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Met hod for coating silicone hydrogels The present
invention relates to a process for the manufacture of
w@oabmk7a6 t i cl es conprising a silicone hydrogebPCT/ERDNG/050646

as bionedical articles, especially contact |enses,

which are at |east partly coated with chitosan.

Chitosan is a polycationic polyner conprising nore

t han 5000 gl ucosanine units. It nmay be obtai ned

commercially fromshrinp and crabshell chitin by

al kal i ne deacetyl ation al tholigh in comercial sanples

the degree of the N-deacetylation is al nbst never

conplete. Chitosan has found application as an
MetlR6d o} £681thgsiRése hgapdbgss fungi, bacteria, and

viruses (for a review, see Rabea, et al.,

Bi ormcrorml ecules 4 (6), 1457-1465, 2003). Chitosan

coatings on nedical devices, in particular on contact
The prgrgrignvantior relaten (e Gpeses for tigg m@%fﬁpluée of ater @tigggsomprising

{

a SI|IF6 @Eﬁ;@l (r;s“gl\flzrlﬁgf n?égqtﬁ??gﬁlfé% 2 eﬂéﬂ%@é@%%%s%sc\ﬁmﬁﬁ%h at least
partly:h@at@@mth@héoa&nnscl osed, for exanple, in WO 03/057270.

US 5, 409, 731 describes a nethod for inparting a

hydrophilic nature to a waternonabsorptive contact
Chitdsanss a whiycaticnangtyrserscodiguisinggnaeredioart @10 glecrnsamineaunits. It may be
obta%?}#%&ﬁ%eﬁ%lw Oogrrtq iﬁrﬁﬂé%lngl %ﬁ@d%ltﬁ{ %f%l'}(%lgn&deﬁﬁetxlatlon although in
comrageid sarSpIes tlonededrge bbty]el I‘Gdeac&t;pat&fhes akabdh ubkernnhmtetal S

for th nuf ur e of nt.ac

ohitgs3h g8 o PRARE AP B Aoty DL St Papeiag Het oA
virusas (fope ramier i seatRabieapét 2, Bimyatesrhalabilles ai(e)t w457-1465, 2003).

i ncluding at |east one si | i cone- cont ai ni ng nononer, at

| east one silicone-containing nmacroner, and/or at

Chltdséﬂ%bal‘iﬁg% o hidienerevRBE,ah BhRigulRF 6@@br}t€@trlens‘ésshé\leq§§éﬁ?m proposed
has a water content of at |east 10% b

For %ﬁg}ﬁ"q W@ﬁ"’mﬂﬁ? gigclosps PRGN RifRETEHRN ST &b E’Sﬁé){q’ a contact lens
bulk ﬁ‘lé*tér%‘lj ﬁleOﬁ]@Kbé’[&g@%BﬁBqﬁﬂ Weisah %Pé gistios &N $&exdrRld, th WO
xygen per neabi adequat e water content
03/05HAT OB 40 £ Piensties amxm%r imparied o dydiophiieRalLre (o a water-
nonatBlierpﬂG@!:orﬁQ&tlé%t Nh%ﬂ%%d?l@¥§dl5¥ﬂpmﬂc@ Ielngnﬁanc' Whh @R RSolution

are, because of therr [ow we
cont@plng raaw\tetwlwe @olpagionP €ontalnergepayraer arh%a g@ﬁﬁ'%élg agent.
needs to be coated with a hydrophilic |ayer. Typical
state of the art coatings include: without limtation,
Silicangrfysdeegels are preferred bulk materials for the manufacture of contact lenses. A

silicone hydrogel refers to a polymeric material obtained from a copolymerization of a
polymerizable mixture including at least one silicone-containing monomer, at least one
silicone-containing macromer, and/or at least one silicone-containing prepolymer. A silicone
hydrogel has a water content of at least 10% by weight when fully hydrated. Silicone
hydrogels are well suited for making extended wear contact lenses due to their high oxygen
permeability, adequate water content and desirable modulus. However, uncoated silicone
hydrogel contact lenses have hydrophobic lens surfaces and are, because of their low
wettability, not ophthalmically compatible. Therefore, the surface needs to be coated with a
hydrophilic layer. Typical state of the art coatings include: without limitation, surface
treatments posterior to polymerization, such as, for example, plasma coating and layer-by-

layer coatings, plasma oxidation, or corona treatment; and surface treatments prior to
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treatnments posterior to polynerization, such as, for
exanpl e, plasma coating and | ayer-byl ayer coati ngs,
w@b@smom7oxi dati on, or corona treatment; and supdBEPR2009/050646
treatments prior topolynerization, such as, rendering
the nol ding surfaces of a nold for making a contact
| ens hydrophilic, or incorporation of internal wetting
agents in a lens formul ation for maki ng contact
| enses. However, many of these processes are unable to
produce durabl e hydrophilic- 3darface or expensive, or
requi re several extensive handling steps. Because of
t hese reasons, none of the existing processes is
polymélﬁ’z’iitlbb{ §J¢htagdrefnﬂérmg’\t‘hégﬁcﬂ@lhgﬁuﬁébe% dfal rhald Wrﬁé‘l&ﬁ@ﬁcontact lens
ﬁ vol ume manufacturing process with short cycl
hydr@p or iggorpaiPy R terpglWely &0t§ iR EenRf @6‘9@5‘8” Iﬁr making
conthR ichsbs (4RRARr, AR X0 edBiTBE8sSBE Brofi e we&%é dRalBe
or nore m croorgani snms during wear, storage and
hydrep{iilin surigce PhEXPEOaNCpPTdeHEE sqyeral eslensive hanmingrstense Because of
theséﬂé‘a@@% 9RRL %ﬁﬁle%tlﬁg g%c%sé’&dlstl(ﬁ%ny RfiRdd ﬂ‘oﬂn@égfaﬁd?m ih %K\%Ily
a col onx M crobi al herence to and col oni zati on of
automeiedalbioh velvsesmasyfaeHeng Broskes Wi gl2afl eyele tirges, as described, for
exarfli@ I ECLA@ABL Ep-RAohpEA ned at the ocul ar surface
or prol onge periods and t hereby may cause infection
or other deleterious effects on the ocular health of
S r
Contégtqer?s}éegsa{ ?o%ﬁ g%)ovsgrg t(% §§(§‘ 8#‘ ?18&} r%Q:Too-l;ﬁ?r{ § 9 dﬁrlr%\%‘?%t? storage and
handihg. rﬂiheatoanudmlcﬂmmﬂrfaceabnifoomhlm theamcgmrgmarmjmadmm and then
.an onlza ion, of contact |enses, ccordln
prolBle T L8R o ooV e ST BptancB i paBB2atirtdh BppbLEhSes may
enabis edicdrgamisioe$é pifotiferdtband dabe ngaidbd at the ocular surface for prolonged
.Sl licon-containing bionedical arti
porichl i PP R AU RIS HEY P g P HF LR UDP IHCAEP g gqulag health of
the efBiiC Which treeg%hlsys uhs%al‘degh@’gfcﬁe imus@elara@;s tmﬂea@huus, 8fforts to
. .process apn provides articles o ro
m'”"E@Pé‘BPfW?WQﬁE e BRIzl gRf @WOOFQ?P'%’FIQO'E%Q{E Fﬁf%ﬁ%@%@@za“on of
contddi®erzgsface i s dom nated by the hydrophobic sil oxane
units, even if the hydrogel is derived froma
pol yneri zabl e m xture conprising hydrophilic
Acco‘FéHH@EQHEFeﬁs %%/ee to Fﬁﬂrﬂfe‘ é’r?éﬁic@ﬁ‘taﬁﬂ)%gsscfémﬁﬂ@é@ﬁéd udtfon cost for
een shown negatively charged conononers have
the copting ef asili¢an- ¢Qﬁ‘1t€!'rué91@@”tﬁﬁ“qahért'6'@p’6§i 3 hytvoptilic component having
v,
antmm,‘rgbfépﬁr'ohbﬁles %ﬁbtﬁ]gsséﬁwlvﬁ r&ﬁ ﬁ@gﬁ‘éﬂﬂ:tnufactthrm? process and

i si oun a
which pmymﬂsmgmpletsnofamgmvendaramjﬁwand wearer comfort.

In silicone hydrogels, the surface is dominated by the hydrophobic siloxane units, even if
the hydrogel is derived from a polymerizable mixture comprising hydrophilic comonomers
and/or negatively-charged comonomers. It has been shown that negatively charged
comonomers have little or no influence on the deposition of hydrophilic, positively charged
chitosan. Surprisingly, it has now been found, that a short incubation in a C,-C4-alcohol
enables a non-covalently attached coating of chitosan on the surface of a silicone hydrogel
medical device containing carboxylic acid groups.

A further aspect of the invention is that the chitosan coating on the silicone hydrogel

medical device is covalently attached through a crosslinking agent, in situ, directly in a
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enabl es a non-covalently attached coating of chitosan
on the surface of a silicone hydrogel nedical device
w@oovadateeg car boxylic acid groups. A further PSPER1009050646
the invention is that the chitosan coating on the
silicone hydrogel nedical device is covalently
attached through a crosslinking agent, in situ,
directly in amedical device package containing a
medi cal devi ce package solution including a
crosslinking agent and optiohal a chitosan. The
resul tant nedi cal device has a hydrophilicity
characteri zed by an average water contact angle of

med@E’IQjétwc% a@ ee@ﬁltélﬁlnbﬁsﬁredﬁbﬁdé\ﬂldezﬂick@gb %Iuﬁd’r‘ﬁncludlng a
drate I cal device during manufacturing

Crosﬁlabluaa@igﬁ@t and qRfignala PtosE dsTPE ! Wdﬁakqfarcg\n%%@ hydrophilicity

charém@nz%ldt @We?&g%%?@&nth&%b}ée& Apeat 8018edrbss sﬂeg@gl ng
ical device. As used herein, an "In sSit

Ste“&@é@ﬂ @étfﬁrfb'@éﬁgd Meglicahd v ring W@qtlﬁwgaaf‘&r@@ég@ng i typically
acco\mﬂll%d%ll SNbAISRAN THRa \)|n°-g Geu&d QH\'}C%IVﬁéa%ﬁB% ;Eélfkggmg ofa

di cal device direct N a nedl ca evi ce pacC
medmh@rvrloesAg uped herging gn am@ugtcoaﬁng prmgssmdm@adedjmezﬁénbe a

procﬁ%&ﬁ%ﬁ&l %ﬂ%sé@ &tmﬁr %ﬂtlkeggcﬂ r$| ﬁédlg Q{aﬂSe directly in

I vention. |ca
a megicatdevicd packagé whichss SlﬂmxheektaapUﬁomar @piytrhwdm:al device packages

know?jnet\élsaceérsgn %ll?ergggltﬁe grt §8£ B%?Jg notcth% m“:(‘/n%tlo an intraocul ar

ke al” onl pe ‘of an
The buphteh&bhamcleleif/trreqoras@ﬂi irvention labmubxarhele@y\e)pothadmmld@wice
rre articl

o
profefaik sl soB B RS oo ede Rty e onosy & Slieaafpe of o
ophtlh&lmﬁﬁ@ewdemsﬂdrdrr]ﬂ arwbant t:ae Yy e ot od:tem%mfyovx steeiad efloveat
re e resent
piompRlar RS [ies CRATEBY Inegtiabes e BB ree Soppgiieases. i
partié Rr copedct Res@s fr eRRAISRIvear Which Breas& Oy diopglilit Per se.
procedure | or Il, wherein procedure I conprises the

steps of: (a) prow di ng an uncoated contact |ens ,

The PREEM iRvdnfiBn #dréfolein PBRIshE&ToRACEME HRERRE $ortidhting a biomedical
materi al made of a silicone hydrogel containing

article acp@ydipite PERsedurgrl®ifs; (b) contacting the contact
he B Brotkblhed GRpe e Qs dror a predet er mi ned per od

contacting the contact lens treated in
(a) mwowgingign umc@aied centpot lpow, woerpini the agickneanaryises adyilmmnipkic bulk

mate@igg@ggéi! 8* %ﬁi@%&neﬁ%fd?&d&?go&giﬂhig%rﬁgxyﬁ;@ééié’ﬁmpQ;n the

(b) contacting the contact lens with a C,-C, alcohol for a predetermined period of time;
(c) contacting the contact lens treated in step (b) with a solution comprising chitosan to
form a non-covalently attached coating of chitosan on the contact lens;

