEssBY ptEomostinal
organg %daﬁ shd ?ﬁe%fel éﬂd@@rg uRRNRSe, €REABP 3hddcARe glEfMs, male and

? I nal ss-11 nkabl é corponent conposi tion
fcmalh mpwrtrlcaver @gals, sbpah tisoie, livegmansreaB000PhG dartilegeahene, oral

d contain b 200 mlligrans
tissuce i o i, MELORE an Bl S ghisBihne ")

nmul ti-am no PEG, and between about 5 to .about
10086}, | Tiegreabal oS parohiznt BooHRrTEn D ATER RIS B Lo TRgbaa the
Sdﬁag@gggg In sone enbodi nents, the weight ratio of t he
first cross | i nkabl e conponent to the second

abay

100875, SRR s BEAER 30 et el OB Ol B AP o

considtBigioti tltdile divetsgtsshie omots hatriverdt&ialtspacad eod b&dBavitias.sone
cases, the ratio is about 50% The weight ratio is

[0083? et ISl cﬁ“?)altagﬁgﬁ 851 ®wh@éin %quldmgmﬁr@ gliBerb€6t hyd¥dton in the

irst cross-lin |l e conponent and t he second
range drons 80% itm R o€ thedypetien ot sariibHawe"ele sane nol ecul ar
wei ght. Hydrogel - Form ng Conponents for use in the
[0089%e aihe miictiMalt ofipgraCriph 83 whaein (19670 gelyabmpgeds-« masiicizgr.
conmponents for use according to the present invention
[0090§ 21T He RedibHEL 1T ABBI8H ewﬁ)ér@ﬁ ePAkdibizer iTEdl@tdd fdm the group
cross-1linked gels and drogel s as discussed in U S.
consigvggeh poletbylene gy cplss@zrsit% apdglypygl 5,292, 362;
5,714, 370; 6,063,061; and, 6,066,325, which are
hereby i ncor por at ed by reference. Mat eri al s made by
the techni ques described in these patents are
commercially avail abl e under the FLOSEAL trademark
fromthe Baxter WO 2008/ 01%$983PCT1US20071074984
Heal t hcare Corporation, in a kit for mxture with
thronbin solution for use as a henostatic agent.
Al ternatively, any hydratable cross-Ilinked pol yners
may be used as hydrogel -form ng conponents in the




39 WO 2008/ 016983PCT/ US2007/ 074984 of interest, but
in some cases the sealant matrix conposition nay be
adm ni stered or dispensed to a | ocation near the

wd R8PS of interest, e g ,when the materi apoiyelobBoraess
in situ to cover the location of interest. 10203] The

hydr at abl e cross-1inked polymers for use as .
[009Hy dﬂ@gedzthmbwfmamgr@b #powearein thaplagicizerds presuyat from 0.1% by

weigf TGO Il be Sl aR i or ﬁé’%}%ﬁ%‘ﬁﬁ* fi (bl e

100920 o A RESGH Lot oo ST BATHPAPIR g MBS, LBt comprits

crossanEEdﬁ%&%{‘h dfrdéé(l n, fibronectin, elastin, keratin,
an1n|n and rlvatlves and conblnatlons t her eof

ol | .
o AR KB, ERLEASAOnSoF R o e
consﬂiﬂgaff gslatif, abluelelmobigeg) aiblpmlnyhmncglqbnc fibrbezen, fibrin, casein,

oG P G RO B RSP AR oL Bk

derivatives, xylan, cellulose der|vat|ve

 [0094) ¢ v stiod| a8 Eearyque GEPTRFAPhs I3 ot o WheTeR) (B M%%el comprises a

ggh derivatives and conbi nations thereof
cross %?g;non |olog|c pol yners can be selected to be

[OOQSgegé gg\l;}n%s 3¥ eilh o#g%ﬁ\é% tgggil)} sac%lande %f?lectg&}from the group

cons@tﬁ@roi%@tcbﬁﬁuﬁtfglﬁjaﬁ@ sﬁﬁald@ﬁvmg Iaelmﬁssaldenvamvaq tenitsliulose

solubility. Exenplary nonblolog ol yner | ude
derivafijies.atancagarasheipate, 3pd ghitgs mWM yl at es,
pol yacryl am des, pol yvinyl reS|ns

[0094) ol 4 retiioiddie inyinycwk pipaagrppiisy/d s Wﬁ@m&h@bydrogel comprises a
qoﬁqﬁ%%§%¥gbh%lene and derivati ves and ponblnatlons

HHE hydratable Cross- I|nked pol ymer
nol ecul es for use as_hydr og for ents.ma
100970 A& st FePEFA Iy ETChe SR LA SO DI St
selecf@f ﬁ%ﬁHﬁe Bep 9&%‘13’@5 ef p(ﬁ%‘a?bﬂﬁht@s pbﬁﬁ}%&]ﬂ@z@la&’dgeﬁdlﬁacrylmdes

mol ecul es may be cross nked usi ng bi -
polyvirll yesingrieil yashidg-gloeddisles, Ipplsrpralpcgesn P@lyme@l’*ﬁﬂ@wa@ EQrapipations
tach to two or nore pol yner nol ecul es chai ns.
xenpl ary bifunctional cross-Ilinking agents include

oo SR P e USRS BB B o o

ieast ﬁ;&ﬂ édﬂﬂf&‘mmﬁé %%Sfmrﬁfﬂe esp doRkistade@T croad inebdipii@sins, cross-

si |l anes, diazoacetate, aziridines, and the
lmkeql qulesacsdaapéem and qrassyiinked sansbiologls RRES be achi eved by
usi ng oxidizers and other agents, such as periodates,
[0099Mi & metimiliay &t enySind ©f plragraphsois- Srhawbtnemsh@hﬁ/drml pohyrrees 2

so that t th _other Sld h
hydrdzg) R PO APOTET B TR T Do RS polymer and
hydro@amrbssqmngmg&mﬁv@ﬁeeﬁ FESed |uhﬂétlcﬁgd1ﬁmm'fh1&eﬁeld)cms-ﬂm@ng of
pol yners to radi ation, such as ganma radiati on,
lnﬂﬂwﬁhﬁéﬂﬁvéﬁﬂﬂﬁﬁﬁ si de polyner to permt cross- Ilnklng
reacti ons. Dehydrothermal cross-linking nethods are
[0100)] sh nsthotab reanyReh pipasedrephea]s-Hr vhetein; thikhysigogsd comprises a

| at i d
more AR 6R SRR MR 1 P bl AR o
hydrogeh@idescontiitene@Bich gieldeosxintig effhydrogsipolyinmek imrdscubes.
mani fested in a decline in percent swell at

[010§QUA i A ddUdin SRS AEREAMRD DY, SheatthdBydrbe] Bahstisaga

enper at ure, extendlng he durafion of the hol di ng

molegulargross linked hydroze0BAhas beIRCTIUISP BN TEAEPAPE Monounsaturaicd and

conmbi nation of both. Operating under reduced pressure

can accel erate the cross-128king reaction. Preferred

met hods for cross-linking gelatin nolecules are

descri bed bel ow. [0205] Hydrogels may include a

pl asticizer to increase the malleability,

flexibility, and rate of degradatlon of t he hydrogel .

bt

there



[0212] The hydratabl e cross-Ilinked pol yners useful as
hydr ogel - f ormi ng conponents, after nechanica
di sruption, will typically be resorbable, i.e., they
wdMobdnlRbgdegrade in the patients body, in a gefuQdoRair4os4
| ess than one year, usually from1l to 120 days,
preferably from1l to 90 days, and nore preferably
polylm;atm@dmdﬁegelam}mmﬁml undevi qegditipes whirkyieldgross-linking of hydrogel
! $ 68 |on Techni ques for neasuring the I ength of
POV O EfGi red for resorption are known. WD

2008/016983PCT/U82 0 74984 Pr.eparati on .and
01023 e e e e bTe S hEL SR AR Frgpting the

steps gpnp05|t|ons Cbnblnatlon cr Porous Matrix And
Hydr at abl e Cross-Li nked Pol yner L0213 Cbnp03|t|ons
accor dipryidieg 1 fst prossslapablepoBReR ‘I%WH% ggiuglepphili groups
' fiflc BroBFC Mlrein th
and Sp 0N oS SRRAOR Ron ERE AL O BoBRE pGrein e
clectropleifis gloupkienad vstxﬁn tﬁ@nunlempbmc @uapatet foiny Cbﬁaahnhbonds therewith,
wher%{i] E‘E@S tql ;ﬁ-g g?fh F% 1S &9 nba%l getg;véa\g { w}?er%lx gc[-l% 1QQIlegter than or
fﬂum?%ﬁpgtfd t? forn1?thyd{Fgel to fill ?tdlsﬁs: fgne of
e interstices W appreci a a e ..
conposicombrmedhe figkorpysdikable; Cﬁgﬁ?ﬁf’%ﬁ"? dhgse6end rresy-limlpole
Ccmmg?é{@.rlety of bi omedi cal applications, including each
the applications discussed above with reference to
al teri ngdinpe hydryagetl Hieyfing wm@nté@%rfﬁst@mﬁﬁéﬁwes%mpmem

poro | (2) the hydratable
and esgg%ndIGr?ﬁ( corrnéa I%&)r exanpl e, such conpositions
can actli®ésing ﬂimbtammssajnkslﬁa bamportent amtl tie secondrehdshilinkable

comspER G DREIb IR BTG 18 GRS TS 2 4B CieEe RSB

i nvention can provide results without a direct
[0103] hermshethodof pafdeeph 102, fGriherbmptieng cailtacthf e Gitst Gssue surface

clotting cascade nvol vi.ng, clottin nitiators
and a[sg:zalldl m%ﬁ:@ %’églr cr%%srw e&BHJB : t’rlllecslgﬁclar@é;m]séazgléabé%
comp@&ectﬁralﬂ@%e t{éﬁrc%gl foRhinBlce@do@nd ot her fluids and

tlssues sorblng bl ood, the hydrogel -form ng
(o104 ot %oa‘f?’f‘é@ﬁ Mhdoe BZ%% Sa 3%2%%%2%%%&59?2&% surface.
naintalned at the tr g ite nd can ensur n
niod ol Sindce 105, %& AP CHE 3 Lo ve Coue
ufagecond cross-1inkable conponents to cross-link with
each ot her and to the surrounding tlssues In sone
di r
[0106‘3?‘8@% PR el Al BRI R ATPARREroR « yathctc
“impla@@nponent i s absorbing bl ood. ThIS absor btion and
cross-linking can occur wwthin a matter of seconds,
fo1 OﬁndIﬂer}ﬁetE&f‘é{iptaf g‘ﬁQGE afheréTR iid Jynidatid i 1lnﬁi1an€ Qn;ereﬁa@ from the
full strength at m nutes to one hour.
groumewamg of 2 doner cremsaad arheinl Boeb YRSt iatear gala?»én agfifipial
t; aft
orgarg B s A o e L g o
combiaien.cases, it is possible to partially pre-hydrate
t he hydratabl e cross-1inked polynmer prior to
[01 osﬁp PlicGRtth@lef AkdRPUAN2] Whereid thefivesasdakyble eorﬁbbnsm ik
hi gher pH than phyS|oIog|caI pH, or under ot
secongeme ik oamEaRows 414 s BYAES CHEIIAG SOSPORFTY Zseaheplied in
powd%%ﬁﬂ&%‘?ﬂttﬁeﬁfspﬂsﬁé wtinking prior to application at
e target site ten, sealant matrix conpositions
~will be in a powdered or fused-cake form [0216] The
concentrations of the first conponent and the second
conponent used to prepare £he seal ant matrix
conpositions may vary dependi ng upon a nunber of
factors, WD 2008/ 016983PCT1US20071074984 i ncl udi ng
the types and nol ecul ar wei ghts of the particul ar
cross-1linkabl e conponents used and the desired end



[0222] In other enbodi nents, the sealant matrix

conposition may be forned into a sheet or film

wi t hout a support. Such form ng of the sealant matrix
wERIBOSsds on nay be achi eved using the nethoggérsne7/074984

descri bed above for fixing a sealant matrix

conposition to a support for the sealant matri x pad

[0109 nbBieti methedsof naxagramtidiOR wherede thedipttarepsAinkeloprornones 1hp
oh ) O o .
o oS RAATL cdBech. SRIBERIG B0 LR o B0a8 G B o

powdet e siidiacorhbiged mixst pewdkr Seromiwdios mbhs {irdt kb ke face.
conmponents and the hydrogel -form ng conponent may be
[011RAIEEL thenbdsr prerabhll 0B Keréin GRTINEI bdvedts f@¥fnuldien further
i'nvention. In geneéeral, these additional conponents
compgss aprotgireneatplysrechatidte first and second and
hydr ogel -form ng conponents in dry form Additional
[0111jorTienasthed ofparapigphi 162 wiereimtheH s tsale sutfacrigbmoom a hard
. otherwise inprove the performance of the seal ant
ussu‘?‘#ﬁtaﬁoﬁnt’@%osi tions of the invention for particul ar
applications, For instance, bhecause it is opaque and

P
[0113] e SEhermaethd efinaragrphflOBi Wieasin B irsigissue sripgs qopuppises, surrounds
oris §Bade SQ_SH%YcaﬁSQfE?LﬂJ%rQﬂ HeSRShiY RtRE Sthphi®ds tHSfep &¥ closing
roadhesi ve conpositions. However, as disclosed in

the suygiSal sRat ent No. 5, 614,587, fibrillar collagen, or

m xtures of nonfibrillar and fibrillar collagen, my
[011)e THahns®6f fatdpraphel 0D winahie Sicurixed pavoddr foromdation further

intended for |ong-term persistence in vivo. Various
compgisesOll§8it ed and/ or desul fated gl ycosani nogl ycan

derivatives can be incorporated into the conposition
[0114]n Bhesnethocof preagraph 182, whraein theguinrdpew ¢ &r@r‘?@ﬂn further

collnggn \ M%QQSIQEGQSSPCT/U82007/074984 [ 0224]
COMBURTS AP §m% curri proteins, such as collagen, and

derivatives of various naturally occurring ,
[0113 0| 4 §HEHRATIFELOMRATEND SEBISRS s ar ni nogl ycans, can be

| ncor pQrkeeoss HnRatideonSRAbR RbmBihE ¥ulpld hileopRiBn gidifs, the

first and second conponents of the invention react
first qrergdinkpirly soropaghtiaipowdeied f9®hs to cross-1ink. Wien

t hese qt I 1 ;

ani on o SRR AR ek Sy M oY Bouss,
the seymd tress-knlpbleyompspent ngiowdpred dant endlur i ng

crossl i nki n% Otf the first and %ﬁcogg LSonponent s at

t he taraglé’ OFPLIMRE ORI PRMSF Y o of a

cr ossl iwHersh eyt hattioh-@@biHFRsonditibay Bt byst andietsddugoss-linkable
' polymer matrix. In particular, when the naturally -
compeBeiy FF Gapablel of sustanpally igpaedinte trop aride) al so

cont ai ns nucl eophilic groups -such as primary am no

[0116]" OERSmixbdBoRlE CohpRkidn ¢F pafaQtipR 109) vitlkeei® 8@ @4 cross-linkable
cross-1inkabl e conponent will react wiith the primry

compan¢nh eddpdde s seppndiseose-linkablroroa roaent PEowjdes fa cquibingg cross-linkable
comp%ﬂgrlt ggrﬁﬁéélﬁq% PP F P ogéjﬁlﬂzaﬁfesc'bmgﬁﬁéﬁisl A0 € concentration
conponent, 16 cause these other conponents to becone
in thepange affabbited. Sealbant20petocnbbyorsighterf the[c0@bgied krpss-linkable
eneral , gl ycosam noglycans are typically chemcally
Compgg‘?r’rt\‘i%'i“P "y deacetyl ation, desulfation, or both in
order to contain primary am no groups avail able for

reaction with_electrophiljc gro on the.s nd .
[0117 okhe.mixag ROV CoMmBRRERR of P@ﬂ%@aﬁgi%ﬁ@&r% the it Hapble
compdferd 8fidetab iAo ARG ARt Ocdigonedt padviabitoibirel Bross-linkable

aforenenti oned net hods include the follow ng:
compleyett geopositicye putl the Resanid eoss-lankablefogmponent BIPSMERIGE &1 n

sul fate B (dernatan sulfateé, chondroitin sulfate C,

chitin (can be derivatized2£o chitosan), keratan

sul fate, keratosulfate, and heparin. Derivatization

of gl ycosam nogl ycans by deacetyl ati on and/ or

desul fation and coval ent binding of the resulting

gl ycosam nogl ycan derivatives with synthetic




[0234] For use in tissue adhesion, in addition to
sealing, it may al so be desirable to incorporate
proteins such as albumn, fibrin or fibrinogen into
wd %ﬁsz&%ﬁsam matri x conposition to pronote cebkpkfbror4084
hesion. In addition, the introduction of
hydrocol | oi ds such as carboxynet hyl cel | ul ose nmay
concqmrtzahmt i the eugeeofaiieid]. io adnel/2Orpemari tyaistighitof the[‘@ma]ed Cross-

he seal b conposi tions of the present
Ilnka?lﬁe% PISh comfogll SO conprise one or nore additional

bi gl ogically active agents or co unds. In one .
(O118] - AR POSIoS FORPRSn P REREPRD A b IG5t & Heigbt fetig gf the firs
CIOSSQEE{hB{@Edrﬂ;ﬁﬁleﬁﬁM tREseadtdQeosk FinkdMe SRdloabkt ifHBithe Xange from about

