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(57) Abstract

Processes are provided for coating the surfaces of objects with hyaluronic acid, its derivatives or other natural or semisynthetic
polymers, for applications in the fields of surgery, health care and diagnostics. The processes make it possible to bind such polymers in a
stable manner to the surfaces of objects made of a wide range of materials. Surfaces treated according to the processes are characterized

by a high degree of wettability, and are able to inhibit the adhesion

of celles or bacteria present in the biological fluids.




bikol ogi cal fl uids. Background of the Invention 20

Hyal uronic acid is a natural mucopol ysaccharide present at varyhg
concentrations in practically all tissues. As any expert in the
ast knows, aqueous sol utions of hyal uronic aC|d OrcPf t;g ;alts or
deri vat | veswmm or of polysaccharides in general,

characterized by notable viscosity, slipperiness, and ability to
reduce friction, a characteristic which is at the basis of the
presence and function of WO 96/ 24392

PCT/ EP96/ 00509 2

pol ysaccharides of the sane famly as hyaluronic acid in t he bodi es
of humans and other aninmals (Mchels R G et al ., "Sodium

hyal uronate in anterior and posterior segnent surgery".

Physi cochem cal and Pharmacol ogi cal 5 Characteristics of Hyaluronic
Acid, 1-15, 1989). Because of these qualities, polysaccharides
of the sanre famly as hyal uroni c acid {bot h nat ur al

pol ysacchari des and t hose obtai ned by chem cal synthesis on natural
conpounds) have been wi dely researched. In 10 particular, great effort
has been put into identifying nmet hods by which thin | ayers of

hyal uroni ¢ aci d (Hyal ectin fraction, as described in European patent

TO 851, 521) Siﬁgﬁlzée??m%q‘l%“ﬁéﬁ% '%‘Pr}gug‘{%rf’& §§8€§5%¥ ot her

materi als. The ai m of BYALURONED HCIP , WRERTVATIERE THERECF, ANDjects Wwth
i nproved surface properties, gpMbsYrEETIC POL¥RERSE al ning the overal

characteristics of the materi al
Field of the Invention
5 The present invention concerns processes of coating
the outer surfaces of objects with hyaluronic acid and
its derivatives or other natural or semisynthetic
polymers for applications in the fields of surgery,
health care and diagnostics. According to this process
10 it is possible to bind the polymer in a stable manner to
the surfaces of objects made of a wide range of
materials. Surfaces treated by the processes described
in the present invention are characterized by a high
degree of wettability and slipperiness in an aqueous
15 environment, and improved properties in interactions
with biological phases. For example, they are able to
inhibit the adhesion of cells or bacteria present in the
biological fluids. |

Background of the Inventiéh_-

20 Hyaluronic acid 'is a natural mucopolysaccharide
present at varying concentrations in practically all
tissues. As any expert in the art knows, agqueous
solutions of hyaluronic acid or of the salts or
derivatives thereof, or of polysaccharides in geheral,

25 are characterized by 'nocable viscosity, slipperiness,
and ability to reduce friction, a characteristic which

is at the basis of the presence and function of

CONFIRMATION COPY



of~ which they are made (said material will hereafter be referred to

as the substrate). In particular, because 20 of their high degree of
hydr ophi lia, hyaluronic acid and the derivatives thereof are
especially suitable for maki ng obj ects whose use requj M
their surfaces WO9/24392 y osj st adhesion to the cell species prg

tissues or biological fluids. - Such surfaces are of 25, parti cul ar
interest in applications wherein adhesion bet ween materials and
cells can cause danmage to bi ol ogi cal % ssues (Kaufman, H. E. et

al ., Science, 189, polysaccﬁgéldélsgz%) T.he same fam:.ly J@ﬂggiﬁf’&ﬁf’@ id bg

surfaces of materi al % ¥ uroni c_aci d deri vati ves
t hereof has proved ©“P¢ bo 18?f9§ BumeEns #ngrgte Fe%%’d?"’(,lﬁer( icheld Ryf G-ngt
first things alone M8oddims hgalimdnanel dnorartexdiost samhdlt ipostelrdoe a

rather igh surface JRARKAN subfErparr AR OIcoheAIELY and phard3cgiean! hat

of water (F. ; Silv et aI r}_ g{ q:) Biopaterials, 5,
89, 1994) . Pt is S%Stlcs © prepiouicidy a- Flam) 2Wtbus coati ng
by the application Becghisa cdbltmesenguam:aq:ﬁol pediym@ua:aﬂdemsxf khee a
surface \QQN%(S/ 2ﬂ§,9213}° CTLEPI6LR@Bnic  acid (both natural

3 t ensi on V\/m thag that o& t he r
2 £

. k} “.5[ 3L{)bst In de
to obtain conplete, P eqr"i‘cg BEt RpeRePhFained by ¢ ?'ﬁb‘é? zﬁlﬂntﬁﬁﬁﬁer
mat eri al s whi ch can dre Wedaéscompoundséubaweabesnpwmu researiched .t edni on

which is lowgp than p%rtlcutlaet AlatVad fore Qaa%hﬁééﬁtﬁdié Sirdto vmiémﬂzwﬁgnts
t he formatlonq__ thby? hOT. hyal ronic ac% coverin id
substrate evenly (Gaf &o?l et :1' 5{X/m'é{ SUPRIMES™S | B
Physics to Technoiwe,cnnvﬁwmn- as de@girdbedtin Euzopeangsatent No.
0138572) or the derivatives thereof (U.S. patent No.
4,851,521) can be permanently fixed to the surface of
15 other materials. The aim of this research was to create
objects with improved surface properties, while
maintaining the overall characteristics of the material
of which they are made (said material will hereafter be
referred to as the substrate). In particular, because
20 of their high degree of hydrophilia, hyaluronic acid and
the derivatives thereof are especially suitable for
making objects whose use requires that their surfaces
resist adhesion to the cell species present in the
tissues or bioclcgical fluids. Such surfaces are of
25 particular interest in applications wherein adhesion
between materials. and cells can cause damage to
biological tissues (Kaufman, H. E. et al., Science, 189,
525, 1977). | |
Modificétion of the surfaces of materials with
30 hyaluronic .acid or the derivatives thereof has proved
difficult for many researchers. One of the first things
one notices is that hyaluronic acid solutions have a
rather high surface tension, the same as or slightly
less than that of water (F. H. Silver et al., Journal of
35 . Applied Biomaterials, 5, 89, 1994}). It is well known
that to obtain a homogeneous coating by the application
of a solution, the applie& material must have a surface



10 It should be noted that hyal uronic acid is water

soluble, so _any ohjects ohtained by sinply_coating them — —  wth a-tlayer

of hyal uronic aci d sol ution Lnstantly | ose their coating on contact
Vi, t h aqueous sol utions, - i ncluding biological fluids.

Hyal ur oni c WOR6R492 5 derivatives, even those which ar FGTIEHMS

sol ubl e, are I n any. case extrenely hydrophilic and have a strong
tendency to swell in the presence of watey or aqueous solutions (H
N. Joshi and E. M Topp, International Journ. of Pharm 80 (1992)
213-225). | ntenagtieAUwh26h is @BwefOBHENt 8hat hos ehar atbetiratec ihapi dly
causes the t r op, C e Ia ed to

t he substrate by aQ§|4ﬁf2§§%?§H é$ﬁb%é§?s %&éﬂ cg¢g;g§g 5?%&%%1 For

these reasons, W@Fﬁod%,ll |H9%Y‘0‘F#’lgmaéerlals w PIEPn can bBﬁd ¥dedf t he
substrate surfaseban#agés preseys| arafacactendion whidhriyaloweas thawne been

studi ed. 5 that JRCBEESONSE Oha A lAlEe 6NSHCH BRRFeRtSVRRLS the

surface layer from being diSsol ved an stronger
| onger -1 asti ng £QFPaE&oR, 8heft FBiN: L2YeR oh) al ur°“¥‘ﬁ‘e acid covegimgsation
of a chem cal bthe bstheemticheeserist r dGarleasbi3OF. ett hal sur f"@ed ymayer

requires the pregeprgeegf su%ttoﬁ‘pl €physics CIQ?necajec &g@,d N befihe il e the

chem cal struct u& al uron| c ac nsur es presence of
vari ous F'FQSFEeFurRﬂ‘i'o@ 4Yle surface of nost synthetic
materi all® i s not par@tcshenlqg beihated flat tHyadiurppécohci8 is waqnelrat I on.

For Lhis reasoneah(85essss Lgecﬁgeasemed by siff1yf SATHEALRE
bet ween a surface age-rl §{a l'uroni c i 1 I'ts erll at|ves and a
synt heti c subst Wit ayer hyplYEPBIR RE so utlon instantly lose
PCT/ EP96/ 00509 their coating on contact with aqukous solutdionally
consist of twangi@ASng IBidiRGichirStelSieP Hyaluronic acid
15 derivatives, even those which are not water soluble, are
in any case extremely hydrophilic and have a strong
tendency to swell in the presence of water or aqueous
solutions (H. N. Joshi and E. M. Topp, International
Journ. of Pharm. 80 {1992) 213-225). In agueous
‘20 environments, this characteristic rapidly causes the
detachment of the hydrophilic surface layer applied to
the substrate by a simple coating process using a
solution. For these reasons, methods involving a
chemical bond between the substrate surface and
25 hyalurcnic acid or its derivatives have been studied.
The presence of a stable chemical bond prevents the
surface layer from being dissolved and lends stronger,
longer-lasting surface properties to the object. The
realization of a chemical bond between the substrate and
30 the surface layer requires the presence of suitable
chemical groups in both. While the chemical structure
of hyaluronic acid ensures the presence of wvarious
suitable functions, the surface of most synthetic
materials is not particularly suitable for this type of
35 operation. For this reason, processes for the creation
of a chemical bond between a surface layer of hyaluronic
acid or its derivatives and a synthetic substrate



suil.t abl e chemical groups are introduced onto the surface, then in

the second step, a reaction is induced bet ween the chem cal groups
i ntroduced ' onto the 5 substrate surface and hyaluronic acid or
its derivatives. For exanple, US patents , 657,

4,663,233, 4, 77808 501 475 4, 810,586, 4,959, 074, g%fo’ﬁ?é’,“‘fﬂ and
5,037,677 descri be the use of an |nterned|ate | ayer between the
substrate and the 10 hyal uronic acid cqating. This internediate

| ayer physi cal ly adheres to the substrate and contains

chem cal groups whi eBuaityswiohslhise faoff the fsrrepstion Iof the firatboggepM th
the chem cal grOUpSsQEtgﬂﬁéuréﬂadiéﬁild grdlps ar?] dal, 3L Sgﬁ@gdl{ﬁ%iﬂﬂd
e

ensure even coati ng of St rate aI uroni c acid

aforesai d patents rfac%'i §§'ed’e§8rF 8 ?T‘n‘éml%étﬁi" af b‘CFrﬂCrF‘\ﬂ’u‘l if, infegedidded
to ~hyal ur oni between | ripe ovesenicalabigrdupst o idarpdacédie onto the
i nternedi ate g ayer QMSQL:Yate surface WM FROUIRRLS descid be 'frhe i’tsse of

pl asma 20 techn i ntrqduce reaftlve gr oups ont

substrate. This tec ﬁF T v@frbas& OF  &xagple. » Pif yRatents §57f%&%’s
from Physics to%. 4‘@%%\2@,094/ 722,8@7, ey, 801,475, Gwledlﬂe;ﬁﬂér 469599079,

makes it possible teg, m@liimt%d 5, oavSlsrvaaC%eQErP&éynﬁse MRiL | ads i, a
i nt.er na onal at en

fast, effective 25 man EFor instance

appl i cation Ngten{}ﬂl s ] Oé'fggr 5858??’5%“3[ hEYRPRERBBuCcE SN the
functional drbups ohyalurrniqurfgdd ofocatinrd yner fbis intenmedéatel layer
treatment with net hghpbidd S B .adHeeekl €8b€0the subdfaRel ahndl ScontdElk

placed in contactg mé& gr%ups Wh%gﬁe%%ydrgag{l r% ne oI %glwt')l{alﬁx\gxll coq

guar antees the pr esShea
pol ysacchari des. a bond WlthOttlhérc F'!'i‘é#Jegr(q&wsaOPHymlolmgncaa&dnd|'1h:ava
116, 201, 198&ilﬂwmabpﬁéacﬁr@redn&abnbﬁ£@r bdbs %&Qﬁﬁ@hoflehhe

o oves oy e Shp LA P08 HARIBLC Y, SRt BroEl

fol |l owed by the application prop
Surfaces thus creat 845ar deseeipe t e use of albumin which, when added to

hyaluronic acid, improves its ability to dampen the
intermediate layer evenly.

ane.

Other documents describe the use of plasma

20 technology to introduce reactive groups onto the
substrate. This technique (Garbassi F. et al., "Polymer
Surfaces, from Physics to Technology", Wiley,

Chichester, 6, 1994), makes it possible to modify the

surface of polymer materials in a fast, effective

25 manner. For instance, international patent application

No. WO 94/06485, describes the introduction of

functional groups onto the surface of a polymeric

material by treatment with methanol plasma. The treated

material is then placed in <contact with an

30 epihydrochlorine solution which guarantees the presence
of groups suited to reaction with polysaccharides.

Other articles (Acta Physiologica Scandinava, 116,

201, 1982; Journal of Biomedical Materials Research, 18,

953, 1984, Elan et al.) descfibe a treatment with oxygen

35 plasma, followed by the application of 3-glycidoxy-

propyltrimethoxy silane. Surfaces thus treated are used



WD 96/ 24392 PCT/ EP96/ 00509

57 for the fornmation _of covalent — honds—with.

pol ysacchari des. Al t hough the above described nethods are

‘general |y satisfactory, they nonethel ess each present _sone 5

di%ffi culti eVOYMMarticular, the use of an internmediate FCTVEPSMOL. ca)|s

for its conposition to be adapted to the nature of the substrate, so

as to enhance adhesion as much as gossible. . In the case of the

production of objects constituted by new naterials, or materials

whi ch 10 ar ef¢Ar el yhdisedsortidd M snd ebdwdlerdts t AkGAP IWith

I denti fyi ng theoggft suitabl.e fornmulation for the I nternmedi ate

| ayer. If the J&ﬁagcglgrﬁgegbat ed are conposed of different

materials, it is diffAléloughothe above dggryibed matdisids mrecgeneally | ayer

fﬁr each corrponeﬁﬁtﬂéfaccolrw | th§v0h6hesh%|1>é/§é: 2E 0 ) I\%%@lendﬁ%cgﬁ&l on of

t he inte i ate.layers in_unsuita pl.aces Leover, .i

may be undesi rabé{e@ﬂocutl}géegl'bu%‘ g afg”éﬂ#ﬁﬂte&’tehgse of an lﬁgFF%?’ra}tt%/ of the

substrate, especlasy ¢allsefarmsitafcompositiopr deudies adamsinfedd drthe

bi Omsdi cal appl i sadurnof dhhe sulbstratg‘?g_agdhggtot Eﬁhﬁﬂ%@eédﬁz@éﬁﬁﬁsd 5

cited, it iIs p r e tqQ_ayoid usin pi roc rine -

gl yci doxypr opyl t?‘l’?ﬁ%tﬁ%xégé%'%ﬁee', agnt \k{;‘glge avs\6 é:%of‘rarptorhélnogroy_u&mna_r known

to be major heal PPIeREAaFERStitikad) byabewmitegials, or matexdadsahidh cation

of dangenous subaiéineffeliys Wl binuth time (i3 RFfRRANsUNen tiesih

compounds are CoffghAyiRES cne | most AMlitEAL TEIRRAUIELY cof apid vi ng 2

health risk, as , rEported In nost catal ogues fTor chem Cal products

and r eagthtarmedinte dayrynat ikdn thadickiesss tion hehectategd are

case, that the peombitded adf CalifLefitlt Chat&rihld) the 38 diffSReQRd wmse

that there is ' bR E ' X e c Mor e

general | t he t%%%f%u%rt?ggérégéé*@%éﬁ (}ﬁyer s L|§“[:11\}OF\O/rfg'p?rhenr%: i onal

gr oups i?{rﬁobi |i 78Rk 2veidinge grerlarping padgerxpFEBsien, efictthes

pol ysacchari des, intesmdiatel Yapérs in lunsuiedbld)plddes. eMbeebverpnionl y

knf)wn aﬁ fszj:r'tﬁay be ub4&SHANIE toThfse ! 3186mid' 25 QhnahbE the

polysaccharl wettability of the substrate, especially in the case of
products intended for biomedical applications.

