EP'0 495:820 ‘Bl Descr i ption The present I nvention concerns surface-nodified
substrates and a met'hod for thei r\#]; Qﬁ%@%@" It is known that chem cal
entities having a biological acti § bound to the surface of a
substrate 5 if functional groups are nade avail able on the substrate
surface byessHptigge nodi fication. Such functional groups on the substrate
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descri bed i nThereparation: of Sup8, matdbes s Hintekilized enzyings byrdsoptiansef-4 pelkaming engent
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the subgtp t,saca,u.ri odafer, %ﬁyﬁs ogttmﬁ:stpﬁ bot pb héhd?' ol y@rvar,ﬁ,%mssnmked
- ol ecul ar é’gmprov%f.BObm%nd oupb.abi | i'sed by crosslinking wt

: crot onal dehyﬂ@ predbtt Mentish diso BRI ﬂﬁ&%%dmwéuma@ cbmprfsingtoubl e bond in
conj ugat i on(ivé falerton @ palyshahty stenighURsrigeholectiroweiiht WRich Res|bBdtPdrogRfinkét With drdtonal-
pol Ucchar Héh§de shsGrbksin IRCkuldte bithe Sibstlakce of the crosslinked pol yam ne,
opt I'Onadel y fiiph Iamdanbmuomaﬁolysaccfmiueaﬁs&bédmrthdaéutfsd’erwsaicngosblﬁnydﬂrmlyaﬁme

- cr ossl i nked(iip obticaatly 0se exmabrenariditionataltprobting fagers af siaid erosdfinkee Ipblyaniidea) end saidegiionic bed
in the ani opdlyse@8Baridpfid:pachcchari de | ayer, or on the outernost |ayer of

~ani oni ¢ pol {9 adaydraf inefecrosglinked, nolvamine wemnmf@spnmﬂkawnwpgm@bw@eﬁ poihp.dY pthé r ee
pri mary ani AgergeBUpyer of pRignigpaysegharifeavent i on al so I’OVI des a surface
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on the Su nq) l ign wi -10% we| 3?9 all ay be dlluted
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non crosslé Jol'yam ne pr I ng ree pri mar § am no gr oups absor e

the, or on thge %‘nﬁ Wi Shter, 1he ¥&strdd is Q4 With aARluiohak & @idnidSolyéhecharide, c].;hﬁmmg
‘method of goReroRh§ 80 ) \HRIrbR 18BNy Sithhé a&&sxcdnﬁ.dsa{ B ven® B 108Y mik ThiR%pGis ¢ NE
Subst r adse ekdtited GIANtbrASdratin tnhh&a\gaqummsc&faéfa&mm efand P 1-8GrfeaBH &t pH
8-10, especi el sofhbt rhsing With welsn a3k st stepB may bd dPeatediohd 6 sevdedl ie¥ AN @ firtaly, diftdr ON
W | | rangealingosisdrodd)d0dyyr ofepolybdcchatics) @@l shbdirste 5 aréaedwaihgh polyathingl soldfionVHaviagda may
“be di | ut ectotcentetidni 1320l timee| prataeablyf 103i018s Hetibntidned aope: ati thd daid tdriidtaturd andPHi s i nal
-solution may also conprise from 100-1000 [err], especially 340 [err]
.crotonal dehyde. Alternatively the substéate will be treated first with a
solution of 50 polyam ne of said concentration and pH and then with a
‘sol ution of the crotonal dehyde of the said concentration and pH The
‘tenperature is not critical, but it is preferred for the treatnent to be at
‘room t enperature.




After r|n5|ng with water, the substrate is treated with a solution of an

ani oni ¢ pol ysacchari‘de, cont ai ni ng %B%(bﬁﬁg.'to 500 ng, preferably 100 ny
of the polysaccharide in a volunme o This step is 55 executed at
a tenperature in the range of 40-70 [err] C. preferably 55 [err] C and pH

1-5,. _pr ef er ablrye pdjamineAfitt .ﬁsferawwerpowaﬁl :ﬂﬁhaﬁ! twmné/va&pee.auytpb@aﬁwefna irfihe, VRS
may (Dg I epen§resleRBE mileculR WolgR! biltiaRE Bolyitfhe HailR] A Yigh BYerB bRV oA MaRERYiIR

| ayer of pokesgamens aming groupsthaybehasdd at e i s treat ed with a pol yam ne sol ution
havi ng a concand maibric polysactiiaride BB preferablyciiea b | syiifaldd pdlysmshdriie tmdi piefepadBTdextran
above, ats téufatsai d tenperature and pH 2 EP 0 495 820 B1 The pol yam ne
wi || pref er ablTye &reinaledosiigorandyopidnaliyltat firtheestabilieed yspdictical with asottapletrédptiag egent

i m ne, havi sugh as dedigh cranebasahzdride| ecul ar wei ght, but any pol yam ne having a
hi gh average s wediiedsuriaes ateprdiagt Rresentyvajion hasdrep piimary gmismrmiersdy shio chemicabe
used. The atnvtﬁﬁuntavgemae@wpm%v icpyaleptivef er abl y be a sul f at ed