onposition to prevent adhesion at the tissue defect
45%‘S>|atbeut J5te.ot her enbodi ments, biologically active

agents WO 2008/016983PCT/U820071074984 such as
[0119 Nt THai mikkedpawden nbmpositioniif phraggeint 55, wéyprebea weigbtiratio of the first

th eal ant trix for, use : n trauma-j ced
crossyFRIE SritaeR gh crseepd crosmipBaeds coptbrat NSRS Puher e
at hogeni c organi sns may have entered the tissue
[01 2(Hpef7é‘@tm1§rct nowcgr CORDPRfon] of PAREEPL &b SthcTAEhE Weight ratio between

s RS drd b VEbinih @ E4Rp ShelBY
theﬁ%k8%3%&%@F%¥s$%%ﬁ¥§ﬁe co%%%gﬁf?%n§toéa 'oca E?gsge
withis b range froorabent 2854 feeabiolsi 424t w/wi ssue heal i ng and

regeneration. In further enbodi ments, blood clotting

[emqg eIteSnixSHdw@S chiip Ssiiinof pmgrape 185] d\&ﬂrdiLOa fvaighh®rio between
nprove sealing and tissue eneratlo A actlvatlng

the firsh eldde@ﬁnri.cr@%%ebde eommeﬁtﬁ e BrGaedit 8% RYBRREYTS
withih Qgﬁ%ﬂ ﬁgmbiﬂ)utaid% BPdbold 4005 G t 0 proteins,

car rates, nucleic acids, and inorganic and

ni c. biologically.active gg* ~
[0122&3@1,%%1 eda% 8?111%3/511:1011 f|pﬁr§ L, & g%eé? ¢ st cross linkable

compbBdi edded $d fik Is&:o&ﬂ erdss-linkubld eomjhﬂs:lt provides atabmbmedigm&t~knkable
(such as taxol d rlvatlve rr]%ﬁjgacterlocrda

compgﬁftnit gcprp%smé) é:g}ﬁpgnen}t 5 cpaefsentga? a coﬂcentratlon

in theARSRIITaboR 9.5 ta%butlzr)f ﬂ;eﬁmiyer @ehe SombREABRBS linkable
antlangi ogeni ¢ agents, antibodies, neurotransmtters,

comppasng beyaRasitiga. dr ugs, drugs affectlng reproductive
organs and ol i gonucl eoti des, such as antisense
[OIZI}I immbépﬂﬂrdéesomﬁdmﬁidrmfmﬁhgtaph 2, sebletojn the thirst eross-linkable

compR R AAE s F R DR AOP A s PP RS e Rfnkabl

comp8hdr® E@rﬁpdsﬂm&i' M. thEXRTR @8ssAinkable cv@p@Banis prdsattlauge,
wthout limtati on, enzynes, recept or anta Onl St

concesigaiimsin he TRagaRIABANt Gt BAPAUI2AeH Rt bYWy ifed cross-
linkaPTBESR neﬁg%h&oﬁhbﬁs anti - adhesi on fornatlon agents,
antimcro agents, other pharmaceuti cal agents
nd.ant.i bodi es. The term_ "activ
o124] B g s st e P B2 S ereik elPpo plpe e
crossQnkABdE &m@;ﬁhbﬂt&o agaRtdad casssdinkibiecbniionws . is ARS8 GhgShicin about
. bi oactive conponents will typically be present at
54106’1198%5\5(4? y | ow concentrations, typically bel ow 10% by
wei ght of the conpositions, usuallﬁ bel ow 5% b
[0125)ei Bfetmixehpbvoler epmbesitow of wptagrapk i 3h tvhemipa weighbragio of the first
cross—ijugﬁ%&eg %#ﬁ/oﬁer?tgt tess rTob}%l c?oss Qﬁ@lgg n‘diolﬁe 1% %}lgﬂhg(})/%b
used to deliver dlfferent active conponents where
[0126] 5 4 ke 6HBBRERES may interact at the delivery site.
Exenpl grynhigeogh@t i ¢ agents include thronbin,
fibrinogen and clotting factors. Henpstatic agent s
i ke thronbin may be added in concentrations ranging,
for exanple, from about 50230 about 10,000 Units
thronmbin per m hydrogel, or from about 100 to about
1000 Units thrombin per m hydrogel. [0237] The
crosslinked first and second pol ynmer conpositions can
alsp be prepared to cpntainlyarious inaging agents



strength of the adhesion between the two tissue
surfaces is also increased, as the |ayer of porous
matri x between the tissues will be less likely to
i nternally under physiol ogi cal nec i
w@?’?@é@e@ 102451 The two surfaces may be hePg’p’hgf%m74984
toget her manual 'y, or using other appropriate neans,
whi | e emexeimyaler epagitioaalesppesd withiphe eerdeinergthe gomposition
npl etion. Crosslinking is typically conplete within
comp%%{ﬁg. 60 m nutes after applying the sealant matrix
CONpPOS ia tfir® BrosHtmkEsbey conipoaenticomprigng ini kiglef rucleophifit gloaps, the
croaépg)l ciqr%}gqto Qcecur i s %g@endent on a nunber of
first cpogeigable corEanantip PPWECTed 8L and nol ecul ar wei ghts of
the fi E3cofdBrosERRNH LCoRPondrt BEAPHSnCANBARINMcEoMIRe groups,
nmost particularly, the effective concentrations of
the secprd qrogs-lindsplple rampanent inppedersd dum; agd e (i .e., higher
concen ' [ i nking tines).
10246] Ek?éﬁoggi?&g%%b%@#ﬁﬁeﬂ???ﬁ?&gﬁ §llls}’econd surfaces
i s pr efwbemin wder madtioneenthlggrenditipisabelirspand sseand cross-linkable

herein, the term "natijve tissue" enconpasses
CompBﬁl%'I%oaé? apeblp oL SyPs@ntislly Duped i Fotrd ke o body of the
specific patient being treated. As used herein, the
[0127] erThe'kitasf pxagiapls $26 ‘wherdoihp assteinclrioolpagisaayrit gstsamesand a
. that have been el evated or .-renoved from one part of
SYHngGREM Gty of a patient for inplantation to another
art of the body of the sane patient (such as_ bone

[01284 . Thgrkiffof paragrrpin 124, diythen coppragngswridandnstructions fasapppiieg the
i |k - ' s .of the i ti
wixe 5 GOUBARH 15 SO I ] e | vent o

ece 0 In fromone part

0125f , e ot EeromAr A Tt PPN SR R e

agent@y be a native tissue surface, a non-native tissue
surface, or a surface of a synthetic inplant. As used
el ) YhehA ¥ Goil JeS3HR coRPEQNRASSESR,
[0130& &?’Sgk?té’tgpﬁf‘ S %%%g]?&rglgt izgll\/‘ec 53‘% renoved from the
ody. of a donor patient (who may be of the sane
mHIZpé%ngon&?nsbq‘g'a di fferent species than the recipient
pat i eng polfa@én spBapanmbati on into the body of a
reci pient patient (e.g., tissue and_org X
t r ans pk BHESHPOWESH COIPORISOR gt Jucdiop Ak g SPASy e muxed
d SkilibPOsniisidehe present invention can be used to
p"w fix iénograﬁ?lﬂﬁgart valve into the heart of a.
pat i ent figshcroselikablesgrgonsns coreprisingmpiiipletnyclgpriylahgroups, the
| ea . .102481.As used ein, the term"synthetic
fist Cfor‘gr%"ﬁ%g‘"’t%k cé’ﬁg’c?ﬁ%nés{% %W‘geﬁ‘z'/d ?%tonpati ble materi al
i Nt endeeechad croggplirkabltcomponant cortpresidganyitiple ebecipadhilngroups,

not. enc sed by the abqve.definitions for native
the sep TS MO RO PPYSTE: KB itet ¢ i rpl ant s
i ncl udghydre! SAMMY Gmpdhnbathh pbrderdd RO, vessel s, heart
val ves, artificial organs, bone prostheses, .
i npl anwWhgria undenpraticasnaklims canditiony th first angtseppng crogerijnkable
t Ladd T of the Seal ant
comp Qi A ile SPIRLAR N T B ol lIE O o
[0132P008¢ BAESRB PO/ thiISRAOTAQTHIE 4 nidR4@FntiAnophenguse of
t he sealﬁant cgglﬂ&fa' tions Oft- the invention is to coat
ti ssuedFhOEY BFERAY t he formation of
adhesi @B&ohdérb @i@bRWOSPONenOthal dihasrishkt orith Meefirgbdross-linkable
tissues or organs, In a .general nethod for coating
- compeneatyyier reactipnspahlingicqBdigis&®d on of adhesi ons
foll owi ng surgery, the first and second synthetic
polymers are m xed with the hydratable crosslinked
pol ymer or premixed, then 2¢thin layer of the
reaction mxture is applied to the tissues
conpri sing, surrounding, and/or adjacent to the
surgical site before substantial crosslinldng has
occurred between the nucleophilic groups on the first



50 glO0 ng + 50 gl water 50 gl 10 ng + 50 pl PBS 50

gl 10 ng + 100 gl PBS 250 gl 50 ng + 500 gl PBS [ 0254]

The sol utions of di-amno PEG and TSC- PEG were m xed
wdbel6hes4r | Nge-to-syringe mxing Each of the gﬁh@oh-ﬁdﬁgs,‘

was extruded fromthe syringe and allowed to set for

1 hour at 37 C. Each of the materials forned a gel.

In genemﬂxogtlkfengﬁgsorhmne softer with increasing

vv?t er é‘g‘ﬁt en “[ﬁt&,ﬁh?ﬂ %{? c?gésﬁig%%qg @?@on'feﬁtf‘cﬁésgﬂﬁl{o borm a
of aqu
poroﬁ&@dﬁi’k Baving intefsties el w6 h< 0 MRHRE RmBQ P BPbLdnO 3 apable of

use in Seal ant Matrix: Pr eparation of Crosslinked
bemgliUFiquytg iforay a kysipsss o flbatdeqshenmes of theintersyesni | | i gr ans
of poly-L-1ysine hydrobrom de (8,000 MN obtai ned
[0133f} r Ome%%ﬁi Bﬁﬁb@ot{— 101326 heBR) tHOREst crbaliificable |cBm9®rﬂent
phosphat e (0.2M pH=6.6) was mi xed with ,
compngesaﬁulﬂpltematplmlm@f@zms @a&leuswmé&rosEhvﬂE@le(%ﬂma@t Ws}lpﬂses
t V\D 2008/ 016983PCT/ US2007/ 074984
mulu@l%eﬁc{\%aﬁnﬂ mers Huntsw I le, Ala.) in 0.1 m PBS.

S|t|onforrre | nost dlatel
10134k i COoR T PP 8 S e LTS BT T
comphifds AUl o}k yiént oxklcfRoing &f nutitopRiliGgtoups, and the
pForsr:rq‘”atl on gf ﬁFﬂé?équlga am no PEG Tetra SE- Plgp
secongd grasriiakstdmeonaynes romprises @ srpielecephitis podypdkylene oxide having
t BRCIARY: LRLT & 196 REGRkei
nele%&rgfg;ﬁg%&gﬁ r%é?eﬁg%gﬁﬁggg%n petri "df shes. o
m+n Bgrdatniting omeguahtp ffe. t he tetra-am no PEG and tetra
SE- PEG the dishes were tilted repeatedly; the
[0135y €| BHei cOmpb4itiGn Masmrapedsi1de vwitbréin nhemwoh endowhdrtin a iswhiagds than
the fornulation ceased to flow The effect of pH on
or equgbfoafifssn tine of the various tetra-amino PEGtetra

SE- PEG fornul ati ons at roomtenperature is shown in
[0136Ta Bite cBmpbetion ! pRrtaph 13 &fwhertin gt mpukiowclgephilgrabyalndene

no_.P Tetra SE-PEG Fornmul ati ons
°X‘de1‘s PFI%E““%%"“% %6@%0 (m/m) Tetra SE-PEG

/ m Cel at Ti 20 20
[0137] 'Ihe(cgglposxzmn 0 paragraph%gét vlrI{re?em m 125 two, and wherein n is greater than

or equal to three.

[0138] The composition of paragraph 137, wherein the multi-electrophilic polyalkylene
oxide is tetrafunctionally activated.

[0139] The composition of paragraph 134, wherein both the multi-nucleophilic
polyalkylene oxide and the multi-electrophilic polyalkylene oxide are tetrafunctionally

activated. o

[0140] The composition of paragraph 134, wherein the multi-nucleophilic polyalkylene
oxide further comprises two or more nucleophilic groups selected from the group consisting

of NHQ, —SH, —H, —PHz, and —CO-NH—N-.Hz.

[0141] The composition of paragraph 134, wherein the multi-nucleophilic polyalkylene

oxide further comprises two or more primary amino groups.

[0142] A composition comprising:
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a collagen sponge comprising native collagen fibers; and

a mixed powder composition fixed with a surface of the sponge, the mixed
powder composition comprising:

a first cross-linkable component comprising multiple nucleophilic groups, the
first cross-linkable component in powdered form and comprising about 10% of the mixed
powder;

a second cross-linkable component comprising multiple electrophtlic groups,
the second cross-linkable component in powdered form and comprising about 10% of the
mixed powder; and

| a hydrogel forming component in powdered form, comprising about 80% of
the mixed powder;

wherein under reaction-enabling conditions the first and secorid cross-linkable
components are capable of substantially immediate cross-linking to form a porous matrix
having interstices, and the hydrogel-forming component is capable of being hydrated to form

a hydrogel to fill at least some of the interstices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0143] FIG. 1 illustrates a first cross-linkable component according to some embodiments

of the present invention.

[0144] FIG. 2 illustrates a second cross-linkable component according to some

embodiments of the present invention.

[0145] FIG. 3 shows the formation of a crosslinked matrix composition from a hydrophiiic

polymer according to some embodiments of the present invention.

[0146] FIG. 4 shows the formation of a crosslinked matrix composition from a

hydrophobic polymer according to some embodiments of the present invention.

[0147] FIG. 5 illustrates a hydrogel-forming component subunit according to some

embodiments of the present invention.

[0148] FIG. 6 illustrates the correlation between percent swell and the percent solids of a
ftﬁgmented crosslinked polymeric gel useful as a hydrogel-forming component in a sealant

composition according to some embodiments of the present mnvention.

[0149] FIGS. 7A-E illusirate the application of a sealant matrix composition to treat a

splenic artery punciure according to embodiments of the present invention.
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[0150] FIGS. 8A-E illustrate the application of a sealant matrix composition to treat a

hepatic resection according to embodiments of the present invention.

[0151] FYG. 9 illustrates the processing and packaging of a sealant matrix composition

according to embodiments of the present invention.

[0152] FIG. 10 illustrates the processing and packaging of a sealant matrix composition

according to embodiments of the present invention.

[0153] FIG. 11 illustrates the effect of PEG concentration on gel strength, according to

embodiments of the present invention.

[0154] FIG. 12 illusirates the effect of PEG concentration on swelling ratio, according to

embodiments of the present invention.

[0155] FIG. 13 illustrates the effect of PEG concentration on swelling ratio, according to

embodiments of the present invention.

[0156] FIG. 14 illustrates the effect of PEG concentration on swelling ratio, according to

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0157] According to some embodiments, the present invention provides dry sealant matrix
compositions for the achievement of hemostasis or other fluid containment in an in vivo
context by sealing a tissue breach or defect. The compositions of some embodiments of the
_-invention comprise first and second cross-linkable compohents and at Jeast one
hydrogel-forming component, in a dry composition suitable for applying to a fissue of a
vertebrate to facilitate fluid containment. The first and second components in the
compositions of the invention react under in-vivo conditions to form a cross-linked matrx,
while the hydrogel-forming component rapidly absorbs the biological fluid coming through
the tissue breach, as well as strengthening the resultant physical sealant matrix barrier formed
as the first and second components cross-link. As described in this application, “sealant
matrix compositions” may refer to compositions of the invention before application to the
tissue site in vivo, and “sealant matrix barrier” may refer to the resulting matrix barrier after
the compositions of the invention contact biological fluids and the first and second
components cross-link to form a porous cross-linked matrix containing the hydrogel. Sealant

matrix compositions may be produced in a variety of formats, including powders, cakes,
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primary use described herein.
[0159] In addition to providing rapid hemostasis and a barrier with high adherence to
surrounding tissues, the sealant matrix of some embodiments of the present mvention has
several advantages over previously disclosed materials used to achieve hemostasis. First, the
sealant matrix of some embodiments of the present invention may be used under conditions
where the tissue breach is quite wet (e.g., rapidly oozing or spurting arterial bleeds, such as
abrasive or sharp trauma to an internal organ). In comparison, many compositions currently
- marketed for hemostasis require a relatively dry site for proper adherence of the composition
and the maintenance of hemostasis. For example, in some cases certain PEG mixtures may
be plac;ed in a rapidly bleeding site, however it is likely that they could be washed away.
Similarly, in some cases certain gelatin compositions could hydrate in a rapidly bleeding site,
however it is likely that they could have difficulty remaining at the site. Advantageously, it
has been discovered that preparations which include a first cross-linkable component, a
second cross-linkable component, and a hydrogel-forming component can provide a material
that in reaction enabling conditions remains immobilized even with substantial bleeding to
form a mechanically stable clot-like material to staunch the bleeding. Second, the sealant
matrix of some embodiments of the present invention functions by physically sealing the
tissue breach, without reliance on any endogenous clotting capacity of the vertebrate. Thus,
the sealant matrix can be utilized on vertebrates with low fibrinogen concentration in their
blood, or even with blood substitutes that contain no fibrinogen. For example, when first and
second cross-linkable components are combined with a hydrogel forming component and
applied to a bleeding surface, a synergistic interaction between the cross-linkable components
and the hydrogel forming component can occur. According to some embodiments, the first
and second cross-linkable components can, in the presence of they hydrogel forming

component, react and cross-link at the bleeding target site to form a relatively rigid
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[0163] In one embodiment, the first component may be a synthetic polymer containing
multiple nucleophilic groups (represented below as "X") which can react with a second
component synthetic polymer containing multiple electrophilic groups (represented below as

Y™, resulting in a covalently bound polymer network, as follows:
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[01 64? 75As( r?o(@d above, X and Y may be the same or different, 1.e., the first component may
have two different nucleophilic groups and/or the second component may have two different
electrophilic groups. An exemplary first component polymer or first cross-linkable
component is illustrated in FIG. 1. An exemplary second component polymer or second

cross-linkable component is illustrated in FIG. 2.