20 Regarding the other examples cited, it is

preferable to avoid using epihydrochlorine and 3-
glycidoxypropyltrimethoxy silane, as these two compounds
are known to be major health hazards. Indeed, according
to the classification of dangerous substances issued by
25 the European Union, these compounds are coded as "R45"
and "R40" respectively, signifying a health risk, as
reported in most catalogues for chemical products and

reagents. This designation indicates, in the first
case, that the product can cause cancer, and in the

30 second case that there is a risk  of irreversible
effects.

More generally, the total number of reactions which
involve functional groups immobilized on a surface and
large molecules, such as polysaccharides, is seriously

35 limited by the effect commonly known as steric
hindrance. The large size of the ‘polysaccharide
molecule prevents or impedes contact between reactive



mil ecul e prevents or inpedes contact between reactive WO

96/ 24392 PCT/ EP96/ 00509

6 groups so that the probability of an effective reactive
erfjcounter is deC| dedly | ow. Qt her net hods descri 3,%8, t art
invol ve the WO%24¥2.¢ion between pol ysaccharides and amin {ngﬂS(’:‘,’HSS
Japanese patent JP 04126074 (Apl’l| 27, 1992) descri bes the use of
treatment with ammonia plasma to int roduce 6 am no groups on the
surface of polyner substrates. The am no groups are then reacted

wi th hyal uroni ¢ acigtoups so thawttther ppobybsikidyapifdas éffédieiwes ereaictave

condensi ng agent. JeQ,counte}:nl@a&&rgdé}ﬁ ?J§w4 810, 784, the surface -of an
obj ect made s treated with, reactive

sol utions, so as to |nt Pgﬂﬁ%e“‘ﬁéb‘gng@eéF’é&P?%s%ﬁt tbe art igyol¥Resthet o
the surface itsel f reacthens bétawsent hpolysacchartidest egnds ghiased groupent act

with an aquemus soliapafasef pdéent J@cﬂmezdmemﬂpfm e, (FiEJe)z) [} BRE
characterized by t presence Qups

0 0 a _positiv
el ectrostatic e chEeg et 'ﬁ?&altﬁ‘FEFaE’f‘%n %@er‘? B35 TP SZ:‘Fi‘?tr ges
bi nds PEl to the né@dinPctrawps e theosygrﬁelgc@fapgmma:cesubstratera .chThe

am no groups. Heparminangrehps’ apel !ﬁéﬁcbééd:t%%ﬁ W’%.Qh hyal%&sn@euaélaooi»he

am nat ed surface af ert rgftsmant ’5‘{] b t so tians. is a
known fact in organ polysacehas ides, bypthe t“r“r"? 987 SFeRfENIRS f“8§n5auses
t he 1@ or mat ilen retentd MoypdUHroBid.. 784TheBe seuntacel ofi aheobject

?m' ?ﬁt ed fsurfa;:e made bbﬂdlﬁaﬂymetrhemaceﬁ@wS%c&&@hdedZ%lth I‘era'é@.'leé3| bly
(0] e surrace It1S sane re
gr oups are int rodu?@&uuggga §° 3@ %! 6%’6%‘}“}%% ’}/ﬁgtaﬁlb'gr %fge gagéﬂ nk

et al.. "Colloids %rges ontogkheceyrfagegiteelf.199Ahe surface thus
treated is placed in contact with an aqueous solution of
15 polyethylene imine (PEI}, a polymer characterized by the

presence of amino groups and a positive electrostatic

charge. The interaction between the different charges

binds PEI to the modified surface, to produce a surface

rich in amino groups. Heparin and other polysaccharides

20 are bound to the aminated surface after treatment with

nitrite solutions. It is a known fact in organic

chemistry that the action of nitrites causes the

formation of aldehyde groups. These react with the

aminated surface, binding the polysaccharide

25 irreversibly to the surface itself. The same reaction

is used when aldehyde groups are introduced by bland

oxidation with pericdate (C. Brink et al., "Colloids and
Surfaces", 149, 66, 1992). .

The reaction between PEI and any aldehyde groups

30 present or introduced on the polysaccharide is,

moreover, sometimes used to bind the polysaccharide, in

various conformations, to the surface of the object (E.

Ostenberg et al., Journal of Biomedical Materials
Reseaxrch, 29, 741, 1995). Patent No.. 5,409,696
35 describes the modification of the surface of materials

by treatment with plasma containing water vapor and the
subsequent reaction of the treated surface with PEI.



Fhe reaction between PElI and any al dehyde groups 30 “present or

introduced on the polysaccharide s, noregver. soneti nes used
to bind the polysaccharide, in various conformations, to the
surface of the object (E .- - Ost enberg et al., Journal of Bionmedical
Miterials WO9R24Research, 29, 741, 1995).  Patent W’“@"ﬂ%@ 696 35
describes the nodification -of the surface of materials by treat nent
wi th plasma containing water vapor and the subsequent reaction of
the treated surface with PEl. WD 96/ 24392

PCT/ EP96/ 00509 . . . . 7. The,.surface :
t hus obtained i snr“in'c%uxffﬁcaem%lﬁ%s g?b&ﬁ?égnﬁsi%mh in amyy gropgs ‘B?‘Fidls heparin
and other pol yakteharPdebind hephrrinvensfibl pthert heodysreshatidemdensi ng
agents. TyPt&vdtaiblihe pieaghe ONabEiHEEDH L AICBARENEE AYPSagéndde 5

pol ysacchari de . 1.n0 r . the surface is r.onot ed by
et hyl di net hyl am ﬁgglf%%{ﬂﬂcé:rl%o i %tégtf( Eﬁ%’?en Ca&o’%egruosu@sof"ft %_e process
to coat tRe insiBRekysAacqhardde and amipendgx¥Purs cofe the o susfrget M th the
bl ood has been promotetebgletheddbethylamidpayppancddesdiatidel (Eh@nat eri al s
10 Sci ence, y I Li.0n, 1994 s search has
shown that the p?g%eggésggeééggbggo?%&l v go%%e”%ﬁ e N sen&i t:’i‘ﬁﬁ’aesart icles
are not entirel ytntended i jaqmectifitp gontactayithethmikbPreedrhamjkean with

surfaces nodifi edesyribed Wyore c ACci Mhydran dgbuyasl ves Biomaterfals
concernedy | ndgedenddic radughl oLl ATHBY: {86 functi onal
groups by neans of ammohi a asma, as ' ' éscrl%e'd in Patent No. JP
04126074 (April 27, 1BRpearchshas showmgthagethe prraasess pasarhefivdt i on
process. Expertsthe cited iatehtel dak@ovattidlelsheagenshby oéntively

functional groupgagPatacedry MREUERE Ps ' Ul LRAAMGIUSE ORJeblE WdiRoe Of

surfaces modified by hyaluronic acid or its derivatives
15 is concerned. Indeed, the introduction of amino-type
functional groups by means of ammonia plasma, as
described in Patent No. JP 04126074 (April 27, 1992), is
not very practical in a production process. Experts in
the field know that the density of the functional groups
20 introduced by this technique onto the surface of the
substrate is rather low, and depends too much on the
precise geometry of the reactor used for the plasma
treatment, on the nature of the substrate, on the
presence of additives and/or contaminants on the surface
25 of and inside the substrate and on the storage
conditions of the substrate before and after treatment.
For this reason the technique is difficult to apply to
industrial production. This negative aspect is
recognized by those working in the field and, in the
30 above-noted US patents Nos. 4,810,874 and 5,409,696, it
is counteracted by using PEI, which allows a high
density of amino groups to be obtained. Although these
last processes effectively solve the problems involved
in the first stage of the process, that is the
35 introduction of reactive groups on the surface of the
material, they are not so effective in the second stage,
which involves binding hyaluronic acid or derivatives
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therein is carried out, it does not produce a surface
structure able to exploit to the fullest extent the
intrinsic characteristics of hyaluronic acid. When the
process described in US patent 5,409,696 is used, on the
other hand, as shown in the comparative testing set
forth herein, it is not possible to obtain surface
structures able to inhibit cell adhesion. Similar
results are observed when, instead of hyaluronic acid
itself, its water-soluble semisynthetic esters are used
(EPA 0216453). Evidently, when this process is used,
the way in which a bond is formed between the aminated
surface and polysaccharide does not allow the
hydrophilic characteristics of hyaluronic acid or its
derivatives to be exploited to the fullest extent.

It must not be overlooked that the process which is
the subject of US patent 5,409,696 can be applied only
in the surface modification of polymer materials, as
indicated by its title "Radio frequency plasma treated
polymeric surfaces having immobilized antithrombogenic
agents" and by the operational'instructions thereocf. 1In
common biomedical and surgical practice, ceramic or
metallic materials are frequently used, so it is hoped
that the modification processes can be applied to such
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sinply and reliallapiypetyeen SusdLRleSy Ohafd¥ial. In this way a
composite structure is made, the body of which is
characterized by the properties of the material used to

15 make the object, while its surface characteristics are
those of the thin layer of hyaluronic acid, its
derivative, or said semisynthetic polymer. Said

characteristics can confer a high degree of hydrophilia
to the surfaces of the materials treated according to

20 the processes of the present invention. For example,
the surfaces of the objects treated according to the
processes of the present invehtion are able to prevent
the adhesion of cells present in the bioclogical fluids
and to reduce bacterial adhesion. Moreover, coating an

25 object with a material of natural origin according to
the present invention ensures better properties in
interactions with biological phases.

Brief Description of the Drawings
The present invention will become more fully
30 understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and, thus, are not
limitative of the present invention, and wherein:
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Example 6 (200x enlargement)
Fig. 4a: Optical microscope image showing non-adhesion
15 of L-929 fibroblasts on the surface of sample
D, Example 6 (200x enlargement)
Fig. 4b: Optical microscope image showing adhesion of
L-929 fibroblasts on the surface of sample F,
Example 6 {200x enlargement)
20 Fig. Sa: Optical microscope image showing adhesion of
L-929 fibroblasts on the surface of titanium
(200x enlargement)
Fig. 5b: Optical microscope image showing non-adhesion
of L-929 fibroblasts on the surface of
25 titanium modified with hyaluronic acid ester,
as described in Example 8 (200x enlargement)
Fig. 6a: Optical microscope image showing non-adhesion
of L-929 fibroblasts on the surface of an
intraocular lens modified with hyaluronic acid
30 as described in Example 10 {50x enlargement)
Fig. 6b: Optical microscope image showing adhesion of
L,-929 fibroblasts on the surface of a
non-modified intraocular lens (s0x
enlargement) '
35 '
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. 7a: Optical microscope image showing non-adhesion
of L-929 fibroblasts on the surface of an
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modifications within the spirit and scope of the

invention will become apparent to those skilled in the
art from this detailed description.

In general terms, the present invention provides
20 for the coating of an object with a layer of hyaluronic
N acid, or a derivative thereof (e.g., such as a
polysaccharide containing carboxyl groups), or a
semisynthetic polymer such as described below, by the
formation of a chemical bond with the surface of the
25 substrate. The inventors have discussed two distinct
inventive processes that are advantageous and are part
of the present discovery. These are referred to below

as "Process A' and "Process B", respectively.
In both Process A and B of the present invention,
30 as an alternative to hyaluronic acid, or its derivatives
(such as its partial derivatives (EPA 0216453) or
polysaccharides containing carboxy groups), it is
'poésible to apply the above-noted processes to various
semisynthetic polymers, such as esters of polyvalent
35 alcohols of hyaluronic acid (EP 0265116), inner esters
of acidic polysaccharides (EPA 0341745), esters of
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two distinct I nventive processes that are advantageous and are part
of the presegé di scovery._ These are referred to bel ow as "Process
A" and "Process B", resp

Process A of the éresent,invention provides a new
process for the coating of an object with a layer of
hyaluronic acid, or a derivative thereof, or a
semisynthetic polymer, by the formation of a chemical

15 bond with the substrate surface. In contrast to known
and previously described processes, which involved the
reaction of functional groups on polysaccharide
macromolecule and functional groups present on the
surface with the previously mentioned problem of low

20 yvields, the present invention provides for an inventive
process that can be performed in two steps and avoid
problems associated with the prior known and described
processes.

In the first step of the inventive Process A,

25 hyaluronic acid, a derivative thereof, or a
semisynthetic polymer is xreacted with a suitable
compound, which is an alkoxy silane coupling agent,
exclusively in a solution. By eliminating in this first
step the need for a reaction with functional groups

30 fixed on the surface of the substrate ( and therefore
practically immobile), it is possible to reduce the
negative effect of steric hindrance of the
'polysaccharide molecule in the first step of the
reaction process.

35 In the second step of the inventive Process A, the
reaction product of the reaction between the hyaluronic
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of | ow described steps, compared to when traditional methods
described in the art are used, namely those involving
the reaction between functional groups immobilized on a

15 surface and functional groups present in a
polysaccharide macromolecule.

Accordingly, in Process A of the present invention
hyaluronic acid, a dexrivative thereof, or a
semisynthetic polymer is reacted in an aqueous solution,

20 or generally, in a suitable solvent with an alkoxy
silane coupling agent molecule which can bind to the
hyaluronic acid, the derivative thereof, or said
semisynthetic polymer at one extremity and to the
substrate at the other.

