- 1 - Coating process for ophthalmc | enses The present invention
generally relates to a nethod for coating ophthal mc |enses,
S5preferably contact |enses, nore preferably silicone hydrogel contact
| enses. In particular, the present invention is directed to a nethod
for formng a coating on a contact lens, preferably a silicone
hydrogel contact lens, directly in the-ari mary package and

mai ntai ning the coated contact lens within said prinmary package until
insertion of the coated contact lens in the eye of the contact |ens
user. 10 It is generally known in the art, that polyelectrolytes are
sui tabl e f a@odiHg bAsRsH e ©bpinbRiit hsksom the sol ution, i.e. for
formng | ayers or coatings on a surface. For exanple WO A-02/ 09865

di scl oses a nethod of producing nano- or mcrocapsules conprising a
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onto the surface of 15tenplate particles. Many devices used in
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are typically hydrophobic and w he “eye. such a
cont act | ersgatefbenatagl lens inths exe eﬂh@cq&facmnswsmu erial that is highly
oxygen jper neabl e and hydrophobic, and a surface that has been treated
or coated to increase hydrophilic properties, thereby allow ng the

| ens to frdeb gensrally kogwi indheeyio that Mwlnctr@lalﬁeﬁrieﬁgtabba“owrfacerm@mlt@hona
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Many devices used in biomedical applications require that the bulk of the device has one
property, while the surface of the device has another property. For example, contact lenses
may have high oxygen permeability through the lens to maintain good comeal health.

20  However, materials that exhibit exceptionally high oxygen permeability (e. g.
polysiloxanes) are typically hydrophobic and will adhere to the eye. Thus, such a contact
lens generally has a core or bulk material that is highly oxygen permeable and
hydrophobic, and a surface that has been treated or coated to increase hydrophilic
properties, thereby allowing the lens to freely move on the eye without adhering.

25
As a result, a number of methods of consistently and permanently altering the surface

properties of contact lenses, have been developed.

WO-A-99/35520 discloses a layer-by-layer ("LbL"} polymer absorption process
30 comprising the steps of consecutively dipping a substrate into oppositely charged polyionic

materials until a coating of a desired thickness is formed.



materials until a coating of a desired thickness is forned. - 2 -
WO A-01/57118 discloses a nethod for formng a coating of polyionic
material on a contact |lens by dipping the contact lens into a
(single) solution containing a polyanionic material and a
polycationic nmaterial in a non-stoichiqnetric amount and mai ntai ned
within a certain pHrange. 5 US-B-6451871 discl oses a nethod for
coating an ophthalmc lens in the prinmary package conprising the

steps of f } yi,oni ¢_cgati.ng. sol uti on. conprij sin negatively
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conpri si ndnggfiﬂﬁ a‘&‘ﬁ%?‘blégmﬁﬁlﬁé‘ﬁteé}a, AR IFHIAINFIR groewrtgnd gpintaipedagitiyn
package wigtdthil@H.-RAR.Ni ng after-solution until insertion of the lens
in the eye of the ophthal mc |ens user. Al'l prior art approaches
so far Sconprise several handling steps, including preconditioning,
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present i dsdns¢ron to provide an inproved nethod of treating
ophthal mc | enses, preferably contact |enses with polyionic materials
to alter the hydrophilic or hydrophobic nature of their surfaces. -
3 - All prior art approaches so far comprise several handling steps, including preconditioning,

15  dipping, rinsing and thereafter packaging.

As such, a need currently exists for an improved method of coating a material, such as an

ophthalmic lens, preferably a contact lens, with polyelectrolyte coatings (i.e. polyionic

coatings). In particular, a need exists for an improved polyionic deposition technique that
20 requires less manufacturing time and handling steps than the previously-described layer-

by-layer deposition technique.

Accordingly, an object of the present invention is to provide an improved method of
treating ophthalmic lenses, preferably contact lenses, to alter surface properties.

25
It is another object of the present invention to provide an improved method of treating
ophthalmic lenses, preferably contact lenses with polyionic materials to alter the

hydrophilic or hydrophobic nature of their surfaces.



Still another object of the present invention is to provide an

i nproved nethod of coating an ophthalmc lens, preferably a contact
lens with a polyanionic and / or a polycationic material.
5Surprisingly it has now been found that with the nmethod of the
present invention a coated ophthalmc I ans, preferably a coated
contact | ens, can be provided directly in the primary package (for
definition of prlnary package” see below) in an ophthalmcally
conpat i bl t or on coat..n solutlon The
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package co ing the steps of: (a) formng a first polyionic

coati ng sdﬂgﬁﬁi sai d sol ution conprising at |east one

negati vel y- charged or positively-charged polyionic material, or a
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negati vel y 5‘?‘%?@@8"%&1% qrfcp?f&gfo@ﬂa’:{)ged pol yionic material, or a

20m xture of at | east one negati ver charged polyionic material and

at | east one positively charged | yioni¢c nmaterial praovided that t he
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solution to sai sard
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said ating conprising said ne tlvel ch rlal or said
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with the remaining after-coating solution until insertion %

opht hal mi ¢ | ens ™aeriahin saifempyfure w&mmlﬂ&rqﬁ@ l.ens user;

(b) optionally forming a second polyionic coating solution, said solution comprising
at least one negatively-charged or positively-charged polyionic material, or a
20 mixture of at least one negatively charged polyionic material and at least one
positively charged polyionic material provided that the molar charge ratio of said
mixture of at least one negatively charged polyionic material to at least one
positively charged polyionic material in said mixture is from 1:100 to 100:1,
(c) contacting an ophthalmic lens with said first solution in the primary package for
25 said ophthalmic lens;
(d) optionally adding said second solution to said first solution and said ophthalmic
lens in said primary package;
(e) forming a coating on said ophthalmic lens, said coating comprising said
negatively charged material and/or said positively charged material;