[0165] The backbone of the first and second component polymers can be an alkylene oxide,
particularly, ethylene oxide, propylene oxide, and mixtures thereof. Examples of difunctional

allcylene oxides can be represented by:
X-polymer-X Y-polymer-Y

wherein X and Y are as defined above, and the term "polymer" represents-(CH,CH30), - or
-(CH(CH5)YCH;z0), - or -(CH>CH20), -(CH(CH3)CH;0), -.

[0166] The functional group X or Y is comunonly coupled to the polymer backbone by a
linking group (représented below as "Q"), many of which are known or possible. Although
the components of the invention have two or more functional groups, the examples below
show only one functional group and the resulting cross-linking for the sake of simplicity.
There are many ways to prepare the various functionalized polymers, some of which are

listed below:

polymer-Q'-X + polymer—Qz—Y - polymer—Ql—Z—Qz—polymer

wherein Q@ = whole structure =
-0-(CH;)}, - polymer-0- (CHy),-X (or Y)
-8-(CH,), - polymer-5- (CH;i,-X (or Y)
-NE- (CH;}, - polymer-NH~ (CHy) y-X (or Y)
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-0,C-NH- (CHy) , - polymer-0 0,C-NH- (CHy)y-X (or Y)
-0.,C-{CH,), - polymer-0,C- (CH;), -X {(or Y)
-0,C-CR'H~ polymer-0,0-CRH-X (or Y)
-0-R*-CO-NH- polymer-0-R-CO-NH-X (or Y)
wherein

n = 1-10 1n each case;

R'=H, CHs, CoHs, . . . CoHapsis

R* = CH,, CO-NH-CH,CH,.

Q' and Q® may be the same or different.

[0167] For cxample, when QF = OCH,CHj (there is no Qy in this case); Y =
-CO;N(COCH,), ; and X = -NH,, -SH, or -OH, the resulting reactions and Z groups wouid be

as follows:

polymer-NH; + polymer-OCH;CH,CO,-N(COCH;), — -NH-OCH,CH,CO-polymer

(amide)
polymer-SH + polymer-OCH,CH,;CO»-N(COCH»), =  -S-OCHCH,CO-polymer (thicester)
polymer-OH + polymer-OCH>CH,CO-N(COCH;), ~ -O-OCH,CH; CO-polymer (ester)

[0168] An additional group, represented below as "D", can be inserted between the polymer
and the linking group to increase degradation of the crosslinked polymer composition in vivo,

for example, for use in drug delivery applications:
polymer-D-Q-X + polymer-D-Q-Y — polymer-D-Q-Z-Q-D-polymer-

[0169] Some useful biodegradable groups "D" include lactide, glycolide, é-caprolactone,
poly(o-hydroxy acid), poly(amino acids), poly(anhydride), and various di- or tripeptides. -

A. First and Second Components with Polymer Backbones

[0170] As noted above, in order to prepare the compositions of the present mventior, it is
useful to provide a first component polymer containing two or more nucleophilic groups,

" such as primary amino groups or thiol groups, and a second component polymer containing
two or more electrophilic groups capable of covalently binding with the nucleophilic groups

on the first component polymer. The first and second component polymers can be synthetic.
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[0171] As used with respect to first and second component polymers, the term "polymer"
refers inter alia to polyalkyls; di-, tri-, oligo-, and polyamino acids; and tri-, oligo-, or

polysaccharides.

[0172] As used with respect to first and second component polymers, the term "synthetic
polymer" encompasses polymers that are not naturally occurring and that are produced via
chemical synthesis. As such, naturally occurring proteins such as collagen and naturally
occurring polysaccharides suéh as hyaluronic acid may be excluded. Synthetic collagen, and
synthetic hyaluronic acid, and their derivatives, are included. Synthetic polymers containing
either nucleophilic or electrophilic groups encompass "multifunctionally activated synthetic
polymers". The term "multifunctionally activated” (or, simply, "activated") can refer to
synthetic polymers which have, or have been chemically modified to have, two or more
nucleophilic or electrophilic groups which are capable of reacting with one another (i.e., the
nucleophilic groups react with the electrophilic groups) to form covalent bonds. Types of
multifunctionally activated synthetic polymers include difunctionally activated,
tetrafunctionally activated, and star-branched polymers. ’

[0173] Multifunctionally activated synthetic polymers for use in the present invention ofien
contain at least two, or at least three, functional groups in order to form a three-dimensional
crossh'nkéd network with synthetic polymers containing multipie nucieophilic groups (i.c.,
"multi-nucleophilic polymers®). In other words, they are typically at least difunctionally |
activated, or trifunctionally or tetrafunctionally activated. If the first synthetic polymer is a
-difunctionally activated synthetic polymer, the second synthetic polymer typically contains
three or more functional groups in order to obtain a three-dimensional crosslinked network.
“Both the first and the second component polymer may contain at least three functional

© groups.
B. First Component Polymer

[0174] First component polymers containing multiple nucleophilic groups are also referred
to generically herein as "multi-nucieophilic polymers". For use in the present invention,
multi-nucleophilic polymers often contain at least two, or at least three, nucleophilic groups.
If a synthetic polymer containing only two nucleophilic groups is used, a synthetic polymer
contaiming three or more electrophilic groups will often be used in order to obtain a three-

dimensional crosslinked network.
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[0175] Multi-nucleophilic polymers for use in the compositions and methods of the present
inventioﬁ include synthetic polymers that contain, or have been modified to contain, mulfiple
nucleophilic groups such as primary amino groups and thiol groups. Such multi-nuclecphilic
polymers can include: (i) synthetic polypeptides that have been synthesized to contain two or
more primary amino groups or thiol groups; and (ii) polyethylene glycols that have been
modified to contain two or more primary amino groups or thiol groups. In general, reaction
of a thiol group with an electrophilic group tends to proceed more slowly than reaction of a

primary amino group with an electrophilic group.

[0176] Multi-nucleophilic polypeptides can be synthetic polypeptides that have been
synthesized to incorporate amino acids containing primary amino groups (such as lysine)
and/or amino acids containing thiol groups (such as cysteine). For instance, the first
component polymer can be a dilysine, trilysine, quatralysine, pentalysine, or a dicysteine,
tricysteine, quatracysteine, pentacystein, or oligopeptides or polypeptides comprising two or
more lysines or cysteines and other amino acids (e.g., glycine, alanine,), preferably non-
hydrophobic amino acids. Poly(lysine), a syntbetically produced polymer of the amino acid

~ lysine (145 MW), is ofien used. Poly(lysine)s have been prepared having anywhere from 6 to
about 4,000 primary amino groups, corresponding to molecular weights of about 870 to about
580,000. Poly(lysine)s of varying molecular weights are commercially available from
Peninsula Laboratories, Inc. {(Belmont, Calif.).

[0177] Polyethylene glycol can be chemically modified to contain multiple primary amino
or thiol groups according to methods set forth, for example, in Chapter 22 of Poly{ethylene
Glycol) Chemistry: Biotechnical and Biomedical Applications, J. Milton Harris, ed., Plenum
Press, N.Y. (1992). Polyethylenc glycols which have been modified to contain two or more
primary amino groups are referred to herein as "multi-amino PEGs". Polyethylene glycols
which have been modified to contain two or more thiol groups are referred to herein as
"multi-thio]l PEGs". Asused herein, the term "polyethylene glycol(s)" includes modified and
or derivatized polyethylene glycol(s).

[06178] Various forms of multi-amino PEG are commercially available ffom Shearwater
Polymers (Huntsville, Ala.) and frem Texaco Chemical Company (Houston, Tex.) under the
name "Jeffamine". Multi-amino PEGs useful in the present invention include Texaco's
Jeffamine diamines (D" series) and triamines ("T™ series), which contain two and three

primary amino groups per molecule, respectively.
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[0179] Polyamines such as ethylenediamine (H,N-CH,CH,-NH), tetramethyienediamme
([-IzN-(CHg)4-NH2), pentamethylenediamine (cadaverine) (HoN-(CHaz)s-NH3),
hexamethylenediamine (HoN-(CHa,)e-NHz), bis(2-hydroxyethyl)amine (HN-(CH;CH,OH),),
bis(2)ammoethyl)amine (HN-(CH,CH,;NH>)s), and tris(2-aminoethyljamine
{(N-(CH,CH,NH,)s) may also be used as the first component synthetic poiymer containing
multiple nucleophilic groups.

C. Second Component Polymer

y

[0180] Second component polymers containing multiple electrophilic groups are also
referred to herein as "multi-electrophilic polymers." For use in the present invention, the
multi-electrophilic polymers often contain at least two, or at least three, electrophilic groups

in order to form a three-dimensional crosslinked network with multi-nucieophilic polymers.

[0181] Multi-electrophilic polymers for use in the compositions of the invention can be
polymers which contain two or more succinimidy! groups capable of forming covalent bonds
with nucleophilic groups on other molecules. Succinimidyl groups are highly reactive with
materials containing primary amino (-NI,) groups, such as multi-amino PEG, poly(lysine),
or collagen. Succinimidyl groups are slightly less reactive with materials coﬁtaining thiol (-
SH) groups, such as multi-thiol PEG or synthetic polypeptides containing multiple cysteine

residues.

[0182] - Asused herein, the term "containing two or more succinimidyl groups" is meant to
encompass polymers which are commercially available containing two or more succinimidyl
groups, as well as those that are chemically derivatized to contain two or more succinimidyl
groups. As used herein, the term "succinimidyl group” is intended to encompass
sulfosuccinimidyl groups and other such variations of the "generic"” suécinimidyl group. The
presence of the sodium sulfite moiety on the sulfosuccinimidyl group serves to tncrease the

solubility of the polymer.

D. Hydrophilic Polymers for Use as First or Secord Component Backbones

[0183] Hydrophilic polymers and, in particular, various polyethylene glycols, can be nused
in the first and second component polymer backbones according to some embodiments of the
present invention. As used herein, the term "PEG" encompasses polymers having the

repeating structure (OCH;CHb)n.
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a typical particle size distribution from0.020 mmto



Exanple 8: Rapidly Acting Dry Henostatic Seal ant
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conmponents, and a hydrogeliform ng conponent
first cross-1linkable polynmer (PEGA) was a
the cRf@atafooned by ty reagbowlelf A-PERevidenshidenine 85G, | Thikdiskage may be

refe egag/asa I(éﬁgi“rlﬁﬁ)r[] yas 2 PEG t hiol, powder, and the

roge g CORponent  was a cross-1linked gelatin
.. Rapidly g Seal ant Pad
iﬂlsﬁozgﬁfnsa\thﬁrafspa P§a<awf=ﬁ Q"‘df—“;‘}ﬁe?’é%\g ?ﬂ?rl Iy ptixatpd BEG

glycifyl fRFEt-BEag Emf)b([lﬁfen@ %ﬂ&)ﬁlﬂ&kﬂ@&h@fﬂﬁ%@ﬂﬁﬁtwa@d compound,
second cross-|inkabl e conponents, and

as wellagtlerpeinjuizete rf@)mgeddxyrfp@ﬁeﬁ such Pl m@étﬂrmnmﬁEG Another activated

denvﬁwoﬁsbye@&m eﬁﬁ%ﬁ% ?ﬁllggié g{%ogpggggs%egﬂpﬁ.

Embdsrhmbﬂsi ircmd6 Gerifﬁ)gaﬁ‘, fomnechbptﬁctﬁ}gzuwh with axlti- ﬂih'mod’ﬁﬁ} Another

scovgt a4 a0 Bl SR Db Bt ent R R bt

(V-PBER! E&ﬂﬁodiﬁﬁ&r[ts cRAE tholohfb A8 FérRl Yy rdabEngsaiah anth nﬁnaﬁrmO
conposition nay be fixed to the support using binding
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surgical site via a sponge or other suitable support

and Ursemarbidg syquteChalesigaalVays Powder To Treat Splenic
Artery Puncture [0267] FIGS. 7A-E illustrate the
ap plc: i Dativaiizatibn af thedlisst tndBecaind Conpoent Pdymiecs tor(@etain
nic artery puncture according to embodi ments of
E““QPH ﬁ%@?@ﬁt i nvention. The pig was heparinized to

approxi mately 3X baseline. As depicted in FIG 7A a
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| obe of the Iiver 805 was resected in the pig using
scissors 810. Followi ng the resection, excessive
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as heptanedioic acid (HOOC-(CHz),-COOH), octanedioic acid (HOOC-(CH,),-COQOH), and
hexadecanedioic acid (HOOC-(CH,)1.-COOH) are derivatized by the addition of
succinimidyl groups to produce difunctionally activated polymers.

[0193] Polyamines such as ethylenediamine (H,N-CH;CH>-NHy), tetramethylenediamine
(HoN-(CHz)4-NEH,), pentamethylenediamine (cadaverine) (H,N-(CH;)s-NHy),
hexamethylenediamine (HzN—(CIiz)g—NHz), bis(2-hydroxyethyl)amine (HN-(CH>CH>OH),),
bis(2)aminoethylamine (HN-(CH,CH,NH>},), and tris(2-aminoethyl}amine
(N-(CH;CH;NH,)3) can be chemically derivatized to polyacids, which can then be
derivatized to contain two or more succinimidyl groups by reacting with the appropriate
molar amounts of N-hydroxysuccinimide in the presence of DCC, as described in U.S.
application Ser. No. 08/403,358. Many of these polyamines are commercially available from
DuPont Chemical Company.

[0194] In some embodiments, a first cross-linkable component {e.g. multi-amino PEG) 1s
present at a concentration in the range of about 0.5 to about 20 percent by v#eight of the total
cross-linkable component composition, and a second cross-linkable component is present at a
concentration in the range of about 0.5 to about 20 percent by weight of the total cross-
linkable component composition. For example, a final cross—liﬁkﬁble component composition
having a total \af.eight of 1 gram (1000 milligrams) could contain between about 5 to about
200 milligrams of the first cross-linkable component (e.g. nulti-amino PEG), and between

about 5 to about 200 milligrams of the second cross-linkable component.

- [01 95} Im sonie Qn_l_bodi‘me;nté, the weight ratio of the first cross-linkable component to the |
 second cross-linkable coﬁ;pbnent is in the range from about 20% to about 80%. In related |

- embodiments, this ratio is in the range from about 45% to about 55%. In some casés, the
ratio is about 50%. The weight ratio is determined on the basis of a gel strength test. The
first cross-linkable component and the second cross-linkable component may h.ave the same

molecular weight.
Il. Hydrogel-Forming Components for use in the Sealant Matrix Composition

[0196] Hydrogel-forming components for use according to the present invention can
include resorbable biocompatible molecular cross-linked gels and hydrogels as discussed in -
U.S. Patent Nos. 4,640,834; 5,209,776; 5,292,362; 5,714,370; 6,063,061; and, 6,066,325,
which are bereby incorporated by reference. Materials made by the techniques described in

these patents are commercially available under the FLOSEAL trademark from the Baxter
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Healthcare Corporation, in a kit for mixture with thrombin solution for use as a hemostatic
agent. Alternatively, any hydratable cross-linked polymers may be used as hydrogel-forming
components in the invention. For example, alginates, agaroses, gelatins (e.g.,
SURGIFOAM™ powder), or other synthetic, carbohydrate or protein-based hydratable cross-
linked polymers may be used. The primary characteristics of useful hydrogel-forming
components are biocompatibility, rapid absorption and retention of fluid. Thus, although
polyacrylamide may be used as a hydrogel-forming component in the invention, it would be
less preferred due to its poor biocompatibility in many internal applications. Often, the
hydratable cross-linked polymers for use as the hydrogel-forming component have a particle
size of about 70 to about 300 microns, and a pH of about 6.8 to about 9.5. Hydrogel-forming
components can provide mechanical stability to the first and second cross-linkable

components, particularly when a sealant matrix 1s subject to forces, pressures, or dilutions.