25 As noted, in Process A of the invention the
hyaluronic acid, a derivative thereof, or a
semisynthetic polymer is reacted with a compound
belonging to the class of alkoxy silanes. These
compounds are known to experts in the chemical art as

30 coupling agents that can be used to enhance the adhesion
properties between organic and inorganic materials
(*Silane Coupling 2Agents"), E. P. Plueddemann, Plenum
Press, New York, 1982). Exemplary of such alkoxy silane
coupling agents are molecules containing halogens such

35 . as chloropropyltrimethoxy silane, molecules containing
unsaturated organic groups such as vinyltriethoxy silane
and methacryloxypropyltrimethoxy silane, molecules
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acid, the derivative thereof, or the semisynthetic
polymer and the functional groups of alkoxy silane.
This class of molecule includes, among others, compounds
15 belonging to the diimide group, which come under the
generic definition of condensing agents, such as
cyclohexylcarbodiimide and ethyldiaminopropylcarbo-
diimide, and all those compounds such as carbonyldi-
imidazol and dicarbonyldiimidazocl which are defined as
20 bifunctional agents, known to operators in the field for
"~ the synthesis of protein compounds. -~ Molecules which
. catalyze or facilitate the reaction between functional
groups of hyaluronic acid or a derivative thereof and
functional groups of alkoxy silane may also be used in
25 the inventive process. Some illustrative examples are
N-hydroxysuccinimide, hydroxysulfosuccinimide,
1-hydroxybenzotriazol hydrate and similar compounds
thereto serving the same function. It is noted that the
use of such compounds is also provided for in Process B

30 of the present invention, as described below.

In Process A, the substrate to be coated is adapted
by means of a plasma treatment in order to better react
with the reaction product thus formed, containing the
hyaluronic acid, the derivative thereof, or the

3s sémisynthetic polymer. Without wishing to be limited to
a specific theory, it is thoucht that plasma treatment
of the substrate has the effect of increasing the
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ami nopropyl tri ngggg%ilctil.vlea@ﬁan :(Ljn the case of the treatments currently
described in the art. Some examples of suitable
15 treatments are those using plasma of oxygen, air,
nitrogen, argon and other rare gases, water, alcohols
and mixtures of the cited gases or vapors. The nature
of the substrate is not limiting and is only conditioned
by the possibility of generating, after plasma
20 treatment, superficial functional groups able to enhance
the reaction with silane.

In one particularly favorable form of the present
inventive Process A, the reaction between hyaluronic
acid or a derivative thereof and the alkoxy silane

25 coupling agent occurs in an aqueous solution, with the
hyaluronic acid or derivative thereof being in a
concentration of between 0.01 and 2% and preferably
between 0.1 and 1.2%. The alkoxy silane is preferably
an amino silane present in a stoichiometric quantity,

30 calculated according to the reaction plan or slightly in
excess thereof. In such preferred instances, the
reaction solution preferably also contains ethyldiamino-
propylcarbodiimide, in a stoichiometric quantity
calculated according to the reaction between the carboxy

35 groups available on the hyaluronic acid or derivative
thereof and the amino group of amino silane, or slightly
in excess thereof. The reaction is assisted by the



ani noet hyl am nopropyl tri met hoxy silane. However, the 5 I nventive

process is not limted to such specific types of al koxy sil ane
coupl i ng agents. In Process A of the invention, the reaction
between t he hyal uronic acid, the derivative thereof, or the

seni synt heti ¢ ﬁUP?ﬂ%P¥bnd the al koxy silane may require 10  PCUERSORS0 of
one or nore nolecules which allow for the reacti on between
functional groups of the hyaluronic acid, the derivative thereof,

or the sem synthetic polyner and t heléunctional groups of al koxy

si | ane. This_class o Ie i ncl udes, anong ot hers, conpounds 15
bel onging to the diPﬁFﬁSnﬁ?odﬁyD ﬁrBBH%PQﬁﬁﬂéﬂléﬁe in a qugepifyc of

definition of condeRskngengbhtand sm@h esmpared to c;xelrmdsﬂm«ylccat:bﬁdratm&e
and  ethyl di am nOprpihéaEEPbodumzde d'A'fmegese d].all'loué'g Fev\ﬁ %‘H
azo Ich_are

such as carbonyl di - | car bon
defined as 20 Y 5°?unc?m%‘?¥aﬁtu§§enp§ ﬁ?ﬂrﬂ\ﬁ/ﬁmf‘ %&E’P £87 <9 fhendurfage for

the synthesi s of prQfthec@bw}ndyhlchmsacmsesbwhncthreated witbapDdstae, Of

facilitate the reachtesrishyectof uggd | Gidlhods = normdi PYPSLLL hy Hra '
acid or a derivativ unct'onal %5% ps o oxy_sSilane

may al so be used i nggétfgcgtl? dﬁ PR s\'?"é;ﬁ?%c né FPFHE%‘P‘&'L i Ve
exanpl es are Plasng dEvsaLment nswmferablhydeniqzsm& ostiic ani exyten

1- hydr oxybenzotri aZBi:' Qﬂﬂrﬁl&nﬁ]dw&tm éaﬁovfé%méﬁﬁ?gé of betweehhfrgxtl&) ving
t he sane fU I on. §e 8{'5%.} 3>etwee 1l .egosﬁi SUC Oun I

al so provi de f or ocess Br 1P n@ndr e it ﬁ\?éﬁ??’dﬁe "stween
descri bed bel ow. 1o meorr anfn 1Pr seess Andt Aetrabtmentt ctime Deeteaned i s

adflﬁt teﬁ t by séaaﬁGOénca lplh%&ﬂ‘a ﬁf@ﬁéz{&?ﬂty betRéserd %eE@h&&raﬂ@%
Wi e reaction cont ai nin al ur
acid, the deri valto f;@ﬂ E&% %gh% he® 557 ap°rg§3%1"§w F&t Y’(’:t%

W t hout Wi shi ng to B&d| P Ped’an‘“m and wiphs@ecyitkouthediey aid afs h&nght
that plasma 15 eat neOperations & tiiss Sstegjer @epehasupbs ehé egdcdsithC@Asi ng

t he create the necessary conditions to allow the reaction
between the reactive terminations of the alkoxy silane
coupling agent and the functional groups present on the
substrate surface after plasma treatment. At the end of

20 operations, any reaction residues and molecules which
are not stably bound may be removed by further washing
or using a similar method.

Process B
According to a separate embodiment of the present
25 invention, a substrate material, of any kind, is treated

with plasma of air, oxygen, argon, nitrogen or other
gases or vapors able to introduce oxygenated functions
to the surface and/or to exercise a cleansing effect and
the removal of organic contaminants. However, the use
30 of a plasma containing water vapor, as claimed in US
patent 5,409,696, is not required in such processes of
the present invention.
The surface of the material thus treated is exposed
to an aqueous solution of PEI (or another polycationic
35 substance such as polylysine or the like), so as to
create a high surface concentration of amino groups.
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15 surface tension of the substrate, so as to unifornmly

enhance wettability by the solution cont ai ni ng hyal uroni c
aei d and al koxy silane and the ot her nol ecul es. Moreover, it allows
functi onal Wo6@439ble 5  to enhance the reaction w tTCHERIMINY )y
silane to be I ntroduced onto the substrate surface. In particular,
treatments that introduce hydroxy, carboxy groups wll be used and,
general ly, those functions defined as aciia in conmonly accepted
chem cal terns. As there are many chem cal functions able to enhance
the reaction betiiSefmaterial tFHﬁ 995%%’1‘%@e1§uF?%R,t€daHHtt}hé‘3§Jiué’l?é‘1€oupl i ng
agent, the acid;ondiderbvet Dfe ttleatensnt oty apbasisymttietfiar godymer
restrictive thand g the Gang,of ptoﬁ%gggﬁ;ﬁaa‘gss Cégr{tgqtn *g carboxgﬁsc“ bed

in the art. Soe ' _exanpl es "0 re those
using pl asma  ofSTOYRFIenin Ehe Presence of rS‘@’é‘?ﬁ“s&Pgoﬁ‘g&H&sotsHSP & e
gases, Wl er, alERghol & aqueousandohinxicmesrofdltclsrelche:qzﬂ_aﬁs:emmm@pors

The nature n&f) 188 SHPalilAkB1ventol 14 rHotl'eEQl@”Qbié ¥ lenragdi tioned

by the possibility of enerati ng after f‘ treat ment,
superfici al funé:lhi EfagRighy PrefrLefo BnERfcels also p?ﬁ%e‘i‘%act T3S t h

si | ane. class lof méepalei totiudes f dwgr ald enotodimdtetiheopr asent

I nventive Proce dﬁ’oxyhgué@ﬁﬁtlh% bet(ﬁﬁ§f‘ hyq'lydrrgﬂrgulfosuccuﬁ%hﬁ or a
derivatiy, Ve therﬁlof and the al ox hae 25 g%((_ant occurs in an
aqueous b1 uti oRYSECHH- ﬁ'é“tna ¥l Fﬁﬁ?ca%ﬂclsd'm& aﬁe PYEEHLRE 1 her eof
being in a coRronessitB of @hebpraeemt Olr’enamdn 206 drebegt enercilel v

between 0.1 and ghrp¥isihg éﬁmat%&r?rlﬁidts :{Hlpefcﬁ'iégl ¥uch as NAB %@eno_

si | ane present 042 Etm chiq %I’ItC cH‘an % cul at ed grdl ng to
the reaction pl &5 1ge © the cgp %‘%%at’t%efﬁ?ﬁtmn pr¥°§'8<'fﬁ
preferred i nsté’t’YC@C taﬁLéo in thercasei ofi whéxs igneupseferabiopnd oo

cont ai nsy=t hyl dighs EQrface in tHé%éé}fH&@@ hdlctilar Serdet Bl Khlowaet ri c

quantity I rd| ] he_rgeaction_bet Lyeen t he carboxy 35
groups avail abl e or??‘tlé ﬁg’afff A & |8r r 2 erIRASEFVEE™ t hereof and

t he ami no group of a#isnof%ﬁ“l ase, hﬁlqu | gcid, in parti@udsr.t hdseof .
The reaction is camteyned, bytt B8 known that, in solution, and in the

absence of NHS, intermediate reaction products are

20 formed, generically defined as N-acylurea, which prevent -
the reaction from being complete (X. Xu et al., Trans IV
World Biom. Cong., 170, 1992). When the amino groups
are bound to the surface, "spacer arms" must be used to
render them sufficiently reactive. A "spacer arm" is a
25 sequence of carbon atoms which separates the reactive
group from the surface, thus making it freer and
increasing its reactivity. For example, the product
COVALINK (Nunc) is made of polystyrene containing
secondary amino groups separated from the surface by a
30 spacer arm with nine carbon atoms (K. Gregorius et al.;
J. Immuncl. Meth., 181, 65, 1995) and NHS proves
efficacious in increasing the yield of the reaction
promoted by EDC (J. V. Staros et al., Anal. Biochem.,
156, 220, 1986). Obviously, the cost of creating
35 . complex molecular ‘structures on the surface, such as
functional groups supported by spacer arms, is very high
and limits the production process. 1In Process B of the
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16 presence of N-hydroxysuccinimde in a quantity of

bet ween 10 and 100% conpared to the nolar concentration of the
cdrbodiimde. After several hours' reaction at room teWe,
the solution | WOAMP2d to the surface 5 of the object, j ust
been treated with pl asng, according to the nethods normally used
for the application of thin surface |layers of a solution. The
plasma treatnent is preferably performed wi 28 an oxygen or air

| asma, with a power_ charge of betweep 1 and 400_10 W, preferab

et woen 10 and 150 BFFSSR5, GRYGPELRlc vonr SRne 'Srgips a7 BRN GESoFbe ang
a treatment tinme baunEageland insidesgbenBERrRFILRAtYYe, Witheyteguisingen 10
seconds and 30 the GBEULES. sPgdeSOLh¥ed! oirS ©yapetahad v t &nPr cehkRout
e ations a Choh AN AAMLD, Of gt ! BOHA; ADC ALe RhsNER apl2 .
Operations at this stage depend upon’ t hé necCessi 0 cféate the
necessary cofditi orfavied sbpogpRdrnsatden spaction of surfaen AMNG SFEUPFe
terminations of thexughxy abob@ndy EDC, ev&?%iﬂ&m’&nw%ﬂ e spaaeii ogal
roups present on t . sfrate sur t . At
The end of 20 B ang sienSibthbEGRICVIEE, BhLEA PR MR Ad BRLATRD:
are not stably bourRFhexy medecadsveaspgcturehethousprinre. is suxprigingg a
simlar nethod. and is a decifI V€ FuTtBr in Process B AE€Cohéi iiyen®ion.

separate emhdi ment of RenRLEREU, 281 cing JrdVEAELseinUPEL Al pRRET [ 8
of any kind, is treated W pfa.s?m of air, oxggen argon, nitrogen

or ot her of previous knowledge is the finding that the presence

of NHS in the reaction mixture has a decisive effect on

the cellular antiadhesion properties of surfaces coated

with hyaluronic acid or its derivatives. Indeed, when

15 working in the absence of NHS, as described in US patent

No. 5,409,696, it is impossible to give the -surfaces

coated with hyalurohic acid antiadhesive properties to

prevent the adhesion of cells. On the other hand, by

working according to the processes of the present

20 invention, surfaces are obtained which are perfectly

resistant to cell colonization. Although the inventors

are not obliged to explain the reasons for the results

they obtained, and they do not intend to limit

themselves to any one theory, it is supposed that the

25 difference in behavior can be ascribed to one of the

following reasons: either, in the absence of NHS, the

yield of the reaction is too low, so that although the

hyaluronic acid does bind to the surface it does not do

so in a sufficient quantity to completely coat the

30 underlying material; or the bond which is established in

the absence of NHS alters the characteristics of the

hyaluronic acid bound to the surface. The resulting

structure does not maintain the properties which would

normally be expected of this kind of polymer on the

35 - basis of common chemical knowledge. N
In one particularly favorable form of the present
invention, a polymeric, metal or ceramic material is



gases or vapors able to introduce oxygenated functions to the

surface and/or to exercise a cleansing effect and the renoval -of
organi ¢ contam nants. However, the use 30 of a plasma containi ng water
vapor, as claimed in US o pat ent 5, 409, 696, i s not regui rﬁ? L n such
pTocesses WO96/24392 the present invention. e of the
material thus treated is exposed to an aqueous solution of PElI (or
anot her pol ycationic 35 substance such as polylysine or the like), so
as to create a high surface concéftration of amino groups.

WD 96/ 24392 EP 0509

17 The treated wltf%‘usplabtnzill n%fd ?érrgactéésf V\A{‘t h%ﬁz% u?o it

acid, a derivat |%rﬂﬁe?%cﬁetvﬁenals§?ﬁ Wﬁtﬂetﬂﬁ?fﬁé??%rbetween 10(@ang.
(other pol ysacalsar wjea peeBkarsi Bgtwedi X Weorr and 1Qr avp®), ahd ahe

presence of con g S tion or
di cycl ohexyl car %q%l :tﬁ?g@ Elthe ﬁéw&lﬁ%cl éeco%? g%%cl s'%‘fh ?&%lf%rgglll cul e
abl e to ehhance Petween 3}¢o steé:&é?fiﬁor?'@r oRBt dBf A eEpC |sH%Wa§'E?rpre§Bﬁt

Thi s cl axmddtions esfithe nekeadeent e notnbimiting ethd depdhd
hydr oxy- succi n| A}%H? r S cin d
hydr oxy- benzotr| azo ra atpee %g glﬁénq P%&%‘Hﬁc JI[‘Hé Eredfment takef’r ocess B

of the present iYAPGRE &R £ bRYRWVesH Maddfying the sisidesiofg tybesr 95t i on
t hat nol ecul es sutherasnidi®=ridle parts, ahlitetflatoblr edpdeed Gurfiaces

condensaiq on rea_‘gdquepgggpééﬂ times. DY EDC, also in the case of where
groups are bound on 15 e surface jn. the _absence of nolecul ar

structures known he Yxreatedsemakerialy iR (HEcsh iR "¥palGMegifis" .
As far as hyal ussiiutieniof HEI,patta cuinwentration of betweerrhad¥ ahdi s known

that, in sol uti amy,andal préférably berwdlAeH0H UndVHS . | R Tdb@8ar eact i on

product s are
time is not limiting and lasts between 10 minutes and 10

1s hours. At the end of this step, the material is washed

and placed in a solution of hyaluronic acid or a

derivative thereof or another polysaccharide containing

carboxy groupé. The concentration of the polysaccharide

is between 0.005 and 5%, preferably between 0.05 and 1%.