pol ysacchfar i d&sperig) gﬁhé‘?eef’%(‘ﬁﬂ deemicalnentties smavr e doundhly farnstiar off Sshiif's baes.
may opt i ona?"P ﬂyé follgyed, by asf‘%tﬁﬁz?‘P‘iéﬂF"W ?“E'Htfﬁtai sausfipn fp sorwert thepPebifiscbrses iy

fled surface according to

agent such ¥ Hﬁﬁé pr¥?e Pt|° rid
present i nven mﬁgﬁfg a\ﬁfg Sﬁ emi.cal entiti
mey be hoynd ela& e t;ﬁsycgﬁ“% il '% AL L R A e B
cont ai ni ng che ["
eventual 1y fal b tﬁﬁgﬁ@f@%ﬁ i ?@‘g?*ﬁ%‘ﬁ‘"mtsuc (38,4 caflel o e ARE B2
convert the S‘ﬂ?é nEreased BRRgicd! ActVBC AN Apfedr AR Btesfouoﬁggﬁfoqéx&ﬂpiésosh&& 8 density of
I nvent I on t BiRdingOLile® s NIl 3EPLANBAGRSIIFRY dF ChepdritlizA¥E Gchieved” aftdr GhE surfald) Fobiticalidn
Ct i Ve 2AMadastdihg! bCthd rasent R&kUdldnd GcdoRing 1d1ih BAdr aRiad kepebissiitdd LYQhd Warkidg exdhi@I8 of
b| oMogi cal | ys Bétent 4,565,740 (GNAddTRAELaks30n) bl EF-A-B08Bed7: - A significantly |ower
concentr at i ors) edmpafingthe tebuitk iathipvatDweivh woikiyig laith, dccedling aspresaninvestidn,ticw tdhcenpationy
art. - A ver i sbssdinidng agatiangur f ace The i ncreased biol ogical activity wll
appear from ttheomhprrihg tengsultsvachiovedrby dhese twpnmathods hehed avoeking ywith fhighemehneegtratiotse s
as wi || appeaccodingtththe gierad of edssimdpgiadenti zat i on achi eved after the surface
nodi fication 20 according to the present nmethod and according to the prior
art as repr®@m®piedd by the working exarrpl e of US Patent 4,565,740 (Gl ander
and Larsson) and EP- A-0 086 187: atg n the results achi eved when
wor ki ng with : Pt‘ﬂ g&f '"@? %@8‘#1? 31' ?” "ST og Hﬂb@tﬁs?"é{‘t PRJfanggpate in conc.
8 el
nc

et hods. Tﬁﬂ%ﬂé gg;t,;,ﬂn SRRy ﬁmﬁ% 3¥H§hese e

prior art of mn 25% b tara%ehyg? in1l

h gf anpl e exa?‘rpwleg
pol yet hyl ene .netot 6%»9&5&%9&&&&%%&&45@%% ate in conc. 30
_sulfurlc‘,,@m ﬁgﬁ@, &1 were contacted Wt e follow ng
sol uti ons: ai@ éa aMSH ﬂthSN?ou@E&h Qodcielin 06 %@ﬁ}all Eﬂ@@ééd?.aﬂni» ahd 00023y
7M borate buf nmeo;ansaamaydz.aam 16115 RPbobierh ¥hidride SR BibHIs.PA 58ic Of a sol ution
-cont ai ni ng 25%)elhy Mg duiieriof g ot ar al dehyde in 1 1 0. 17M borate buffer of pH
9 SU 1 g Payniin 3N* BUW poi@ihd@sne iming Lomierdially. alaifdib F6i iBASF;CiPbIMInt & & Rbidibied raddd) H
3 at™ 55" 4C dark. The 4¥xtraDsuiphat®Ysdaas yommircENg avallabb ¥rovePheracigH -9 5) 0. 259 heparin
~degraded wi t hThe PEdubingaiomr® eatsd cils thei dbad solutitdS iPattectnltowifig GidBr 8D rinsed. adthmjwiter
and 0. 0259 batwkenpachyptepobor ohydride in 11 0.15 M sodium chl oride sol ution of
pH 3.9 at 55 ﬂrethq;st@cr@)dmtqmeme&maveehqouffer of pH 9 PoI ynin SN* is a
pol yet hyl ene ilPidnts. Bctiendd &1 thy/teghneqordigitathg péorABASF, " Pol ynin" is a
‘register&® traa %Srﬁaﬁﬂ"defhe dextran sul phate* used is commercially -
‘available fro pHEPeRwere thepfsedpmith aiolifien Hfefoumip irA*gutRi2pdh "’Pﬁ‘éb‘é{'ﬂ%\’ﬂ?““s were
-sol utions |?F Brrd 197319 BRFAGCMEer and rinsed with water between each step:
In the test according-to-the present jnvention:
UPTAKE OF ANTITHROMBIN MEASURED AS THROMBIN INHIBITION fU/cm?