[0197] In some embodiments, the weight ratio between the first and second cross-linkable
components, and the hydrogel-forming component, is within a range from about 28% to
about 42% w/w. In some cases, & composifion may contain a concentration of combined first
and second cross-linkable components that is about 5% to about 75% of the fotal mass of the
_composition, and a concentration of hydrogel forming component that is about 95% to about
25% of the total mass of the composition. Relatedly, a composition may contain a
concentration of combined first and second cross-linkable components that is about 5% to
about 40% of the total mass of the composition, and a concentration of hydrogel forming
componcnf that is about 95% to about 60% of the total mass of the compoé_itipn‘. _Simﬂarly, a
composition may contain a cdncentration of combined first and second cross-linkable
oomponents that is about 10% to about 30% of the total mass of the composition, and a
concentration of hydroge! forming component that is about 90% to about 70% of the total
mass of the composition. For example, a composition may contan about 20% combined first
and second cross-linkable components, and about 80% hydrogel forming component. In
some embodiments, a combined first and second cross-linkable component composition can
have a fixed Weight ratio of 50:50%, and the w/w ratio of the combmed first and second
cross-linkable component composition to the hydrogel-forming component can be with a
range from about 20% to about 30%. The w/w ratio of the combined first and second cross-
linkable component composition fo the hydrogel—fonning component can be selected based
on a gel strength/adherence test. The hydro gel—foﬁnjng component can act as an absorbent to

provide a semi-dry surface for the first and second cross-linkable components to polymerize.
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Embodiments of the present invention encompass dry sealant matrix composition kits that
include cross-linkable components and hydrogel-forming components in amounts according

to these ratios.

'[0198] According to some embodiments, the term "biocompatible" refers to materials that
meet the criteria in standard # ISO 10993-1 promulgated by the International Organization
for Standardization (NAMSA, Northwood, Ohio). According to some embodiments, the term
"resorbable” refers to compositions that degrade or solubilize, when placed directly into a
target site in a patient’s body (and not protected within an implant device such as a breast
implant), over a time period of less than one year, usually from 1 to 120 days. Protocols for
measuring resorption and degradation are known. According to some embodiments, the term
"molecular cross-linked" refers fo materials that include polymer molecules (i.e. individual
chains) which are attached by bridges composed of either an element, a group, ora
compound, where the backbone atoms of the polymer molecules are joined by primary
chemical bonds. Cross-linking may be effected in a variety of ways, as will be described in

greater detail below.

[0199] According to some embodiments, the term "hydrogel” encompasses compositions
that include a single phase aqueous colloid in which a biologic or non-biologic polymer, as
defined in more deta.il below, absorbs water or an aqueous buffer. A hydregel can comprise
multiple sub-networks, where each sub-ﬁehﬂork is a molecular cross-linked hydrogel having
dirhensions whjéh depend on the degrée of hydration and are within the ranges set forth
. above. Oﬁen,- the hydrogels will have little or no free water, i.e., Wafcr cannot be removed _
from the h‘ydroéel by simple "ﬁlt_ratidn. - . o o
-{0200] "Percent swell" can be defined as the dry weight is subtracted from the wet weight,
divided by the dry weight and multiplied by 100, where wet weight is measured afier a
wetting agent has been removed as completely as possible from the exterior of the materiai,
e.g., by filtration, and where dry weight is measured after exposure to an elevated

temperature for a time sufficient evaporate the wetting agent, e.g., 2 hours at 120° C.

[0201] “Equilibrium swell" can be defined as the percent swell at equilibrum after the
hydratable cross-linked polymer material has been immersed in a wetting agent for a time

period sufficient for water content to become constant, typically 18 to 24 hours.

[0202] *"Target site” is typically the location to which the sealant matrix composition is to

be delivered, usually a tissue breach or defect. Often, the target site will be the tissue location
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of interest, but in some cases the sealant matrix composition may be administered or
dispensed to a location near the location of intereét, e.g. ,when the material swells in situ to

cover the location of interest.

[0203] The hydratable cross-linked polymers for use as hydrogel-forming components in at
least some embodiments of the present invention may be formed from biologic and
non-biologic polymers. Suitable biologic polymers inciude proteins, such as gelatin, soluble
collagen, albumin, hemoglobin, casein, fibrinogen, fibrin, fibronectin, elastin, keratin,
laminin, and derivatives and combinations thereof. Soluble non-fibrillar collagen is similarly
suitable. Exemplary gelatin formulations are set forth below. Other suitable biologic
polymers include polysaccharides, such as glycosaminoglycans (e.g., hyaiuronic acid and
chondroitin sulfate), starch derivatives, xylan, cellulose derivatives, hemicellulose
derivatives, agarose, alginate, chitosan, and derivatives and combinations thereof. Suitable
non-biclogic polymers can be selected to be degradable by either of two mechanisms, i.e. (1)
break down of the polymeric backbone or (2) degradation of side chains which result in
aqueous solubility. Exemplary nonbiologic polymers include synthetics, such as
polyacrylates, polymethacrylates, polyacrylamides, polyvinyl resins, polylactide-glycolides,

polycaprolactones, polyoxyethylenes, and derivatives and combinations thereof.

[0204] The hydratable cross-linked polymer molecules for use as hydrogel—fonﬁjng
componeﬁts may be cross~1iﬂked in any manner suitable to form an aqueous hydrogel. For
example, these polymeric molecules may be cross-linked using bi- or poly-functional cross-
linking agents which cdﬁalen’ﬂj ’attaéh to two or more polymer molecules chains. Exemplary
bifunctional cross-linking agents inciude aldehydes, epoxies, succinimides, carbodiimides,
maleimides, azides, carbonates, isocyanates, divinyl sulfone, alcohc_;lé, amines, imidaies,
anhydrides, halides, silanes, diazoacetate, aziridines, and the like. Altematively, Cross-
linking may be achieved by using oxidizers and other agents, such as periodates, which
activate side-chains or maieties on the polymer so that they may react with other side-chains
or moieties to form the cross-lmking bonds. An additional method of cross-linking comprises
exposing the polymers to radiation, such as gamma radiation, to activate the side polymer to
permit cross-linking reactions. Dehydrothermal cross-linking methods are also suitable.
Dehydrothermal cross-linking of gelatin can be achieved by holding it at an elevated
temperature, typically 120°C, for a period of at least 8 hours. Increasing the extent of cross-
linking, as manifested in a decline in percent swell at equilibrium, can be achieved by

elevating the holding temperature, extending the duration of the holding time, or a
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combination of both. Operating under reduced pressure can accelerate the cross-linking

reaction. Preferred methods for cross-linking gelatin molecules are described below.

[0205] Hydrogels may inciude a plasticizer to increase the malleability, flexibility, and rate
of degradation of the hydrogel. The plasticizer may be an alcohol, such as polyethyiene
glycol, sorbitol, or glycerol. Often, the plasticizer will be polyethylene glycol having a
molecular weight ranging from about 200 to 1000 D, or having a molecular weight of about
400 D. The plasticizers can be present in the hydrogel at from about 0.1% by weight to about
30% by weight, preferably from 1% by weight to 5% by weight of the polymer
composition. The plasticizers can be particularly beneficial for use with hydrogels having a

high solids content, typically above 10% by weight of the composition (without plasticizer).

[0206] Exemplary methods for producing molecular cross-linked gelatins are as follows.
Gelatin is obtained and placed in an aqueous buffer to form a non-cross-linked gel, typically
having a solids content from about 1% to about 70% by weight, or from about 3% to about
10% by weight. The gelatin is cross-linked, typically by exposure to cither glutaraldehyde
(e.g. 0.01% to 0.05% w/w, overnight at 0° C to 15° C in aqueous buffer), sodium periodate
(e.g. 0.05 M, held at 0° C to 8° C for 48 hours) or 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide ("EDC") (e.g., 0.5% to 1.5% w/w, overnight at room temperature), or by
exposure to about 0.3 to 3 megarads of gamma or eléctron beam radiation. Altematively,

- gelatin particles can be suspended in an aléohol, such as methyl alcohol or ethyl alcohol, at a
solids content of about 1% to about 70% by weight, or about 3% to about 10% by Wéight,_ and
- cross-linked by exposure to a;cross-linkiﬁg agent,l‘ typically glutaraidehyde’ (e.g., 0.01% to

- 0.1% w/w, overnight at room temperaturé). In the case of aldehydes, the pH is typically held
from about 6 to about 11, or from about 7 to about 10. When cross-linking with
glutaraldehyde, the cross-links are formed via Schiff bases which may be stabilized by
subsequent reduction, e.g. by treatment with sodium borohydride. After cross-linking, the
resulting granules may be washed in water and optionally rinsed in an alcohol, dried and
resuspended to a desired degree of hydration in an aqueous medium having a desired buffer
and pB. The resulting hydrogels may then be loaded into the applicators of the present
invention, as described in more detail hereinafter. Altematively, the hydrogels may be
mechanically disrupted prior to or after cross-linking, also as described in more detail

heremafter.
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[0207] Exemplary methods for producing molecular cross-linked gelatin compositions
having equilibrium percent swells in the range from about 400% to about 1300%, or from
about 600% to about 950%, are as follows. Gelatin is obtained and placed in an aqueous
buffer (typically at a pH of about 6 to about 17, or at a pH between about 7 and about 10)
containing a cross-linking agent in solution {often glutaraldehyde, typically at a conceniration
of 0.01% to 0.1% w/w} to form a gel, typically having a solids content from 1% to 70% by
weight, usually from 3% to 10% by weight. The gel is well mixed and held overnight at 0° to
15° C as cross-linking takes place. It is then rinsed three times with deionized water, twice
with an alcohol (preferably methyl alcohol, ethyl alcohol, or isopropyl alcohol) and allowed
to dry at room temperature. Optionally, the gel may be treated with sodium borohydride to
further stabilize the cross-linking. In some cases, the hydrogel-forming component can
include a gelatin having, for example, a large number of glycine residues {¢.g. 1 in 3 arranged
every third residue), proline residues, and 4-hydroxyproline residuss. An exemplary gelatin
subunit is shown in FIG. 5. Gelatin embodiments include molecules having an amino acid
composition of : glycine 21 %, proline 12 %, hydroxyproline 12 %, ghitamic acid 10 %,
alanine 9 %, arginine 8%, aspartic acid 6 %, lysine 4 %, serine 4 %, leucine 3 %, valine 2 %,
phenylalanine 2 %, threonine 2 %, isolencine 1 %,hydroxylysine 1 %, methionine and
histidine <1% and tyrosine < 0.5 %. FIG. 6 illustrates the correlation between percent swell
and the percent solids of a fragmented crosslinked polymeric gel embodiment useful as a

hydrogel-formjﬁg component in a sealant composition.

[0208] The molecular cross-linked hydro géls are preferably meehanically disrupted-in a
batch process prior for use as a hydrogel—forming component. The primary purpose df this

_ mechanical disruptioﬁ step is to create multiple subunits of hydrogel having a size which
enhances the ability to fill and pack the space to which it is being delivered. Without
mechanical disruption, the molecular cross-linked hydrogels will have difficulty conforming
to and filling the irregularly shaped target spaces which are being treated. By breaking the
hydrogel down to smaller sized sub-units, such spaces can be filled much more efficiently

while retaining the mechanical integrity and persistence of the cross-linked hydrogel.

[0209] Molecular cross-linking of the polymer chains of the hydrogel can be performed
before or afler its mechanical disruption. The hydrogels may be mechanically disrupted in
batch operations, such as mixing, so long as the hydrogel composition is broken down into
sub-units having a size in the 0.01 mm fo 5.0 mm range set forth above. Other batch

mechanical disruption processes include pumping through a homogenizer or mixer or through
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a pump which compresses, stretches, or shears the hydrogel to a level which exceeds a
fractural yield stress of the hydrogel. In some cases, extrusion of the polymeric composition
canses the hydrogel to be converted from a substantially cortinuous network, i.e. a network
which spans the dimensions of the original hydrogel mass, to a collection of sub-networks or

sub-units having dirmensions in the ranges set forth above.

[0210] In a presently preferred embodiment, the hydratable cross-linked polymer may be
initially prepared (e.g. by spray drying) and/or be mechanically disrupted prior to being
cross-linked, often usually prior to hydration to form a hydrogel. The hydratable cross-linked
polymer may be provided as a finely divided or powdered dry solid which may be disrupted
by further comminution to provide particles having a desired size, usually being narrowly
confined within a small range. Further size selection and modification steps, such as sieving,
cyclone classification, etc., may also be performed. For the exemplary gelatin materials
described hereinafier, the dry particle size is preferably in the range from about 0.01 mm to
about 1.5 mm, more preferably from about 0.05 mm to about 1.0 mm. An exemplary particle
size distribution will be such that greater than about 95% by weight of the particles are in the
range from about 0.05 mm to about 0.7 mm. Methods for comminuting the polymeric
starting material include homogemzation, grinding, éoacervation, milling, jet milling, and the
like. Powdered polymeric starting materials may also be formed by spray drying. The
particle size distribution may be further controlled and refined by conventional techniques
such as sieving, aggregation, further grinding, and the like.

 {0211] The dry powdered sdiid may then be suspended in an aqueous buffer, as described
elsewhere herein, and cross-linked. In other cases, the hydratable cross-linked polymer may
be suspehded in an aqueous buffer, cross-linked, and then dried. The cross-linked, dned
polymer may then be disrupted, and the disrupted material subsequently resuspended in an

aqueous buffer. In all the cases, the resulting material comprises a cross-linked hydrogel

having discrete sub-networks having the dimensions set forth above.

[0212] The hydratable cross-lhinked polymers useful as hydrégel-—fomqing components, after
mechanical disruption, will typically be resorbable, i.e., they will biodegrade in the patient's
body, in a period of less than one year, usually from 1 to 120 days, preferably from 1 to 90
days, and more preferably from 2 to 30 days following their initial application. Techniques

- for measuring the length of time required for resorption are known.
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apphdgﬁd)raﬁtltﬂd’ltaﬂgeﬂmﬁ. @f&n sealant matrix compositions will be in a powdered or
fused-cake form.

[0216] The concentrations of the first component and the second component used to

prepare the sealant matrix compositions may vary depending upon a number of factors,
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envel§@KRrs, and the like. Admixture and filling may be done under aseptic conditions, or
the sealant matrix composition may be sterilized after packaging, ¢.g., by gamma radiation.
The dry poWder embodiments of the invention are then ready for ﬁse. The first and second
cross-linkable polymers will react to cross-link under physiological conditions (e.g., blood
pH,) and so the three component sealant matrix composition of the composition may be
applied directly at the desired site in dry form to seal a tissue defect, provided that sufficient
hydrating bodily fluid is present. Thus, the powdered sealant matrix composition may simply
be poured onto and into the tissue defect target site, and held in place (e.g., with a gauze pad
or surgical glove) until the sealant matrix barrier forms. This is particularly useful and
convenient in trauma situations (e.g., in an emergeney suite or battlefield) where ready-to-use

products that can be used with various tissue defect sizes are desirable.

[0218] In other embodiments, the first and second components and the hydrogel-forming
cbmponent may be immobilized on a support, or backing, forming 2 “sealant matrix pad”. In
these embodiments, a support, such as a collagen sponge, is provided, and then the sealant
matrix composition is fixed onio the support for use. Because the sealant matrix
compositions bond easily with tissues, organic materials, and synthetic materials, these
embodiments can be advantageous in that a more easily handled support may be used to
apply the sealant matrix composition. Due to the fact that a relatively small amount of
sealant matrix composition is required to create an effective sealant matrix barrier, a

relatively thin layer of scalant matrix composition may be fixed to the support. For instance,
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(02197 T FHY SUBRErof ARREAMA Matris?fhddPbddinents of the invention may be any

biocompatible material. Although collagen supports are described in detail herein, other

materials for supports may be used.- For example, other protein or polysaccharide support
material which are¢ biocompatible may be used. These support materials may degrade at
approximately the same rate in vivo as the sealant matrix barrier, or may degrade at different
rates from the sealant matrix barrier. Collagen sponges and their preparatioh are well known
in the surgical arts, and the preparation and handling of coliagen is described fully below.
Likewise, sponges prepared from fibrin may be used. Carbohydrate based materials such as
celtulose (for external applications) or chitosan may also be used. In addition, biocompatible
and biodegradable synthetic polymers may be used. Those of skill in the surgical arts will
recognize that forms other than sponges may be used for supports in the sealant matrix pad
embodiments of the invention. For cxample, a sheet or film of collagen or other materials
may be used. In addition, the support may take any useful éhape, such as cones, hemispheres,
© rods, wedges, and the like, in order to provide a pad that will more closely approximate the
shape of the tissue defect. For example, a sealént matrix pad which utilizes a cone-shaped -

collagen sponge as a support may be uscful in treating a gunshot wound.

[0220] Typically, such supports will act as a structural or mechanical component. The
supports may have some degree of porosity, to allow blood or other liquids to seep into the
support and have increased contact with the compositions. Such constructions may have a
swelling factor of about 1.3X to about 1.5X, and therefore can be ideal for surgical
applications. For example, the sponge-supported compositions can be used in neurosurgery
to seal dura, where excessive swelling can place unwanted pressure on the brain. In general,
the supports should be flexible enough to conform fo a typical tissue defect, and should have
good handiing properties in the surgical context.
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to thei s%flc%béf%c?coulgaé’ﬂ s%ogge.sﬂlpe!meaﬁvely, the sealant matrix composition may be
fixed to the support using binding agents, or other excipients known in the pharmaceutical
arts. In general, the technique used to fix the sealant matrix composition to the support will
depend on the first and second components and the hydrogel-forming component of the
sealant matrix composition. The method used to fix the sealant matrix composition onto the
support should not appreciably decrease the ability of the first and second component to
cross-link when exposed to physiological conditions, or the ability of the hydrogel-forming

component to absorb biological fluids.