20 The solution is supplemented with NHS and EDC, at a

concentration of between 0.001 and 1%. The reaction is

achieved at room temperature or perhaps slightly heated

and may last between 10 minutes and 48 hours. If the

type of polysaccharide and the substrate are suitable,

25 the reaction can be achieved in an organic solvent,

using DCC and NHS at the previously specified
concentrations.

The importance of this invention (Process A and B)

will be evident to any expert in the field. 1Indeed, by

30 the method of the present invention it is possible to

obtain objects with favorable surface characteristics

due to the presence of a coating of hyaluronic acid or

a derivative thereof, remaining stable in time because

of the presence of chemical bonds between the coating

35 and the substrate. The surfaces of these objects,

moreover, present marked characteristics of resistance



20% formed, generically defined as N-acylurea, which prevent

the reaction frombeing conplete (X. Xu et al., Trans |V Wrld

Bi om Cong , 170, 1992). When the am no groups are bound to the
sutface, "spacer arns" nust be used to render them sufficientl
reactive. A "spHO2WPhi is a 25 sequence of carbon atonﬁm"”‘g
separates the reactive group fromthe surface, thus meking it freer
and increasing its reactivity. For exanple, the product

COVALI NK (Nunc) is made of polystyrene conta?®ing secondary am no

groups separated fr f b spacer_armw th nine car bon
atons (K G egori usgg] Ttﬂ? %ﬁi’xegggn XS %”m 811d %afﬁerlelsares&)n 119’955 &nd
NHS proves bielegtcal £luidencr easi ng the yield of the reaction
Erggg;)t edal?)y_ EDCI (J. V. SW@rdlS:eeheﬁéaﬁtte%Tabme I%hi.%‘“eflﬁ}'rr!.llu.strat::l.velé;@am Y9,

vi ously, atin | ecul ar
structures on the sur ? alg)QSJaﬁ tl% 8%hich mafyuﬁ’gt f’%ﬁ’g%) uﬁg SERTTT tHY by
spacer arms, 9s veryhei ghield ‘-‘Qmeanéi'thmltsthe MCﬂfontp#ocmenm
Process B of the inventiotD 96/ 24392

PCT/ EP96/ 00509 18 pr esent

I nvention, the am ng groups are bound to the surface and inside the
PEl structure, WithBﬁ%J PREREAGR M¥amples the yse of spacer arms or to attend
to any ot her structural aspects. ERMpLEndi ng that NHS is abl e to 5

favor the condensati on 123l o JUA1R65- A "0 WUMR® erom  pBLOANL.

about by EDC, even [n fhe absence o
particul ar attentio %’e???g‘%d& tpetri dls’@)t HSPr%FS})cuIa&Fl eFﬁ?@@?é otitithe
surface, is surprisphgsma in a pmchlilelapliece Stesetbac@EmbattRr RERSFodi Nf. t he

i nvention. 10 The @/@&n{m&eﬁw@&h@a g@da gﬁt QEE?Q‘%?PH%O&H}@ Jsi s

of previous know edge IS the findi n%t hat A
gen, a power arge of 50 W, a flow rate of 20 cm’

(Std) /min and a treatment time of 30 seconds. The

15 treated samples are immersed for two hours in a 0.5%
solution of PEI (Aldrich) in water. They are then
extracted, washed with water and immersed in test tubes
containing 5 mlL of the following solutions:

1) 1% (in weight) of hyaluronic acid (Fidia Advanced
20 Biopolymers, Brindisi)
2) 1% (in weight) of hyaluronic acid, 0.02 g of
l1-ethyl-3-(3~-dimethylaminopropyl) carbodiimide
{Sigma), 0.02 g of N-hydroxysuccinimide (Sigma) .
3) 1% (in weight) of hyaluronic acid 25% esterified
25 with benzyl alcochol (Fidia Advanced Biopolymers).
4) 1% (in weight) of hyaluronic acid 25% esterified

with benzyl alcohol (Fidia Advanced Biopolymers),
0.02 g of 1-ethyl-3-(3-dimethylaminopropyl) -
carbodiimide (Sigma), 0.3 g of N-hydroxysuccinimide
30 (Sigma) .
5) 1% (in weight) of hyaluronic acid 50% esterified
with benzyl alcohol (Fidia Advanced Biopolymers) .
6) 1% (in weight) of hyaluronic acid 50% esterified
with benzyl alcchol, ©0.02 g of 1i-ethyl-3-(3-



o NHS in the reaction m xture has a decisive effect on t he cel |l ul ar
anti adhesi on properties of surfaces coated with hyaluronic acid or
its derivatives. |Indeed, when 15 wor ki ng in the absence of NHS, as
described in US patent . No. 5,409,696, it is inpossible to give the
surfaces WO9624382ted with hyal uronic acid antiadhesi ve P to
prevent the adhesion of cells. On the other hand, by wor ki ng
according to the processes of the present 20 i nvention, surfaces are
obt ai ned which are perfectly resi gttant to cell col onization.

Al t hough the inventors .are not obliged to explain the reasons for
the results t AepetlamieePraRy Ll fayPedt irdde; kR igmp )00 PRig of

t hensel ves to any onN-hpdroaysuccindimidpposbgmdlhat t he 25 difference in
behavi or can be ascribed to one of the foll ow ng reasons: either,

I n the absence of NHS, the yield of the reaction is too |ow, so that
al t hough the Hhal SARliSS ACFdL8EE St FRo LPhERS (F9Sfc FUBeSIdEs not do
so in a suffici ewomguampetrattve cdopl atel yowmanat d4freerx30which unHey| wireg
materialis of {NGaasad Mk ChelcareSboRkheBRE, I N The esilfopbsancenal NHS

alters the characteristjcs, of hﬁglggrg%g%ci:g & rgp:)he
ai Flacs perties

t he
surface. The FEEAFMERY 1s assessed:: fve
whi ch woul d Spectmoscapy yEbr cheedtall ¢halssski nd Ad psl wineady t he 35

basi s of comonkabGH CRlarbaQWki€G8L. et al., "Polymdl 8?3r?§£éé,CU|f§E Y

favorable form t he presen ipvention, . a meric, netal or
ceramc materia E‘\yglnj.cspto T?ecthnabogg)'zéﬁg%ey, C%ichesger,y 3, 199%4), by

PCT/ EPg@/C()o509 this technigue it is possible to ass&9s the chemiradted with
pl asma of air OtoRpw8efiondf) thed B faces of mste¥OALOf BelwgeRslignd 400

W preferably bglieedndd 30 a perkitCeiled BEOSHES BELNCLotoaT O 1 2N

Besides the previously described samples, another sample
treated with plasma is used as a reference by placing it

15 into contact with PEI alone.
—
Ii SURFACE COMPOSITION ATOMIC % jjl
“ Sample No. o C N ll
" 1 11.8 79.3 7.1
2 26.4 65.5 7.1 .
20 3 11.5 78.9 7.6 ﬂ
n 4 23.2 67.4 6.0 JI
H 5 11.8 79.0 7.3 ||
“ 6 21.6 69.0 6.8
|| PEI Alone 11.2 78.8 7.5
| e eSS SR
25 These data show a marked increase in the quantity

of oxygen present on the surface following the
modification process, as expected after the introduction
of hyaluronic acid or esters thereof. On the other
hand, in the absence of EDC and NHS, the surface
30 composition remains similar to the reference one.
Moreover, detailed analysis of the Cls peak shows an
abundance of C-0 bonds, in accordance with the expected



treatnment tinme between 1 second and 1 hour, preferably 5 bet ween 10

seconds and 30 m nutes. However, the conditions of the
treatnent are not limting and depend upon the shape of the

pr duct . The treatnent takes |l onger if it involves nodifying the
i nsi de of tubesW@pe24392 ot her inaccessible parts, while fI%‘tT’?PX'@?%osed
surfaces 10 require shorter tines. The treated materi al
is placed in an agueous solution of PEI, at a concentration of

bet ween 0. 01% and 10% and preferabld2 between 0.5% and 2% The
reaction

ti ne]e;_cs not Iti mting an Igs%é bet ween 10 m nutes and 10
15 hours. At THETHPLPFHFEMES op THENESTRLRESHTS SEgatRkes 1 and " gpg
pl aced in a sol uti oh asfe lneplortedi tnakighwes 3a and 1b. derivative thereof or

anot her pol ysacchari de contai ni ng car boxy groups. The concentration
of the pol ysaccharide i S between gﬁ%S %d 5% preferably between
0.05 and 1% 20 The solution is sup& Y with NHS and EDC, at a

concentrati on of betweePtheg)isampdesVipreperedaacconding to the gohicessd at

room tenperasure ordgRfdiaRa Sin Gidmpieeat ede immerseé”‘in”%tb?sgo?ﬁtt%e” 10
e

m nut es and 48 hour |lf th t.ype of polysacchari de an

substrate are suita ?net,hng' ESCA  falyai iign r&%ﬁ%&gachiNé\/échqrﬁaéﬁsoPgani c
sol vent, ustkpratdonsd iNHEhat sehiags evingedtyatiernidf exkygen are
concentrati ons. observed, OHies | BBWF{A1GE Qnd h},t_saﬂirl\iQy oh CRLOGRAE A
and B) wi | 'b&%e%[‘ﬁ %%Q&s%g ﬁgzly'de)(pert in.the field. Indeed, by 30
the method of the present FOVERETorEd198 &°5088FH 10 obt ai n
objects with favorabl e surface characteristics due to the presence
of a coatingoof hyaluronic acid or EXaMpxieri vati ve thereof, renaining
stable in tinme because : f sence_of chencal_bqgnds between
the coating 35 and & rf'elgnut?gt Pé?z?&[ NS sPt 5g%§"%?rt;h% BhPect§,
nor eover, present eI ETWAERCPERATRA 358 drmersgdtignPBI as describedpin

96/ 24392 example 1. Two samples are prEfd+ddI0RNErsed in the
following solutions of dimethylsulfoxide (Fluka):

15 1) 1% of hyaluronic acid 75% esterified with benzyl
alcohol (Fidia Advanced Biopolymers).

2) 1% of hyalurdnic acid 75% esterified with benzyl
alcohol 0.02 g of 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide, 0.02 g of N-

20 hydroxysuccinimide. '

After washing in dimethylsulfoxide for 24 hours,
the samples are analyzed by ESCA. The following results
are obtained: '

s — e
SURFACE COMPOSITION ATOMIC %
25 Sample No. o c N
1 11.8 79.3 7.1
2 21.4 69.5 6.4
PEI alone 11.2 78.8 7.5




20

to the adhesion of cells and bacteria present in the

bi ol ogi cal fl uids. We cite hereafter some purely illustrative
exanpl es and any vari ations which nay be obvious to an expert in 5
the field conme wthin the scope of the present i nvention.

Pt epar at i orVER6(4I%E s . EXAVPRETEPI6/00509

A sanpl e of polystyrene is taken froma bacterio- 10 | ogi cal - grade
Petri dish (Corning) and treated with plasma in a parallel-plate
reactor (Ganmbetti Kenol ogi a). Thé3treatnment is performed at a

pressure of 100 ntorr of - quer charge of 50 W a flow
(Std)/mngg%uﬁ'i{)r

rate of 20 cnierr]
treat ed dafprrke Sfe3lfmdreel, fQFfr a RYPROGPETPML Y UFeshfor

The 15

eatment tinme of 30 se

conds.

sol ution of PEIl blbﬁéditab)appmc\ameﬁs, idheated WRER alr plasm@Xxifoact ed,
o e bore 8 Bl A" Btk AR 14 Nhcace wich® QRINLRgRS L of the

follow n
(Fidia A

wei ght)

1- et hyl - 3- ( 3- di gﬁggéhgm noprg(%') ate.)%.aarlboﬁé' '{E‘hgg anajyzed by, & tbﬁ

sol ution

I n wel

of hyalsutfiacé ofCkHe mAtérigh Olising solution 2 described in

0.02 g of N-hydroxs//a(ucm ni m

hyal uroni ¢ aci d288

Advanced Bi opol gner ¥ig. 2a refets tol%he mamplghtaftetr bBypbeusei eoaa

esterifigd
0.02 g of
(Sigma), 0.3
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saccharldes (see, for example, the prevxously cited
article by E. Ostenberg et al., Journal of Biomedical
Materials Research, 29, 741, 1995), confirming the
presence of hyaluronic acid on the surface.

EXAMPLE S

Petri dishes for cell culture (Corning) are
modified as described in Example 1 (3 dishes per
treatment). The dishes thus prepared are f£illed with 5
mL of cell suspension (fibroblast cells of mouse
connective tissue, L-929 in Minimum Essential Eagle’s
medium, supplemented with 10% foetal calf serum, the
antibiotics penicillin, streptomycin and amphotericin B
and L-glutamine - SPA, Milan), placed in an incubator
(Forma) at 37°C at an atmosphere of 5% CO, and 98%
humidity. The cell-to-cell interactions and the
polystyrene base, treated as reported in Example 1, are
assessed at regular intervals by optical phase-contrast
microscope (Leica). In particular, we assessed whether
the cells were able to adhere to differently treated
supports, and to'what extent, using as a control a Petri
dish which had been treated with plasma alone, thereby
having maximum adhesive properties. In this example
{deriving from the mean of the observations conducted



WD, 96/ 24392 PCT/ EP96/ 00509 21

di met hyl am nopropyl ) carbodii m de (Signma), 0.02 g of

N- hydr oxysucci ni mi de (Si gma). The sanples are left to stand
i n-the test tubes at roomtenperature for 12 hours, after which
they are 5 WVOMM¥3 in water overnight. The ef fi caciFTESPOOOSH,
treatnent is assessed by ESCA anal ysis (El ectron Spectroscopy for
Chem cal Anal ysis). As is already known (Garbassi F. et al.,
"Pol ymer Surfaces, from Physics to T&thnol ogy", WIey, Chichester,
3, 1994), by 10 [ ghnique L.t .{s possible 1o assess the cheni cal
conmposi tion of the gﬂ%?a%eésfg}w%tpgﬁg?gf %n%ﬁ:% P59 relers tQAPHMUEY
with a Perkin El neraipesByp0 whida sgoren signifiesBebseles tdfe aghesioms|y

descri bed sanpl es, another sanple treated with plasma is used as a
reference by placi FTIL O COItact 0 tIT Por o ore.
SURFACE COVPCS| Tl ON-ATOM C SAMPLE NO. Sanp|d No. SCQRE |
N 1| ldowrRoL 79. 5 74 L 2
26. 4 :65.5 Jl 720 3 45 8.9
7.6 23 B 61.4 $.0 j
5 11.8 79.0 o 7.3 & 2]" 6
69.0 6.8 PEr_ArOmE -2 788 7.5

3 4 I

4 o

5 4

190 ) 0
e —

The experiment confirms 'the presence of a
hydrophilic layer, firmly bound and able to prevent cell
adhesion.