(d) contacting the contact lens with the chitosan coating in a lens package containing a
packaging solution comprising a crosslinking agent selected from the group consisting of
aliphatic C,-C4-dialdehydes, formaldehyde and genipin; and

(e) autoclaving said package with the contact lens and the packing solution therein,
wherein the chitosan coating the contact lens is covalently attached through the crosslinking
agent to the carboxylic acid groups on the lens surface, wherein the resultant contact lens
has a hydrophilicity characterized by an average water contact angle of about 80 degrees

or less,
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(d) contacting the contact lens with the chitosan
coating in a | ens package contai ning a packagi ng

W@ odoa9TR6 conpri sing a crosslinking agent sel ee¢PEPIND050646
the group consisting of aliphatic C2-C 0-di al dehydes,
f or mal dehyde and geni pin; and (e) autoclaving said
package with the contact |ens and the packing sol ution
therein, wherein the chitosan coating the contact |ens
is covalently attached through t he crosslinking agent
to the carboxylic acid group$s-on the | ens surface,
wherein the resultant contact |ens has a
hydrophilicity characterized by an average water

wher@mrﬁra@édua@glc@w@ﬁs@dam@tste‘iﬁ dglegrees or Ie_ss - Awherein
procedure Il conprises the steps of : (i) providin
%&blc bulk

(i) pw@a};&%uw@c@onﬂ%?ns Wheren et%daﬁpmer'%esc%WP
mateﬂahﬁﬁd&@@h@bﬂh@omyﬁr&gﬂ §6ﬁt§||n|n@%@od9<fyh@a(§dj bidepae

drogel containi'ng carboxylic acid groups; (ii)
(ii) C@BWPB&Q ihggonieet lepniviib e Pohsalephah fg agzedeiernipeh opriedef tine;

(i) EtRAShesIRtNGHg H?Jédﬁ%c@fen%'tr‘@%ted(lh's{%) (ﬂP\Mtﬁ)Q%HtMon com?rlsmg

contactlng the contact |ens treat I n step
chitogars tsl fgtm emasorpyeiesiiv gttadhied woaiing of dhgpsaneon the contact lens;

(iv) Ma(ﬁlﬂ @%At%t%r{sqpéﬁgd H H?Rrogteﬁnt)taﬂﬁ F) |9%I5nsepackgge

ont ac ' ens; contacti act ens treat
contalnlngtae:gacgaglpg eolutnreq;pr’(\n)r]s)n%’mitogan ar)d f nrc&sllrdmg ageok aglected from

tne SO G219 Py ARFKATLNZ. SALUER AR CAPREISOE 51N SIR8R. anc

Cros e group
(v) atxtlmta\mtg snag;d packabe Mthtthe: c@acilerts zmd'aﬂhdeplayldeg solution therein thereby

r mal dehyde, and en aut o id .
form o aayBRNY Aeneo SERUEL e BRE B ST TRl B8 2bdhn wip e
carbdydic let:l_d grdnqusabythﬁ@bmangleas G@V?ie&ﬂtﬂeyp;}r&kér&ﬁhﬁﬁh@@ﬁtélmglng agent,
resultin romt action of .the chitosan with
wheB s S an et FHES G RIBTUNT SiAro T Rt A g water
contddi@ngleesencet 8 dédieeLsraésd. i nki ng agent, wherein the
resultant contact |ens has a hydrophilicity
characterized by an average water contact angle of

Exarfhes bf ﬁ@ta%gﬂré@ﬁe aydrbgsis for@é@ﬂ@%@%s @5) andi (h bt present invention
silicone hydrogels for use in (a) and (i) of the

are, ¥ eXaMDI: IHPBHENEHar Bed g ihe ManpiABure RbsBerdsd pmGpntact
ensdi9 08 Ampld @ pBIRESEH o0k ok BPUBNNE AorS KA oxample

| enses, tor exa e copolyners o one or nore
selecﬁ%f—r@r@ﬁhe gtoqm@ﬁéliogyetﬁyjacrébagsmby@'oxyethylmethacrylate acrylamide,

N,N-dimethyl acrylamide, N-vinylpyrrolidone, N-vinyloxycarbonyl-L-alanine, N-vinyl
formamide, N-vinyl acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl acetamide, N-vinyl
caprolactam, acrylic or methacrylic acid; and (ii) a monomer and/or macromonomer
comprising a siloxane bond or silane group, e.g. trimethylsilyl group. Examples of the latter
group are tris-trimethylsilyloxy-silyl-propyl methacrylate (TRIS) or tris-trimethylsilyloxy-silyl-
propy! vinyl carbamate (TRIS-VC), a polydimethylsiloxane having a C-C double bond at one
single terminal, or a polydimethylsiloxane crosslinker having either a C-C double bonds at
both terminals or two or more pendent C-C double bonds, for example, as described in
formula (2) below. Examples of suitable commercially available silicone hydrogels are

Balafilcon A, Galyfilcon A, Lotrafilcon A, Lotrafilcon B or Senofilcon A.
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selected fromthe group of hydroxyethyl acryl ate,
hydr oxyet hyl net hacryl ate, acryl am de, N, N-di net hyl
wa@eooglogatedle, N-vi nyl pyrrolidone, PCT/EP2009/050646
N-vi nyl oxycar bonyl - L- al ani ne, N-vinyl formam de,
N-vi nyl acetam de, N-vinyl isopropylam de,
N-vinyl-N-methyl acetami de, N-vinyl caprolactam
acrylic or methacrylic acid; and (ii) a nononer and/or
macr onononer conprising a si | oxane bond or silane
group, e.g. trimethylsilyl gPoup. Exanpl es of the
latter group are tris-trinmethylsilyloxy-silyl-propyl
net hacrylate (TRI'S) or

Anothéi golip bﬂ@bl’éﬁe‘aléllbébﬁéﬁﬁ&bbéﬂ% @F@ﬂbﬁbh%hlﬂ& be@ﬁéma@ab@ol mers
(TRI S-VC I met hyl si | oxane havi ng

COMY P a&tle%;rt]@n% gﬁ@p@h?t@‘f ¢4 or Rﬁff'%?r%WQPW@Wﬁyﬁ%ﬂm%ﬁéﬁé at least
one YRSl HERmehtWhiRE 8é fikd tﬁroﬁgﬁa%ﬂ@'o@ atlﬁlﬂgé ndmRet @xamples of

term nals or two or nore pendent C | e bonds,

said é'Jd%Qﬁﬂ hydregelsgre lisansgdi fer examrie dn mT @@ngwon@w@pqeségwgz and
WO 9‘?/4§WL({ @F?u'cﬁ aFORER ML ?choypo?é(t@!j |b9%f%re?1'clf—;" &%ﬁucb‘%ﬁi} B Ped

are lcon A, @Glyfilcon A’ Lotrafilcon A
ampmghlh@s%m@ﬁe@cmolwmmm@ﬂs F\l Im@tqm@rhygrqmbpbléfsegment selected
AcC ed
T A Rl e S R A L D S s
polysblpxwmerfhmrodk}dwolypmey seproents egdmﬂeaarmedwdrcmaélt: segreent

oA L RIS £ S A B s
hydrewyethyinsethasgidte)f mlyaerdamide, poly(NIGHiraethylacralaimides, WO

| 96/ 3172?1 and %\D 9I7/t49|740 )yl\gn gh ar e herew t h
poy\f é@’rrﬁ’ MN% ppg?gyg,qg% A ?}q(ﬂ)? cularly preferred

anphl philic segnmented copol yner conprises at |east one

Still quéer&gﬁ?@%gfl %E%Hggtswggqqewg%gligrrg b8ﬁ/ t%t%%gblgg)é{ c&ostsllﬂlgnga
cros¢link&ile PP pyIHink AL HRPLIY Mep rRalskobtaipgbly ey her segment,
at | east one h dr%ghl lic se rrent selected fr

(@) cag%%emggggqéms ydr B!“?&PQ?B] irH%vmg one ethylenlca?y urtmsl?—:q?urated
doutﬂ@bdr(dzarm/éjtrl@é%\t’%gkélhé@ﬁ &’Ho@élfh)(er RPhpHsitrg two or more ethylenically

ydr oxyet hyl net hacryl at e) acryl am
unsa&ﬁﬁw [oNDigi haedif t@@m%ﬁrﬂpa@ a %@Wﬁﬁnﬁw agentdavingmefupstipnal
grouf; # yethyl eneoxi de segnment. Still another group of

preferred silicone h{drogels are those obtai nabl e by
(b) reacyrg PneiRI Mgrafupeinal gioKas PEthgregiinaRaPolyalsr avith an organic

com %@gﬁ%ﬁgr%;%?}g%ﬂ??@%%ﬂ?ﬁéﬁ gﬁiﬁp( ElicGPRAY b\zﬂh@QP/?é are

_ I'c mononer “havi ng one’ et enlca
disclosrsafarexamgledo VHP & 16012 avidchais hlemth Imp@t’ataddwrreference
crosslinker conmprising two or nore ethylenically

A particularly preferred silicone hydrogel is obtained by crosslinking a prepolymer which is
obtainable by

(i) copolymerizing a first hydrophilic monomer of the formula

o= 0
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unsat urat ed doubl e bonds in the presence of a chain
transfer agent having a functional group; and (b)

WO e@o921g6 one or nore functional groups of thePCT/EP2009/050646
resulting copolyner with an organi c conmpound havi ng an
ethyl enically unsaturated group. Silicon hydrogels of
this type are disclosed, for exanple in WO 01/ 71392
which is herewith incorporated by reference. A
particularly preferred S|I|cone hydrogel is obtained
by crosslinking a prepol yneréwhich is obtainable by
(i) copolynerizing a first hydrophilic nononer of the
formula (1)wherein RL is hydrogen or nethyl, and R2 is

whereﬁ@@rué rdhén ©F mlethyt, GAMIAR is ~SBDI(EH,)3)TH, gor\!H2 -GON(CHs),, or
preferably in adm xture with one or nore further

_m Opbferakdy moavbmetuss wiindn@oomprd fysthéhainephilicossd dnmdeerand a

t corresponds to formula Q- X - (alk) - (alk) - X
Q(2), wherein di is an integer from 10 to 500,