50

Crosslinking agent before rinse after albumin rinse
crotonaldehyde 271 205
glutaraldehyde 5.0 5.0

56
This shows clearly that a dramatically enhanced heparin acfivity is achieved by using the method
according to the present invention with the crosslinking agent according to the present invention compared
to a crosslinking agent of the prior art even though the crotonaldshyde was used at a comparatively low
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la, 3, 1a, 3; 4, 5 and 6. In the test according to the prior art: 45
2a, 3, 2a, 3, 4, 5and6. The t'ubi ngs vves%ég%gsed with a solution of albumn
for 24 hours and the following re Lichi eved for the heparin
activity: UPTAKE OF ANTI THROVBI N MEASURED AS THROMBIN I NHI BI TION | U/ cn2 50

Crossl i nki@eragfont before rinse after albumn rinse
crot onal dehyde 27. 1 20. 5 gl ut ar al dehyde
5.0 Example 2 5.0 55 This shows clearly that a dramatically enhanced

heparin aCtrvity is achieved by using the nethod according to the present

I nvent i HN W Thb tibligs Weér® s&dtedrak inExanple M loxcaptamt the Bojutions 1dedd P4 R&re Rdplatdtby b lafid
conpar ed toreapectvelysdsifelsvaag agent of the prior art even though the

cr ot onal deht)émiss Polpainl SNt and 442mipataatidehpdeyin Hid7@ boratetbiaffed o969 820 Bl

concent r at i &M 1mE5Ya Agiyrein SNTand 20mi Dhitaraidetyida (25 %reolution) ind B3 TV kosatd huffebofipibPe 1
except that Thisaawedhe foliowing repults forthe heperinestivityr epl aced by | b and 2b
respect®vely, as follows: 1b) 1 m 5% Polymn SN* and 4,12m _crotonal dehyde
in 11 0.17M bor af eyptakEdF ATTRROMBRINEABURED iﬁ/orﬁﬂd)Mﬂle-ﬁ@ﬁloﬁﬁ@c&m

gl ut ar al dehyde (B59sgruttom—tmt+— 6 t+FMboratehuffer 9 Thi s gave
the fol l owi ng rekults 4B hqkné,a arin_acrieranse 19 N e "ﬂﬁl’J THROMBI N
I\/EASURE15D AS THRQVBI N | tiblotidehyall [err] Crosse.ki nki ng agent7s bef ore

rinse after pl bum gutereldetgder ot ongl dehyde? 429. 2
7.5 gl utaral dehyde 7 477 These results

i ndi cat e tNafned 4P nbigktd Haa Birbrisinbly Btiek Yty ik S1shhRvédOlHeR iSRG %%Qsﬁlﬁlkin@
t he Cr 0SS afdnfidfipReeridMionkt a BéreiBtion st @8 Lided ih tRE mathédl BEREpAoR bk, ON SUC

ﬁpﬁ( et he mﬁﬁemg%p&tarstvm&‘ Sndp@Hing Exdmple’ D with Exafple 2tRS eon%ﬁiatﬁﬁ RERS SpedeBross-

ri NG ifkkgNaYeRt df b L desbittdifydhton? narhdhe cloRidldenids] @Rd Ae tehBIASIBRE T donsenEdtias S -

I I Nki Ng ageBidingfto thb ehefho® SEtésehtiveitioh Giles SuFpubiNghE higHe Balilitfarmpsl @ bioRgichlly Betive
tenf ol d | essstanc@oatactisd &t thesuriaetdified\gbcdrding 1 @resait ineultionfl present i nvention
gi ves a sur pioi % sunigdeyirdaied laedordingt to \prebgnt inhentiona climidabeitit | dayyirgclimcienabgringps aivat €
i s at t e hedy reacttwite aminp fgrooes withdit flase of binlagsaldictivily they e lewad tAn iexarelet df such eiilies
sur f ace t isdwpatiy fragmeaotsdiaving adshyge groups whichvasnprpdyaed hytrearadied heparinivith pirousaeid p$ ng
f unct i onalesgtiked insUS Fident 2,615,869 (Leran éor thejpteparalien pidreparipiggsisudfiicehiout | oss of
bi ol ogi cal d¥tcpurse gherraRemisal estiies dhan hppadn, ApMingaiifigentinlggicalpeivitipeandj camyingrinups
f r agment s NLGRGh Yithareiahgrenps § m@érave\ww b mw@wwm@@% |'°HQ°‘P?€MP? n
with ni%®r 6‘&?0%1'&% :%%’a‘ifég‘@f" W"'E!!s'°rﬂéﬁ8%ﬁt""%”‘6’13 665

prepar at i 0'1 yfgfe&uar@“ssgﬂga&s?aﬂg 1 v%?ggb%{%ﬁv %ﬁ A YIRY" P’SY:E%'°?""‘F5¥

heparin,

RS e e

~according pg,g, [cﬁ. pohy{l}é yI e fonly eE@Bb/q pioldfhs| rﬁéﬁﬂé
t he surfaggm e scdl Br @Ho bridés, legéBibityOthodaOintémtidh V6r BB Bdfitact

quarterni $gnpiia of Bith aﬁncl@@%&db\é@'c&h&é}@w@daa , QkelPs) infed baskuld Prdb¥€ bl ¢ MR
be i oni caltﬂey.k;)onded As described in the pri or art as represented by US