EXAMPLE 6
15 Four polystyrene Petri dishes are treated according
to the modification process described in Example 1,
using solution 2 of hyaluronic acid (these samples will
* be referred to as A). An equal number of dishes is
treated according to the hyaluronic acid coating process
20 described in example 11 of US patent 5,409,696 (these
samples will be referred to as B). The modified dishes
are placed in contact with a suspension of L1929 cells,
as described in the previous example. Cell adhesion is
assessed as in the previous example and the results are
25 as follows:
e —
SAMPLE SCORE
Control 5
A 0
B 4




25 These data show a marked increase in the quantity of

oxygen present on the surface follow ng the rpdifi-cat i on -preecessy
as expected after the introduction of hyaluronic acid or esters

t her eof . On the ot her hand, in the absence of EDRC_and N t he
surface 30 WO%B#APosition remains simlar to the r ef ST ne.

Mor eover, detailed analysis of the Cs peak shows an abundance of
C- O bonds, in accordance with the expected WO 96/ 24392

PCT/ EP96/ 00509 nmol ecul ar

structure. The ESCA specisd f 33MBhCSrd A inages %@g "gReRt g 1

Figures la and | b.
Qther sanpl es pPBpAFRYH BAGFOEIPRE RA HhOWpElR eiatesof th%le%"c?rﬁaﬁéé #h Exanpl e
1 are imersed thewehdrof ahel West. Fig1Ral keferEXH smgllesias B tepeat ed.

No decreases of gappre pal ! 48! h9RPeldhd Nocble! 25° 2Q06EHNEA! LN BT, OXYgen

are observ onfrrmn
bet ween pbl ysacéﬁB?Pﬂ%narﬁPté&F‘FécebY thg two processes is clearly pxAMPLE

3 Avident of pol yet hyl ene, as used for packaging, is
treated with plasma and i mersed in PElI as described in exanpl e 1.
Two sanples are prepared and i mrersed_in t:.he7 foll ow ng sol utions of

di et hyl sul f oxi de (Fl uka):
Four polystyrene Petri dishes are treated according

to the modification process described in example 1,
10 using the solutions of hyaluronic acid esters 4 and 6
(these samples will be referred to as C and D
respectively). An equal number of dishes is treated
according to the hyaluronic acid coating process
described in US patent 5,409,696 using the same
15 hyaluronic acid esters (these samples will be referred
to as E and F). The wodified dishes are placed in
contact with a suspension of 1-929 cells, as described
in the previous example. Cell adhesion is assessed as
in the previous example and the results are as follows:

——
20 I SAMPLE SCORE “
Control 5 n

C 0 I

D 0 |

E 5 1

25 F 5 J
Figures 4a and 4b are the images obtained with an

optical microscope and show the state of the surfaces at

the end of the test. Fig. 4a refers to sample D, 4b to

sample F. The different degree of resistance to cell

30 adhesion obtained by the two processes is clearly

evident.



15° 1) 1% of hyaluronic acid 75% esterified with benzyl

al cohol (Fidia Advanced Bi opol yners). 2) 1% of hyaluronic acid 75%
esterified with benzyl al cohol 0.02 g of

1- &t hyl - 3- (3-di et hyl am no- propyl ) car bodi i m de, 2

g of N Yo% hydr oxysucci ni i de. 5&?%P‘ﬂgg£ing
I n di met hyl sul foxi de for 24 hours, the sanpl es are anal yzed by
ESCA. The following results are obtabged

SURFACE COVPCOSI TI ON ATOM C % 25 Sanpl & O C

N 1 11.8 Eﬁﬁhﬁig 8 7.1 2
%154 69\,\15) 96/ 243§ngaf1 sheet of rtitaaitM® (AldricH) £s modified’ o S
PCT/ EP96/ 00509 with plasma and treated with PEI ag3described in Example
EXAMVPLE 4 4. Arﬁélf’@lﬁa@E aﬂ;ﬁsSéﬁ@Auedelsaréa@@ed:aimlsmu&anf@r

bi onedi cal a Ilcatlons IS tr air m nut es,

then placed ﬁﬁ contactl\/\ntlafamp ut|3k°3¥ gam rnﬁﬁyqﬂgdﬁﬁ%FdZ%ﬁgﬁpéum
Hyal uronic acid is Badndfquyr thbtanlum sgupiese Wbﬁcbhélarm eundgrgayiegthe

solution 2 descri bed:oah'!flcatlon epapkss 1.are Theas®d €linal cohﬁaé@eml%mﬂ ¥zed
by ESCA anal SISS nsmn ts Lpegazlg cerﬁsned s T ortreevzllon F|

2: Fig. 2a refers PRe ?e aft'er expo$ure B %ad

PEI, Fig. 2b |||usth@ésaﬂhesve9rs PragseAsqsk 24 hours later, bY colonng

10 the cells with toluidine blue and observing the cultured
- samples with a metalographic microscope. The results of

these obgervations are shown in Figures 5a and 5b. Fig.

5a refers to the unmodified titanium, Fig. 5b to
titanium modified with hyaluronic acid ester according

15 to the present process. It is evident that the cells
behave differently on the two surfaces. In the case of

the modified material, the cells maintain a rounded form

and do not assume the flattened, spread appearance

typical of cells which have adhered firmly to the

20 substrate and as observed on the unmodified material
({Fig. 5a).
EXAMPLE 9
The modification process described in example B is
performed on a glass slide. The modified glass, a
25 sample of unmodified glass and a plasma-modified

polystyrene dish (used as a control for its maximum
adhesion) are placed in contact with L-929 cells. Cell
adhesion is assessed 24 hours later. The following
results are obtained:

30 SAMPLE SCORE
Control 5
Normal Glass 5

Modified Glass 0]




sanpl e whi ch underwent conplete nodification. In this | ast case the

typical wide, nulticonponent shape can be observed, characteri-stic
of the Cs peak of poly- saccharides (see, for exanple, the
previously cited 15 article by E. Ostenberg et.al., Journal of

Bi omedi cal WO96/24392\kt eri al s Research, 29, 741, 1995), conPFFETI%IRe
presence of hyaluronic acid on the surface.

EXAMPLE 5 Petri dishes for cell culture (Corning) are 20

modi fied as described in Exanple 1 (37dishes per treatnment).
The di shes thus prepared are filled %? o m. of cell suspension
(fibroblast cells of nouse C EvhOy i ssue, L-929 in M ni num
Essential Eagle's  The modiffiaaviopuppdesamidegcmibad 1DV gxampdle dalié serum

the 25 ant i ple@itbemedCNidh | | tho SHHEPLOBUTAN aNdn3dPhot@ahstBrBa

and L-gl utam ne o, _SPA | an | aced, i n. an inc tor , For.ma) at
37[err]C at an gfﬁi&ﬁﬁ@%‘ o’f‘g%’aﬁdl 2PTYE 10 %%%Jbsa% °phtl'1‘?&|’ﬁ18i'% ade " 1o
cel |-to-cell ihvelurondnsacidd(Fidia Advancedp@ippojrvesesbase,4¥refited as
reported in Exampceahd 0L 2%39f NHS.2SABSREdREid8ULErded AnAT ¥al 8qhi¥10pti cal

phase- contr ast I CI OS e (Leica)._Ln rticular, we gssessed
whet her ﬁuﬁgegePPsﬁtﬁé?%%ﬁde#Bsaé hete Sga%ﬁiflélrgﬁttﬁ ?Psﬁ?ﬁd
supports, and t@ngha@lagsedknin g¢onpactswitborithep| suspansion of L-98Psh which
had been treat ededlsh) MHASHR aEICpréPEsRDY eRBmples havifige Masinpugsadhesi ve
properties. I i e der. vi.ng fromthe n . of the
observat?%ns co%&%@?gaﬁégn% cell a%@%‘?ﬁéf@ﬂrﬂu&gueé} 1nmla='§gures E
PCT/ EP96/ 00509 and 7. These are photographs of the gyrfaces of pher g
24- hour period) leasesoncdfidl aeb6f@ind tBAXhEPPesent process (6a and

7a) and unmodified (6b and 7b). These figures clearly

show the different capacity for cell adhesion inhibition

15 of the two surfaces.

EXAMPLE 11

A sample of ©polystyrene 1is taken from a
bacteriological-grade Petri dish (Corning) and treated
with plasma in a parallel-plate reactor {(Gambetti
20 Kenologia). The treatment is performed at a pressure of
100 mtorr of oxygen, a power charge of 100 W, a flow
rate of 20 com® (Std)/min and a treatment time of 1
minute. The treated samples are dipped and extracted
five times in the following aqueous solutions, prepared
25 6 hours previously, and 1left to react at room

temperature:

1) 1% hyaluronic acid (Fidia Advanced Biopolymers)
2) 1% {(in weight) of hyaluronic acid, 0.4 g of 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide
30 (Ssigma), 0.3 g of N-hydroxysuccinimide (Sigma), 1%
(in volume) of 3-aminopropyltrimethoxy silane
(Sigma) .
3) 1% (in weight) of hyaluronic acid 25% esterified
with benzyl alcohol (Fidia Advanced Biopolymers),
35 0.35 g of 1-ethyl-3-{3-dimethylaminopropyl)



adhesion, while score O signifies absence of adhesion.

SAMVPLE NO. SCORE CONTRCL

5 5 1 4

2 0 3

4 WO096/24392 0 PCT/EP96/00509

5 4 10 6

0 The experinment confirns Zyrﬂe presence of a _
hydr ophilic layer, firmy bound and able to prevent cell adhesi on.
EXAVPLE 6 15 F&H‘boﬁgﬁﬁﬁéﬂ(@lﬁmggré {50e % A R-bLFALEL: AR 1O

to the nodification procgss scri be
2 of hyal uronic acid (théé‘é"“@ mpt Bst 4 I"|°1“'“e’ of %ém@PBFPBHl‘E%”%%tW‘Y An

equal nunber of dishes isilane (Sigmalkated according to the hyaluronic acid

?Oﬁti ng process 20 4) ﬂesmhl gm\@)e&@m&%ﬂ&oﬂ{c l&ﬁtﬁﬁe%sé&%hes%
t hese sanpl es wi.ll be re
are placed iR contact le{ a “SUEY §§8%’%]f E%égac@filv nled Biopolymersdor i bed

in the previous exanple.0 @él | @dhexfi onli-ethyl-3- (3-a?asveshwlammmprdﬂ}a)-
previ ous exanpl e and thearpediifidée 2Bigma), asdfgllgﬁs:of N-hydroxy-

gANPLE ‘Eucc§nim1de (Sigma), 1% (1nov ume? of 3-amino- B
4 propyltrimethoxy silane (Sigma).
10 The samples are dried at 60°C in an oven overnight

and then washed in water and dried with a jet of
compressed air. . In order to check the integrity of the
coating, the samples are immersed in a 1% solution of

toluidine blue in water (Aldrich). This immediately
15 stains hyaluronic acid and other polysaccharides a
bright violet-blue. The efficacy of the process is

assessed by assigning scores from a scale of 0 to 5, on
which 5 corresponds to a perfectly even coloring
(indicating the integrity of the coating of hyaluronic

20 acid or derivative thereof) and 0 to the absence of
staining. The samples prepared according to the example
described (identified by the number of the solution in
which they are immersed) score as follows:

Sample Score Notes "
25 1 1 Staining appears homogenous at

first, but the stained coating
becomes detached after a few
seconds in water.

L 5 | |
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25 Figures 3a and 3b are the_immges obtained-with an———- .-
optical m croscope and show the state of the surfaces at the end of
the test. Fig. 3a refers to sanple A 3b to sanpl

di fferent P¥M3%f resistance to cell 5 adhesi on OEFEFFQ§H§§ t he
two processes is clearly evi dent .

EXAMPLE 7 Four pol ystyrene Petrl di shes are treated according
to the nodification process descrlbed in %xanple 1, 10 usi ng the
solutions of hyaluronic acid esters (these sanples wll be
referred to as C and D resp ectlve An equal nunber of dishes is
treat ed accoﬁ?ﬁ?quWPlFﬁeaﬁ?aPﬁFBﬂF% a%ﬁ??%ﬁi%ﬁ g SPScagshod

described in Y8scpibahtin EdOHIEOA1.USITIE dadmplesaprelimmersedyshuronic
acid esters (t h@ﬁ@e?"f@%e@ "Hé]}s he rr%taﬁlr E@ﬂpera:urhe %@ Gnibf Ele The

nodi fi ed di shes are suspensiLon 0O L 929
cells, as descrPfb éﬂn ng teSt|H§ EﬁngF@99ousT%§£§ﬁﬁ%9”*93IreéHﬂE§|Bﬁe|s

assessed as obtaimedd{ he previ ous exanple and the results are as foll ows:
20 SAVPLE SCORE

Contr ol

0 0 E
. o n

D o5 ASAHPLE NO D SCORE

1 0 “

2
10 3 |
4

mjun

|

EXAMPLE 13
The following example allows the efficacy of the
described process to be assessed, that is: the reaction
15 between a polysaccharide and functional groups in
solution, as opposed to the conventional approach
involving a reaction between groups f£ixed to the surface
and groups present in the polysaccharide. A silicone
+  catheter is cut to obtain 3-cm long samples. A series
20 of samples are treated according to the method described
in Example 11, with solutions 2, 3 and 4. A second
series of samples undergoes plasma treatment and
application of 3-aminopropyltrimethoxy silane (Sigma),

in a 1% (volume} aqueous solution. Once dry, the
25 samples are placed in contact with the following
solutions:

2a) 1% (weight) of hyaluronic acid, 0.4 g of 1-ethyl-
3-{3-dimethylaminopropyl)carbodiimide (Sigma), 0.3

. g of N-hydroxysuccinimide (Sigma).
30 3a) 1% (in weight) of hyaluronic 25% esterified with
) benzyl alcohol (Fidia Advanced Biopolymexs), 0.351
g of 1-ethy1-3-(3-dimethyléminopropyl)carbodiimide
(Sigma), 0.3 g of N-hydroxysuccinimide (Sigma), 1%.



Fi‘gures 4a and 4b are t he | mages obtained with an opti cal

m croscope and show the state of the surfaces at the end of the
test. Fig. 4a refers to sanple D, 4b to sanple F. The different
dégree of resistance to cell 30 adhesi on obtained by m '
processes is W% | evi dent . WD 96/ 2439

PCT/ EP96/ 00509 26

EXAMPLE 8 A snal | sheet of titanjym (Al drich) is nodified
with plasma and treated with PEl as described in Exanple 4. The

surface tlhus t][eat edgifs 1eaciredeed gt )S Bty ohic acdd Eﬁ%eéaﬁalkﬁfied )
Four sanpl es of unnodifi i I 4m 0 i i S es I C
have under gone the ﬁﬂn%(ﬁeﬁryggt ia&ﬁof)‘?%c ggd%ar LeHd‘ﬁaé%% %??8%%% SWith a
suspensi on of L-929 cel1%;3%s Bn tAE prieAtdyd-éx imethylamingprppylhesi on

i s assessed 24 hours | atedrbdad imakier (Sigm) , 0.3 ighef eelHy@ireikiButel Hidide

bl ue and observing the CF#:I.QHa%d sanples with a netal ographic
m croscope. The results 0o " these observations are shown in Figures
5a and 5b. Fig. 5a refers to the unnodified titanium Fig. 5b to

titani um nodified wi th hykd wamiplesaard &siel azc60rdiirg akb oven boeiAfght
present process. | hnjsS daloMendipt shNGai8l Sanq arse@ClAYE AT fharenhty on
the two surfaces. In the case o_? taiie [T'Ddrllc}led material , t He cells
mai ntain a rounded FEPRFessed aip,q JdhenstarBinge-aste IHIVES: EHEdfod pPuing
appear ance t ypsaatsof cells which have adhered firmy to the 20
substrate and as observed on the unnodified materi al (Fig. 5a).