_referab o 300, ref rably 20 to 200 and in
poW%Sﬁ‘W%ﬂP%{%”%@' %tCPSrGSp?“é{SQ? qrgwa] near or branched

C2-C4 al kyl ene g, al -(CH2)1-3-O0 (CH2)1-3- , X
is -O or -NH and Q |s radi cal of the formula O OO
Il i iQkxi-(alke—si @ Nk o(CH2) - O & C= cHD):

H CH H CHI n'Hhe prles nce of a chain transfer agent
havi ng a functi§ in particular 2-
mer capt oet hanol or espeC|aIIy 2- am noet hane t hi ol

Wher(aﬁly@tlﬁaﬁmﬂ@ger iRt 1§ B 5008 pedferaglyt fa)erorae)@umbreﬁgref@@mymé 200 and
an organl c_canpound havi ngi%an et hyl en

in paﬂtf%lar 4Pae 480 g(%bﬁ Ilnfa%rrorég@rr\ﬁﬂeg i¢4plkylene or a raldlcal -(CH2)15-O-
(CH% 41, 508 YO at M- vk e ishaaidapb@né FéMula

vi nyl -azl act one, 2-vinyl -4, 4- di net hyl - azl act one,
icryloyl or nethaomyloyl chlorlde

_hycgh':@gyet h)drac_yéat,& (CH,) —o—g C=CH, °
|

H’CHs H, CH,

in the presence of a chain transfer agent having a functional group, in particular 2-
mercaptoethanol or especially 2-aminoethane thiol (cysteamine); and

(b) reacting the resulting copolymer with an organic compound having an ethylenically
unsaturated group, for example with 2-isocyanatoethylmethacrylate (IEM), 2-vinyl-azlactone,
2-vinyl-4,4-dimethyl-azlactone, acryloyl or methacryloyl chloride, 2-hydroxyethylacrylate
(HEA), 2-hydroxymethacrylate (HEMA), glycidylacrylate or glycidylmethacrylat, in particular
with IEM or acryloyl chloride.

It is preferred that a silicone hydrogel to be coated by the process of the invention
comprises copolymerized acidic groups, in particular copolymerized acrylic acid moieties.
A silicone hydrogel comprising copolymerized acryl acid moieties may be obtained if in step
(i) above hydroxyethyl acrylate (HEA, first hydrophilic monomer) and acrylic acid (AA;
further hydrophilic monomer) are copolymerized.

In accordance with the invention, the packaging solution can be an agueous
solution which is ophthalmically safe. The term “ophthalmically safe” with respect to an

aqueous solution for sterilizing and storing contact lenses is meant that a contact lens
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(HEA), 2-hydroxynethacrylate (HEMA), glycidylacrylate
or glycidylnethacrylat, in particular with | EM or
wa@eoogloayke chl oride. It is preferred that a silPCDER2009/050646
hydrogel to be coated by the process of the invention
conprises copol yneri zed acidic groups, in particular
copol yneri zed acrylic acid noieties. A silicone
hydr ogel conprising copolynerized acryl acid noieties
may be obtained if in step (i) above hydroxyet hyl
acryl ate (HEA, first hydrophitic nmonomer) and acrylic
acid (AA;, further hydrophilic nononer) are
copol yrmeri zed. I n accordance with the invention, the

storelas KRgM@ionas @éﬂeqﬂr cﬁaara,t bl@c@ﬁemcumetﬁ@%y(s w|tubutcrmsw@| fhlat isSthe
opht hal m cal he term "opht hal m cal

I
SO'UtW”t'FI S?f§§@9<ﬁ“ﬁyt°t?”ﬁﬁ 08@%&9? f§bP'%|'{y| C&ﬁ‘t%i"”t%tﬂéer ‘?Xq ‘2? ﬁgj?O”taCt lens.

An antﬂam.@arlw&gfézwmﬁt%thése&l@ﬁ@.ty §ndrsﬂnﬁatt.@eém9atmm¢the eye and
ensstoréd in the solution 1s safe for direct

compyisge ardeiale pndpanuipés Wﬁfqﬁdbatrqrﬁgpﬂ-@ytotqm agegrdingnte international
ISO %t%?‘érh@@naﬁ Satsa ?ggjtdj|a$igf1§_| ciently confortable for

contact wththe eye via a contact lens. An
opﬁmmtﬂrrm ‘eenpatibieawish thel eyer oeanag salution theit mayaiedn rHimate contact

with H&aéé/e S SPERBhIS it dtcha et eg?()%t Qﬁglflgﬂ'fgro‘aﬁ%m the eye and

rials, and a at are non-cytoto
withcaut signidiicanf user dlﬁc@nﬁmat [ onal | SO standards and U.S. FDA
regul ations. The term"conpatible with the eye" neans
a solution that may be in intimte contact with the
99(@ ‘dveragerconidot aogd ” pefersad aokater cmtam’ttahgllet(measured by Sessile
e and wit ho

oropr@fiofyl GRENY PP AR Syl E Be At et hR ' bt Buftlh ek i aua

contact leises. cont act angle (nmeasured by SeSS|Ie Dr op
nmet hod), which is obtai ned by averagi ng neasurenents
of at least three individual contact |enses. A variety

_OfAN@ﬁéﬁt@@eﬁa(ﬂ@@ebeamBédsé@’foséta’gzlﬁboﬁw&t R@bed, @tHRBrg for example,
Vi al §, | ster

_including for exa ickages or ,
V'a'se*aiﬁf%’%’?ﬂ%s of ﬁqwggﬂ‘téu'l”aﬂam%’@rc% -faligd Eﬂ%@f 8@ iﬁa%%fg"é%'de'y
usedXbEtheisttithye uﬁ@dls[?@rﬁsm@@f t5& @bAEEt IaRsksdTeReAS! the tmétetr B&ckage for

contact |enses ypically, the blister package

storing 3nq A§PLFNLR spiActiens 'BClli'@‘?ﬁ etniqciar- mqlﬁqdlmggerg]pformed plastic
basd pHrfSH |h9(5PPHf%|t iAgd n%ldé&@é\}"t?f\lmdmg smréﬁﬂde@ WOLHQE\F]&IH@ planar

i'ncor CaV|tg I's surrounded
flanggrabeut e vy p ﬁt@e Iga‘gpyaﬂ'he plastic base portlon is made of plastic materlal A

flexible cover sheet is adhered to the surface of the flange so as to seal or enclose the
cavity in a generally liquid-tight mode. Within the cavity of the base portion, a contact lens is

immersed in a sterile aqueous solution, such as an isotonic saline solution.

In accordance with the present invention, packaging solutions can be prepared in a
variety of ways. Preferably, a packaging solution can be formed by dissolving a coating
material (e.g., crosslinking agents and optionally chitosan). The concentration of the coating
material in a solution can generally vary depending on the particular materials being utilized,
the desired coating thickness, and a number of other factors. It may be typical to formulate
a relatively dilute aqueous solution of a coating material. For example, a coating material
concentration can be between about 0.0001% to about 0.25% by weight, between about
0.005% to about 0.10% by weight, or between about 0.01% to about 0.05% by weight.
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fl ange about the rimof the cavity. The plastic base
portion is made of plastic nmaterial. A flexible cover
WG b@en9i7se adhered to the surface of the flangePCDER®0%/650646

seal or enclose the cavity in a generally liquid-tight
node. Wthin the cavity of the base portion, a contact
lens is immersed in a sterile aqueous solution, such
as an isotonic saline solution. In accordance with the
present invention, packaging solutions can be prepared
in a variety of ways. Prefer@bly, a packagi ng sol ution
can be forned by dissolving a coating material (e.g.,
crosslinking agents and optionally chitosan). The

c0|rh0cﬁaérrt@ta|t@m\/a¢fou§ BRarce@tistG oTBeédatihg,] Juch a8 @hibkrie@B, the
can general|ly vary dependi ng on the partijcul ar

moleg@lepPeightofiihe ﬁ@atmgu matedgys C@ﬂ@edég?ql el Raptiguiasgas the molecular
weig hhgwﬁ@a%%d ﬂ@%oétlﬁbuﬂmz%eééfgéﬂeh&l[’ylrﬁ@%éé%s It may be

typical to fornulate a relative di | ute aqueous
sol R Pafkaginggokyan iPrRjepRtyeGoNEIns ¢6wﬁ@mme@t TaedwHeringagents

mam'fﬁ?ﬁ B1d @Ji Fe‘?é}‘éSIE}tlﬁ Fﬁe' d%!%w@é‘?ar%% ﬁ)‘?%%ﬁﬁﬁleamoap cﬁ)&%éa(}f?taeceptable
to

about 5% b I ght, between about 0. 005/o
range om@mtgbomk@ éﬁ@ ab@wt Ttnieferabiborivesn 6540t /b, #yenmaye psserably

betwgﬁré W?otgﬁdﬁ ;Rnyp Rr‘fjcﬁ/@ ?ﬂyﬂbl%ﬁlca%dnﬁlbmc uf'g érﬁt;b %ﬁ? 8E used.
Suitaple bifteriogagenty ase erristilusntaiith® eadiagingosolution@aceridngl tathe
mverf{ﬁ) C'?(? kr%dlﬁ ﬁ)utjhg gleil&'ngslﬂﬁleb T fhgcar %§§rﬂgle& ng?e %%m: |9 borates e.g.

ness gener I'ncreases. i'ng <8
sodiypn eébextawitsic acid} rairatss 2e.9uidtagsiumg cmgmwblcaﬁﬂmamsf égr smiym

t i {

oica PRl PR PRAG b B et NE S DL R e P el Rppmoe. TRIS
(trls(lgﬁngﬁ/nﬁthjlyaﬁﬂmababﬁne@ S-bts(ﬂ-amrukye'fhﬂ),anﬁxn@QQm;abmeGetréyl)-1 ,3-

et ven re t .
propggpaidl s AT deidls. TisTRRRLT g ag S YR a2
amlnbéfhfaﬁéé,mlf@m@%IH)SBE?m hXEBIQ]gﬂeItd}I/qdr&byethgfblzearhmfoéﬂfahégjlfonic acid),

a constiltuen (0] e a a (0] | ON

HEP BB aroR Y IE |PIRRERn AP Anss R F o MRS oA oo
morp?ﬂéhﬂmd)@ﬁﬁahé‘mﬂfbﬁw%ﬂd) NI RETH-BEMd tho|mr¢r§péﬁélsd|forh>@5a@ §9PES

(bipagiA RS NHR R SR ES IS iscAdIn B8 AN By Ry Imethyl-2-

amm@bﬁ%ﬁ@%&ﬁ:dac@mmﬂ% thatb 6 The GRrddnt NaZidh GheNaddarithat

amoyntmesespaay @@m@"{q@yg @,ﬁqhmymgmaq;l@red pH. Typically, it is present in an
amodritdr FoAr @Mﬁf‘%’féf@% s yc’frcﬁgbweyr YN WA Pé’tr{;?reférab%gé%m about

propanedi 0 bis-a trlet ano
0. 05%N0(aZJOHWB@%yMWW9DL - am noet hanesul foni c acid), BES

(NrdE Bhxagm%diuesy ardthaaiedTh 1081 HARe IR Sea&i@ic with the

lachrymal fluid. A solution which is isotonic with the lachrymal fluid is generally understood
to be a solution whose concentration corresponds to the concentration of a 0.9% sodium
chloride solution.