Pat enit 4, 565, 740, the substrate may be of any 35 material, such as netal
especi al | wiamai nl ess steel, alum nium glass or a pol yrreri c material,

especi al | Clghos for ithe, folidwing Cordracting Stateet A BE, CH, L), DEJDK, FRIGE; GR, IT, LU, NL, SE

pol ytetrafl uorethyl ene, polystyrene and polyolefins, which is commonly used
for the prioddoeihechfoomodifidag e burfage df @ Iselid substiate comiprisipg thagtees ¢fnt ended for bl ood
cont act4 Exanﬁ#)@gs%ﬁ'ngs%me siriececef dhp sybeirate Aorolyamine phie high averags rglesdar eeight and
filters, intrd&ropgiskg said pavamise with cetnaiganyAes sais crotpraldeliyd being added either simuita-

neously with or separately from said polyamins;
{b) then adsorbing on the surface of the crosslinked polyamine a layer of an anionic polysaccharide;
{c) optionally repeating steps (a) and {(b) one or more times; and

50 - (d) adsorbing on the anionic polysaccharide layer, or on the outermost layer of anionic polysaccha-
ride, a layer of non-crosslinked polyamine providing free primary amino groups.

2. A method according to Claim 1, comprising the subsequent step of quaternizing said free primary
amino groups.
55 .
3. A method according to Claim 1, wherein the substrate is a metal, glass or a polymeric material.

4. A method according to Claim 3, wherein the substrate is stainless steel or aluminium.
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40 Cains Cainms for the followng Contracting States: AT, BE, CH LI, DE
DK, FR, GB, GR, IT, LU, NL, SE 1. A nethod for m)dlfylngt €S

solid substrate, conprising the g @85 8o BfS 3) m

surface of the substrate a pol yanm ne of a high avera J, ﬁmwgﬁ! (L"ﬁt and
crosslinking said pol yam ne with crotonal dehyde, said Ttrdtona ei ng
added e¢anpemtration.mul t a- neously with or separately from said pol yam ne; (b)
t hen adsorbing on the surface of the crosslinked polyanm ne a | ayer of an
ani oni c_’fiﬂﬁﬁéaccharl de; (c) optlonally repeati ng steps (a) and (b) one or
nore tines: and (56% dsor bi n on the anignic e}/saccharl de | ayer,
or of t rTB%t“B'f‘%%%’ef @ E’?H‘P'Bﬁlec‘ﬁ bih?é%ec%’l‘ﬂé\ms rf a@ areregRipceg py 1b and

non-cro 2. A net hod

i) PR S %'c%g; g%e@ﬁ.o o e e
neric

_Q
= _'n’

free prlmq, (N ; erein the
substyate |'§g§‘};ﬂt ! ,9' agtss or a materlal 4. A nmethod according

to Claim 3, m 4
concentration. l EQPTMF@F?@'THROM?H‘EM!%%BSAWWBW@H N Y Fhanpl e 1

except that the sol gids®iiiking ageatnd 2a VT Befér6 AsaC ed| Dyt Bb@hlringd
respectively, %‘ﬁﬂw‘&v pLo g %m tr o} onal dehyde
D) 1 4.,5% Pol /mn S > and 2pm

in 13 0. 17M bgrate b 9 2
g| ut ar al dehyd E{tﬁradthnﬁpl n 11t 0 _17M borate buffer of pH-Q Thi s gave

the followng results for t he heparin activity: 10 UPTAKE OF ANTI THROVBI N
MEASURED ABPSE HRONVBInNicataiiabs Turoisinoly/tetiar rebtivity iseisol achievesh whergesing the cross-linkingf or e
rinse agentgf pispenhinyagHgn At @ consentigiiansutheas waashin) the methods of the prior art. 9 2

7.5 35 Further, as appears when c PG't"tSr%‘F’d@ﬂ ddth Example 2, the combmatlg{n of the specific cross-

4.2 Thelking sgent ﬁ“ﬁoﬁ’ oely éﬁ"?"%\a‘ﬁ xgeb?f‘t@? teniald ey, cpaceniration

hi eveff?° F&f?%%‘é""l"{"f?ﬂ 98" AgHRTE"g SEPTY W eﬂﬁ ‘Eﬂ‘Fa'éﬁ acave
2gnlcht?§“£ orgﬁs:sﬁ%::% r%ﬁ %ggaﬁerf‘qdigs: mvH glg pé?selg | er?@lgsl A ar un |onal gl’ou S rtt her,
g;egl&ge@i gnh 3 ﬁsqw ol : %%%n 5 f AR e
croto ?&i@§ ag en ‘E"%iste% LQJ JD repé;g %9 ceb 8 dd he hymtrous ﬁCId as t hod