[0222] In other embodiments, the sealant matrix composition may be formed into a sheet or
film without a support. Such forming of the sealant mairix composition may be achieved
using the methods described above for fixing a sealant matrix composition to a support for

the sealant matrix pad embodiments.
IV. Addition of Additional Components in the Sealant Matrix Composition

[0223] In additional embodiments of the present invention, components other than the first
and second cross-linkable components and the hydrogel-forming component may be added to
the sealant matrix compositions of the iﬁvention. In general, these additional components
may be admixed with the first and second and hydrogel-forming components in dry form.
Additional components may add further mechanical sirength or otherwise improve the
performance of the sealant matrix compositions of the invention for particular applications.
For instance, because it is opaque and less tacky than nonfibillar coliagen, fibrillar collagen
may sometimes be Iess preferred for use in bioadhesive compositions. However, as disclosed
in U.S. Patent No. 5,614,587, fibrillar collagen, or mixtures of nonfibrillar and fibrillar
collagen, may be preferred for use in adhesive compositions intended for long-term
persistence in vivo. Various deacetylated and/or desulfated glycosaininoglycan derivatives
can be incorporated into the composition in a similar manner as that described above for

collagen.

47



Prem xed Two- Conponent PEG F10Seal TM 1120 PEG % 1 360
ng 500 ng 2.3 cc 42% 200 ng 500 ng 1.2 cc 48%
[02791 Test results on exenplary formul ations

W@ﬁ}ﬁ%l%s@g to sone enbodi nents reveal ed t he {,@f,r]%ﬂgms“
C npl e

aracteristics showmn in Table 8. Table 8 Sa
Fl oSeal Tm pH Wei gh of (ratio) F10SealTM Wei ght of
[0224) X¥zhnREGoccurring proteins, such as collagen, and derivatives of various naturally

occurring polysaccharides, such as glycosaminoglycans, can be incorporated into the sealant
matrix barrier when the first and second components of the invention react under
physiological conditions to cross-link. When these other components also contain functional
groups which will react with the fimctional groups on the synthetic polymers, their presence
during crosslinking of the first and second components at the target site will result in
formation of a crosslinked synthetic polymer-naturally occurring polymer matrix. In
particular, when the naturally occurring polymer (protein or polysaccharide) also contains
nucleophilic groups such as primary amino groups, the electrophilic groups on the second
cross-linkable component will react with the primary amino groups on these components, as
well as the nucleophilic groups on the first crc;ss-linkable compénent, to cause these other

components to become part of the sealant matrix barrier.

[0225] In general, glycosaminoglycans are typically chemically derivatized by
deacetylation, desulfation, or both in order to contain primary amino grounps avatlabie for
reaction with electrophilic groups on the second cross-linkable component.
Glycosaminoglycans that can be derivatized according to either or both of the aforementioned
methods include the following: hyaluronic acid, chondroitin sulfate IA, chondroitin sulfate B
(dermatan sulfate), chondroitin sulfate C, chitin (can be derivatized to chitosan), keratan
sulfate, keratosulfate, and heparin. Derivatization of glycosaminoglycans by deacetylation
and/or desulfation and covaient binding of the resulting glycosaminoglycan derivatives with
synthetic hydrophilic potymers is described in further detail in commonly assigned, allowed
U.S. Patent No. 5,510,418, the contents of which are hereby incorporated by reference.

[0226] Similarly, electrophilic groups on the second cross-linkable component may react
with primary amino groups on lysine residues or thiol groups on cysieine residues of certain
naturally occurring proteins. Lysine-rich proteins such as collagen and its derivatives are
especially reactive with electrophilic groups on synthetic polymers. As used herem, the term
"collagen" is intended to encompass collagen of any type, from any source, including, but not
limited to, collagen extracted from tissue or produced recombinantly, collagen analogues,
collagen derivatives, modified collagens, and denatured collagens such as gelatin. Covalent
binding of collagen to synthetic hydrophilic polymers is described in detail in commonly
assigned U.S. Pat. No. 5,162,430, issued Nov. 10, '1992, to Rhee et al.
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telopeptide-containing collagen.

[0229] Collagen that has not been previously crosslinked by methods such as heat,
irradiation, or chemical crosslinking agents can be used in the compositions of the invention,
and previously crossiinked collagen may be used as well. Non-crosslinked atelopeptide
fibrillar collagen is commercially available from Collagen Corporation (Palo Alto, Calif.) at
collagen concentrations of 35 mg/ml and 65 mg/m! under the trademarks Zyderm® I Collagen
and Zyvderm II Collagen, respectively. Glutaraldehyde crosslinked atelopeptide fibrillar
collagen is commerclally available from Collagen Corporation at a collagen concentratlon of
35 mg/ml under the trademark Zyplast® Collagen. Collagens for use in the present invention
are generally in dry lyophilized powder form.

[0230] Because of its tacky consistency, nonfibrillar collagen is typically used in
compositions of the invention that are intended for use as bioadhesives. The term
"nonfibrillar collagen" encompasses any modified or unmodified collagen materal that s in
substantially nonfibrillar form at pH 7, as indicated by optical clarity of an aqueous

suspension of the collagen. -

[0231] Collagen that is already in nonfibrillar form may be used in the compositions of the

invention. As used herein, the term "nonfibrillar collagen” is intended to encompass collagen
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types that are nonfibrillar in native form, as well as collagens that have been chemically
modified such that they are in nonfibrillar form at or around neutral pH. Collagen types that

are nonfibrillar (or microfibrillar) in native form include types IV, VI, and VIL

[0232] Chemically modified collagens that are in nonfibrillar form at neutral pH include
succinylated collagen and methylated collagen, both of which can be prepared according to
the methods described in U.S. Pat. No. 4,164,559, issued Aug. 14, 1979, to Miyata ¢t al.,
which is hereby incorporated by reference in its entirety. Due to its inherent tackiness,
methylated collagen is typically used in bioadhesive compositions, as disclosed in U.S. Patent
No. 5,614,587.

[0233] Collagens for use in the scalant matrix compositions of the present invention may
start out in fibrillar form, then be rendered nonfibrillar by the addition of one or more fiber
disassembly agents. The fiber disassembly agent is typically present in an amount sufficient
to render the collagen substantially nonfibrillar at pH 7, as described above. Fiber
disassembly agents for use in the present invention include, without lirmitation, various
biocompatible alcohols, amino acids, inorganic salts, and carbohydrates, with biocompatibie
alcohols being particularly preferred. Preferred biocompatible aicohols include glycerol and
propylene glycol. In some cases, non-biocompatible alcohols, such as ethanol, methanol, and
isopropanol, may not be desirable for use in the first and second polymers of the present .
invention, due to their potentialiy deleterious effects on the body of the patient receiving
.them. Examples of amino acids include arginine. Examples of inorganic salts include
sodium chloride and potassium chloride. Although carbohydrates, such as various sugars
including sucrose, may be used in the practice of the present invention, they are not as
preferred as other types of fiber disassembly agents because they can have cytotoxic effects

in vivo,

[0234] For use in tissue adhesion, in addition to sealing, it may also be desirable to
incorporate proteins such as albumin, fibrin or fibrinogen into the sealant matrix composition
' to promote cellular adhesion. In addition, the introduction of hydrocolloids such as

carboxymethylcellulose may promote tissue adhesion and/or swellability.

[0235] The sealant matrix compositions of the present invention may also comprise one or
more additional biologically aciive agents or compounds. In one embodmment, biologically
active agents such as taxol derivatives may be added to the sealant matrix composition to

prevent adhesion at the tissue defect site. In other embodiments, biologically active agents
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such as antibiotic or antimicrobial agernts may be added to the sealant matrix for use, e.g., m
trauma-induced wound situations (e.g., knife or bullet wounds) where pathogenic organisms
may have entered the tissue defect site, or wound. In other embodiments, biologically active
agents such as growth factors may be delivered from the composition to a local tissue site in
order to facilitate tissue healing and regeneration. In further embediments, blood clotting
agents, such as thrombin, may be added to further improve sealing and tissue regeneration by
activating the clotting cascade. Exemplary bioactive components include, but are not limited
to, proteins, carbohydrates, nucleic acids, and inorganic and organic biologically active
molecules such as enzymes, antibiotics, antineoplastic agents, bacteriostatic agents, anti-
adhesion formation agents (such as taxol deﬁvativés,) bacteriocidal agents, antiviral agents,
hemostatic agents, local anesthetics, anti-inflammatory agents, hormones, antiangiogenic
agents, antibodies, neurotransmitters, psychoactive drugs, drugs affecting reproductive organs
and oligonucleotides, such as antisense oligonucleotides. The term "biologically active
agent” or "active agent" as used herein encompasses organic or inorganic molecules which
exert biological effects in vivo. Examples of active agents include, without limitation,
enzymes, receptor antagonists or agonists, hormones, growth factors, autogenous bone
marrow, antibiotics, anti-adhesion formation agents, antimicrobial agents, other
pharmaceutical agents, and antibodies. The term "active agent” is also infended to encompass

combinations or mixtures of two or more active agents, as defined above.

[0236]  Such bicactive components will typically be present at relatively low
concentrations, typically below 10% by weight of the compositions, usually below 5% by

| wetght, and often beiow 1% by weight. T'wo or more of such active agents may be combined
in a single composition and/or two or more composifions may be used to deliver different
active components where said components may interact at the delivery site. Exemplary
hemostatic agents include thrombin, fibrinogen and clotting factors. Hemostatic agents like
thrombin may be added in concentrations ranging, for example, from about 50 to about
10,000 Units thrombin per ml hydrogel, or from about 100 to about 1000 Units thrombin per
m] hydrogel.

[0237] The crosslinked first and second polymer compositions can also be prepared to
contain various imaging agents such as iodine or barium sulfate, or fluorine, in order to aid

visualization of the compositions after administration via X-ray, or YF-MRI, respectively.
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growth factor (TGF) supergene family, which are multifunctional regulatory proteins, are
particularly preferred. Members of the TGF supergene family include the beta fransforming
growth factors (for example, TGF-81, TGF- 8 2, TGE- § 3); bone morphogenetic proteins
(for example, BMP-1, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP-&, BMP-9);
heparin-binding growth factors (for example, fibroblast growth factor (FGF), epidermal .
growth factor (EGE), platelet-derived growth factor (PDGF), insulin-like growth factor
(IGF)); Inhibins (for example, Inhibin A, Inhibin B); growth differentiating factors (for
example, GDF-1); and Activins (for example, Activin A, Activin B, Activin AB).

[0239] Growth factors can be isolzited from native or natural sources, such as from
‘mammalian cells, or can be prepared synthetically, such as by recombinant DNA techniques
or by various chemical processes. In addition, analogs, fragments, or derivatives of these
factors can be used, provided that they exhibit at least some of the biological activity of the
native molecule. For example, analogs can be prepared by expression of genes altered by

site-specific mutagenesis or other genetic engineering techniques.

[6240] Biologically active agents may be incorporated into the sealant matrix composition
by admixture. In one embodiment, active ag‘ents' may be mixed into powdered sealant matrix
compositions in a dry or lyophilized form. In another embodiment, this admixture may be
fixed onto a solid support such as collagen as described above for the sealant matrix
compositions. In other embodiments, the agents may be incorporated into the sealant matrix
compositions, as described above, by binding these agents with the functional groups on the
first or second component synthetic polymers. Processes for covalently binding biologically
active agents such as growth factors using functionally activated polyethylene glycols are
described in commonly assigned U.S. Pat. No. 5,162,430, issued Nov. 10, 1992, to Rhes et al.
Such compositions preferably include linkages that can be easily biodegraded, for example as
a result of enzymatic degradation, resulting in the release of the active agent into the target

tissue, where it will exert its desired therapeutic effect.
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[0241] A simple method for incorporating biologically active agents containing
nucleophilic groups into the crosslinked polymer composition involves mixing the active
agent with the first component, second component, and hydrogel forming component prior to
administration in a dry state. Upon application of the sealant matrix composition to the tissue
defect and contact with biological fluid, the biclogically active agent will react with the
second component and be cross—liﬁked into the porous cross-linked mairix of the first and
second components, as the hydrogel-forming component absorbs the biological fluid. This
procedure will result in covalent binding of the active agent to the crosslinked component
polymer mairix portion of the sealant mafrix barrier which is formed, producing a highly

effective sustained release composition.

[0242] The type and amount of active agent used will depend, among other factors, on the
particular site and condition to be treated and the biological activity and pharmacokinetics of

the active agent selected.
V. Use of Sealant Matrix Compositions as Bioadhesives

[0243] The sealant matrix compositions of the present invention are generally adhesive and
bond to tissues strongly, as the electrophilic groups of the second cross-linkable component
react with nucleophilic groups of collagen in the tissue of the target site. Some porous matrix
compositions of the invention can have unusually high tackiness. Thus, in addition to use as a
barrier matrix for hemostasis, the sealant matrix compositions of the present invention are
useful as bioadhesives to bond wet or moist tissues under physiological conditions. As used
herein, the terms "bioadhesive", "biological adhesive", and "surgical adhesive" may be used
interchangeably to encompass biocompatible compositions capable of effecting temporary or
permanent attachment between the surfaces of two native tissues, or between a native tissue

surface and a non-native tissue surface or a surface of a synthetic implant.

[0244] In a general method for effecting the attachment of a first surface to a second
surface, the sealant mafrix composition (for example, in dry powder or sheet form) 1s applied
to a first surface. The first surface is then contacted with the second surface, preferably
immediately, to effect adhesion between the two surfaces. At least one of the first and second
surfaces is preferably a native tissue surface. When a mechanically stable hydrogel forming
component is used in the composition, such as the crosslinked gelatin used in the examples,
the resulting porous matrix exhibits increased mechanical strength as opposed to a

composition containing the first and second cross-linkable components alone. Thus, the
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[06245] The two surfaces may be held together manually, or using other appropriate means,

while the crosslinking reaction is proceeding to completion. Crosslinking is typically
complete within 5 to 60 minutes after applying the sealant matrix composition. However, the
time required for complete crosslinking to occur 1s dependent on a number of factors,
including the types and molecular weights of the first and second cross-linkable components
and, most particularly, the effective concentrations of the two components at the target site

(i.e., higher concentrations result in faster crosslinking times).

[0246] At least one of the first and second surfaces is preferably a native tissue surface. As
used herein, the term "native tissue" encompasses biological tissues.that are native to the
body of the specific patient being treated. As used herein, the term "native tissue”
encompasses biological tissues that have been elevated or removed from one part of the body
of a patient for implantation to another part of the body of the same patient (such as bone
autografts, skin flap é.utografts, etc.). For example, the compositions of some embodiments
of the invention can be used to adhere a piece of skin from one part of a patient’s body to

another part of the body, as in the case of a burn victim.

[0247] The other surface may be a native tissue surface, a non-native tissue surface, or a
surface of a synthetic implant. As used herein, the term "non-native tissue" encompasses
biological tissues that have been removed from the body of a donor patient (who may be of
the same species or of a different species than the recipient patient) for implantation into the .
body of a recipient patient (e.g., tissue and organ transplants). For example, the crosshinked
polymer compositions of the present invention can be used to fix a xepograft heart valve into

the heart of a patient and seal around the heart valve to prevent leakage..

[0248] As used herein, the term "synthetic implant” encompasses any biocompatible
material intended for implantation into the body of a patient not encompassed by the above
definitions for native tissue and non-native tissue. Synthetic implants inciude, for example,
artificial blood vessels, heart valves, artificial organs, bone prostheses, implantable lenticules,

vascular grafts, stents, and stent/graft combinations, etc.

VI. Use of the Sealant Matrix Compositions to Prevent Adhesions
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[0249] Another use of the sealant compositions of the invention is to coat tissues in order to
prevent the formation of adhesions following surgery or injury to internal tissnes or organs.
In a general method for coating tissues to prevent the formation of adhesions following
surgery, the first and second synthetic polymers are mixed with the hydratable crosslinked
polymer or premixed, then a thin layer of the reaction mixture is applied to the tissues
comprising, surrounding, and/or adjacent to the surgical site before substantial crosshnking
has occurred between the nucleophilic groups on the first synthetic polymer and the
electrophilic groups on the second synthetic polymer. Application of the reaction mixture to
the tissue site may be by extrusion, sprinkling, brushing, spraying (as described above) for
powdered compositions, by placement of a thin film or sheet of the sealant matrix

composition onto the tissue, or by any other convenient means.

[0250] Following application of the reaction mixture to the surgiéal site, crosslinking is
allowed to continue in sifu prior to closure of the surgical incision. Once crosslinking has
reached equilibrium, tissues which are brought into contact with the coated tissues will not
stick to the coated tissues. At this point in time, the surgical site can be closed using

conventional means {sutures, etc.).

- [0251] In generai, compositions that achieve complete crosslinking within a relatively short
period of time (i.e., 5-15 minutes following mixture of the first synthetic polymer and the
second synthetic polymer) may be preferred for use in the prevention of surgical adhesions, '
so that the surgical site may be closed relatively soon afier completion of the surgical
procedure. Furthermore, it is preferred that a hydratable crosslinked polymer with a
relatively high mechanical strength be used in the compositioﬁs, such as the crosslinked

gelatin used in the examples, to-increase the mechanical stability of the coating.