The isotonicity with the lachrymal fluid, or even another desired tonicity, may be
adjusted by adding organic or inorganic substances which affect the tonicity. Suitable
occularly acceptable tonicity agents include, but are not limited to sodium chloride,
potassium chloride, glycerol, sorbitol, xylitol, mannitol, propylene glycol, polyethylene glycol
(PEG) with a molecular weight of about 400 Dalton or less, and mixtures thereof. The

tonicity of the solution is typically adjusted to be in the range from about 200 to about
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HEPES (4-(2- hydroxyet hyl) - 1-pi perazi neet hanesul f oni c
acid), MES (2-(Nnorpholino) ethanesulfonic acid), MOPS
w@a2qoblosare@hol i no] - propanesul foni ¢ aci d, Pl PES PCT/EP2009/050646

(pi perazi ne-N, N - bi s(2-et hanesul fonic acid), TES
(N-[Tris(hydroxynet hyl ) nmet hyl ] -2- am noet hanesul fonic
acid), and salts thereof. The anpunt of each buffer
agent is that anmount necessary to be effective in
achieving a desired pH Typi caI ly, it is present in an
anount of from0.001%to 2% 9preferably from0.01%to
1% nost preferably from about 0.05%to about 0.30% by
wei ght. The packagi ng solution are formulated in such

450 @hilNgayhol hﬁ@sw:%‘ef@fa%ly fBéth @Bb Gt 200tth 4650 end s hsrefedbly frointhbout 250
A sol ution ich is isotonic with the lachrymal fluid

to 350gnggRer al | y understood to be a sol uti on whose
concentration corresponds to the concentration of a
0. 9% sodi um chl oride solution. The isotonicity with .

In orderdo icagmpbyt therequiremant el @erigysteriEesyesiiacding cbiviediierpedical

artlclthhbaeC9@L HRERS R¥ofdi B tPsq83hE ||f5f th8 PFEdAt fvention is
subst ances which affecCt the tonicity. Suitable

prefagatly Calirieg odtesing tibdtina ratiods o= ég@lnut@SJ prefeietly obufl meipete, more

S c I
prefeg?ﬁ%gt 5135%%8(?@ A WH\%r lt&lng%r’ tﬁé%tlnﬁ%{aﬁ?cﬂ rlrrjrg%ﬁg ugéd %ﬁhout
detri@leytabbffeqwI&Hahlyl%@4@llop¢nols ArCHG) exantie, aatmmwec‘lu IoafZ -propanol,

| d tu
espef U Blapnomfl & HEn PRTE it S e miti ot M6 P Moys PGS pove-
ment’rlﬂ1ed312€d4 él@ortws lObnteh:ﬁng mgﬁorhé&aalaabm@ walR@ CtzOC@é]@(bHoﬁi;Oswtably
mllio é erably from about 200 to

perfor‘i@@%“”ﬂ%‘?"@ ] %P”ij'BFﬁ Q'b%tLﬁ'e tegrss “Wcierﬂenij'ﬁgé?n”d@? solvent

and é@tr@%ﬂ?ﬂldﬂléﬂs‘llﬁoﬁ@ﬁ%dr%’éi'u%@HrEFer e&ém?féoétterﬁb!@rlaﬁlré bf®&m 10 to 90
contactin i omedi cal artic

°C, qﬁe@@lyacpfd‘@%[w &@Jﬁapﬁ@em@logg@dglsmrt&q@rly|p)“efg|freq! fpeuse ethanol at

a terPESEA of fFBﬁ@%‘*@fb 3@0%\%@ 8t YerAdt iedmfidte &Stbrl‘ﬂe 2-propanol at
treating periods of < 5 mnutes, preferably of

a terppaigiuee offtane 6Breffabl gvenp timgopesiof g1 <10 mmwees,pema"y over <1
minuitjé?nger treating periods nay be used w thout
etrinental effects. Suitable C2-C4-al cohols are, for
exanpl e, ethanol, 1- or 2-propanol, especially

The 9r§ Q@qulsolu![ 6r% h&t@é)é@ed?n@ﬁ] : onedlhggH%él ﬂ%ﬂ}fi&%noafqugg\@s solution
havur@mpaomiuegn ttheeranige vk 8iSctal6. @relspectldly\mftmmn%.&e 648. &lhitosais of

diverss d?%b)lr'etezs"%kv Xeacetylation and purities may be used.

As a crosslinking agent in steps (d and iv) of the invention may serve a natural crosslinking
agent such as genipin or a multialdehyde having two or more aldehyde groups or
formaldehyde. Preferred multialdehydes are dialdehydes, in particular aliphatic C,-C4o-
dialdehydes. Particularly preferred C,-Cqo-dialdehydes are, for example, glyoxal,
malondialdehyde and glutardialdhyde. Particularly preferred crosslinking agents are
glutardialdehyde, formaldehyde and genipin. Most preferably the crosslinking agent is
glutardialdehyde or formaldehyde.

Genipin is an iridoid glycoside present in fruits (Gardenia jasmindides Ellis). It may be
obtained from the parent compound geniposide, which may be isolated from natural

sources as described elsewhere. Genipin, the aglycone of geniposide, may be prepared
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performed under ambient conditions or at el evated
t enper at ure dependi ng on the solvent and on the
w@asoviogatk@r silicone hydrogel used. For exanplBCT/BP2009/050646
tenperature of from10 to 90 C, preferably of from 15C
to 75C is enployed. It is particularly preferred to
use ethanol at a tenperature of from 15C to 30 C over
atime period of <1 mnute or to use 2-propanol at a
tenperature of from60 Cto 75C over a tine period of
10 minutes, especially over@-1 ninute. The chitosan
sol ution of steps (c and iii) of the invention
preferably is an aqueous solution having a pH value in

fromttﬁ'@laft@ﬂl‘j}ﬁoﬁiﬁat@n&oﬂdﬂve@ By re@ﬁ(ﬂ%ﬁla@kﬂdydﬂﬂdysf ig ®ByerZyitic hydrolysis.
Chi t osans of diverse deqrees of deacet Iat| on and

A'terB%HVle{y’ EACERIG, 9grupin sray. benpregare sy aihegalin gNafy esh configueation of

geniif, m,cgtéﬁéb.s@ﬁeﬁ BemixE8 13k bRFe JRYN T bV §erfloiR Y 18 used as a
crosslinking agent such as genipin or a multial dehyde

mosﬂ@&mﬁgquﬂﬂtd@aﬁ%Y@?Qﬂed€WV6épgﬁ@ﬂb@v%ﬂ“QFornaldehyde
Preferred nmul ti al dehydes are di al dehydes, in
particular aliphatic C2-CG 0- dial dehydes.
“Congzgting'doistapsybiodd Hin tleeipogedire d od (i faidihyude rapeedufeoll of the

inverg?f)ﬂrméc)?tl’) +o\6ﬂﬁfﬁge}? erregm?}% d;ﬁ' %%e?ﬂgo@r# &raged'F@P g)@ﬁqﬁe the

I ng agen S are
biomgHigalearti¢la isdetmateed indhertreatarend eolatieh, ge Hiegreatmbistolution is

depog[t&i &h ?rrr% gokgglcglra%t?e(ﬁé s@#éc!’égfo?%‘;?%f)lébbgdgkﬁ é&%gﬁgy&%tmg,

spre@dieg grouring) rblmmg besgiCaoatagi aprjaalsmondardieslaﬂﬂr dlps)ng betngmagferred.

e REBRPHI5on @l & eABbT o BRR Rt BEMBRE) fps °"

el sewhere. Genipin, the aglycone of geni p03| de may be
preparedfromthe | atter by oxidation foll owed
The ?'étélf:ﬂé‘l"r‘@ﬁr%%s Hﬂ/ﬁ%l(%)si” @WFOWU@%WM inéhwmcewr@.'bof the

procédd (ﬁrtﬁ@tn'v&%dﬁ is Ra?éf&@bﬁl tQa‘ﬁ*ﬂjf&aered"@&’t % tBBBANEE of = 100°C for a
synt het i cal g tural con uration of geni %én, any
on

time @@@%@f e S arinyiex tagkoubp h@ﬂ@r Hds Byheylaropreipsigiddp gchieve
cros%#gte Wé&gclggﬂgaﬂﬂ?ﬁ} {9KERG Cion Q%Wmn ldasg8hdance

e pre I nventi on. tacting”™ in steps (b)
to (d) in the procedure I or (ii) to (iii) in the
procedure Il of the invention nay be acconpli shed
according to processes known per se. For exanple, the
Thushirooresdérobddimeti, theeinventionmelatesdo arprodess foremiatimgna medical article

aCCO§Oq {ol porQCeO%rre}grql,t reatment solution is

wherein procedure | comprises the steps of:

(a) providing an uncoated medical article , wherein the article comprises a hydrophobic bulk
material made of a silicone hydrogel containg carboxylic acid groups;

(b) contacting the medical article with a C»-C4 alcohol selected from the group consisting of
ethanol, 1-propanol and 2-propanol at a temperature of from15°C to 75°C for a time period
of £ 5 minutes;

(c) contacting the medical article treated in step (b) with a solution comprising chitosan
having a pH value in the range of 5.8-6.3 to form a non-covalently attached coating of
chitosan on the medical article;

(d) contacting the medical article with the chitosan coating in a lens package containing a

packaging solution comprising a crosslinking agent selected from the group consisting of
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deposited on the bionedical article surface, for
exanpl e, by dipping, spraying, printing, spreading,
w@oamwiosag2e rol 1 ing or spin coating, spraying orPCI/EP2009/050646
particul arly di pping being preferred. The treatnent
sol ution can be a packagi ng solution for the
bi onedi cal article. The autoclaving process of step
(e) in the procedure | or (v) in the procedure Il of
the process of the invention is preferably being
carried out at a tenperaturédlof 100 C for a tine
period of about 15 mnutes to about 5 hours. It is
particularly preferred to achieve cross-1linking by

quta?dléI@@h)ﬁ)\él fgmaldehyds éﬁd Q&Qplﬁ: A4y about 15 nin to about
in one enb the invention relates to

(e) %’t?ﬁl%’é&%a"f' B?C‘i?éﬁt"‘f”i‘?dh%”}?Qﬂ%akﬁ]t'c'ﬁﬂnfjé'i“’ep%m hlvipretgerein.

whe:’@l’notﬁé‘éHft(%ah Phtitd bheVm@dl@I RrtRIOiS %@Vél@nﬂy éh%ﬁéd ﬁ@éungﬁe
steso %Q rOVI |n an uncoated nedical arti
€

crossipkingiagente e barbpelie GRIgrareERs an g dRestirRdBItisIepriece, wherein the
resulfdt ?d’e'dﬂial gRde hg:fs a%y%i'rédh‘ﬂf&ﬁ;? chardERasdd GPE Qvé?’gge Wa’fer contact

car boxyli ¢ aci d groups contacting the medi ca
angle\pf akgud Bllidepregs ©plesa, al cohol sel ected fromthe group

LSt -g%ﬁ@ takcrOpanol and 2-propanol at a
whe@@@@?ﬁuﬁgg%?ﬁlm gétegpg 5C for atinme period of < 5
(i) previdinges) urieoptesionedicalianipie, ivéhengiditeadrticletconipgses @ ayddphabic bulk
: it [ . Y chi havi ng a
PR bl 5 e SRR 4 e
(i) cootectmytieentdigal attickohigda ﬂ}&iairg)hofs&tédtd;dnﬁam toe gtdue consisting of
nt.actin | cl e

dj cal [ I
ethail |5 iinaR el PR Eaa Age R e Rk Sote kG fimg period
of < &inmpat&sigi ng sol ution conprising a crossllnklng agent
(iii) (Ppglroﬁaliym n%l&maerag %j |c?%ﬁ'|8ast%gnr9§[ gl Ut an%oqllét%en omprlsmg
chitop@€ Kél\ﬂﬁg wipHWdlleinree rfide c1519-613&0 &dteh & h@n@@@d{emg attached
i.on therein, mhereln the chitosan coating the

sol
CO?‘“H@G’FE@ fosgp oD dhemedicalrislent | y attached through the
(iv) @dr%(ﬁlhg% Ehtad BHs tFe%técﬂﬂ s@@d(\%w&téﬁ (uﬁ}%hd (i9) iAWAEn®Package

the nedical article surface erein the resultant
contaipinp @frackaqing ﬁ@umccanwmﬁhhoﬁ%awa SHSBUKING 79854 S%‘?Cted from

the PYSHSRERg WRYIBlarGSRERYde, AtHaRIcRldABWbedPindsey ees or

(v) au(teosc?éving said package with the medical article and the packing solution therein
thereby forming a covalently attached coating resulting from the reaction of the chitosan
with the carboxylic acid groups on the medical article surface in the presence of the
crosslinking agent, wherein the resultant medical article has a hydrophilicity characterized

by an average water contact angle of about 80 degrees or less.