%ihe
of pr esem()f 'cm AeP @hegilééﬁéwtlﬁbsstﬁ%pﬁbaﬂhr}ﬂ iNg s Blolaﬁéal é/éu@lﬁ'esw&r@mg groups
bi ol 0gi fal rbatt AR Ao FFoURS LARGER Have Btoh AGHIASH th FoaktWith SMInb 3feBpsTREY bd RidndGGRY di Ng
t 0 PeLSQinbicd BYURNEUEIS. mobificalio’ sichrag tdf frésehtewledies.or di ng to present invention,
chem cal @ptidnalyethe G Ipyimag dmiRCirodpsadn B6 GURBe wWhdh arbachided IByCths tinali léyer afM No
gr oups pélfamingtmdy @e uarferrited ko ataalegaicdly shatged, bivjogiodly ctive dompdiondanayrhplienicaly such
entiti esondad. heparin fragnments havi ng al dehyde groups, which are produced by
degr adi ng Aaaiesaribed ini thén prior tartcag Sepresedted by diSsBatenb 4465, 740.UB> Pabistale mdy 68 3f 865
(Lar By eteria, auchp pe peetah ospspiallyf stéinigsa rstael. 2lunhinga: folses o a EPlymerier materish, lpepecially
cheni capohwinylchiorids, notysiretharep silidon rubkery pelyjetefiyorethylona. PRIy BiYTengi asd polyiefingiwhiceds and
carryi n%""@?‘tﬂu pusedhiat theepreductignt ¢f Aadiceb agicless spesialiytioss inpded e ipod ctonipdt ed
t o r eactE*afiPlen ohHch G"'ﬁ'%ﬁ'ﬁé“be?r&??thﬁ@’swlﬁ?ﬂat?'& fitpre. infrz vascylar @re%eswmtdﬁ@mgﬁ P ace
nodi f | c %o iish accor di ng to present invention. Optionally the free primary
am né° H&ﬁi on the surface which are achieved by the final |ayer of
pol yanmi ha , cally
active cofﬁ')soung'% ng&f) {;tg'{rfagg qSan i é‘r,Zar:nﬁg d’esérbl H‘Ebh ' rll-'é%’?'hlb%hart as
represept %ngﬁodn@ rﬁ’éa thé sutfdc { %Qondtéaﬁst bc%tn&ﬁs'i P06 OF any 35
R e mghalasger}hmlamy 2
pol yrrer i ¢ maloSdihidg sa%ﬁmahﬁ |ih RAJOAMIBERYEE B c+oe$aa|dan9&eywr@t @diCoithér dihan
rubber, pol y.g&,g.g,ajtd, BrQdefdrtdl REIE saidd BdIaFding! ene and pol yol efins, which is
conmonl Y USqs) tHef laddoling[dh @iblsaitdco Bf 106 croSuiikedbolyrine Gl i8Sy of @6 aamoadolyyacbﬁm@
i nt ended f oxc)bptdody capaiting steps (a) and (b) one or more times; and

50 (d) adsorbing on the anionic polysaccharide layer, or on the outermost layer of anionic polysaccha-

ride, a layer of non-crosslinked polyamine providing free primary amino groups.

2. A msthod according to Claim 1, comprising the subsequent step of quaternizing said free primary
_ amino groups.
65
3. A method according to Claim 1, wherein the substrate is a metal, glass or a polymeric material.

4. A method according te Claim 3, whersin the substrate is stainless steel or aluminium.
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Exarrpl es. of such articl es are tubes, catheters, oxygenators, CHMN II I l l“l
vascul ar probes, blood punps or the_Li ains Clains f 3”[@ l I
foll owing Contracting States: AT, BE, O@FS#BQDE DK, FR, GB

NL, SE 1. A nethod for nodifying the surface of a solid substrate,
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si mul t a- neualmethol bitoring S pataing cliim) Whadh fe palysachanas is delan kli@®. adsor bi ng
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pol ysacchari. d&;metroll aapiding iednly precezling alaim ghea¢ieibs pélyamiraiisipoethylandmine. nor e
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on t he out e& mAgvethod \aegordisig to Fiainm il .cor toany vne ohClaims Bdevhemapipgydant to Claim 1, comprising
non- cr ossl i nk&@ spesequent 8P 9 bidingiR Riglogiealie agive phemicalaniits sargiing fynstional, grop nesctve d
accordinf to Mﬂa?arﬁpﬂmawmﬂwwomé'%m erpolyadipR ¥R quat er ni zi ng sai d
free pri rrar am no gécg F‘ nmet hod accor di ngﬁlto Claim 1, wherein the

substrate | Bé%c'ﬂﬁ“ L w'l?fﬂ"&ﬁ?@r"f‘?f“‘??é?@?yl °Pa: A met hod accor di ng
to d 3, t h at I | t
Aor‘ret ﬁ:) (rjn 2C @\é\?e;ilgog g S{;}almv%unldr%) t%mf In-r::r Sbe ?qngftgp o}; loglgql{!é c‘éjrgfa Bematwelv
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bhet i b 1 he Dol yeas Al it ol bt ol vbion ! RACoedl SRk
any precedi Ng Ciratbr¥ldeMfas bitbBed SHnd SRk A6 sibsrdt?| Yt hyl ene imne. 8.

met:hod agcor di ng) 4 1gyek-bidsh Bhidnic $dlysicBhandl/abBdiodh tHiel sifdEs of&na.a cVUBﬁﬂ(eGIBBWt to
Cl ath 1, conpr i g Betiohdn ol BSats @iditioRdl QRer@ting ek Bissal drsSinR@ foRbrhive ACANd\S@Id
chem cal enti t yanait pytydacchbrigadi);isamal group reactive 10 Wth said primry
am no groups t ofv) hdaysost -non-oesslinketk puilapinb peniding frbeapriiary &nino’gropt labxdrbad o0 thelj dig
to Caim8, whemehnousmnat,ddyenf eddnicealysapghaiide. heparin. 10. A nmethod according
to C ai ms2, @C(})\I’I’prl;l Si n‘ig@téhewfubseq;enmt ep g:;”l oni cally bonding a

negat i vel y 1B5A suriace madifind sultsirale exgprding toyClaim 11 wthepeemadsingo t he

non- crossl i nked® Wmmeﬁm%ﬂw cpyalpaty bognd to saidsppnfcepslinked @plyamins.