[0252] The following examples describe the production and characterization of a first
cross-linkable component with a second cross-linkable component and a hydrogel-forming
component to form sealant raatrix compositions, and are put forth so as to provide those of
ordinary skill in the art with a complete disclosure and description of how to make the
preferred embodiments of the conjugates, compositions, and devices and are not intended to
limit the scope of what the inventors regard as their invention. Efforts have been made to
ensure accuracy with respect to numbers used (e.g., amounts, temperature, molecular weight,

etc.) but some experimental errors and deviation should be accounted for. Unless indicated
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otherwise, parts are parts by weight, molecular weight is weight average molecular weight,

temperature is in degrees Centigrade, and pressure is at or near atmospheric.

VII. Examples

Example 1: First And Second Component Compositions for use in Sealant Matrix:

Preparation of Crosslinked Multi-amino PEG Compositions

[0253] The following stock solutions of various di-amino PEGs were prepared: Ten (10)
grams of Jeffamine ED-2001 {obtained from Texaco Chemical Company, Houston, Tex.} was
dissolved in 9 ml of water. Ten (10) grams of Jeffamine ED-4000 (also obtained from Texaco
Chemical Company) was dissolved in 9 ml of water. 0.1 grams of di-amino PEG (3400 MW,
obtained from Shearwater Polymers, Huntsville, Ala.) was dissolved in 300 ul of water.

Each of the three di-amine PEG solutions prepared above was mixed with agueous solutions
of trifunctionally activated SC-PEG (TSC-PEG, 5000 MW, also obtained from Shearwater
Polymers) as set forth in Table 1, below. '

TABLE 1

Preparation of Crosslinked Polymer Compositions

Di-amino PEG TSC-PEG + Agueous Solvent
50 pl 0 mg + 50 MUl water:

50 ul 10 mg + 50 pl PBS

50 pl 10 mg + 100 pl PBS

250 pl 50 mg + 500 pul PBS

[0254] The solutions of di-amino PEG and TSC-PEG were mixed using syringe-to-syringe
mixing. “Each of the materials was extruded from the syringe and allowed to set for 1 hour at
37° C. Each of the matenals .formed a gel. In general, the gels became softer with increasing
water content; the gels containing the least amount of aqueous solvent (water or PBS) were

firmest.

Example 2: First And Second Component Compositions for use in Sealant Matrix:

Preparation of Crosslinked Poly(lysine) Compositions

[0255] Ten (10) milligrams of poly-L-lysine hydrobromide (8,000 MW, obtained from
Peninsula Laboratories, Belmont, Calif.) in 0.1 ml phosphate buffer (0.2M, pH=6.6) was
mixed with 10 mg of tetrafunctionally activated SE-PEG (10,000 MW, obtained from
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Shearwater Polymers, Huntsville, Ala.) in 0.1 m] PBS. The composition formed a soft gel
almost immediately.

Example 3: First And Second Component Compositions for use in Sealant Matrix:

Effect of pH on Gel Formation of Tetra-amino PEG/Tetra SE-PEG Formuiations

[0256] Gels comprising various concentrations of tefra-amino PEG and tetra SE-PEG at pH
6, 7, and 8 were prepared in petri dishes. Following mixing of the tetra-amino PEG and tetra
SE-PEG, the dishes were tilted repeatedly; the gelation time was considered to be the point at
which the formulation ceased to flow. The effect of pH on gelation time of the various tetra-

amino PEG/tetra SE-PEG formulations at room temperature is shown in Table 2, below.

TABLE 2

Effect of pH on Gel Formation of Tetra-amino PEG/Tetra SE-PEG Formulations

Tetra-aminc PEG Tetra SE-PEG

Conc. (mg/ml) Conc. (mg/ml) pH Gelation Time
20 20 3 »5C.0 min
20 20 7 20.0 min
20 .20 3] 1.4 min
50 50 6 '24.0 min
50 50 7 3.5 min
50 50 8 10.0 sec
100 100 - 6 2.0 min
100 100 7 47.0 secC
100 100 8 10.0 sec
200 200 6 2.0 min
200 200 7 S.0 sec
200 200 8 5.0 sec

[0257] The time required.for gel formation decreased with increasing pH and increasing
tetra-amino PEG and tetra SE-PEG concentrations.

Example 4;: Evaluation of Hydrogel-Forming Component Materials and Methods of

Cross-Linking and Measuring Percent Swell

[0258] Gelatin particles were allowed to swell in an aqﬁeous buffer (e.g.; 0.2 M sodium
phosphate, pH 9.2) containing a cross-linking agent (e.g., 0.005 to 0.5% by weight
glutaraldehyde). The reaction mixture was held refrigerated overnight and then rinsed three
times with deionized water, twice with ethyl alcohol, and allowed to dry at ambient
temperature. The dried, cross-linked gelatin was resuspended in an aqueous buffer at a low
solids concentration (2-3%) at ambient temperature for a fixed period of time. Buffer was m

substantial excess of the concentration needed for equilibrium swelling, and two phases (a
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sample of gelatin. The value of percent swell for samples resuspended in buffer for 18 to 24

hr prior to measuring wet weight was defined as "equilibrium swell.”

[0260] The resulting cross-linked gelatin materials displayed equilibrium swell values in
the range from 400% to 1300%. The degree of equilibrium swell depended on the method

and extent of cross-linking.

Example 5: Hydrogel-Forming Components for Use in the Sealant Matrix: Fragmented
Hydratable Cross-Linked Polymeric Product Composed of Gelatin Cross-Linked Using
EDC

[0261] Gelatin (Atlantic Gelatin, General Foods Corp., Woburn, Mass.) was allowed to
dissolve 1n distilled water at 1 to 10% sohids {(w/w) (more preferably at 8%) at 70° C.
1-Bthyl-3-(3dimethylaminopropyl) carbodiimide (EDC) (Sigma, St. Louis, Mo.) at 0.2% to
3.5% (or 0.2% to 0.3%) was then added. The resultant hydrogel formed on stiring was left
at room temperature for one hour. The hydrogel was dried using a Freezone 12 freeze dry
system, (Labconco, Mo.) and ground finely using a Waring Blender model No. 31BC91
(VWR, Willard, Ohto). The dried polymeric composition was then loaded into syringes and
equilibrated with buffer. The equilibrium swell was determined to be at least 1000%. The

results are shown in Table 3.

TABLE 3

Gelatin (mg) EDC Swell (%)
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500 (8%) 13.5 mg (0.25%) 1080
500 (3%) 13.5 mg (0.25%) 1126
100 (7.4%) 0.945 mg (0.35%) 1620
100 (7.4%) 9.45 mg (3.5%) 1777

Exampie 6: Hydrogel-Forming Components for Use in the Sealant Matrix: Fragmented
Hydratable Cross-Linked Polymeric Product Composed of Gelatin and
Poly(L)Glutamic Acid, Cross-Linked Using EDC

[0262] Gelatin (Atlantic Gelatin, General Foods Corp., Woburn, Mass.) was allowed to
dissolve in distilled water at 1 to 10% solids (w/w) (more preferably at 6 to 8%) at 70° C. O to
10% (w/w) (more preferably 2-5%) Poly(L)glutamic acid (PLGA) (Sigma, St. Louis, Mo.)
and 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (Sigma) at 0.2 to 3.5% (or 0.2
to 0.4%) were then added. The resultant hydrogel formed on stirring was left at room
temperature for one hour. The hydrogel was allowed to swell in excess saline for a fixed
period of time (for example 20 hr). The hydrogel was then filiered by applying vacuum on a
filter membrane (Millipore, Bedford, Mass.). The equilibrium swell was determined to be at

least 1500%. The results are shown in Table 4.

TABLE 4
Gelatin (mg) PLGA (mg) EDC ' Swell (%)
375 (6%) 125 (2%) 13.5 mg (25%) 1510
375 (6%) 125 (2%) 13.5 mg (25%) 1596
250 (4%) 250 (4%) 13.5mg (25%) 2535
250 (4%) 250 (4%) 13.5mg (25%) 2591
250 (4%) 250 (4%) 13.5 mg (25%) 2548
250 (4%) 250 (4%) 13.5mg (25%) 2526
200 (3.2%) 300 (4.8%) 13.5 mg (.25%) 2747
200 (3.2%) 300 (4.8%) 13.5 mg (:25%) 2677
200 (3.2%) 300 (4.8%) 13.5 mg (.25%) 2669
150 (2.4%) 350 (5.6%) 135 mg (.25%) 3258
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150 (2.4%) 350 (5.6%) 13.5mg (25%) 3434
150 (2.4%) 350 (5.6%) 13.5mg (.25%) 3275
75 (5.5%) 25 (1.9%) - 0.945 mg (0.35%) 2437
50 (3.7%) 50 (3.7%) 0.945 mg (0.35%) 2616
25 (1.9%) 75 (5.5%) 0.945 mg (0.35%) 5383
75 (5.5%) 25 (1.9%) 945 mg (3.5%) 1976
50. (3.7%) 50 (3.7%) 9.45mg (3.5%) 2925
25 (1.9%) 75 (5.5%) 9.45mg (3.5%) 4798

Example 7: Hydrogel-Forming Components for Use in the Sealant Matrix: Production
of a Fragmented Hydratable Cross-Linked Polymeric Hydrogel

[0263] Bovine Corium (Spears Co. PA) was agitated in an agueous sodium hydroxide
(Spectrum Chemical Co., CA) solution (0.1 M to 1.5 M, or (.4 to 1.2M) for a period of one to
18 hours (or one to four hours) at a temperature of 2° C to 30°C (preferably 22° C to 30° C).
The corium slurry was then neutralized using an inorganic acid such as hydrochloric acid,
phosphoric acid or sulfuric acid (Spectrum Chemical Co., CA.) and the neutralized liquid
phase was then separated from the insoluble corium by filtration through a sieve. The corium
was then washed with non-pyrogenic water and an alcohol such as 1sopropyl alcohol
(Spectrum Chemical Co., CA.).. After three to twelve wéshes, the corium was suspended in
non-pyrogenic water and the corium, water slury may be then heated to 50° C t0 90° C
preferably 60° C to 80° C to thermally gelatinize the corium. During the gelatinization cycle,
the pH of the corium, water slurry was adjusted and controlled from pH 3 topH 11, or pH 7
to pH 9. Also, the insoluble corium in the shury may be disrupted by agitation and/or
homogenization. The disruption can occur before or after the thermal gelatinization cycle.
Thermal gelatinization was conducted for one to six hours. Afier gelatinization, the shurry
was clarified by filtration. The gelatin shurry was dewatered by drying in air at 15° C to 40°
C, preferably 20° C to 35° C. The dry gelatin, where dry implies a moisture content less than
20% by weight, was then disrupted by grinding.

[0264] Dry gelatin was added to a cold (5° C to 15° C) aqueous solution of containing
glutaraldehyde (Amresco Inc., OH.) at 0.0025% to 0.075% by weight and at a pI1 between 7
and 10. The concentration of gelatin in this solution was between 1% and 10% by weight.
The glutaraldebyde cross-links the gelatin granules over a period of one fo 18 hours after
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second cross-linkable polymer (PEG-B) was a PEG-thiol powder, and the hydrogel-forming

component was a cross-linked gelatin powder.
Example 9: Rapidly Acting Dry Sealant Pad

[0266] A rapidly acting dry sealant pad was prepared by combining a first cross-linkable
component, a second cross-linkable components, and a hydrogel-forming component. The
resulting composition, a powdered sealant matrix composition, was placed onto a lyophiliicd
collagen sponge, and heated to 60-70° C for about 1-2 minutes. The dry powder matrix
melted slightly at this heat, fixing it to the surface of the collagen sponge, thus forming a
scalant matrix pad. Alternatively, the sealant matrix composition may be fixed to the support
using binding agents, or other excipients known in the pharmaceutical arts. In general, the
technique used to fix the sealant matrix composition to the support may depend on the first
and second components and the hydrogel-forming component of the sealant matrix

composition. Sealant matrix pad embodiments of the present invention provide a convenient
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Example 12: Sealant Powder to Treat Splenic Lesion
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[0269] A splenic lesion was surgically induced in a pig with a 6 mm biopsy tissue punch,
and the tissue core was removed with scissors. The pig was heparinized to approximately
2.5X baseline. Following the tissue punch, excessive bleeding was observed from the spleen.
Approximately 700 mg (2 ml) of a sealant matrix composition powder was applied to the
puncture using the edge of a 12 ml syringe. No compression was used to hold the material in
place. The sealant powder formed a coagulum that was observed to adequately stop the
bleeding. The site was irrigated at 4 minutes post-application. When the coagulum was
grasped with forceps', it appeared to adhere quite well to the tissue and had goéd integrity.
The coagulum was removed at 25 minutes post-application, by peeling off, and resumed

‘bleeding was observed.
Example 13: Mechanical Stress Test

[0270] Sealant matrix barrier was prepared by reacting 0.60 to 0.65 g of a sealant matrix
composition powder with 1 ml porcine plasma in a plastic mold. The mixture was allowed to
cure at room temperature for approximately 30 minufes. Both ends of 23 x 1 x 0.3 cm block
of gel were taped with cyanoacrylate glue to create gripping spaces for pulling apart (1 x 1
cm). The tape ends were gripped with the pre-mounted grips. A Chatillon TCD2000 tester
was used to apply 2 ponnal stress test to the rectangular gel shape until fracture, to determine
the tensile strength. Peak force (N) and deflection at maximum Ioad (mm) were measured to
extend the gel until break. The effective surface area of the gel was 1 x 0.3 cm, and the
original effective length of the gel was 1 cm. The tensile strength of the sealant gel was
approximately 15.37 N/émz. A similar test was performed on a gel composition including a
first cross-linkable component and a second cross-linkable component, in the absence of a
hydrogel-forming component, and the observed tensile strength was approximately 5.1

Nem?.
Example 14: Peel Strength Test

[0271] In some embodiments, a mixed powder includes first and second cross-linkable
components and a hydrogel-forming component, and is self-polymerizing as it dissolves in a
physiological liquid such as blood or another body fluid. The material can tightly adhere to a
tissug or another application site by covalent bonding; The mechanical strength of tissue
adherence can be examined using a mechanical jig to pull a sealant matrix from a tissue such
as skin. In this example, multiple tensile tests were run following formation of sealant matrnix

barriers as follows. A series of three component powders containing a first cross-linkable
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component (pentaerythritol poly (ethylene glycol) ether tetra-succinimidyl glutarate) and a
second cross-linkable component (pentaerythritol poly (ethylene glycol) ether tetra-thiol), and
a cross-linked gelatin (FloSeal™) were prepared, by mixing the cross-linkable components
and the cross-linked gelatin at three different concentrations (10%, 20%, and 30% of the
cross-linkable component). About 0.40 g to about 0.45 g of the three component powder was
| added to about 0.6 ml of porcine plasma in a 3x1x0.3 cm plastic mold disposed on top of a
chicken skin sample, and allowed to cure at room temperature for approximately 60 minutes.
A sealant matrix barrier formed and tightly adhered to the skin. The formed sealant matrix
barrier was glued to a plate that was clamped 1o a Chatillon TCD200 tester. Maximum peak
force () was measured as skin was pulled from the sealant matrix barrier. An increase in
adhering strength was observed to almost linearly correlate with an increase in concentration
of the PEG mixture (first and second cross-linkable components). Results are as shown in

Table 4A.

-Table 4A
Conc. of Skin Speed, Curing Time, | Pulling Force
PEG mixture mm/min min side, cm N
10% chicken 12.7 80 1 2.00
10% chicken 12.7 80 1 2.10
10% chicken 12.7 80 1 1.70
: 1.93 Avg.
0.21 Std. Dev.
20% chicken . 127 60 1 3.24
20% chicken 12.7 60 1 2.13
20% chicken 12.7 60 1 3.41
20% “chicken 12.7 70 1 2.10
2.72 Avg.
0.71 5td. Dev.
30% chicken 12.7 ' 70 1 3.86
30% chicken 12.7 70 1 7.86
30% chicken 12.7 80 1 1.53
30% chicken 12.7 80 1 2.65
30% chicken 12.7 80 1 2.59
30% - chicken C 127 80 1 3.83
30% chicken 12.7 105 1 3.32
30% chicken 12.7 107 1 3.00
3.58 Aveg.
1.89 Std. Dev.

Example 15: Preparation of Fibrillar Collagen for Sponge Backing of Fused Pad
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[0272] A first fibrillar collagen sample was prepared as follows. 40g of NaOH was
dissolved in 450 cc H;O at a temperature of 25°C. Approximately 50g of shced bovine
corium was added to the NaOH solution. The coriun was stirred for 80 minutes. The
NAOH solution was decanted and the corium was washed with H;Q. The corium was
dissolved with 2M HCl to bring the pH in the range of 2.3 to 2.4. Stirring was continued for
18 hours. 1250 ml of thick collagen in solution {CIS) was titrated to pH 7.25 with 1M NaOH
at 18°C. Collagen fiber was formed over a period of 10 hours, and filtered. 240 ml of was
precipitated at pH 7.4, and cross-linked with 33 pl of 25% glutaraldehyde (GA) solution at
8°C for 23 hours. Fibrillar collagen was lyophilized using a Virtis Lyophilizer by a recipe

cycle.