According to the process of the invention, biomedical articles, in particular ophthalmic
articles, are obtained that have a variety of unexpected advantages over those of the prior
art, which make those articles very suitable for practical purposes, e.g. as contact lens for
extended wear. For example, they do have a high surface wettability and lubricity. This can
be demonstrated, for example, by the finger tip test showing a very slippery article surface;
or by visual inspection; or by suitable contact angle measurements. For example, sessile

drop static contact angles of coated and non-coated lenses are determined with a DSA 10
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wherei n procedure Il conprises the steps of : (i)
provi di ng an uncoated nedical article, wherein the
wa@edwodE2conpri ses a hydrophobi ¢ bul k mat eri al PaBER200$/050646
a silicone hydrogel containg carboxylic acid groups;
(ii) contacting the nedical article wwth a C2-C4
al cohol selected fromthe group consisting of ethanol,
1- propanol and 2-propanol at a tenperature of fronl5C
to 75C for a tine period of <5 mnutes; (iii)
optional ly contacting the médical artlcle treated in
step (ii) with a solution conprising chitosan having a
pH value in the range of 5.8-6.3 to forma

drop@ﬂﬁp&@r\{zﬂi@@h@’erﬁﬁ%ﬁﬂh@ﬂs Rx@ks GentM, HEmBUR§,aBer@aint N&Vhile
dical article; (iv) contactin t he contact | ens

U”COE‘Feé’a?t"é?@”lr\?’{d%lgéb“{"i 39t lefses tregenerd ayga \vater YontﬁCté‘”lg@r@ 90 to
100°RAGKBEE CPTHABR AIGoRIiRAGKAE pRZSPbUhE meﬁ%mglg.sm&wmy reduces
chitosan and a crosslinking agent selected fromt
said yalgaph &biher &dl fag assesgingtthe aveareayddy of @ﬁﬁ&ﬁa%%mﬁﬁd
obtaﬂ@ﬁlb%‘c@ord%qo (tIYe) pr%Héé%%fQNé W\ge%nqs %5@% Eﬁ\!‘a&l@d%@bsorptlon test
nmedi cal artficle and the packing solution there
as desgabedhelpyrimthegbxaneienseationy attached coating
resulting fromthe reaction of the chitosan with the
carboxylic acid groups on the nedical article surface
It is panticuterlymuewisingethaf the Iserfeseoisedtineki a@:oe@@to thedpeasenhinvérdion in
generﬁ?ﬁlgétﬂg{r a 2l egh%?lrgﬁérgééébgthg%ﬁd%ﬂ El'é:ltbugén%%eriglf While prior art
coatiag@tﬂce@ﬁb&j@‘gammcbamble%opeﬁlm@hraag ttamspehrenw mwmﬁbility,

the i nven i onmedi r1| cl es
oxyaBipha i L B el 0T ERRr Bk Refitirkfe RaaEty B  gogjact ens).
said phranredarpecd ack cﬁd}lm’a‘sag}(ﬁ&gwfmanﬂw@f&&:t@f by the Potess dditte invention.
whi ch make those articles very suitable for practical
pur poses, e.g. as contact lens for extended wear. For

The @x;@idiﬂls QiscloBen v ehabie ope RbGRg StdihAg ekimet thakir totpyadiad the
Thi s can nstrated, for exa

| ubrjcity. b le, b

invertion. i Qfﬁéfrtotbleﬁe't %'?tb'es\i‘s\/(ﬁ?r%réo yadsrstepd spesitic %P?@W@th and the
advahtHged eRre & rdidreMis ththe FORMATY @Mpl&Y isRyig§etté@bl e

contact angl e neasurenents. For exanple, sessile drop

static contact angles of coated and non-coated |enses
ExarfpI6s determ ned with a DSA 10drop shape anal ysis system

fromKrss (Krss GrbH, Hanburg, Germany). Wile

uncoated silicon hydrogel contact |enses in genera

ExarRdt¥ 9 : Broftfion HP i3k kilidB9 h6drBhei¥ntaRt lens comprising copolymerized

acrylc acid moieties in the lens bulk material

(a) Preparation of PDMS crosslinker |

In a 4-L beaker, 24.13 g of Na,CO; , 80 g of NaCl and 1.52 kg of deionized water are mixed
to dissolve. In a separate 4-L beaker, 700 g of bis-3-aminopropyl-polydimethylsiloxane
(Shin-Etsu, MW ca. 11500) are dissolved in 1000 g of hexane. A 4-L reactor is equipped
with overhead stirring with turbine agitator and a 250-mL addition funnel with micro-flow
controller. The two solutions are then charged to the reactor, and mixed for 15 minutes with
heavy agitation to produce an emulsion. 14.5 g of acryloyl chloride are dissolved in 100 mL
of hexane and charged to the addition funnel. The acryloyl chloride solution is added

dropwise to the emulsion under heavy agitation over one hour. The emulsion is stirred for
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100 or above, a treatnent according to the process of
the invention significantly reduces said value. A

wao poovloea72¢ ool for assessing the superior qualipgr/@P200$1650646
surface coatings obtainable according to the process
of the invention is the Sudan Bl ack dye absorption
test as descri bed below in the Exanples section. It is
particularly surprising that the surface treatnent
according to the present invention in general does not
affect the properties of the3umnderlying organic bulk
material. Wiile prior art coating processes often
affect article properties such as transparency, ion

30 nﬂﬁﬁéﬁa@bbémbllétloroéSMQQ%d&lﬁl@lﬁléﬁdj &sentagjuttawn is\Wdpled GPIAtted bRases are
or device geonetry di aneter of a contact | ens

allowegity SB@WQF?BQV(?F@Q% Eh‘ﬁéﬂu%ﬂusé{haﬁ%ﬁs‘{ecﬁﬁiedﬁnaﬁm P'Egé‘ﬁtcl gpase is

wasHdf t@rde8mtHoy nﬁﬁ@rerszqq%gso@ 5%%@%&%@@% wme 'nfeederM§ phase
di scl osure will enab one having ordinary skil

is themgriagh qver mﬁgﬁgﬁpmc%llf@Wef'IFQﬁe@m 1-8m exclysigraang @obgqrttr@lted ona
rotar? %@Q&&at‘bp erHeSa8fting &I id '?We?b@ﬂﬁeosﬁﬁﬁlbﬁ 'v%cﬁlmeﬂ) rfgel%tc%nstant

he advantages thereof, reference to th
Welgbkénplye@ of ﬁlesr@g@ém @@du@{ca/rfmaégn Fvgalsl k145 mﬁnémfrcéﬁG dﬁuble
fLf a soft silicon hvdrogel contact |ens conprising
copol yneri zed acrylc acid noieties in the I ens bul k
material (a) Preparation of PDMS crosslinker | In a

(b) Pﬁ%o%ég%gko%m&’éaﬂoés@mg Na2C08 , 80 g of NaCl and 1.52

el onl ze are mxed to dissolve. In a
In a $bpmaker 64-78 QO@‘ENIGQCQs,?&IDg of §&CI and 1.52 kg of deionized water are mixed

o i ETAFPBIQ, BEBIYCTT DR GBS Tk e
(Shin-Esat BIW £s. 4500) preedissulved iov000gad hexdrer AL weddtor is equipped with
overhgae et Bibbe BRES: den P Pt RGN Btp fafre-fow

contioér. Jrél tw®sdleorisers tdn, chafgkdnoXiesirdaetor, 1:51dﬂ”hl9(l96 € 18 hidutes with
heayy agitation to produce an enul sion.

hea"é{@tgi}%/t&ﬂ OPRPBIE R ePUsiansKep ¢ aPW'OIb@"?F@edF d%é%'&ﬁ%'” 100 mL of

hexaaedma RAaGRE tb el &RIitRMGUH AT HEUIRbyI cﬁrbeida%mh@wls added dropwise
hl ori de solution i s added dropw se to the emul si on

to th% REWISIHERAET B8R YYA9IIGHOD O Oﬁﬁé‘OHbJﬁ‘e el‘mls'@w irgf Tprs30 minutes

on cé%bl%ﬁ&'dofftﬂé 38dibRNYh& hePhgratioh i%ts‘thberanHriﬁe ARk P8 allowed to
and t hen agll_tatl on is stopped and the phases are

sepagate oediaht Herauspes Bhasens greantathancytgcasganip Rhase issvashed twice
with 4GGRA0FES 2HHg bM8 597 R301 GisdUMRREn Witer. The organic phase is then dried

over magnesium sulfate, filtered to 1.0 ym exclusion, and concentrated on a rotary
evaporator. The resulting oil is further purified by high-vacuum drying to constant weight.

Analysis of the resulting product by titration reveals 0.435 mEqg/g of C=C double bonds.

(c) Preparation of the crosslinkable copolymer

A 2-L jacketed reactor is equipped with a heating/chilling loop, septum inlet adapter, reflux
condenser with Ny-inlet adapter, and overhead stirring. A solution is generated by dissolving
48.76 g of PDMS crosslinker | produced by the procedure described in section (a) and
17.71 g of PDMS crosslinker Il produced by the procedure described in section (b) in 150 g

of 1-propanol. This solution is charged to the reactor and cooled to 8°C. The solution is
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washed twice with a mxture of 2.0 kg of 2.5% NaCl
di ssolved in water. The organic phase is then dried
woy@v/osEgnesi um sul fate, filtered to 1.0 mm exed VEPDNYG/050646
and concentrated on a rotary evaporator. The resulting
oil is further purified by high-vacuumdrying to
constant weight. Analysis of the resulting product by
titration reveals 0.175 nkEq/g of C=C doubl e bonds. (b)
Preparati on of PDVS crosslinker Il In a 4-L beaker, 6
1.73 g of Na2CO3, 80 g of Ndd- and 1.52 kg of
dei oni zed water are m xed to dissolve. In a separate
4-L beaker, 700 g of

degaRk&d By amdm@ﬂmg)wbsmlaw MBENNbRIiNgeRXaburh it 1r5 rﬁhates AW then
ca. 4500) are dissolved in 1000 g of hexane.