substrate, conprising: | ayer of pol yam ne of hi gh average nol ecu] ar
wei ght whi c¥ ﬁ%"%&?d'ﬂqdo%‘gﬁt?ﬁmr%gt‘ﬂ Cl?f"b!%f'fa?'ﬂ'é Fﬁ}ﬂ%“'%ﬂb%al% e damice gntity is
“surface % th8&bstrate; (||) a Iayer of an anionic

pol ysaccharj,d orbe on t a| d cra ol yam ne:

oot | onal 'y *énéo,% , ﬁﬂg;g fmg{ Fmﬁg 53 e et
polyamne (i) a ysacc and (iv) a layer of

non-crosgl 'ﬁkﬁ@u&%)ﬁ@&?’d&% é’héi or@gmggl g?{uxhea nﬂﬂ .oups absorbed on
the, or on the QP4 SloldBSdiy %Em Bhn@é]& ot 1 8 Glol oé ﬁked ?q'i-anll%rzef?&}éhfnéce

- nmodi fied substrgfg according to a| m 11" and further conprising
b| ol ogically active chemcal entity coval ently bound to said
r‘(_%]rossl | it trCthy foowAg Chitracting Stater®s nodi fi ed substrate according to

1240 wherein said biologically active chemcal entity is 30

hepar| n. 14. Amutrai fdar oatitypg thefsufdee ofi arsolzisubsimate coefnpiising therstepb et m 11, wherei n

said | ayer (i Vv)(a} sdserbihgyrethe shrface i the substratenk pelyapirie\oh mihigh aparageinthileaglarfweigbt and

am no groups whéresslinking sai¢h eelyamineawithrirgtendldelgép. $ajd cmtoemehmdveimdﬂdddadher simutta-

substrat e accor@fovsly with oChanprately rom said pelyamineer conpri si ng: a biol O%I cally

“active c®mpound®) Hen adsebine edheemrace of the crassinked @@@miﬂﬁlaéayerqae-awmpzw aride;

pol yam ne | ayer () fionalyrepegtingisiops ahand dRiopRordnort imestanlg St ate: ES

{d) adsorbing on the anionic polysaccharide layer, or on the outermost layer of anionic polysaccha-
ridse, a layer of non-crosslinked polyamine providing free primary amino groups.

s0 2. A method aocording to Claim 1, obmprising the subsequent step of quaternizing said free primary
amino groups.

3. A method according to Claim 1, wherein the subsirate is a metal, glass or a polymeric material.
s5 4. A method according to Claim 3, wherein the substrate is stainless steel or aluminium.

5.' A method according to Claim 3, wherein the substrate is selected from polyvinylchloride, polyurethane,
sllicon rubber, polytetrafiuoroethylene, polystyrene and polyolefins.
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40" 1. A method for nodi fying the surface of a solid substr
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polyam ne | ayeh theDuternostiayed of saRAi0 pelysaghdride.Cl ai m 8, wherein said chemi cal
entity is heparin. 10 10. A nethod according to Claim2, conprising the
subsequenti2.sA apdifichtion @hthe drvénfiorbdefiokdrig Climtigaliereiresaid lajeadvy) Bd\ layenbfogn-crasslinked
active conpmmlydrnme)pmhéanmamms@psrmw havglbaerequaternizel. pol yani ne | ayer. 11. A
surfacesnodi fied substrate, conprising: 75 (i) a layer of a polyam ne
of hi gh aVPstenignspsiighecul ar wei ght whi ch has been crossl i nked with
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pol yani ne! ’e | %i'F'P’ 'F'P?

said crBssl | n gqéf?saf‘ﬂ g‘;‘% "?5 'ﬂ‘ﬂ? '§8‘1’ ?%E %utf;sg%aﬁﬂﬂ 20

na
(iv) a layer f enntgvon dem

groups absor b ”&;” i gdes e &e sne%?ﬁ{ ankoﬂxe?, 9@@9&9 o o Qbertidphe

pol ysacchari dey, & nventr on |ne

wher ei ngsaid l(é%@tf _ \& &i ﬁ‘l Ilj RF sidb (&Pm\d%) #° bde BHima ldﬁﬂm ne providing
free am no arq pﬁda ; v oﬂi%éﬂiclﬁ ; mu?s'-:_’e d &8 B%&Qrm% en zur

iofefl
- Patent anspr UChemgﬂg fs@ﬁtgﬁﬁdﬁr \Jﬁzsﬁ.aca&ss&@aacﬁamdseﬁﬁm dabv a@ﬂer ‘thiselabon
@B, GR IT, LPolybdechaidscticht.Ver fahren zum Modifi zi eren der Coerfl ~che e| nes

festen Substrats mt den Verfahrensstufen: 30 (a) Adsorbieren eines
Pol yam s 2hoveeahren hach anspructivi,| raikddr vbithesni St Gor aterkieiamaikgzdun frelers prindirenaminggupr t
Cr ot onal dehysnauf der Qoerfl ~che des Substrats, wobei- der Crotonal dehyd
~entweder gleichzeitig mt oder getrennt von dem Pol yam n zugeset zt w rd;

(b) nachf @l g¥anauwen nuadk Arspilueh & wolksi dasrSulsitral Matall, Glasend/odar oty welymerenMaterial ist.