10 " SAMPLE NO. SCORE
iI 2

i Z

5

5

5

2a 1

15 _ 3a 0
42* 0

EXAMPLE 14

Bacteriological-grade polystyrene Petri dishes

{Corning) are treated as described in Example 11 (3

20 dishes per treatment), using solutions 1, 2 and 3. The
dishes thus prepared are filled with 5 ml of cell
suspension (fibroblast cells of mouse connective tissue,

L-929 in Minimum Eagle‘s Medium, to which 10% fetal calf

serum, the antibiotics penicillin, streptomycin and

25 amphotericin B and L-glutamine-SPA have been added),
placed in an incubator (Forma) at 37°C and an atmosphere

of 5% CO, and 98% humidity. The cell-to-cell
interactions and the polystyrene base, treated as
reported in Example 11, are assessed at regular

30 . -intervals by optical contrast-phase microscope (Leica).
In particular, we assessed whether the cells were able

to adhere to differently treated supports, and to what



EXAMPLE 9 The nodification process described in exanple Bis

perfornmed on a glass slide The nodified glass—a 25 sanpl e—of
unnodi fied glass and a plasnma-nodified pol ystyrene di sh (used
as a control for its maxi num adhesion) are placed in contact with
L-929 cel | s WQr26/24392 adhesion is assessed 24 hours |a

fol |l ow ng results are obtained: 30 SAI\/PLE
SCORE Cont r ol 31 5

Nor mal 4 ass 5 Modi fied d ass

0 WO S&8/e#t3%4sing as a control a Petri dlsh which had been

PCT/ EP96/ 00509
EXAVPLE 10 treated With, RYASIA | 8?1°‘b?-océ§’§r88¥cr’i’?)‘é’d“$ n &P 1 s
performed on tagdhesive:prepepties. | bnddds exSmwig ddegyiving fr@rghegera),

using a sol uti onnedin OoB %t BBhél-Gatgi’&fb? 2onduct¥d! Weri caaci4it{oﬁh»di a

Advanced Bi opol y .S 0.4% o e dified
| enses and an e o}iﬁ a sg?ﬁﬁ) i rﬁﬁﬁf)ﬁqﬁ gﬁxllg'ﬁg‘egma?%"?ﬂ a(?'e‘gg’ran Petri
di shes arﬁF%ea@eélgﬂlém eaétsemcehof hadhasigansi on of L- 929

cells, as in the preV|ous exanples The sanples 10 resistance to
cel adheS|on | S=i=tmbadstratad in Eif *THE T~ VT oY d Z Thosg arg

phot ogr aphs of the sur f agaspé ﬁd’le to the
present process [[(6a and
Control 5 II
1 3
10 2 0
3 0

The experiment confirms the presence of a
hydrophilic layer, firmly bound and able to prevent cell
adhesion. This hydrophilic layer is removed from the

15 sample treated with solution 1, which does not allow the
formation of a chemical bond.

EXAMPLE 15 .

A silicone catheter (Silkomed) is divided into

sections each 7 centimeters 1long. Four samples are

20 treated in the conditions described in Example 11, using
solutions 1, 2, 3 and 4. The slipperiness of the
catheters in an agueocus environment is assessed by the
following method: a test tube is filled with Agar

(Sigma) at a concentration of 0.7%. The test tube is

25 fixed in a horizontal position and a 7-centimeter piece
of catheter is placed inside it, with one end slightly
protruding out of the Agar. A weight is attached to

this extremity by means of a thread, which is then wound

over a wheel so that the action of the weight pulls the

30 catheter out of the Agar in which it is immersed.
Because of Agar’s particular characteristics, it is thus
possible to assess the slippery properties of the
catheter in an agqueous environment. The time it takes



7a) and unnodified (6b and 7b). These figures clearly show t he

di'fferent capacity for cell adnesion inhibition 15 of the two surfaces.
EXAMPLE 11 A sanple of polystyrene is taken from a
bgcteri ol ogi cal -grade Petri dish (Corning) and treated

in a paral |l el - NO¥2¥Ract or (Ganbetti 20 Kenol ogi a) . The"étqd nt |s
performed at a pressure of 100 nmorr of oxygen, a power charge of
100 W a flow rate of 20 cnferr] (Stdj)gi(m'n and a treatnment tinme of 1
m nute. The treated sanples are di pped and tracted five tinmes in

the foll owl ng aqUCOsy SOh! | UiterBECRY o 23xcraclea 12068 HePVAGUS| Yo and

left to react at, room z.aL yal uroni c
acid (Fidia Advance’cP‘Eﬁ’Eﬁﬁ}IYynBFg?“tmna 2f° 588 ( ﬁ?"\ﬁ??zg'ﬁ??s%f c7?F‘|yaltzl5‘:"30ni c
acid, 0.4 g of 1- catheter. Thehyést3-gi3redi mbehfbhhowioier opyh)ts:

car bodi i m de 30 (Sigma), 0.3 g of N hydroxysucm nimde (Sigm),

1% (i une) of X
(Sigm). 3) 1% (i n wei ght) of hyal ufoni c gg&ﬁ@ﬂéﬁ&t&l fied
BrS), 3%in Secondsy- 35

with benzyl al cohol]j (Fidi a AgdMdpsag.Bi opoly

1- et hyl - 3- ( 3-di net hytramtmopropyt) WO 967 24392
PCT/ EP96/ 00589 1 : 28 90 + 13
carbodiimde (Sigmg), 0.3 g of N hydroxysucciini m de 35 + 6 (Signg),
1% (i n vol une) of JFam nopr Opleal‘I TEt NOXY 38
4 36 + 9 “
plasma treatment only 125 + 1S5
10 “47 untreated 120 = 10

. EXAMPLE 16

The following example verifies a method using the

action of plasma on the composition of the surface,

which proves efficacious also on materials with

15 different chemical compositions. Moreover, the example
shows that the method is also effective when the object

to be coated is composed of several different materials.
Three-centimeter lengths of catheter are prepared

as samples. They are composed of a) silicon, b)

20 polyurethane, c) polyvinyl chloride, d} rubber latex.
A glass cover for microscope observation is also used.

The samples are treated with plasma as described in
Example 1, and then treated with solution 3 of the same

Example, as described. The staining test gives the
25 following results:
=
MATERIAL SCORE
Silicone 5
Polyurethane 5
. Polyvinyl Chloride 5
30 Latex 5
Glass 5




stlane (Sigm). 4) 1% (in weight) of hyaluronic acid 50%

esterified 5 wth benzyl alcohol (Eidia-Advanced Bi opol y#ers),
0.35 g of 1- et hyl - 3- ( 3-di net hyl am nopr opyl ) - car bodi i m de
(Sigm), 0.3 of N-hydroxy- succinim ?@W 1% (in
vol une) of WO propyl trimethoxy silane .

The sanples are dried at 60[err]C in an oven overnight and then
washed in water and dried with a jet of conpressed air. In order
to check the integrity of the codBing, the sanples are imersed in
a 1% sol ution of t ol ui di ne blééﬁrbg- vy er (Al drich). Thi s

I mredi ately 15 stai ns hyal uroni Fd*”and ot her pol ysaccharides a

bright violet-blue. A ¥heselutiamyobf hyaduppricesrids 75% estexdddeded by
assi gni ng scor esyrikthombehz3Q2al £1&8hdd t@pédl-&nmvanced wribﬁblﬁn@ﬁ)r esgonds to

a perfectly eveg,rggggé&ngn dJ.me h lgu ? e eo ? hgée |t hggcoati ng

of hyaluronic 2 |va nce of
stai ni ng.5 The s&RSl e%"’]-p‘rtéﬁare‘(f a'é%’ﬁﬁrdl ﬂgdt 5ot Wé‘léxd@plidded 1. 1’5 déBcri bed

(identified by t\ﬁaﬁuﬁurﬁkmhmﬁ!ﬁobhﬁylsﬂﬁiﬁd;ﬁ@pyﬂtrlmethoxyl\/éwﬁnéhﬂi& ors
| mrer sed) Scoregﬁgffé”J§§Q§hexy}carbo§§1m1d2 ?Ri rlch) ther reactng

Not es 25 alni ng pears honbgenous a
first, but the $OX Achowht itwp of the PreVlOUS1Y described samplesoffs
detached after xatheter are treated with plasma as des&eEbPédSin ExambRe.

2 10 ° 14. One 30f the sgmples is immer4sed in ar? ester
solution, the other in an ester solution with amino
silane, and extracted slowly. The samples are placed in
a vacuum oven set at 60°C and 100 torr and left there
for 48 hours. The staining test gives the following

15 results:
a——— —
SAMPLE SCORE n
Ester Solution 1
Ester. Solution and Aminoc Silane 4
Plasma Only 0
20 U;
ntreated 0
EXAMPLE 18

A 1% solution of hyaluronic acid, 50% esterified
with ethyl alcohol (Fidia Advanced Biopolymers) in
dimethylsulfoxide (Aldrich) is prepared. An aliquot of

25 the solution is taken, and to this is added 1% in volume
of amincethylaminopropylmethoxy silane and 0.5 g of
dicyclohexylcarbodiimide (Aldrich). After reacting for
6 hours, two samples of the aforesaid catheter are
treated with plasma according to the conditions

30 described in Example 14. One of the samples is immersed
in an ester’'solution, the other in a solution of ester
and amino silane, and they are slowly extracted. The
samples are placed in a vacuum oven set at 60°C and 100



WO 96/ 24392 PCT/ EP96/ 00509

29 EXAMPLE 12 Sonme sanples are
prepared according to the et hod described in Exanple 11. The
sanples are imMmersed in water for 20 days at roomte

after which thW0P624392 ot 5injing test is performed. The follﬁmus
are obt ai ned: SAMPLE NO. SCORE
1 0 34 2

5 10 3 5 4
4 torr and left tHe¥8VRLE L3 nours. The é@ﬁiﬂyﬂd(ﬁﬂng
exanple allows the effica (fa# he, descri bed process to be
assessed, that is: $HES Egétg Qeing respli§ien a  pol ysaccharide . and
functi onaI groups in sol ut i on, as opposed to the convent [ onaI
approach B e e s A= S =fimet =i e=8tH =hace

and groups present jn the poI ysaccSmPM:e A si I I cone scomheter

cut to obtain 3-cm 003280 £S5 A series 20 of [ sanpl esjare tre ted
according to the ne s 2,
3 and 4. ASsecondi Ester Solgriices apfd Amhm&ilﬂmaerqms pl asn® treat ngnt

and applica lptigs‘q; én yn nopropyl tri met hoxy si]ane (Si gma) _

in a 1% (volunme) apee f are
placed in contact c 7
1% (wei ght) of hyal aroni ¢ acl d g -ethy

3-(3-di net hyl am nopropyl)carbodllmde (Sigm), 0.3 g of
N- hydr oxysucci ni m de (Si gma) . MLE 18

A 1% solution of hyaluronic acid 100% esterified

10 with benzyl alcohol (Fidia Advanced Biopolymers) in
dimethylsulfoxide (Aldrich) is prepared. An aliquot of

the solution is taken, and to this is added 1% in volume

of aminoethylaminopropyltrimethoxy silane and 0.5 g of
carbonyldiimidazol (Aldrich). After reacting for 6

15 hours, two samples of the previocusly described catheter
are treated with plasma according to the conditions in

Example 14. One of the samples is immersed in the ester

solution, the other in the solution of ester and amino
silane, and they are slowly extracted. The samples are

20 placed in a vacuum oven set at 60°C and 100 torr and
left there for 48 hours. The staining test gives the
following results:

=)
“ SAMPLE SCORE
IIEster Solution 1

25 IlEster Solution and Amino Silane 4
“ Plasma Only 0
nUntreated =£7 0 _

EXAMPLE 20
A 1% solution of hyaluronic acid, 100% esterified
30 with ethyl alcohol (Fidia Advanced Biopolymers) in



390 3a) 1% (in weight) of hyaluronic 25%esterified with

benzyl al cohol (Fidia Advanced Biopol yners), 0351 - g--0f
1-ethyl -3- (3-dinethyl am nopropyl) carbodiim de (Sigm), 0.3 g
of N hydroxysuccinimde (Sigm), 1% WO 96/ 24392

PCT/ EP96/ 00WO96/24392 | ' - 30  PCTEPGRRNS 140 (ip
wei ght) of hyaluronic acid 50%esterified . w th benzyl al cohol
(Fi di a Advanced Bi opol yners), 0.35 g of 1-et hyl - 3-

( 3-di net hyl am nopropyl ) - ca¥®odiimde (Sigm), 0.3 g of

N- hydr oxysucci ni pj de ) Sl gma) The sanpl es are
dried at 60[err]‘g‘1‘?’Fl§?}%’(}é€r‘Px&€l€r rﬂéb‘?ﬁgld?) is Pr%?ﬁi”?‘?‘ren%?ﬁéﬁu? ?\gter and
dried with a jetthd solution denpakesexhdito. thhe B¢ aiddedylfesnh yolrgeet he

fol | ow ng ofr5ﬁiﬁ$éﬁhylaﬁyﬁopropyltrimethox§AyEi§néKﬁnd 0.5 g of
??CCRE carbonyldiirrg%azol (Aldrich) . Aft:exz1 reacting for 6
5 S hours, twiy samples of the previously described catheter
ga are treated with plasma according to 4®e conditions in

Example 14. One of the samples i1s immersed in the ester
solution, the other in the solution of ester and amino
silane, and they are slowly extracted. The samples are

10 placed in a vacuum oven set at 60°C and 100 torr and
left there for 48 hours. The staining test gives the
following results:

ﬂ SAMPLE SCORE
“Ester Solution 1

15 |LEster Solution and Amino Silane
nrlasma Oonly

4

0

H Untreated 0
|

EXAMPLE 21

A 1% solution of cross-linked hyaluronic acid (10%

20 of the carboxy groups involved in inner esterification
- 90% of the carboxy groups salified with sodium) in
dimethylsulfoxide (Aldrich} is prepared. An aliquot of

the solution is taken and to this is added 1% in volume

of aminoethylaminopropyltrimethoxy silane and 0.5 g of

25 dicyclohexylcarbodiimide (Aldrich). After reacting for
six hours, two samples of the previously described
catheter are treated with plasma according to the
conditions in Example 4. One of the samples is immersed

in the ester solution, the other in the solution of

30 ester and amino silane, and they are slowly extracted.
The samples are placed in a vacuum oven set at 60°C and
100 torr and left there for 48 hours. The staining test
gives the following results:



BaGt eri ol ogi cal -grade polystyrene Petri dishes (Corning) are

treated as described in Exanple 11 (3 20 di shes per treatnent), using
solutions 1, 2 and 3. The di shes thus prepared are filled with 5
m :of cell susgension (fibroblast cells of nobuse connective tissue,
L-929 in M ni nuMO248#82 s Medi um to which 10%fetal calf PCTER%O0N® t he
antibiotics penicillin, streptomycin and 25 anphotericin B and

L- gl ut am ne- SPA have been added), pl aced in an incubator (Forna) at
37[err] C and an at nosphere of 5% ¥err] and 98% humidity.