- L
re-prEsEiEne With &y nitinsen: i ACIRAR'A re {s "epe#igd ngrtahtotal of 5 times.
In a §4PaPAtBS00 T ﬂés@req@ﬂ)%eé mﬁtﬁ%&@ne"ﬂg @hr‘hh@ Rinf lé%%hurWllﬁIBt adapter with

mcro-flow controller. The two solutions are

valves ety f ¢¥5taaming é#&@@tﬂorlmerﬁ's&@bvefim 3@@%%01’@@%@' Hn another
500 REQI\%k éﬁlhlb%d \Qf?h kg Hélgpds;lﬁt@ngaéh \'/Ebluﬁfnqmet §@apﬁ?}r9m9f valve,

acry oride I's solve exane an

SOtha?f@@cﬁ?’t oot erayaihny| aiylaignindA) amﬁ@ ’bﬂc@ 9f ayYlicatibriAdare
dlsso?\%ouih'%ﬁ nHE*o@PB%%gHﬁ%V\A tfl%slﬁ i%‘?m%ﬂw eb‘r@% gr?)?Q\YB'N are

tation over our e enu |rred
dlssmBOhm &0 esofdrpropamal cAll ﬂaneecﬁoltutrmsamjdegamedxmce hysnvacuatlon to 60

. . : h
meaf ] BRubh B SRR g i BP0l ane
Undérteepasitiyariioa qﬂmas:@ehsthmezhr&cr it wpemedvridhtha cystetmine hyfdrochlonde

i ssol.ved i n wat e or

HEARIS a8 ATV RaRPS Ele QORI T et sfiingldlo P 2Rk oactor s
degdseed by evaouared tvtslesmthaaminBamm&hhdldihgﬂ)r(ﬂlmmutest Etreyi re-pressurizing

.., evapor at or . e resultin is furthe uri
with GRS 2 Blanoh Ry HESeSs naisRa e Reidimed” Rndrsrcias el peated to
68°CIC_@13MC dld Efgth&g@mg@tatm dngblf @itrbgeh wmvet?rhs% Q)r413510iIqul'Ee®éactlon

. ~( ou e onas. C reparatlon (0] t ro Lnkab
m'“%b%ﬁ’?ﬂér@”ﬂeﬂeﬂ tQ a@aé& e Y%‘H%ﬁt”ﬁ’%edeﬁilﬁ% i%éafﬁn [MBAr @n a rotary
evapdRAbl t0gémbld hipwodn@pwtesm@tfwm 500! £bf ﬁg@@bﬁél aré edrhébed, 500 g of

condenser with N2-inlet adapter, and overh

ad
wates aier3qdeg slowly with 6t '%‘ﬁglt%cr@@F?eﬁ"h?'@Hlsw Eh%ngkﬂ%gs Hgnfgrther
strlp&eoo(ﬁf (= E‘M@aﬁél%ﬁﬂ I0KE b dlstnl%\%dé’rﬁ%llwed %0% SORAY e again added

descrii in section (a)

backde tresemHigion. amd mlwﬁ@é@hweﬂﬁéorﬁméégém@@le@b%&malB@a gi qf distillate.
The nce%ﬁﬁlhg'én{umod R tHetPaifited to 2.0 kg.

This emulsion is then charged to a 2-L reactor equipped with overhead stirring, refrigeration
loop, thermometer, and the pH meter and dispensing tip of a Metrohm Model 718 STAT
Titrino. The reaction mixture is then cooled to 1°C. 1.5 g of NaHCOj; are charged to the
emulsion and stirred to dissolve. The Titrino is set to maintain pH at 9.5 by intermittent
addition of 15% sodium hydroxide solution. 6.2 mL of acryloyl chloride are then added over
one hour using a syringe pump. The emulsion is stirred for another hour, then the Titrino is
set to neutralize the reaction mixture by addition of a 15% solution of hydrochloric acid. The
emulsion is then drained from the reactor, diluted to 3.5 L and filtered to 16 ym exclusion.
The emulsion is purified by diafiltration (nominal molecular weight cut-off, 10,000D) with
deionized water until the permeate conductance is below 2.5 uyS/cm, and the polymer is

isolated by lyophilization.
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of 1-propanol. This solution is charged to the reactor
and cooled to 8C. The solution isdegassed by
weyaogdeeig to | ess than 5 nmBar, hol di ng at vaeCI/ERPI00%/050646

15 minutes, and then re-pressurizing with dry
nitrogen. This degas procedure is repeated for a total
of 5tines. In a separate 500 m. flask equi pped with
magnetic stirring and a vacuuminlet adapter with
val ve, 1.93 g of cysteam ne hydrochl oride are
di ssolved in 300 m. of 1- pr%anol I n another 500 m .
flask equi pped with magnetic stirring and vacuumi nl et
adapter with valve, a solution of 36.63 g of
hydroxyet hyl acrylate (HEA) and 2.14 g of acrylic acid
(AA) are dissol ved in 300 mM. of 1l-propanol. In a

(d) P(ema,r%tloppgggntag; %% |y equi pped, 0.35 g of AIBN are

15.78 g% leViSslyrhér fﬂ(ﬁpsﬂapqﬁ{ ate BIs9HRE@In apﬂréxn‘hﬂfe%ﬁprlnutdf @fb‘-iopanol
are degassed tw ce by evacuation to 60 nBar, hold

then gged wih flo? 9 5f FeanesYn sylieteanddiltedde d< 4um ﬁ&qlwgow\mlﬁg a fritted

glaséqfll’éerr‘)ig@nZSguﬁ%%rutl@n %95'6t1 V& itk Qv FéfCO\rﬂérBH Oﬂ@’ﬂ otf aelc(e solution of 2-

reactor IS opened t he cysteam ne E roc | ori
hydreyyad’ mdrcw@thﬂr%meﬁwmﬂw@wr@n@ (6 eRET-89%h Cibagpedalty
Cher‘ﬁcbl‘sh ltlzoéoq}eﬂga@(}thgﬁ:’thé Qcﬁ%ﬁoﬁ@%%cénﬁ 8% |5?/)éié;ht of 20.57g
evactiating to | ess ar and I ng
(70%salidses, then re-pr essurl zing with nitrogen. A total
of four degassing cycles are perfornmed. The reactor is
then heated to 68C and held at this tenperature under
The abdwedgmnula\ﬁidrhs sibed fa ¢H§t fensed &8s futlaws.. 20Dhreg D’éﬁnetfbmmulation are

dosefifth ielie oV G0 98T Sl el % bR 1B et Thenyradiated
for 18 ewmamulwam@lanlmh.t séircehatihg ahiintstsityQd 2g)10f1VV.|lerp? opanol

are renoved, 500 g of water are added slowy wth

stirring to create an enulsion. The enulsion is then

The aldsheé tinrdpeped, £d the PickpRAIOEs Which Iha¥@8 Ighsddttached are soaked in
er are agaln

distillate are collected of
a m'HHr@éH 8&94‘1:1%"'9@%'?@ %Qr% V@t%v/vaﬂgerg'ahﬁh? Iengen arglnged off the
moldé Mithi thid@divieat mRkUre Cthe rihddtiwicd00r 8 hed. edbﬁ;tnl ftésata@iquc'ﬁb%f
resul ting enul sion is then diluted to

'SOpr@H@ﬂ‘@/"\@t‘?rl ngixurRe T heHensge @re araipes. a@drtea%hwrat@ebhyw@tﬁrs'on in
delor\ﬂ'lzédngt‘é?rﬂ'%?%rémernrrln@gd tHr&& fi88 F&AnaR pLRPRater %3 .0 mL/lens).
thernoneter, and the pH neter and di spensing tip of a
Met r ohm I\/bdel 718 STAT Titrino. The reaction m xture
is then cooled to 1C. 1.5 g of NaHCC>3 are charged to
the enmul sion and stirred to dissolve. The Titrino is
Example 2t Braparationiaf apsidftsiliconé hydrogeitconteict leas beiad dievdidiof of
copom@rﬁzgg'cé'mow Q £ rﬂaeﬁ&A *rﬁf/th@ﬂ;ns%uﬁ( Mhteri@l aCryl oyl

Tt OrTde ar e then added

(a) Preparation of the crosslinkable copolymer

A 2-L jacketed reactor is equipped with a heating/chilling loop, reflux condenser, N,-
inlet/vacuum adapter, feeding tube adapter and overhead mechanical stirring. A solution is
generated by dissolving 90.00 g of PDMS crosslinker | prepared according to example 1(a)
and 30.00 g of PDMS crosslinker |l prepared according to example 1(b) in 480 g of 1-
propanol. This solution is charged to the reactor and cooled to 8°C. The solution is

degassed by evacuating to less than 15 mBar, holding at vacuum for 15 minutes, and then
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one hour using a syringe punp. The enulsion is stirred

for another hour, then the Titrino is set to
woewpngd7eze the reaction m xture by additi on OPCHERDIHH/050646

sol ution of hydrochloric acid. The enulsion is then

drained fromthe reactor, diluted to 3.5 L and

filtered to 16 mm exclusion. The enulsion is purified

by diafiltration (nom nal nol ecul ar wei ght cut-off,

10, 000D) with deionized water until the perneate

conductance is below 2.5 n8/'®m and the polymer is

i sol ated by |yophilization.(d) Preparation of contact

| enses 15.73 g of the polynmer fromstep A are

re- pr@Séiﬁlan\gG/ﬂthl d"fy@[mfg@?ﬂ Tré 8byas3#Bcdture Rfrepedtb® RRRObtal bhEBmes.
with 1.5 of magnesiumsulfate and filtered to

The EE??CF%MSeB@d@ H%i’%’n”‘ blapkey oRdyMiEeeA- gl ass filter. 312.25g
In a &dpasab whiien rﬁén&n@ﬂs&lﬁi@hI.édﬁreeal%drtg&ﬁm@ad5o § obdystedMhind

1% |
hydrw@%&? ﬁfy%le'x%tZﬁ?w-oiDrM/t« h {8 4B e dfifeARha64.5 g of 1-propanol.
This %blmﬁﬁe@d)w%ga'sﬁlatgn% Mﬂe@béﬂer@ﬁdnh%ﬁlagbe@'f@the reactor

, and t hen he solution is concentrat e
throutheadegﬁéul@ﬁtandeFZ& BTGP (WHh % 1y fadie pf 3.Fimel Amoyte. The reaction
l.atian.,i 08 GRS 200 ny
tomplefdifig € HANHILBUPRAE i ne AR TEmBRobE o fiour?
In a sasiodd flasi atfhedingbalstien is peerased by Tixingrd 1Sds ofeysteahime

hydrh&ﬁ&%‘eae}n%ds%oé %?1 S{) %ﬁatngl t:ﬁrls\% Ef:iﬁg.in(aﬁﬁﬁh Wa]g% a%qélﬁrocfﬁtgr paper.

an 1nced are 't
Wheo p;laasnméptomt&jnpéreturmre@ches 68°C, Whs sdlutavie siowledsseatintadhe ceactor

aked i m xture 80%.4 so anol . 20% wat,er.
throu¥fing OB ERa HREC Pl Par ety e FRARR T hep AERHARY S e°C for
an adWIﬁ(h'ldl Biheuss0 b @michmiesting Gas tisesntinuas @dd thid eectools elowed to cool