Pol ysacchari ds auf der Qberflache des venetzten Pol yam ns; 35 (c)

" bedar f stieifs eVeypiEenteRbAAYCh b wolsl dascibsralrosiripr Bigh! oger AUMiiHg? istrehr mal i g: und
(d) Adsorhi eren e| ner Schicht ni.cht _vernetzten Pol reie prinmare

An rogr up erVF e e s e B et steb FoBe ci

oder auf der F&/saccharl dschi cht.

50 6. Verfahren nach einem der vorhergehenden Anspriiche, wobei das Polysaccharid Dexiransulfat ist.

:

7. Verfahren nach einem der vorhergehenden Anspriiche, wobei das Polyamin Polyethylenimin ist.

8. Verfahren nach Anspruch 1 oder nach einem der Anspriiche 3 bis 7 unter Rlickbeziehung auf Anspruch
55 1 mit dem weiteren Schritt der Verbindung einer biologisch aktiven chemischen Einheit mit funktionel-
fen Gruppen, die mit den primfren Aminogruppen reakfiv sind, mit der nicht vernetzten Poiyamin-

schicht.



40" 2. Verfahren nach Anspruch 1, mt der weiteren Stufe der em S|erun
der freien primaren'Am ngrup- pen. Ver f n nach Ansprucg,ﬁm Hﬂﬂ
Substrat Metall, d as und/oder ein E%Io%raggb terial ist l III'
nach Anspruch 3, wobei das Substrat rostfreier Stahl oder Al um ni Um | st

ver {ahr en_ngic ek hakh dndbrucBitbe Mo EdhiFabaitiady | Chl or i d,

Pol yurethan, Silikongumm , Polytetra- fluorethylen, Polystyrol und/oder

Pol yol ef i n 105 Verfehfn nch N@phuehp ot R eiteRérSilio URF loﬂﬁdhbﬁlBG&h@%ﬂﬁﬂ néYafhP fekabron
wobél das Pol ybigiedhakiiven Webikdungmit Héralchti vednetzidn, qléismisidtier Polytaiactishnem der

vor her gesenden Anspr Uche, wobei das Pol yam n Pol yethylenimn ist. a

Ver f ahr en nHe Pbgikichenrotifieriesi8ubstaait el nem der AnsprUche 3 bis 7 unter

RUckbezi ehung afifeinanSghicteines Bolyamins hohen mittleen MelékulengewichBe Hasinit autider Obtertidshendhsng .

ei ner- bi ol ogi scBubskaty apagibiertemFratonaldahyRivemelrtiwuidpt  f unkt i onel - | en G uppen,

die mt den prifiieieer Fakchiogitas Ayt dorr Qeriidrhe desnvemeiziop Relypming éPﬁbe!P@?me'!"Z‘!sé'P?“

Pol yani n?® schi cPﬂ'Ysa‘Gha"ds-EP o 495 820 Bl1l 11111
HE N11 1S 11* 9( ")%F’Pf’ palzlipheg Wevuﬁﬂ%q*’" éP’éch@ﬂé'ﬁ? ?&'ﬁ&‘%"ﬁh@ws @
Heparin i st. E‘Fﬂsﬁ}‘? ‘°ﬁ‘°°,5{ l("&d’ﬂd jter en St uf l?qy

i oni schen Bi ndu é?c'; i %‘ | A i st T’ Bl ¢
der nicht_ ver nef' oreg ern| s 7" ﬁfg ﬂ?'scaﬁ‘f an 'e :

Qoer f | chenr’rph,(_j Lt’: % 11 t&é’) el ner Schi cht eI nes Pol yam ns
hohen m ttlereny ) ‘g‘eflspz%%&iv& Aemnisc aﬂ&ttenﬁéﬂg dfé'ea‘h cg)ﬁl[:lttlvgl}ﬂ&ztg%lya?‘}ﬂpﬁévra

absorbiertem Cr venet zt wur el ner Schicht einés au
oerfl ache des verret zt en PoI yam ns absorbi erten ani oni schen 10

Pol ysacchar 13d Subsfratinkdn AMisHath 12 \Wbsi QieidRigisetkiktive tRéNischs! Btk IHepdnR Bt.WeChsei nden
Schkrc’hten des vernetzten Polyanmins (1) und des anionischen Pol ysaccharids
(11); und (14vputsstratetactSadspabi 11 wolkd die eSchiétit 2iv) ihe F3ahistR BinBsS pichtl ndtstadl Folyamingmite
Am nogr uppen traien Meinddruppengstsdieddatenistitavuaiad. der oder auf der AuBersten

Schi cht ani oni schem Pol ysaccharids absorbiert Ist. 15 12. Substrat nach
Anspr uch2s1115. §ubstrei@achimpireahdA, dag pusltelisk bi ol ogi sch aktive chem sche Einheit
enthal t, di e an(vjeite bipiegiech gidive ¥erbindunpaniyeisti e fianiselt @mpergwummqnwmemge@&
Substrat nach APRlysmineehicktverbiypdenist. di e bi ol ogi sch aktive chemi sche Einheit
Heparin ist. 14. Substrat nach Ans uch 11, wobel die Schicht (iv) eine
Schi cht ei né%‘e'ﬁ?'ﬁﬂ'iu“%?’ﬁ@gﬂ‘gﬁ'm slanks B8 t frel en Ani nogr uppen ist, die