[0273] A second fibrillar collagen sample was prepared as follows. Fibrillar collagen was
cross-linked using 240g of viscous solution (e.g. CIS). The solution was diluted by adding 60
cc of H;O. The pH was raised {o 9.2 by adding about 1.8 cc of 2M NaOH. The temperature
of the solution was adjusted to 8°C, and 33 pl of 25% GA was added. The solution was
stirred for 23 hours, and about 54 g of precipitated fibers were obtained. Fibrillar collagen
was Iyophilized using a Virtis Lyophilizer by a recipe cycle.

Example 16: De-Buffering the Hydrogel-Forming Component

[0274] In some embodiments, it may be desirable to remove phosphate salt from a

hydro gei—forming component such és FloSeal™ so that the pH of the hydrogel-forming
coﬁponent can be easily influenced by the surrounding liquid. In-situ cross-linking of
hydrogel-forming components can help a sealant matrix compound adhere to tissue following
application. In some cases, the adhesion may be more effective at certain pH values. For
example, some gelatin-based materials may undergo adhesion more readily at pH values
lower than 6 or 7. FloSeal™ was washed with H,0 in a ratio of 1:50, and the slurry was pH
adjusted or acidified with 0.01M HCI or 0.01M NaOH to a pH between 2 and 7. Wet gelatin
cake was filtered and dried in a forced air oven at 32°C for 12 to 20 hours and lightly ground
with mortar and pesile. Dried gelatin powder was added to a solution of mixed PEG for in
situ cross-Hinking. A shury was mixed for 30 seconds and immediately applied to the surface
of weighing paper fully saturaied with 25 mM of phosphatc buffer at pH 7.4, Polymerization

times were recorded, and the results are shown in Table 5.

Table 5

Sample | pH of FloSeal™ | pH of buffer for PEG (A/B) | Time (minutes) gelation

1 7.6 6 3
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2 7.6 6 3
3 6.0 6 30
4 6.5 6 20
5 4.0 6 90

Example 17: Preparation of PEG Cake

[0275] In one embodiment, 0.8g PEG-succinimide powder and 0.8g PEG-thiol powder
were thoroughly mixed by shaking, and placed in a 100ml round bottom flask which was
fully charged with Ny. The mixed powder was melted in a 40°C-50°C oil bath with gentle
manual stirring for 30 minutes, and allowed to cool. A solid film was removed from the flask
using a spatula. In another embodiment, 2 mixed powder of PEG-succinimide and PEG-thiol
was dissolved in an é,cidic solution of collagen (e.g. 0.3%) or gelatin (e.g. 2%), and
iyophilized. It is thought that the fibrillar collagen or gelatin may help to Joosen the matrix
and improve handiing of the PEG cake. -

[0276] In a comparative composition, 1.2g of collagen fiber was dissolved in 100 cc of pH
2 HCL, warmed in a 35°C water bath for 1 to 2 hours, and diluted with pH 2 HCl io achieve a
0.3% CIS product. 0.2g PEG-succinimide and 0.2g PEG-thiol were dissolved in 2 cc of the
0.3% CIS. The resulting mixture was poured into a tray, and lyophilized through a 22 hour
cycle to produce a PEG cake. In yet another embodiment, 2g of gelatin was dissolved.in 100
cc pH 2 HCI, in a water bath at 35°C. 4g of a two component PEG powder mixture was
dissolved in 2 cc of the gelatin solution, and lyophilized to provide a PEG cake.

[0277] In arelated embodiment, PEG cakes were prepared by lyophilizing mixed solutions
of PEG-SG, PEG-SH, and collagen at pH 2.0. Animal studies were performed on abraded
liver capsules in a heparinized porcine model. Two drops of 0.2M phosphate bufter (pH 9.0}
were added to the liver surface, which was bleeding slowly. A piece of cake was placed on
the site without any compression. At 5 and 10 minutes, the adhesion of each of the PEG
cakes to the site were tested. It was observed that the activity of PEG-SG was not reduced
dnring the preparation process, and that the PEG cakes adhered to the abraded liver tissue by
covalent bonding. The composition and in vivo performance of the tested samples are

summarized in Table 6.
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Table 6

Sample | Conc. of | Conc. of | Conc. of | Conc. of CIS | Mass % collagen | In vivo
PEG-GS | PEG-SH | gelatin (%, wiv) in PEG after performance
(%, wiv) | (%, wiv) | (%, Wiv) Iyophilization (adhesion)

1 20 20 2 0 1.0% Excellent

2 20 20 0 0.29 1.5% Excellent

3 20 20 0 (.52 2.6% Good

Example 18: Pulverized PEG Cake Material

{0278] 400 mg premixed CoSeal™, 1 g FloSeal™ (e.g: pH 7.1 to 9.5; particle diameter 70
to 400 pm), and 2 to 3 cc of H2O were combined info a mixed paste, and lyophilized under a
22 hour cycle to form a cake. As depicted in FIG. 9, the cake 900 was then cracked 910,
crushed, and broken powder form 920, and placed in a syringe 930 (e.g. 5 ccor 10 ¢ce
syringe). The tip 940 of the syringe barrel was removed with a blade, the powdered mixture
920 was applied to an injury site 950, and sealant activity was observed in situ. Exemplary
results are discussed in BExamples 10-12. In another embodiment, cake were prepared from a

three component slurry as described in Table 7.

Table 7
Sample Premixed Two-Component PEG FloSeal™ H,O PEG %
1 360 mg ) 500 mg 2.3 ¢ce 42%
2 200 mg 500 mg 1.2 ¢cc 48%

[0279] Test results on exemplary formulations according to some embodiments revealed

the following characteristics shown in Table 8.

Table 8
Sample | FloSeal™ pH | Weight of (ratio) FloSeal™ | Weight of Particle Diameter
' Mixed PEG | FloSeal™
1 192 5g 25¢g 294 nm
7.7 5¢ 25¢g 308 um

Example 19: Preparation of Sealant Matrix Compeosition Fased Pads

[6280]

powders were prepared by mixing FloSeal™ powder of different pH values and premixed

PEG pads were prepared with melted CoSeal™ premixtures. Three component

CoSeal™ (e.g. both PEG components in powder form) according to various weight ratios.
Lyophilized collagen sponges were used as a back-up support pad to mount the melted three
component mixture. In one embodiment, as depicted in FIG. 10, 0.5 to 1g of sealant matrix
composition 1000 was placed on top of a 3X3cm” section of sponge 1010. The sponge and

sealant matrix were baked in an oven at 60 to 70°C for 1 to 2 minutes, and allowed to cool in
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[0281] In related embodiments, several powdered compositions were prepared. Some
compositions included a three component mixture of first and second cross-linkable
componenis and a hydrogel-forming component. Some compositions included only a two
component mixture of first and second cross-linkable components. A}i compositions were

tested in situ on a liver lesion site. Results are shown in Table 10.

Table 10
Sample Formulations of three components In vivo
performance

FloSeal™ | FloSeal™ | CoSeal™ | Wt. of three components | Bleeding flow

pH wt. {(g) wt. (g) applied to lesion (g)
1 9 0.5 0.2 0.4t0 0.5 minimal or no seal
2 8 0.5 0.2 0.41t00.5 minimal or no seal
3 9 0.5 0.2 0.4 to 0.5 minimal or no seal
4 n/a 0 0.5 0.4 t0 0.5 minimal or no seal
5 n/a 0.01 Iysine | 0.5 0.4t0 0.5 minimal or no seal

Example 20: Effect of v-Radiation en In Vive Performance

[0282] Powdered sealant matrix compositions and sponge-mounted sealant matrix
compositions were prepared and some were ‘y-radiated to determine the effects of -rays on in

vivo performance. No effects were observed, as shown i Table 11.
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Table 11

Sponge Formulations of three components In vivo

Sample performance
FloSeal™ | FloSeal™ | CoSeal™ | Wt. of three ) Bleeding flow
pH wt. (g) wt. (g) components mounted on

sponge (g)

1 9 0.5 0.2 0.7 seal

2 8 0.5 0.2 0.7 seal

3{(vy) 9 0.5 0.2 0.7 © | seal

4 {y) 8 0.5 0.2 0.7 seal
9 0.5 0.2 0.7 seal

6 8 0.5 0.2 0.65 seal

7 8 0.5 0.2 0.6 seal

Powder Formulations of three components In vivo

Sample performance

' FloSeal™ | FloSeal™ | CoSeal™ | Wt. of three Bleeding flow
pH wt. (g) wt. (g) components applied to
lesion {g)
1 9 0.5 0.2 0.5 scal
12 8 0.5 0.2 0.5 seal
3(y) 9 0.5 0.2 0.5 _ seal
14y 8 0.5 0.2 0.5 | seal

Example 21: Effect of pH on In Vive Performance

. [0283] Iﬁ vive studies were perfdrmed io evaluate the effect of pH values of a
hydrogel-forming component, and the effect of manual application methods, on in situ cross-
linking. A Floseal™ of pH 6.75 in a first sealant composition and a FloSeal™ of pHY95ina
- second sealant composition were compared. In some cases, the sealant matrix composition
was manually held against the lesion, and in other cases the sealant matrix composition was
applicd to or placed on the lesion without holding. The composition having Floseal™ of pH
6.75 appeared to provide about 10 to 30 seconds slower reaction time than the composition
having Floseal™ of pH 9.5. Exemplary study results are shown in Table 12. It is thought

_ that the pH of a hydrogel-forming component may play a role in the early stages of a
cross-linking reaction. The pH of a hydrogel-forming component may effect the speed of gel
formation in a wet environment (e.g. where bleeding is already occurring). In some cases, if
cross-linking does not occur quickly enough, the sealant composition may be pushed.away

from the lesion site.

Table 12

Powder | Formulations of three components | In vivo performance
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Sample | FloSeal™ | FloSeal™ | CoSeal™ | Wt. of three Bleeding | Application
pH wt. (g) wt. (g) components flow site/method
applied to '
lesion (g)
P 7 0.5 0.2 0.5 no seal | liver square
(w/o holding)
P 9 0.5 0.2 0.5 seal liver square
- {w/0 holding)
P 7 105 0.2 0.5 - seal liver square
(w/ holding)
P 9 0.5 0.2 0.5 seal liver square
{(w/ holding)
P 7 0.5 0.2 0.5 seal splenic vein
' (w/ holding)
P 9 0.5 0.2 0.5 seal splenic vein
(w/ holding)

Example 22: Use of SURGIFOAM™ as Hydrogel-Forming Component

[0284] Mixtures of powdered COH102 (pentaerythrnitol tetrakis-[1-(1’-oxo-

5 ’succmylpentate)-Z—poly(oxyetﬁylene) glycol] ether), powdered COH206 (pentaerythritol
tetrakis-[mercaptoethyl-poly{oxyethylene)gtycol] ether), and SURGIFOAM™ Absorbable
Gelatin Powder (Ethicon, Somerville, NJ) were blended at ratios of 1:1:2, 1:1:4, and 1:1:8 by
weight and filled into modified 5 mL syringes. The resulting mixtures were substantially dry,
free-flowing powders. For each composition, two grams were applied with gentle '
compression to a surgically created lesion (approximately 1 cm x 1 em x 0.3 cm déep) on the
liver of a pig. For each of the compositions, compression was removed after one minute.
The COH102 and COH206 in each composition reacted with each other in the wet
environment of the lesion, creating a cross-linked hydrogel that incorporated the
SURGIFOAM™ powder and physically seaied the lesion site. No bleeding was observed
from any of the sites treated with the compositions. After irrigating the treated lesions with
saline solution 5 minutes after application, no rebleeding was observed. Examination of the

treated sites two hours later also showed no bleeding.

Example 23: In vive Pexrformance of Sealant Matrix Composition with Clotting Agent

[0285] A sealant matrix composition powder was prepared, containing FloSeal™ and
CoSeal™ (pre-mixed) in a 4:1 weight ratic. In some embodiments, this ratio provides a
degree of cross-linking effective to achieve desired levels of chemical polymerization and

adherence of the composition to tissue. Thrombin powder was added to the sealant matrix
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composition powder at various concentrations. The resulting mixture was tested in an animal
study that involved measuring bleeding scores in liver squares and comparing hemostatic
efficiency of the resulting mixture with sealant matrix compositions that did not contain

thrombin.

[0286] Testing materials included 0.1g of pentaerythritol
tetrakis[merkaptoethylpoly{oxyethylene)Jether, 0.1 g of Pentaerythritol tetrakis[1-1"-ox0-5’-
succinimidylpentanoate)-2-poly(oxoethylene)glycole]ether, 0.8 g of crosslinked gelatin
particle (FloSeal™), and various concentrations {5k, 2.5k, 1.25k, and 0.625 k w/g ) of
thrombin. In a mixing experiment, the four components of the resulting mixture were mixed
with a tumble mixer. In a reconstitution experiment, four ‘ml of thrombin solution (1250
u/ml) was mixed with 0.8 g of FloSeal, and then freeze fried for 22 hrs. Then dried mixture
was mixed with CoSeal™ powder using a tumbler mixer. Without being bound to any
particular theory, it is thought that the reconstituted thrombin formulation contains thrornbin
molecules that have penetrated into the matrix of FloSeal™ so that thrombin may remain in -
the sealant matrix barrier to enbance hemostatic efficacy. In a pad experiment, a pad was |
prepared by mounting the resulting four component mixture (sealant matrix composition plus
thrombin) on top of a Gelfoam sponge, melting the mixfure, and allowing it to cool and

solidify. The oven temperature was set at about 60°C to about 65°C {or about one minute.

[0287] In an in vivo test, an animal was heparinized to activate clotting time to reach 3-5
times higher than base line. Formulations were examined on the bleeding space of liver
square (1cmx lemx 0.2 cm) that was surgically produced on a porcine liver. The lesion
was irrigated immediately after the 5 minute reading to remove excess powder. Treated
lesions areas were scored at 1, 5, 10, and 30 minutes. Materials were polymerized upon the
contact with blood then tightly adhered to the lesion. The sealant matrix barrier mechanically
sealed the bleeding areas to act as a mechanical sealani by bonding to the tissues. In an iz
vitro test, thrombin was heated at about 60°C for 5 minutes and found to be fully active. Ina
prepared Gelfoam pad, it was found that thrombin activity was lost.

[0288] Results of an acute in-vivo evaluation are provided in Table 13. Bleeding from the
lesions were scored from “0” as no bleeding to “4” as severe bleeding. Based on the
observed bleeding scores here, all samples tested showed no bleeding. No significant
advantage was observed from the addition of thrombin to the sealant matrix composition.
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The use of thrombin did not show any benefits in primary hemostasis, althongh it may

aungment secondary hemostasis/clot formation and wound healing.

Table 13
Lot Sealant Matrix Thrombin {unit/g) T 5 10° 20
No. Composition Mixed or Reconstituted
I no thrombin 0 0 0 0
2 with thrombin 625, mixed 0 0 0 0
3 with thrombin 2500, mixed 0 0 0. 0
4 with thrombin 5000, mixed 0 0 0 0
5 with thrombin 1250, mixed 0 0 0 0
1 no thrombin 0 0 0 0 0
5 with thrombin 1250, mixed abort '
5 with thrombin 1250, mixed 0 0 0 0
4 with thrombin 5000, mixed 0 0 0 0
4 | with thrombin 5000, mixed 0 0 0 0
1 no thrombin 0 0 0 0 0
6 with thrombin 625, reconstituted 0 0 0 0
7 with thrombin 2500, reconstituted abort
7 with thrombin 2500, reconstituied 0 0 0 0
7 with thrombin 2500, reconstituted 0 0 0 0
8 no thrombin 0 0 0 0 |0
(sponge) - '
9 with thrombin 2500, mixed 0 0 0 0
(sponge) '

Example 24: Effect of PEG Concentration on Gel Strength

[0289] The effect of PEG concentration on gel strength is shown in Table 14 and FIG. 11,
according to one embodiment of the present invention. Tensile tests were run following the
gel formation. Gels were prepared by allowing reaction of three components powder (e.g.
sealant matrix composition that includes first and second cross-linkable components and a
hydrogel-forming component) in plastic molds (3x 1x 0.3 cm). Porcine plasma (1 ml, Baxter
‘animal number S-264) was added to a sealant matrix composition powder (0.60 - 0.65 g) to
initiate gel formation then allowed to cure at room temperature for approximatety 30 minutes.
Both ends of the gel were taped with scotch tape using cyanoacrylate glue to create the
gripping spaces for pulling apart (1 x 1 cm). From the tensile testing, Peak force (N) and
deflection at maximum load (em) were measured to extend the gel until the break. 1x 0.3 cm
is the effective surface area. The original efféctive length of gelis 1.0 cm. Applying a
normal siress to the rectangular shape of gel until it breaks by Chatillon TCD200 tester was
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the determination factor of the tensile strength. Results of the test showed that a higher

concentration of polymer can increase the strength of the sealant matrix composition gel.