¢ hrj. ach in fresh aliquots of isopropanol/water
O ropmleMPEralUfie | enses are drai ned and then hydrated by

The idéﬁﬁdrsmmmrers ﬁ@msmrem@ ABdsRrand BippedrseivieAtdt 40°0s@ber vacuum on
ree tines for ﬁwpewae

3.0 m./ | ens). , ,
a rot@%aer‘faP@’ ator UPP'eWQPa@t ?f&ﬁ € remaiqd. gf NESeYHen wa% Hglewly mixed with
2000c@ Bt @GdnizNwadeivite rasy abithtioh. Az@médénr%wérﬂds furthBeredved until
acid noieties in the lens bulk material (a)

aboupP@Yfhe &f PYRPISTEMAE- PrERs INihKEPPIBI PEISEFS e Salutan gradually

beconfKRl &AUISIBACTIY rekaltifg HaRRRHisMUrifle @b GRAtFRGLIENbYdria D kD
| oop, reflux condenser, N2- inlet/vacuum adapter,

mo'%é‘éﬂWﬁ@ht qﬁ@ﬁaaqpb@meawal Ho @erHBeRlc FRRMHEANSEIS §¢|pWr3-51§.S/Cm .
This 'ém%@léht ils%bri ccharged to a 2-L reactor equipped with overhead stirring, refrigeration
loop, thermometer, and the pH meter and dispensing tip of a Metrohm Model 718 STAT
Titrino. The reaction mixture is then cooled to 1°C. 7.99 g of NaHCO; are charged to the
emulsion and stirred to dissolve. The Titrino is set to maintain pH at 9.5 by intermittent
addition of 15% sodium hydroxide solution. 11.59 mL of acryloyl chloride are then added
over one hour using a syringe pump. The emulsion is stirred for another hour, then the
Titrino is set to neutralize the reaction mixture by addition of a 15% solution of hydrochloric
acid. The product is purified by ultrafiltration again with 10 kD molecular weight cut-off
membrane until the permeate conductance is below 2.5 uyS/cm. The final macromonomer is

isolated by lypophilization.

(b) Preparation of contact lenses
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generated by dissolving 90.00 g of PDMS crosslinker |
prepared according to exanple 1(a) and 30.00 g of PDWVS
w@easshieker 1|1 prepared accordi ng to exanpl e BCDEP2009/050646
480 g of 1- propanol. This solution is charged to the
reactor and cooled to 8C. The solution is degassed by
evacuating to less than 15 nBar, hol ding at vacuum for
15 m nutes, and thenre-pressurizing with dry nitrogen.
This degas procedure is repeated for a total of 3
times. The reactor is held-ddder a blanket of dry
nitrogen. In a separate flask, a nononer solution is
prepared by m xing 1.50 g of cysteam ne hydrochl ori de,
18. 8@g%fﬂueqﬁolﬁh&l\bbtéﬁe@5’5ccﬁduﬁ thMéF (a)ldte ﬂ%sllv@a .rHﬁdigr@mhately 200

of 1-propanol. Thi ution is [tered with
mL o 1%?%%’1%&"5%’%@4 T@rcapéﬁérmtaé?ﬂi“ti%‘ﬁe'a@dé'&ﬂ filipregyfo 0.45 pm

exclUsRAC 69194 fyf@agtbraatdﬁag@:% 4Blids ABGeddVefedPUED3WY dith % fdoRiton of 2-
rate of . /mnute. The reaction t(gngerature is

hydrexyeth- hé’ﬁ@é%?téﬂ' Feetutrropipriengne dRGA{ REmg2ah éiba Baecialty

ChediRYfs) arlenao%leaeéiﬂﬁﬂe s'oﬁﬁli‘)n |sathfa§%9h6§31tr%@dl{5'aqrha| %rmulatlon having
prepared by mxing 4.5 g of cystean ne hydrochl oride

60%gatNs395. 5 g of 1- propanol and then filtering with

200 %Agtoﬂﬂ%rrﬁﬁ‘lgtlér{ érre%osggg%g p?lmz&?&%}%t) .%Sr?tﬁh%n m\?\Jd)? and the molds

nperature reaches ution Is slo
are afised dThemoldsiaee theadtradiatedfoutihs wite ad edfeayidet/ligPLOUpepaving an
2I- t t
mteng)‘cf)fgf § @Wlt%mongﬁ?e @%ﬁj%ua{rr(g IEhen opwﬂg hacrﬁj %%Hﬁgﬁﬁgnsese% aQe removed
fromdhesooidt hatvesd and t he reactor is allowed to cool to
roomtenperature. The reaction mixture is transferred
to a flask and stripped solvent at 40 C under vacuum
on a rot ary evaporator until 1000 g of sanple
i §olu |qn|s ten sI OV\A

surfa%@|aV@6§sl|h|$e(f¢j~rtbb@{ coRimgved unt|I about 2000 g of
mai n. Durin

this stri I ocess,
S"'C%an&dr el gonactdensps 63@8%59 &ﬂp%}% é%geéfﬁcry#ﬁ@qdég & feng bulk
matel?rat Srepavled iagcrdngfth @stam?slelﬂ(am{elulnhfeaééoqn iS9pREpatolr K®min at 75

.~ mlecul ar weight cut-off nmenbrane until the perneate
c a@%ﬁ@g&lrgﬁ%trargsfq;quotway AUFBHE 04 %T$RIdlionrR I8§|/‘oﬁeqc§tyt'4$§%

ch|to§£‘@fr9|%%r5t98@elI2(S|grﬁaeﬂﬁﬂ'l@ﬁ) AW fBEHirddtl N 0BYR B\hﬁg@%
stlrrlnﬁ refrigeration |oop, thernometer, and the

glutargigldeh Oﬂit@ﬁéﬁéﬁidﬂj’ an%thgﬂe%ewm@tﬁﬁdw&ﬂbﬂor 3Qm@m1r21 C,1
bar. :FIHé gﬂ)eﬂé’d e-ﬁg‘?ﬁ_lircn:ggﬁ atod | a\?rgl}éé(rj@/ehac‘blﬁ]tg%ﬂd %9@089”%8/ t\]—J&mg (with and

W|thout rubblng of the surface) as well as contact angle measurements and Sudan Black

staining test. The results are summarized in example 7, Table I.

Example 4: (comparision) Coating procedure without pretreatment in isopropanol

The coating procedure according to Example 3 is repeated, except that the immersion step

in isopropanol is omitted. The results are summarized in example 7, Table I.

Example 5: Preparation of a soft silicone hydrogel contact lens having attached to its

surface a crosslinked chitosan coating
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emul sion and stirred to dissolve. The Titrino is set
to maintain pHat 9.5 by intermttent addition of 15%
wa@ oavom7e dr oxi de solution. 11.59 m . of acrylpgi/EP2009/050646

chloride are then added over one hour using a syringe
punp. The enulsion is stirred for another hour, then
the Titrino is set to neutralize the reaction m xture
by addition of a 15% sol uti on of hydrochloric acid.
The product is purified by ultrafiltration again with
10 kD nol ecul ar wei ght cut ~dff- menmbrane until the
per neat e conductance is below 2.5 nS/cm The final
macronononer i s isolated by |ypophilization. (b)

SilicdtePaF @jel 66ntadt I@f@é%a\ﬁt‘hoblezﬂﬁﬁéﬂ@ gfstipd iwfhetdifk PaleyiaBprepared by
obt ai ned according to step are dissolved in

the meiRed Rt m'@Z@o@mﬁvbatsﬂ 'r‘leté?"c‘)?ié?fd mincghieentipRpe@tyrg and then

d.recﬂwramegea phah o%zulwfsblgnorv\@ﬂ &H% de@égﬂyléﬂehtcﬁﬁ&%nt(qy@agfe'ﬂ HCMF,

mm excl usi on. solution at” 26.53% solids are

Fa. Geanip) @t B 6. @lrggtg/ bOQ)wI o,ga]_%y fymatdehpdeygolygtion in phosphate buffered
salln?stédH@G gha-thY XY %F%ﬁto&a&@?ﬁfgyh@ﬁﬂpbpmeﬁoﬁ‘%ar
RGACURE( r) - 2959, Specialty Chemcal's) are
The epgtlésiarezanenroarized o) exaroplei7s Tebleh concentrated to a
final formulation having 60% solids. 200 ng of the
formul ati on are dosed into pol y(propyl ene) contact
| ens nolds and the nolds are closed. The nolds are

Exarﬁ §R. |3F %%t%h%(#afs%ﬁ sili%or?‘ .(}r Q: {a'i: Xé g\ﬁ Ht%ed to its

surfaaee drbssfiniogrbcididsamoohtinge cont act | enses are rermved
m t he, nol.d gal ve Prepa at

sitiode Wbt RN o s SR pn PR 7 L ¥l fbbrea by
the rS@Ihff)diOEe@nQﬂ@S&lre micebbtetint ek amoldoat mlhgatSbbrmdemﬁerature and then

arecllfoRtEra b £ 048 9 B BIIR:: RebaiaRo sh Gpsandvoagen HOWF.

Fa. casgthw) di pg 6. DwEKtWT’HjOeulbﬁ‘ d)5. 6% &l utamR g dé BoluSePinghasphate
mn C and t hen dlrectl%gytransferredt

for
bUﬁeé%%%Jlﬁ@ 1Ba %1 fheiliresrreaviraauetiopPamin ak it Gszl(r)PaF
from crab shell (Sigma-Aldrich) at pH 6.3. Directly
of a 5,8% gl utardial dehyde solution is added
The %H'tﬂt ffé uanezedieexamrle/aladlefor 30 min at 121 C 1
bar. The coated lens is investigated by visual

wettability and hydrophilicity testing (with and
Example 7: Surface characterization

(i) wettability
Qualitative assessment by visual inspection of the contact lens. The ranking is based on the
observation, how fast a film of the storage solution on the surface of the autoclaved contact

lens vanishes following the removal of the lens from the storage vial with tweezers.

0 = no wetting, i.e. no film on the surface, droplets at most
1 = slight or partial wetting; a film is present but tears more or less immediately (< 5 sec)

2 = good wetting; a film on the surface is present and is rather stable ( film tearing > 5 s)

(i) lubricity
Qualitative evaluation by contacting the lens surface with the finger tips.