P he A ch 14 d Li ch

ek oo S S i
so ) el 2] n ml oekular ewm un

ver net zt en quat eto%nga e%?g’

f O fol genden ﬁﬁ 56@ ércé 3 d %aﬁ'c’ig P%e E?Ide ﬁ%}%@@ {{}ie

Qoerfl Ache eineg foidfen eme,t feht o faﬁiMé?:ﬂe?ﬁ‘o{?s&@hanésaguf A6SEeR &N
ei nes Pol yani nsd}gq, g\ztm aﬁ,;ng,n Mol ekul argew cht's und Venet zen

~Polyamins mt Cepédanie: dikbiung 86r SEIRAT () LRI ®) BIR-DdSr HRAINkaRg; nd vvobel der

| Cr ot onal dehyd egj waswerai ahaf&aibmwﬁbhm&ne@@bar PRI, 6RNprieRe Reinygifiobn zur
eset zt Wi rd; velfiigung stelit, (409 détagnivhiedhgs® PApSaceNdfdREHNE b i B&T HuB6EtbiC BliorRdcms

ani | scheen PoI posecchakisotiientauf der CQberfl ache des vernetzten Pol yam ns; (c)

bedar f swei se W eder hol ung der Stufen (a) und (b) ein- oder nmehrmalig; und
- (d) Adsor bi 2r ¥erfabtenanchSwispredht1, mit clbrt weiterem 8tufe tdenQuatsinjsiending Sler frbien pﬁm&ereAtpmummr e
Am nogr uppen P8 Verftlgung stellt, auf der anionischen

Pol ysacchari dschi cht oder auf der RuBerst en ani oni schen 40
Poly sacc far$ d Yerfahten nach Anspruch 1, wobei das Substrat Metall, Glas und/oder ein polymeres Material ist.

4. Verfahren nach Anspruch 3. wobei das Substrat rostfreier Stahl oder Aluminium ist.

5. Verfahren nach Anspruch 3, wobsi das Substrat Polyvinylchlorid, Polyurethan, Silikongummi, Polytstra-
50 fluorethylen, Polystyrol und/oder Polyolsfin ist.

6. Verfahren nach einem der vorhergehenden Ansprliche, wobei das Polysaccharid Dextransuifat ist.

7. Verfahren nach einem der vorhergehenden Anspriiche, wobei das Polyamin Polysthylenimin ist.
86
8. Verfahren nach Anspruch 1 oder nach einem der Ansprliche 3 bis 7 unter Rlickbeziehung auf Anspruch
-1 mit dem weiteren Schritt der Verbindung einer biologisch akiiven chemischen Einheit mit funktionel-
len Gruppen, die mit den primdren Aminogruppen reaktiv sind, mit der nicht vernetzten Polyamin-

7



2. " Verf'ahren* nach Anspruch 1, mt der weiteren Stufe der si erun
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DK, FR_ GB, NL, SE 25 ~d surface _d un
subst 14 S0 fﬁ pue,s% %‘: VSIS oty et Ty B Ue oy, S pae” ot

pr OVOC]UGI’ amgmcpue

ont ¥ éﬁ' %sg&re%%z{stg% néapatsr.e% f.g' tene pol yam ne ayant

un poi ds ”Dl e vB eﬂPAés §£cc tu'sﬁ Ia mlhgqé&ﬁ
pol yanine a | ot £ gg AR d'uh 9 l%tué?« en
aFnﬁmo

neme tgpps qug YRk, ou Dbien separ dl te po yam ne;
(b) puis provoquer adsorptlon sur la surface de Ia pol yam ne rdti cul e

d' une cougheprebstd saai K Sravshdidibrd €, edpRRAnE Wtape( Subssaienidt sbRbISEIRNquatoMiREY BSdits €S

6t apes (a) Ejrovpbs antimtprimadiredlipyss) eurs fois ; et (d) provoquer Padsorption, sur

- lacouche du pol ysaccharl| de ani oni que, ou sur |a couche |la plus externe du
pol%aoﬂa har i Rrakéd@ Relom lagreendicktione, dansidéyeelde spishrytoast e méah) duebire ol @@e matidre

f our ni ssant mymee6 groupes amno prinmaires libres. 2. Procede selon

| a revendi cation 1, conprenant |'6tape subsequente consistant a quaterniser

| esdits gAoURseascésaionda reyandigations3, [dansrenyel leisbsiiat espieyiagierdnoxydablp ob de Ialuminium.

revendi cation 1, dans |oquel |e substrat est un mtal, du verre ou une
mati er® 5 Procédé selon la revendication 3, dans lequel le substrat est choisi parmi du poly(chlorure de vinyle),

du polyuréthanne, du caoutchouc de silicone, du polytétrafiuoréthyléne, du polystyréne et des polyoléfi-
nes. _
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6. Procédé selon f'une quelconque des revendications précédentes, dans lequel le polysaccharide est du

sulfate de dextranne.
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