Table 14
Sample Material - Effeclive Area, Speed Curing time | Force | F/0.3cm2
Number Tested cm square mm/min min N F/0.1em?2

334-251 | 10% PEG 1x0.3 12.7 60 2.69 8.97
334-25-2 10% PEG | 1x0.3 12.7 60 212 7.07
334-25-3 10% PEG 1x0.3 127 60 2.11 7.03
Ave, ' 2.31 7.69
Stdev. ' 0.33 1.11
334-25-4 | 20%PEG C 1x0.3 12.7 55 3.80 12.67
334-25-5 | 20%PEG 1x0.3 12.7 60 3.93 13.10
334-25-6 20%PEG 1%0.3 12.7 55 3.47 11.57
334-25-7 20%PEG 1x0.3 12.7 60 2.33 7.76
Ave. ‘ ' 3.38 11.28
Stdev. 0.73 243
316-80-1 | 30%.PEG 1x0.3 12.7 70 4.04 13.46
316-80-2 30%,PEG 1x0.3 12.7 60 4.55 15.17
316-80-3 30%,PEG 1x0.3 12.7 60 - 512 | 17.06
316-80-4 30%,PEG 1x%0.3 12.7 60 468 | 15.60
316-80-5 .| 30%,PEG 1x0.3 127 55 449 | 1497
316-80-6 30%,PEG 1x0.3 127 . 60 |- 452 15,07
Ave. ) _ 4.57 15.68
Stdev. | ' 0.35 0.97

Example 25: Effect of PEG Concentration on Swelling Ratio

[0290] The effect of PEG concentration on swelling ratio is shown in FIGS. 12, 13, and
14, according to one eﬁibodiment of the present invention. Swelling stadies were carried out
for the characterization of sealant matrix compoéition gels. When in contact with an agueous
environment, the hydrophilic polymer swells to form a hydrogel. Once a gel is formed, water
molecules diffuse freely through a rather loose network formed by swollen FloSeal™
particles. Upon further addition of water, COH102-COH206 contacts are broken and
individual polymer molecules are dissolved in water. Sealant matrix compositioh gels were
prepared by mixing CoSeal™ and FloSeal™ at four different concentrations (5%, 10%, 20%,
and 30% w/w) of polymer and by reactions with the same amount of porcine plasma (1.7
ml/g powders). The gel was cured for 30 minutes and then allowed to swell in saline at room
temperature. Periodically, buffer was drained and the weight of the remaining gel was
determined. The change in the weight of gel was monitored. The swelling ratio, Q, was

calculated from the following equation:.
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12.7 70 4.04 13.46 316-80-2 30% PEG 1 x0.3 12.7 60
4.55 15.17 316-80-3 30% PEG 1 x0.3 12.7 60 5.12 17.06
316-80-4 30% PEG 1 x 0.3

WO 2008/016983 ' PCT/US2007/074984

Q= W*/W

where W* is the wet weight and W is the original weight. The swelling ratio increased with
increasing of polymer concentration. Without being bound by any particular theory, the
apparent decline in swell ratio may be interpreted as a loss of gel material, as the gel slowly
eroded. The end of the experiment is scored as the time when the gel disintegrates into
several small pieces or becomes so shmy and weak that it is impossible to decant the free
buffer from the gel. Water continues to penetrate toward the core and finally gel is converted
to a viscous solution of PEG and gelatin particles. 1t took about 2-3 weeks for all matenals to
fall apart (FIG. 14). It appears that percent CoSeal™ in a sealant matrix composition powder
can have a profound impact on the stability of a sealant matrix composition gel. The
dissolution rate of the sealant matrix composition gel varies depending on the crossiinking
degree of polymers. Results showed that the higher concentration of CoSeal™ can cause a
stronger gel stability and can also cause more swell. The relative persistence of such gel in

vitro may be expected to be similar to that in vivo,

[[}291} The above examples provide ample illustration that compositions according to the
present invention can be effective sealants. The compositions can polymerize in situ with

" physiological liquid or bldod, and can seal or adhere to tissue very tightly.

[0292] Although the foregomg invention has been described in some detail by way of '

. 111ustrat10n and cxample for purposes of clarzty of understanding, it will be obvious that

certain changes and modifications may be practiced within the scope of the appended claims.

All patents, publications, articles, books, and other references materials discussed herein are

incorporated by reference for all purposes.

[0293] Example 26: Assessment of Hemostatic Properties In Animal Models of
Certain Formutations

[0294] Formulation No. 334-77

[0295] One gram of PEG-A powder (Pentaerythriiol tetrakisjmerkaptoethylpoly- -
oxyethylene]ether, MW 10,000), 1g of PEG-B powder { Pentaerythritol tetrakis[1-1"-oxo-5’-
succinimidylpentanoate—Z—poly-oxoethylcneglycole]ether, MW 10,000), and 8 g of FloSeal™
were placed in a mixing bottle (50 ml size) and loaded into the Inversina Tumbler Mixer for
mixing. Mixture of three components were blended for 10 minutes until fully mixed. Six

syringes (5 ml size) were filled with about 1.5 g of the mixture.
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12.7 60 4.68 15.60 316-80-5 30% PEG 1 x 0.3 12.7 55
4A9 14.97 316-80-6 30% PEG 1 x0.3 12.7 60 452 15.07
Ave.

WO 2008/016983 PCT/US2007/074984

[0296] Formulation No. 334-77-1

[0297] A 1.5 g sample of Forrnulation No. 334-77 was mounted on a piece of Gelfoam (3 x
4 cm?, Compressed Gelfoam, Upjohn manufactured, NDC 0009-0353-01). Gelfoam topped
with the sample was baked in a vacuum oven at 60-65°C for 1 min until the sample began to
melt. The material was then allowed to cool and solidify. Two pieces of the resulting cake

on Gelfoam were placed in a pouch inserted with desiccant and sealed.

[6298] Formulation No. 334-77-4

[0299] A sample of Formulation No. 334-77 was placed on a piece of collagen sponge and
baked. Sponges were prepared by lightly crosslinking collagen fibers by glutaraldehyde
solution (5k ppm) and by freeze-drying collagen solution (1.0%) using VirTis Genesis Freeze
Dryers. A collagenpad (3 x4 cm?) was carefully layered with a 1.5g sample of Formulation
No. 334-77, then heated in a vacuum oven at 60-65°C for 1 min until the sample began to
melt. The material was then allowed to cool and solidify. Each resulting collagen pad was

placed in a pouch inserted with desiccant and sealed.
[0300] Methods:
10301} 'Surgigal_Procedures:

[0302] Animals (NZW rabbits, female, weight approximately 3 kg) were anesthetized -and
received intravenous heparinization at a dose of 4.000 IU/kg 30 minutes prior to partial liver

resc_ection.
[0303] Liver Resection Model:

[0304] A median laparotomy was performed and the left lobe of the liver exposed and
clamped.” Part of the left lateral liver lobe was resected. Oozing was controlled by
application of the test item. Application and setting time was standardized not to exceed 300
seconds. The hemostatic clamp was removed five minutes later when primary hemostasis

was expected to be achieved.
[0305] Liver Abrasion Model:

[0306] A median laparotomy was performed and the left lobe of the liver exposed. A
superficial circular leston with a diameter of 2cm and a depth of 2mm was abraded on the
surface of the liver lobe. This was accomplished using a drilling machine with a grinding
disc attachment (bore grinder PROXXON FBS 230/E; grit size P40, rotational speed
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formul ati on #344-77-4 could easily be applied in a

| ayer of constant thickness over a |arge area of
tissue and with sufficient pressure in order to
obtai n henostasis. Fornul ation #344-77-4, with the
native col | agen pad backi ng, remai ned adherent to the
liver | obe after application and acted as a henost at
and glue, gluing the pad onto the wound and the |iver
capsul e. Such a bi odegradabl e backlng can add nore
efficacy to the powder conponent in achieving

henost asis. The bi odegradabl e backing can al so confer
flexibility to the fornmulation, allow ng the

formul ation to be bent over edges of a resection
during application. Two animals were treated wth
this formulation, one in the surface nodel and one in
the resection nodel. Acute henpstasis was obtained in
both nodels. Only the animal treated in the surface
nodel survived wth no postsurgical bleedings for 24
h. The coll agen fleece was still at the site of
application after 24-h. The aninmal treated in the
resecti on nodel bl ed overnight to death and the

fl eece was detached. A difference between the two
experinments was that in the first the fleece was.
pressed in the dry state onto the wound and in the
second pressure with a wet gauze swab was used. The
findings are shown in Table 15. Ani- mal Experi- nent
TABLE 15 1 |l a Liver resection nodel: (#334-77-1) Left
fiver |obe. Application without clanping. During
application the Gel foampad was brittle and stiff and
could not be bent in dry state around the edges of
the resection. Was pressed 2 min with a wetted gauze
swab (0.9 % NaCl) on the resection surface and the
intact |iver capsule around the resection. The powder
adhered firmy to the wount® surface but not to the
Cel f oam backi ng. Non-adhering powder was rinsed wth
0.9 % NaCl. Bleeding was stopped with exception of
one point on the edge of the resection were 00zing

bl eedi ng was observed. |Ib Surface nodel: (#334-77-1)



Left lateral liver |obe. Fornmulation #334 - 77 was
applied to the bl eeding surface and pressed with the
dry latex gl ove. The powder adhered nore strongly to

waé BRs/Blsesse as to the wound surface. The for mpbaikR7/074984
| ayer was renoved with the glove. 2b Liver resection
model - (#334-77) Sane left lateral liver |obhe as in

&b #334 Surfagpmiogiels IFoanulation-Colaaen-Pady#3ed-7Znf
ressed | fameyvoupdehé Jg Jhel Padivpaerpiicdl diy plgteaanddregsed for 2
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urface RS EFgR Yayon pace

fter 5 Og% 8ur ee I'ng at the edge of
tthe resectlon. It was tried to stop this bl eeding by
ppl ying nore fornul ati on. Bl eeding could not be

t oppedj conpl etely. The powder |ayer was renoved. The
ayer fornmed a tight nmenbrane but with only little
dherence to the wound surface. 2d Liver resection
del : {#VVR334-77) Same liver |obe as in 2c, but a
ew cut |was done in order to pronote bIeedlng
plication after clanping the |iver | obe.

ormul afi on was pressed 2 min with the scal pel on the
und. Bl eeding coul d not be stopped 3 3a Surface
pdel : #WR334- 77+ equi ne col | agen pad. #344-77 powder
vas spread on a thin layer of an equine coll agen pad.
Hol es were punctured in the collagen pad with an
“ijnjection needle fromthe side with the formul ation
-fayer. Some fornmul ation pressed into the holes. The
tornul afion | ayer was thinner than as in the

tornmul afion variants. The fl eece was applied dry,

M t hout | cl anping the Iiver | obe. The fleece was
bressed| with the glove for 2 min. No bl eeding was
pbserved. The pad was renoved. Good adherence to the
liver cppsule and Iess adherence to the wound surface
NVas observed.
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WD 2008/ 016983PC T/ US2007/ 074984 3 bSurface nodel :

For mul ati on- Col | agen- Pad (#334-774) Sanme wound as in
3a. The pad was applied in dry state and pressed for
-2 mn on the wound surface. The pad was nore flexible

(bendabl e) conpared to the fleece with the CGel foam
backi ng. This was favorable for the ease of
application. The formulation did not detach fromthe
col I agen pad. The whol e fornul ati on-col | agen pad was
adhering to the wound and |iver capsule. No bl eeding
wag, obseq&gﬁ%mﬁ&hﬁnﬁgghggen pad was wetted with 0.9 %
NaCl . and t rabbit cl osed. The animal survived 24 h

t h&irsteraipglnkable FORCBEG. | n t he post nodem exani nati on
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comp (?q"gt U%Q?I 6%a§t1qn eplipe ‘éoné’é‘ﬁ’ﬂf a second
creggmbgﬂ&ahhgcsmﬂnemgnt that Cross- Iinks W th the
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_ en a%l g c i ??‘3’8?1151 -1 gﬁ(ﬁgﬁm%oé‘%?t “FoSF ltﬂir‘i‘@ form a porous marix
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comppdfrat ed to forma hydrogel to fill at I|east sone of

t he ]nterstlces and wherein the hydrogel -form ng
conponent does not cross-link with the first
cross- | TkaRbGGATRORRN, vRbrchlif. AGEARIALOS So oRR! ©
conponent . Thé composition of Clalme
compjesraan yti-npdeophifie polzq&w piifkadying nt@tquhelh:tgrcwnpnd thesscond
 cross3inkkH14 éon[ﬂéﬁén?&ﬂlﬂnkés% nRM- M@éﬁ%}ﬂfﬂﬁ@ 1Py e 53@(}@
nucl eophilic groups, and the second Cross-linka
electiophiitaramrs. Wesrist mad n greepghigreaisr than prepwal fotwo, and whercin mn is
great@Qhindk Kytlhegivexi de having n el ectrophilic groups,
wherein mand n are each greater than or equal to
a wher e| n is greater than or equal
. "fhe comp%smtﬁg ClUB BETET G TR t-BycARoRRibe ol lsng oxide
or the theitilectrophiiid @blesiRylédeioRidp 6F toatt Aty b@yeghyRKé Sl@caDbr 4 REvative
ﬂnl_e]_e(r)}ultl-electroph|I|c pol yal kyl ene oxi de or both are
pol yet hyl ene gl ycol or a derivative thereof 4.
The conp05|t|on of claiml1, wherein the

h f.b
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1B e, Ras %?HH 2 ing from about 400%
equIlto about O%f;&thMﬂy§§@&#ﬂgﬁg%np05|t|on of claim
1, wherein the first cross-1|inkable conponent
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conp nponent conprises  mul t|p e electro I C groups an

linkabe,compoRsghenapates muftiplafleciiprllis giowphendiyiameydared or ni ng
conmponent is in powdered fotin, and wherein under
reacti on-enabling conditions the first and second
cross-1linkabl e conponents are capabl e of
substantially i mredi ate cross-1inking. 6. The
conposition of claim1l1, wherein the first
cross-|linkabl e conponent added to the second
cross-1inkabl e conmponent provides a conbi ned
cross-1inkabl e conponent an05|t|on and the first
cross-1inkabl e conponent Of the second cross-1inkable
conponent is present at a concentration in the range
of about 0.5 to about 20 percent by weight of the
conbi ned cross-1inkabl e component conposition.
7. The conposition of claim1, wherein a weight ratio




pr ot ei n. 10. The conposition of claim1

further conprising a polysaccharide, wherein the

pol ysaccharide is selected fromthe group consisting

of hyaluronic acid, chitin, chondroitin sulfate A

chondroitin sulfate B, chondroitin sulfate C. keratin

sul fate, keratosul fate, heparin, and derivatives

t her eof . 11. The conposition of claiml

LS o [0, - wherein the protein.is

forn R HE TRk Bt B BEBbEls 1 BOSa&ied REpP i G Emcer
reactompsbling oondifons ttied fistlandwherm@icRossiak4bl# 8dmponents are capable

ross-|i.nkabl e conpgnent, the second cross-|inkable
Ofs‘@éf?ﬂgﬁbﬁﬂm%{f?&e?‘ﬁgg R%vel forning conponent are in
a m xed powder formthat is fixed with a surface of a

cokl agef,s AR LS j en. d.ibers.
1501 ST SRR AR 1y B, 8L AGE L R fponcn
addedgprphesietindrerdsaiinkealle comporiesesrovid e tdrvtnab@nss-linkable
4. Th it | al. wh ' h ti

COITY, %Ileerr]l cogﬁ?g%g;%’td{tﬁ%] 8%%?‘%88%1&8%%’ COT@S{K%LC E}"{ e%ec%.cl:ld ICI\‘/OES-
link £b0sEnhoinBieis PreSE bed Ekent@kibS in the range of about 8,5 X6kt 20

~powder conposition disposed within the container, the
percgrg ﬁlé;gnggl]t gEth@ @ﬁﬁlb}r@ﬂ ﬁg)_ss—hnkable compornent gofmppsition.

cross-linkabl e conponent conprising nultiple

oo SR LGAIE i 5 DB s

linkabteogmaponak abihe seamdepsslinResPEIBHIMGNT T i dhelrfge from about

45¢yel ect rgg‘?i lic groups, the second cross-Ilinkable
°c§%ﬁ1b%‘ﬁ >in powdered form and a hydrogel -form ng
conmponent in powdered form wher ei n under

regacti ofy; ! it Q . i [ n cand
Cross- Iolﬂh kab |i e Hg%ﬁ%g E@iﬁ{l g’o‘glieer&g glr}{’a%?%&%t?o e85 e firs and
secordiressalintliablel cpmipomets atdethe hylrsgdlifodtingcomponent is within a ran ge

from about 10% to about 30% w/w.

9. The composition of claim 1 further comprising a polysaccharide or a
protein. ‘
10.  The composition of claim 1 further comprising a polysaccharide, wherein
the_polysaccharide is selected from the group consisting of hyaluronic acid, chitin,
chondroitin sulfate A, chondroitin sulfate B, chondroitin sulfate C, keratin sulfate,

keratosulfate, heparin, and derivatives thereof.

I1. The composition of claim 1 further comprising a protein, wherein the

protein is collagen or a derivative thereof.

12. The composition of claim 1, wherein the first cross-linkable component,
the second cross-linkable component, and the hydrogel forming component are in a
- mixed powder form that is fixed with a surface of a collagen sponge comprising native

collagen fibers.
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I3.

active agent.

14,
thrombin.

15.

The composition of claim 1, wherein the composition further comprises an

The composition of claim 13, wherein the active agent comprises

A kit comprising:
a container; and

a mixed powder composition disposed within the container, the

composition comprising:

a first cross-linkable component comprising multiple nucleophilié groups,

the first cross-linkable component in powdered form;

a second cross-linkable component comprising multiple electrophilic

groups, the second cross-linkable component in powdered form; and

a hydrogel-forming component in powdered form;

wherein under reaction-enabling conditions the first and second cross-

linkable components are capable of substantially immediate cross-linking.
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