The cell-to-cell ° mb@ractione and the nnlv<f¥rpnp base _treated as
reported in Exanple|ll, are assessgﬂugggregular 30 in?%EﬁﬁbS by

optical contrast-phdSg nrcroscope (Ltercar- rpartreoten

assessed whet her th 2sher: Spdukign| o to adherg to differently

treated supports, afEdterMi@iution and AmiWO 8612492 5 .
PCT/ EP96/ 00509 . 3T extent—usi ng

as a control a Petri heen treat ¢d _' allone,
[ ies. In|this exgnple
. ot - hour

t her eby havi rsg maxi
(deriving fromthe
5 period), a score of 5 refers to maxi num adhesi on, while score
0 signifies absence of adhesion. EXaMPLE 22 SAMPLE NO
SCORE Ao 'l1ution of alginic acjd (80% of the carboxy
B groups es%grified with benzyl @glcohol - 50% of the
carboxy groups salified) in dimethylsulfoxide (Aldrich)
io0 is prepared. An aliquot of the solution is taken, and
to this is added 1% in volume of aminoethylaminopropyl-
trimethoxy silane and 0.5 g of dicyclohexylcarbodiimide
(Aldrich). After reacting for 6 hours, two samples of
the previously described catheter are treated with
15 plasma éccording to the conditions in Example 14. One
of the samples is immersed in the ester solution, the
other in the solution of ester and amino silane, and
they are slowly extracted. The samples are placed in a
vacuum oven set at 60°C and 100 torr and left there for

20 48 hours. The staining test gives the following
results:
S
SAMPLE SCORE
EEster Solution 1
&éster Solution and Amino Silane 4
25 Plasma Only 0
ILgptreated 0
The aim of the present invention is therefore to
provide new and innovative processes for the production
of objects coated with a thin layer of hyaluronic acid
30 " or derivatives thereof or othér semisynthetic polymers

chemically bound to the substrate. Said processes can
be applied to the manufacture of materials and devices



Thre experinment confirns the presence of a hydrophilic layer,

firmy bound and able to prevent cell adhesi an This hydrophilic

| ayer is renoved fromthe 15 sanpl e ‘treated with solution 1, which
dges not allow the formation of a chenical bond.

EXANVPLE 15 WO 96/24392 A silicone catheter (Silkoned) is MM 0
sections each 7 centineters | ong. Four sanples are 20 treated in the
conditions described in Exanple 11, usin solutions 1, 2, 3 and 4.

The slipperiness of the : cat het erg 7in an aqueous environnent is

assessed by thegyiey impr g%hogb&%,ggt ?)%pert@eg eEIm uq%l 'p%zfé éfuq W|th Agar

(Signma) at a concentrallo test tu in a
horizontal posi MasSTiRdsS a 3Rt e AEVAEREr Prafasterized gby . Ayixaphild °p| aced
inside it, wthsuxfaead. siMoylet lsyeclflcallm othadbruresmst cah béeussghin A

vei ght is attachegd i:»?epara.t::.ont BleSmrd £ i&0H foP)blmaicQﬁ. &nd iH\ﬁ%q. ‘F‘.’hi chis

t hen wound that the action of ewelgtl_l | s the
: rhi

30 cat het er a@iﬁlﬁth?%S'Aga?‘nl nuﬁﬂ}ﬁﬁﬁ t ?Et}i“?ﬁﬁﬁds‘é’& NSscause of
Agar's particul dmnyngp2eger i gastspenterslddws ophthalmglemyi bl int ¢hassess

the slippery proeeibtasaildiie cecror SRANCLAT biagfodEHIEPUS enforonTent.

Thetlmltta% dical Y\D [ 2439 d £
PCT/ EP96/ 00509 lomedica app 1cat:|.ons, evices or 3§ara- or exF:a‘P. the

catheter to be scrpscesl fsem tshwewhAges rcastheters, bheoed sbhyspr guddei onal to

the slipperinescndnne8, probesCat Bgtehgedhe £:8531i 1V eSiddtGdnidine@ NY

resul ts: . . . .
containers, filtration systems; for prosthetic or
surgical purposes or implants, it is possible to coat

artificial tendons, joints, pins, cardiac valves, bone

and cardiovascular replacements, grafts, venous
15 catheters, intraocular lenses, soft tissue substitutes,
etc. Examples of semipermanent devices which can be

coated are contact lenses. Complex devices simulating
physiological processes such as artificial kidneys,
blood oxygenators, artificial hearts, pancreases, and
20 livers. Lastly, in diagnostics, laboratory equipment,
dishes for cell or tissue culture and/or regeneration
and supports' for active principles such as peptides,
proteins and antibodies can be coated.
Each of the publications and patent documents cited
25 and/or vreferred in the present specification are
incorporated herein by reference in their entirety.
The invention being thus described, it is clear
that these methods can be modified in various ways.
Such modifications are not to be considered as
30 divergences from the spirit and purpose of the invention
and any such modification which would be apparent to an
expert in the field comes within the scope of the
following claims.



EXTRACTI ON TIME SAMPLE NO. (in Seconds) 5

1 90 13 2
35 6 3 38 8
4 36 9 pl asma treatnment o
125 15 10  WO%MMZ  ntyeqted 150 10 Pemeseeosos
EXAMPLE 16 The followi ng exanple verifies a nethod using the
action of plasna on the conposition of the surface, whi ch proves
efficacious also on materials with 15 dt% f er ent chemni cal—Tonpostt+oens.
Mor eover, the exanple shows that the nethod i X ' en
t he obj ect to be coated is conposed of severaﬁ,mnmﬁmy.mumrgl S.
Three-centinmeter | engths of catheter are prepared * tast sanpd es. .
They are conposed of a) silicon, b) 20 pol yur et hane, c) polyvinyl'
chloride, d) rubber I atex. A gl ass cover for mcroscope observation
I s al so used. The sanples are treated with plasma as described in
Exanple 1, and then treated with solution 3 of the sane Exanpl e, as
descri bed. The staining test gives the 25 followi ng results:
MATERI AL SCORE Silicone
5 Pol yur et hane 5 Pol yvi nyl
Chl ori de 5 30 Lat ex
5 d ass : 5
Claims
1. A process of coating a surface of an object

with hyaluronic acid or a derivative thereof, which
comprises the following steps:
reacting hyaluronic acid, or a derivative thereof,
5 with an alkoxy silane coupling agent in an aqueous
solution or an organic solvent, in the presence of a
condensing or bifunctional agent, to give a solution
containing the reaction product of the hyaluronic acid,
or the derivative thereof, and the alkoxy silane
10 coupling agent;
treating a surface of an object with a plasma;
coating the treated surface of said object with the
solution containing the reaction product of the
hyaluronic acid, or the derivative thereof, and the
5 alkoxy silane coupling agent;
removing the solution from the surface of said
cbject, while allowing said reaction product of the
hyaluronic acid, or the derivative thereof, and the
alkoxy silane coupling agent to react with said surface
20 of the object.

2. A process according to claim 1, wherein the
alkoxy silane coupling agent contains sulfhydryl groups
or amino groups.
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33 EXANPLE 17 A-1%sol uti on.-ef-—
hyal uroni c aci d 75%esterified wi th benzyl al cohol (Fidia Advanced
Bi opol yners repared in di netthyl sul f oxi de ( al i quot
of 5 t|o lﬁﬂll lﬂnluuﬂm m th| s is added 1. 1%%‘“@3 vol une
of am noet hyl am nopro ne and 0.5 g of

di cycl ohexyl car bodi i m de ari ch) After reacting for 6 hours, two
of the previously descri bed sanpl es of 39 catheter are treated with

pl asma as descri bed in Exa )l e 10 14. One of the sanples is
imersed in an ester procesg pgepERing HeP of+im | hr J¥heEeW &R uti on

wi th am no alkoxyi Isdidaneandowpd irtart edeat owly . gHrmasanmpheprapyl pl aced in
a vacuum oven §F$e1§§ox@[ter£:i1§r@‘d 190 toglpgiyl ga‘?rffnot-@ﬁgx 1) -gamma- for 48

hours. The stai n|n Ives the foIIovm ng

SAMVPLE minoptopyltr E@F{EC"‘Y silane. 1 Est er

SQI ution Ester Sol uti on and Am no

Si | ane 4a. a pro%e§§macgﬂﬂhng to claim 1, wherein the 0 20
Unt r eat ed

EXAVPLE 18  Feaction hetugen tis a}karvhfa?ﬁ%nFeuaH%s 3FBeAW i fi ed
with ethyl al cohel|hysHiugioniadeaindedBitheotignivayiven thereof, occurs:

di met hyl sul f oxi de (Aidrigh) ahS gagegoléel@,gl qHOteHYf Zresence td¥e sol ution

i s taken, and t.hi.s _i s,_added i n, vol of
ani noet %yl am n%p‘?w r?et(ﬁogﬁ % H’rﬁ?rﬁ’pglbcﬁ’Fbod“mlde as said :
di cycl ohexyl ca¢©@x&hnmagﬁhdrloh) After reacting for 6 hours, two

sanpl es of the aforgsai digakhetS¥ga4i® solvent in the presence of
dicyclohexylcarbodiimide as said condensing agent.

5. A process according te claim 1, wherein the
reaction between the alkoxy silane coupling agent and
the hyaluronic acid, or the derivative thereof,
additionally occurs in the presence of N-

5 hydroxysuccinimide, hydroxysulfosuccinimide,
hydroxybenzotriazolohydrate, or a similar compound
thereto serving the same function.

6. A process of coating a surface of an object
with a semisynthetic polymer, which comprises the
following steps:

reacting a semisynthetic polymer with an alkoxy

5 silane coupling agent in an agqueous solution or an
organic solvent, in the presence of a condensing or
bifunctional agent, to give a solution containing the
reaction product of the semisynthetic polymer and the
alkoxy silane coupling agent;

10 treating a surface of an object with a plasma;

~ coating the treated surface of said object with the
solution containing the reaction product of the
semisynthetic polymer and the alkoxy silane coupling
agent ;



tteated with plasma according to the conditions 30 described in Exanple
14. One of the sanples is immersed-———————in an ester'solution, the other

in a solution of ester r”m'mm lmrni ﬂ“ ane, and they are slowy
extracted. The sa ﬂ # n a vacuum oven %%tr at 60| err]C

and 100 WO 962482 96/ 24392“

PCT/ EP96/ 00509 _ 34 torr and
|l eft there for 48 hours. The staining test gi ves the foll ow ng
results: SAMPLE 40 SCORE
Est er Sol utiion . 15 Est er. Sol ution and
Ani no Si | arke® PF%‘E‘??Q‘“@]IE)“ solution from the surface of psaid
Unt r eat ed object, while allowing sa@d reaction product of the
EXAMPLE 19 £Of rnyahl,go {6 g; 10096 g ed 10
wi th benzyl al cohol éFI dia A vaélg gcﬂi&Bl }ﬁgners? o:%F - 8{1&“}@
di met hyl sul f oxi de CAPBF E%)rﬁ?tp?’éﬁar%ﬂl rfiacgust Eﬁe object. { he sol ution
is taken, and to this is added 1% in vol ume of
ani noet hyl ani nopr opyl t r et fm)ﬂ&o%bEﬁnﬁcéGPdﬁ:gs b Q:flalm 1or 6 whereln

ours,

car bonyl di i m dazol After reacting for
sanpl es of the pre??éﬂs?%ﬂ'@%d’ﬁ BBICXYISL (Rhastma, an a’d‘r é’lﬁs@at e W'{'?F
pl asma accordi ng t pleRsacorafi t Rdachéh plasma, Eranplaetbhe Opdasiat hean

sanpl es is imrer Seéx&@eﬁ&'@ec?%ﬁbound plasnﬁpI & hPBroddit sﬁta%ra | Bnt 8Bgon

sol ution of _ester at}d SLIMNO. L N ne, and t hey are y extract ed.
The sarrpl es Care ’ i ure o] wO Or more o sa1 p asma.

8. A process according to claim 6, wherein the
reaction between the semisynthetic polymer and the
alkoxy silane coupling agent occurs:

(i) in an agqueous solution in the presence of

5 l-ethyl-3-(3-dimethyl-aminopropyl)carbodiimide as said
condensing agent; or

(ii)’ in an organic solvent in the presence of
dicyclohexylcarbodiimide as said condensing agent.

9. A process according to claim 6, wherein the
reaction between the semisynthetic polymer and the
alkoxy silane coupling agent occurs in the presence of
N-hydroxysuccinimide, hydroxysulfosuccinimide,

5 hydroxybenzotriazolohydrate, or a similar compound
thereto serving the same function.

10. A process for coating the surface of an object
with hyaluronic acid or 'a derivative thereof, which
comprises the following steps:

treating a surface of an object with a plasma;

5 immersing the treated surface of the object in a
solution containing polyethylene imine; '

reacting the immersed treated surface of the object

with hyaluronic acid, or a derivative thereof, in the

presence of a carbodiimide and a substance selected Erom

10 the group consisting of N-hydroxysuccinimide,



20 pl aced

I n a vacuum oven set at 60[err]C and 100 torr and

l'eft there for 48 hours The staining test gives the—— fol | oW ng—-
results: = SAMPLE SCORE
Ester Sol ution 1 25 EStS{_T I ion and

e Siaioen | IR =

Unt
EXAMPLE 20
30 with et
96/ 24392

reat 0

A 1% sol ution of hyal uroni ¢ acid, 100% esterified

hyl alcohol (Fidia Advatced Biopol ymers) in
hydroxysulfosuccinimide, . hydr&%;géﬁggééEEEE%%%ﬁgﬁgFe,
of

35 di met_hyl Ff xjde (Aldrich) is prepared. An aliqu
3 EReaitk

the solution is

€0 this is added 1% in vol une

am noet hyl am nopropyl tri net hoxy silane and 0.5 g of

carbonyl dii m dazol Al driChlocedd G@Eot884d it f18imbB15%r 10, WAL int WO

thev ou[sLI % ias;:{; 'rb%d tcat het er are treated wth pl asm
oRdPT PORRIF ferivative,ifhl e 14. One of the sanples is

a totmy) i partiak henzonl patéeheofdivaliugondt ester

sanpl es of the

according to the i
i mrersed in the esteri)

and am no

10

)

acSid;ape, and they are slowy extracted. The sanples are 10
pl aced in.a vacuum oyen, set_at 684err .and 100 torr an | eft there
for 48 hgfﬁrs. The starml nd f‘%ﬁl ’\'/é%th%ﬁé‘E ethyl ?%‘ﬁ’bvﬁ%d‘yraelé‘ﬁl"f‘%.c

acid.