0 = tacky or frictional surface
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wi t hout rubbing of the surface) as well as contact
angl e neasurenents and Sudan Bl ack staining test. The
w0 e@alovs2@r e summari zed in exanple 7, Tabl e | PCEEPIpY/ES0646
4: (conparision) Coating procedure w thout
pretreatnment in isopropanol The coating procedure
according to Exanple 3 is repeated, except that the
i mrersion step in isopropanol is omtted. The results
are summarized in exanple 7, Table | . Exanple 5:
Preparation of a soft silicd® hvdrogel contact |ens
having attached to its surface a crosslinked chitosan
coatingSilicone hydrogel contact |enses wthout any
1 = ih@férenSUPIARS With rédiRcbtd tickimdsenicitpr epar ed by the
met hod of exanple 2 are incubated 1n ethanol for 1 mn
2 = sipPen SHAR&hper at ure and then directly transferred into
a 0.04% sol uti on of 85% deacetyl ated chitosan (Hydagen
~ HCWMF, Fa. Cognis) at pH 6. Directly 100 mM of a 2%
(iii) wadpreentehy®@e sol uti on i n phosphate buffered saline is
The Ad&HeRRAt & PerbRRSESy MeSealerba hiihdWit? D8AM @brobZhape
C, 1 bar. The results are summari zed 1 n exanple 7,
analysithsystam fromxtaitips EnH. raspanuwith wueg wates Gfltkas suifaesrignsion 72.5
| ' : j :
N O RE R g hETAEES ERIRERAE 1 Db B 868 Rolution
with veaegers anidtdxoass stnsagesolutiogioepvied by igentrushakingt éhe abntact lens
. I r e re i ted. i
s pERRRE pite hAIEoRF ORBTon RS or D) BB AR <18k o cean
clothdAnvextéd dropletadbet Td)ds ithenad e .004Re &bk Wbk amifth@skange of the

con T BRGRAE! e i SR AT 1R RBL B B o
is calclladtosp&atokiibh eF #id FadH NeCA(® tadted and the | enses

are autoclaved for 30 mn at 121 C, 1 bar. The results

are sumari zed in exanple 7, Table | . Exanple 7:

Surface characterization (i) wettability Qualitative
~_assessnent by visual inspection of the contact |ens.
(iv) Spidan Biankidyg dbsorplieiEsén t he observation, how fast a

A 0.5 % Rf stds Bhek @ygse?éﬁ’t‘drﬁtié BRepRfed Wclji?é’dl\?iﬁ@ 8.5% of §i&an Black B

autoclaved contact |ens vanishes follow ng the renoval
(Aldrigh) pyrs nighidn 10Genct vitanye &reiigender alirring.thor messgament purposes, the

surface-treated lens is first of all autoclaved (30 min, 121°C) in 2 ml of an phosphate
buffered saline (pH 7.2) in a glass vial. The contact lens is then removed from the solution
with tweezers and gently shaken so that most of the surface water is removed. The lens is
then placed in the above prepared Sudan Black dye solution for 5 min. Thereafter the lens
is removed from the dye-bath, and the excess dye solution is rinsed off with warm water.
The lens is air-dried and assessed according to its degree of staining.

2 =no or almost no staining

1 = slight staining

0 = considerable staining

The values obtained with contact lenses as coated in Examples 2-6 and with the

corresponding uncoated contact lenses (control) are summarized in Table | below
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with tweezers and gently shaken so that nost of the
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t he above prepared Sudan Bl ack dye solution for 5 mn.
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the excess dye solution is rinsed off with warm water.

and

The lens is air-dried and assessed according to its
degree of staining.
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2 = no or alnpbst no staining 1 = slight staining 0 =
consi derabl e stai ning The val ues obtained with contact

wo ecvgps2726 coated in Exanples 2-6 and wi t h t hePCT/EP2009/050646
correspondi ng uncoated contact |enses (control) are
summari zed in Table | belowTlTable IClains 1. A process
for coating a nedical article according to procedure |
or I'l, wherein procedure | conprises the steps of: (a)
prOV|d|ng an uncoated nedical article , wherein the
article conprises a hydrophddic bul k material made of
a silicone hydrogel containing carboxylic acid groups;
(b) contacting the nmedical article with a C2-C4

Claiflscohol for a predeterm ned period of tine;, (c)

contacting the nedical article treated in step (b)
With a solution conprising chitosan to forma
non-coval ently attached coati ng of chitosan on the
medi cal article; (d) contacting the medical article

Wp?&etsgﬁ)r(‘cebﬁr’ﬁqsé‘%e%%F Li8elRcrdlngns F&%?Eﬁ%q SNt ai ni ng

a packagl ng sol ution conprising Cr oss |nk|ng agent
skeédret pockdaml tchmpgsenupestapsicdt i ng of ali phatic C2-C
lehydes [, ma & .an eni
AR50 g DBl TReAGLMTRen MBSl QpBaPrblies o pyprophobic
tblhle matslal ngxds of utslhcmnet Imfregen combeﬁng cnarbdwhc htitl gsaups;
art | t ached

rredl cg
BhsnbiiohhetreueeriaThg s TR 2 AT ek period of
@gheups on the nedlcal artlcle surface, wherein the
sul tant pedic article sah rophilicity
@&P%‘PE\?Q Hedn Ca&ﬁ”é?iﬁ‘e‘if%?é% Naier @dﬂ aacﬁo"éif?@lcé’”tﬂf's'”g chitosan
RIFOM 2 BndRYsIeREy étfach@é%oaﬂﬁ@&ff%hﬂ‘oéyn%ﬁﬂé meedidal article;
conprises the step provi di ng. an uncoat ed

(¥ dioptacting frledf‘%dw%@étfcﬁ W't'? H@ AYtesR eoipeit f dans package
Mlﬁ’lﬁg%kba%k@élhdf sﬂﬁﬁ&{ b(ﬂﬁpr{% Qlfosﬁln‘ﬁlnlg' a‘"g‘éﬂ?séﬂé’&é@ggr'n the

cont al ni ng car OX lic aci La& oups; I | cont act | ng
gretp sansislingias phohdlioler s haﬁ%rﬁ@'maﬂ yde and genipin; o

25 EARS IR J &M BEEKBE vRth the medical article and the packing solution therein,
wherein the chitosan coating the medical article is covalently attached through the
crosslinking agent to the carboxylic acid groups on the medical article surface, wherein
the resultant medical article has a hydrophilicity characterized by an average water
contact angle of about 80 degrees or less,

wherein procedure |l comprises the steps of :

(i) providing an uncoated medical article, wherein the article comprises a hydrophobic
bulk material made of a silicone hydrogel containing carboxylic acid groups;

(ii) contacting the medical article with a C,-C,4 alcohol for a predetermined period of
time;

(iii) optionally contacting the medical article treated in step (ii) with a solution
comprising chitosan to form a non-covalently attached coating of chitosan on the
medical article;

(iv) contacting the contact lens treated in step (ii) or step (ii) and (iii) in a lens package
containing a packaging solution comprising chitosan and a crosslinking agent selected
from the group consisting of aliphatic C,-C4-dialdehydes, formaldehyde and genipin;

and
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time;, (iii) optionally contacting the nedical article
treated in step (ii) with a solution conprising

w@hbiovosEee t 0 form a non-coval ently attached cortT/EB2009/050646

chitosan on the nedical article; (iv) contacting the
contact lens treated in step (ii) or step (ii) and
(iii) in a lens package contai ning a packagi ng

sol ution conprising chitosan and a crosslinking agent
sel ected fromthe group consisting of aliphatic

C2- G o- di al dehydes, fornal deddyde and geni pin; and(v)
aut ocl aving said package with the nedical article and
t he packing solution therein thereby formng a

@P\Gaksving &id padkade Q\ﬁtﬂtthél&eﬁ%é%rtltlégnnﬁ 'tt‘iéTpédkﬁwg solutlon therein
reaction of the chitosan with the carboxylic ac

Pty doraing Héo}ﬁ%%”th’aﬁttaéh?q' E@%‘”Q FPSUng frem FrF?ereﬁPfé%rb‘PféBe

itk A with @Stdrbdoiyne aag%%ups%qhé'ﬂbdﬁdéﬁaﬁlﬁ%@umeé in the presence
nmedi cal article has a drop |C|e&1y characteri zed by
K@

@(ﬁhgﬁ@sﬁwmﬂaﬁgﬁnt W@elth%%wéar@fn {artigle r@é@f@é’éoﬂf\”'c'ty
LB ScterzedbyRd SoPlatel Bbithd: anpf?ee(;f%'beutt élgc)j&jl’rggélsless.

conpri ses proc ure |, wherein the step
performad at a tenperature of from15C to 75C for a

?E)f 8% nffl vﬁheﬁ W fﬂ\ég)‘?écesg"%s th JBTS?% %’f' \A?rie%fmme step (b)

ecte romt e gr oup consi tI n
I&-pprfolpmvbdat aawmpzrqiwmrﬁr@m 1§iietosixCtitrea tihe tpegadh of < 5 minutes,

ér&aﬂn‘ ey ('%%294 a‘rflco?ﬁ |¥% fégtedl}rotr#& ri}g rtstls%ag]:ofgﬁf Pﬂlé1-propanol

ere n € Cross agen
ayrd)m-prcmansi wheregn 1) 5 @itu?.aarshhﬂloddrfaycmpH Veluedd thehyolge afifsl8-6.3,
f tEe §i eEOC ce4faom 1 rV\,herCelnttlhef
\8%885 SOOr?ﬁWé %GP Bl WHeP'HR COrEF e i s
gletatdisideldydat faambRighedeadnd gerdpinf rom 15C to 75C for a
time period of 5 mnutes, wherein the C2-C4 al cohol
is selected fromthe group consisting of ethanol,

ThePpropessods chinél 12mmem®raml promrwmn&&epr@bem@ zunwherem step (ii) is
solution has a pH va he ran

RETEI@RA 3f AdCTBPYSM? ﬁf(ﬁu?fﬁ 1z§géﬁ‘? e é?é‘é‘iee%erioﬂd}ﬁst%@'”u"es

\Qﬁéﬂél@\ tﬁ@r@i@tdldwomfs sBledtearifinrtrdediy @& codsting ol ethsdsl, aplopanol
geni p rocess_according to any one of clains

1
@rﬁj %pr%@@P'eWﬁef%thﬁéﬂ‘it@%ﬁ” %ghttioeH@S.asp valge in the range 0 5.6-6. 3

wherein the crosslinking agent is selected from the group consisting of

glutardialdehyde, formaldehyde and genipin.

A process according to any one of claims 1 to 3, wherein the medical article is a soft

contact lens.

A process according to any one of claims 1 to 4, wherein the silicone hydrogel

comprises copolymerized acrylic acid moieties.

A process according to any one of claims 1 to 5, wherein the crosslinking agent is

glutardialdhyde.

A process according to claim 6, wherein the article is contacted with 2-propanol at a

temperature of from 60°C to 75°C over a time period of < 1 minute.
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contact lens. 5. A process according to any one of
clains 1 to 4, wherein the silicone hydrogel conprises

w@omoloy2mes i zed acrylic acid noieties. 6. A proBEFEP2009/050646

10.

11.

12.

according to any one of clainms 1 to 5, wherein the
crosslinking agent is glutardial dhyde. 7. A process
according to claim®6, wherein the article is contacted
with 2-propanol at a tenperature of from60O Cto 75C
over a tinme period of 1 mnute.8. A process according
to any one of clains 1 to 523herein the crosslinking
agent is formal dehyde. 9. A process according to claim
8, wherein the article is contacted with ethanol at a
tenperature of from15C to 30 C over a tinme period of

< 1 mnute. 10. A process according to any one of ,
R IPERGP8S 3c¢q5digg ARy @110t Himsroles), W‘%ﬁfeﬁ@t@g‘%ﬁ%s“ﬂ%‘r‘g agent is
BANAIBERYdell. An article obtained by a process

according to any one of clainms 1 to 10. 12. The
article of claim1l, which is a silicone hydroge

KPREREL ab&PSing to claim 8, wherein the article is contacted with ethanol at a

temperature of from 15°C to 30°C over a time period of < 1 minute.

A process according to any one of claims 1 to 5, wherein the crosslinking agent is

genipin.
An article obtained by a process according to any one of claims 1 to 10.

The article of claim 11, which is a silicone hydrogel contact lens.