12. A process according to claim 10, wherein the
reaction between the treated surface and the hyaluronic
acid, or the derivative thereof, is achieved in:

(i) an aqueous solution in the presence of
hydroxysuccinimide and l1-ethyl-3- (3-dimethylamino-
propylcarbodiimide); or

(1i) an organic solvent in the presence of
hydroxysuccinimide and dicyclohexylcarbodiimide.

13. A process for coating the surface of an object
with a gemisynthetic polymer, which comprises the
following steps:

treating a surface of an object with a plasma;

immersing the treated surface of the object in a
solution containing polyethylene imine;

reacting the immersed treated surface of the object
with a semisynthetic polymer, in the presence of a
carbodiimide and a substance selected from the group
consisting of N-hydroxysuccinimide, hydroxysulfo-
succinimide, hydroxybenzotriazolohydrate, and the like.

14. A process according to claim 6 or 13, wherein
the semisynthetic polymer is selected from the group
consisting of:

an ester of a polyvalent alcohol of hyaluronic
acid, an inner ester of an acidic polysaccharide, an
ester of carboxymethylcellulose, an ester of carboxy-



SAMPLE SCORE Ester Sol utjon
1 15 Ester Sol ution and Am'-nﬂ—Sﬁ—a’/ Plasma Only

EXA'VPLE 21 et e A 1% sol ut ‘H“‘“Hmumu“m“u\md hyal ur orr:ll,(c::r aci d ‘10%

20 of the C¥PBM®%groups involved n Fnnti ‘esterificatio 90%
of the carboxy groups salified wi th sodium in di met hyl sul f oxi de
(Aldrich) is prepared. An aliquot of the solution is taken and to
this is added 1% in vol une of ani noet4®/| ani nopropyl tri met hoxy sil ane
and 0.5 g of 25 xyl car |1 fier_reacting for
si x hours, two sa Tg&?%]"f%rfq%g r§€ %%% gd %agé%%gmylanﬁdg a{L ,-i‘gé eg
treated with pl asnaeﬁ'é%’(’)r fy qarberylic PdY%QﬁRﬂatn@ﬁs PnsE%ﬁﬁ'Eﬁ% ﬁstﬂé}he of
the sanples is i Messellyaluronic Acile &ht est&d|dl iyinibeaoideran Nedtey

soution of 30 BB S 00 banen AhdNGh BEeS|PBUELLI AgFT.

The sanpl es "are pl aced I'n a‘vacuum oven se

and left there for 2B $RRAFS OfTRECELBIfi IR G est gi ves the follow ng
results: WO 96/ 24392

PCT/ EP96/ 00509 .

SAVPLE 15. Sébﬁgocess accorigﬁ%ﬁpo l m 13 wherein the

1 reaction between the treated surface and the

semisynthetic polymer is achieved in:
(1) an aqueous solution in the presence of
5 hydroxysuccinimide and 1-ethyl-3- (3-dimethylamincpropyl -
carbodiimide); or
{ii) an aqueous solution in the presence of
hydroxysuccinimide and dicyclohexylcarbodiimide.

16. A process according to claim 1, 6, 10 or 13,
wherein the object to be coated comprises a material
which is compatible with physiological fluids.

17. A process according to claim 10 or 13, wherein
the object being coated comprises a polymeric material,
. a ceramic material or a metallic material.

18. A process according to claim 10 or 13, wherein
object being coated comprises a metallic material
selected from the group consisting of titanium, a
titanium alloy, steel, and a chromium-cobalt alloy.

19. A process according to claim 1, 6, 10 oxr 13,
wherein the object being coated is selected from the
group consisting of:

catheters, blood bags, guide channels, probes,

5 syringes, surgical instruments, containers, filtration
systems, artificial tendons, joints, pins, cardiac
valves, bone and cardiovascular replacements, grafts,
venous catheters, intraocular lenses, contact lenses,



Ester Solution and Amino Sil ane Plasna Only
0_5 Unt r eat ed

SEEER e oot 2 MY IHMIW I (50;;3@; B, oy

salified) ‘WP%WHﬁ?hylsulfOX|de (APdchh9 10 *is prep : al i quot
of the solution is taken, and -~ to thls is added 1% in vol une of

am noet hyl am nopr opyl - trimethoxy silane and 0.5 g of

di cycl ohexyl car bodi i m de (Aldrictr). After reacting for 6 hours, two

sanpl es of sofe ! idsBLEV! abeeqlgasz&kbea%&ﬁg?&fr Edhdy=Satfodd 1N 15

" plasma accordlng to the conditions. 1n t he.
sanpl es %% i me §¥QF??F9H§E §§FéF1§Eﬂ¥nh?i¥tsthEancreases(ﬂHQeﬂlvﬁthe
solution of ester and am no silane, and they are slowy extracted.

~The sanples are placgg in %rocess actE SEHY Q%e@.hﬁeﬁ:léimfsg eg ! 1{o agd 100

torr and |l eft there for .20 ours. i test gives the
fol | owi ng 3, rvgﬁ}‘erlg the object eing coated is s N@%L rom tl?e

SCORE Frouwp Ruisiistdng of: Est er

gm ution anﬂnf\ltneno Sigilies of laborat®r¢dequipmerdd 2SdBsKdY yfor cell

0
ai mof tfe pres@ﬁ% i YRS orPYEWRer efdsBepo for  cell 3pde FESFYRG
i nnovati ve proceegemerfairionhe amdodimppiorhs for active opyrintiplemtthatni th a
thin layer of hygbupéptiGedS Brdleing aff ati@ib¥@idyes thereof or other
sem synt hetic pol ynmers chemcally bound to the substrate. Said
processes can be applied to the manufacture of nmaterials and
devi ces

The
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37 ___ __ ___with inpraoved surface properties and, in particular,

mat eri al s and devi ces characterized by hydrophilic surfaces. More
specifically, the process can be used in t he preparation of

mat eri al s fépmdi cal and surgical 5 appl i cat i onsPCIERISOPD| ogy,
or t hopaedi cs, otor hino- | ar yngol ogy, gastroenterol ogy,

opht hal nol ogy, in the cardi ovaizw ar sector and in diagnostics.
For bi onedi cal applications, d ces for para- or extra-

corporeal use, such as catheters, blood bags, guide 10 channel s,
probes, syringes, surgical instrunents, containers, filtration
systens; for prostdetic or surgi cal purposes or i ex, it is
possi ble to coat g} artificial tendons, joints, pins, di ac val ves,
bone and rdi ovascul ar repl acenents, grafts, enous 15
catheters, intrao ar |l enses, soft tissue substitutes, etc.

are contact

Exanpl es of sem pe nent devi ces which can be coat
clesses such as

| enses. Conplegx desgces sinulating physi ol ogi cal p

artificial kigney bl ood oxygenators, artifici rts,
pancreases, @md 20a livers. Lastly, in diagnostics, | ory

equi pnent ™~ Sli shes for cell or tissue culture and/ or &jedeneration
and supportsﬁfor ative principles such as peptides, protei ns and
antibodi es cam be §ated. Each of the ns and pat ent
docunents ci &d 25.- and/or referred 1n the sgeci fication
are *ﬂcorpgﬁ ed herein by reference in their gntiretfy.

The inventi ok bei ngs tis described, it is clear t hat |t hese met hods
can be nndiff%d i &= OoUS ways. Such nodificat]ons g™ not to be

considered ag 30 ¢n Zﬂvergences fromthe spirit a
i nvention d—any such nodification which woul

expert in th&%iel® cBfres within the scope of the
(7 ¢]

Jfy the
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prqocess of coating a surface of an object with hyaluronic acid or a
deri vative épereof whi ch conprises the follow ng steps:
reacting hy FUFGﬁ”E acid, or a derivative thereof, 5 WICTIEP2G/00809k O X y
silane coupling agent in an aqueous solution or an organic solvent,
in the presence of a condensi ng o | functional agent, to give a
sol ution cont ai ning the reactionia( duct of the hyal uronic acid,
or the derivative thereof, and the al koxy silane 10 coupl i ng agent;
treating a surface of an object with a plasng; coating the
treated surface of saig object with the solution contaiwfeg the
reacti on product of the hyal uroni ¢ acid, or the der+ i ve thereof,
and t he  ond
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15, al koxy silane coupling agent; renoving the solution from

the—su#—f—aee—ei—sam object ‘while allowing said reaction product of
t he hyal uroni ¢ acid, or the derivative thereof and the
al koxy sil A% coug)l i ng agent to react with said surface 20 of the
obj ect. . A process according to claim1, ROTEPS6NESMhe
al koxy silane coupling agent contains sul fhydryl groups or am no
gr oups. 3. A process according to claiml1, wherein
t he al koxy silane coupling agen ganma- ani nopr opyl -
tri et hoxy si | ghe or N- bet a- (am no- et hyl ) - gamma-
am nopropyl tri i@ hoxy sil ane. 4. A process according to claim
1, wherein thees reaction between the al koxy silane coupdi agent and
t he hyal uroni c i d, or the derivative thereof, occurs: (i) in
an aqueous sol dﬂon i t he presence of 5 -
1-et hyl -3-(3-di %t hylém nopropyl ) carbodiimde as said eQpdensi ng
agent; or oo ii) in an organic solvent in the presehe® of
di cycl ohexyl car Qodi i ﬁ'de as sai d condensi ng agent. ~N s A
process accordigg to=@ ai m 1, wherein the reaction befdween the
al koxy sil ane CEJM i g agent and -
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thé hyaluronic acid, or the derivative thereof, additionally occurs

in t he presence of N5 hydr oxysucci ni m de, e
hydr oxysul f osucci ni m de, hydr oxybenzotri azol ohydrate, or a simlar
coRpound thereto serving the sanme function. 6. A
process of R24¥2a surface of an object with a scPREEREMSE c
pol ymer, which conprises the fol |l ow ng st eps: reacting a
sem synthetic polynmer with an al koxy 5 silane coupling agent in an
aqueous solution or an organic 4/9ent, in the presence of a
condensi ng or . bi functional agent, to give a solution containing the
reacti on producizof the sem synthetic polyner and the al kgxy sil ane
coupl i ng agent; 210 treating a surface of an object wHtBa pl asng;
coating the treeed surface of said object with the solfution
contai ning the F@actimxn product of the sem synthetic pqlymer and the
al koxy sil ane cgjpl i g, agent ; . WO 96/ 24392 ~
PCT/ EP96/ 00509 .& £ 40 15 &K renoving
the solution fromthd Surface of said object, while allfow ng said
reaction producof t% sem synt hetic polymer and the gl koxy sil ane
coupl i ng =2gent o react with said surface of the objeft]. o
7. A process ac®rdi rfgfto claiml or 6, wherein #d phag®e is an
oxygen plasma, gk ai rg_-pl asma, a water
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pl dsma, an al cohol plasma, an acetone plasma, an oxygenat ed conpound
plasma,._a nitrogen plasmm, an .argon 5 plasma, or a mxture of two or .

nmoke of said plasma. 8. A process according to claim§6,
wherein the reaction between the sem synthetic polynmer and the

al koxy silane coupling agent occurs: (i) in an-aqueous

sol ution i nwiolyeremeesence of 5 PCT/EP96/00309

| - et hyl - 3- (3-di net hyl - am nopr opyl ) carbodi i m de as said condensi ng
agent; or (i) in an ogﬁzn'c solvent in the presence of

di cycl ohexyl carbodii m de as said co n¥i ng agent. 9. A
process according to claim®6, wherein the reacti on between the

sem synt hetic polymer and the al koxy silane coupling agent occurs in
t he presence of N- hydr oxysucci ni m de, hydr oxysul f osuccinim de, 5
hydr oxybenzot ri azol ohydfa] o - T - thereto

coating the

g vative thereof,

gt cati ng a surface

Rt ed surface of

B M ne;

Sl Wi t h hyal uronic
f a carbodiimde

I ng of

serving the sane functip
surface of an object 5
whi ch conpri ses &
of an object with a pl a
the object in a

reacting the i mersed t
acid, or a derivative t
and a substance sel ect ej
N- hydr oxysucci ni m de,
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41, hydr oxysul f osucci ni m de, hydroxybenzotri azol ohydrate, and

t he_Like 11 A praocess according.to claimi or 10, wherein .
t hé hyal uronic derivative is: (i) a total or partial benzyl
ester of hyal uronic acid; or 5 (ii) atotal or partia
et hyl ester of hyaluronic aci d. 12. A process
accordi ng twookaswr 10, wherein the reacti on bet weepctipoghopat ed
surface and the hyal uronic acid, or the derivative thereof, is
achi eved in: (i) an aqueo lution in the presence of 5
hydr oxysucci ni mde  and 1-et hyl - F@lﬁfnethylanino-

propyl carbodii m de); or (ii1) an organic solvent in the
presence of hydr oxysucci ni mi de and di cycl ohexyl car bodi i m de.

with a
g steps:

13. A process for coating the surface of an object
sem synt heti c pol ymer,
treating a surface of a I mrer sing the
treated surface of the ( ) E=i ng pol yet hyl ene
i m ne,; react . pf the object

i ' o J} car bodi i m de and

a substance sel ected fr¢
N- hydr oxysucci ni m de,
hydr oxybenzotri azol ohyd : : i
according to claimé6 or ' ¥ 5het|c polymer is

sel ected fromthe group _ i ian ester of a
pol yval ent al cohol of h A o, ter of an acidic
pol ysacchari de, an o e R ,es% an ester of
car boxy- ) K

FIG. B
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42 met hyl chitin, an ester of carboxynethylam de, an active

ester of a carboxylic polysaccharide, a sulfated ester of hyaluronic.
ackd, an ester of alginic acid, an ester 10 of chitin, an ester of
chiitosan, an ester of pectic, and an ester of pectinic acid.

15. A process according to claim 13, wherein the reaction between

t he t r eat wih ogB4s03 ace and t he sem synt heti ¢ peripésdospeachi eved
i n: (i) an aqueous sogftign in the presence of 5

hydr oxysucci ni m de and 1-et hyl - 3- ﬁe hyl am nopr opyl -

carbodiimde); or (ii1) an aqueous solution in the presence of
hydr oxysucci ni m de and di cycl ohexyl carbodi i m de. 16. A
process according to claim1, 6, 10 or 13, mhereln t he object to be
coated conprises a nater| - T amoawEn physi ol ogi cal

fluids.

t he obj ect being coated
material or a netallic ng
claim 10 or 13, wherein g
mat eri al

or 13, wherein
; a ceramc
ess according to
ses a netallic

FIG.5B

SUBSTITUTE SHEET (RULE 26)



selfected fromthe group consisting of titanium a titanium all oy,

steel, and a chrom umcobalt alloy. - - 19. A process according
tosclaim1, 6, 10 or 13, wherein the object being coated is
selected fromthe group consi sting of: cat heters,

bl ood bags, guide channels, probes, 5 syringes, surgical instrunents,
cont ai ners, deMﬁ%i on systenB,7 &tificial tendong,a.}xg% pi ns,
cardi ac val ves, bone and cardi ovascul ar repl acenents, grafts,
venous cat heters, aocul ar: | enses, contact |enses,

WD 96/ 24392
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oxygenat ors, i B ‘ 20. A
process accor b ect
bei ng coated i3 “
pi eces of | abo R Ul ture,
di shes for active

princi pl es the
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