30 (f) sealing the primary package;



characterized in that before sealing the primary package, a tablet
(T) for adjusting the 5pH in the prinmary package is added. An
"ophthalmc lens", as used herein, refers to any |l ens intended for
use in intimate contact with the eye of the user. This includes,

Wi thout limtation, intraocular |enses,_gocular inplants, hard contact
| enses, soft contact |enses, and corneal onlays. Preferably an
10opht hal m ¢ | ens is a contact lens. Mre preferabl y an opht hal m c

lens is a silijga dro t " i cone
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wei ght of water refeininigtaftiescdatihf yolttyed @i ths@tion 60HP bplaRAmE: 196 iy MRS dye
mat eri al which i 0l ri zation product of a polynerizable
conposi tion whi cf’% l?erﬂﬂ?‘ﬂjdgg‘ %]éuﬁﬁr’ nore of a silicone-containing
nonomer, a si bh&aRarA0H Bhichic SREGHOMRY maﬂﬂpa%k@el éfé@ﬁ?gﬁ%ﬁéﬂhd@hﬁ?ﬂle
prepolynmer. "Qphthalnically conpatiDble materla hal mi calTy
conpat Pbl e supHde&we prigarypadageopeddsidn, refers to a materl al or
surface of a material which may be in intimate contact with the

ocul ar environment (i.e. ocular fluids (e.g., tear fluid) and ocul ar
tissue (e.An ';ophthelndotmsfa)as usad denatu, mﬁermawdem intedded ifajltlisﬂ’liit atimatcantct
with a cont.gct |en ext er| doftlmevmt

si gni fi cant’ ﬁ&/‘hﬁﬁﬁ it egusteﬁ his i ‘? Wgﬁtt‘onaﬁlaraﬁ\?@ﬂ ﬂ’tse%ioﬁ}ﬂ‘i‘rfl cant
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not 25 pr odﬁ%e significant corneal swelling, will adequately npve on
the eyd@ wioPHBIIGINRE & Gni3Fdfb: MoeBegirathly %Ib%ﬁhf@ééﬁdﬁ&ésa%thPneHi’dfingel
have substgphéigbnsanmounts of protein or |ipid adsorption, and will not

cause substantial wearer disconfort during the prescri bed period of
wear. The sane applies to an "ophthalmcally conpatible sol uti on"

adhering tQ« Pr et I
sol ution" 4 Sﬁi&%ﬁ?%@# gell %Q@a% lé’ng Fﬁf@qp od Iggsnﬁh&?tcgn s Sﬂgi%?iea%{ 169 élgﬂt
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15  copolymerization product of a polymerizable composition which includes one or more of a
silicone-containing monomect, a silicone-containing macromer, and a silicone-containing

prepolymer.

“Ophthalmically compatible material” or “ophthalmically compatible surface”, as used

20  herein, refers to a material or surface of a material which may be in intimate contact with
the ocular environment (i.e. ocular fluids (e.g., tear fluid) and ocular tissue (e.g., the
cornea)) and which may come into intimate contact with a contact lens for an extended
period of time without significantly damaging the ocular environment and without
significant user discomfort. Thus, an ophthalmically compatible contact lens will not

25  produce significant corneal swelling, will adequately move on the eye with blinking to
promote adequate tear exchange, will not have substantial amounts of protein or lipid
adsorption, and will not cause substantial wearer discomfort during the prescribed period
of wear. The same applies to an "ophthalmically compatible solution" adhering to a contact
lens, Preferably, an "ophthalmically compatible solution” is characterized by at lcast

30  having a pH in the range of from 6.7 to 7.7 and an osmolarity from 270 to 350 mOsmol/kg.



A "primary package" as used herein, refers to a package directly
conprising the ophthalmc lens as to be used by the ophthalmc | ens
user. A typical primary package may be a blister package (as for
exanpl e di scl osed in EP-A- 0680895 or EP-A-0233581) conprising a shell
or base portion sealed with a lam natedo0il or cover. A prinary
package 5usual |y contains one contact Iens in a small anount of an
ophthal mcally conpati bl e sol uti on (as for exarrpl e a saline buffer
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still anot(blgrmeamamdclamjuu thieaealek@ipdre patkage.pol yi onic solution is a
bi - conponent sol ution containing a polycation and a pol yani on.
Typically, a polycationic material of the present invention can
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positively charged groups along a poI yner. chain. For exa .
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application as an antimcrobial ‘agent agai nst 30fungi, bacteria, and

viruses (for a review, see Rabea, etal., Biomacronol ecules 4 (6),
1457- 14651T}%QQ§9, -a polycationic material of the present invention can include any material known

in the art to have a plurality of positively charged groups along a polymer chain. For

20  example, in one embodiment, the polycationic material includes poly (allyl amine
hydrochloride) (PAH). In another embodiment, the polycationic material includes
polyamido amine epichlorhydrine (PAE}. In still another embodiment, the polycationic
material includes chitosan. Preferably the polycationic material is polyamido amine
cpichlorhydrine (PAE) or chitosan.

25
“Chitosan™ as used herein is a polycationic polymer comprising more than 5000
glucosamine units. It may be obtained commercially from shrimp and crabshell chitin by
alkaline deacetylation although in commercial samples the degree of the N-deacetylation is
almost never complete. Chitosan has found application as an antimicrobial agent against

30  fungi, bacteria, and viruses (for a review, see Rabea, et al., Biomacromolecules 4 (6),
1457-1465, 2003).



- 6 - Likewi se, a polyanionic material of the present invention can
typically include any material known in the art to have a plurality
of negatively charged groups along a polyner chain. For exanple, in
one enbodi nent, the polyanionic material includes polyacrylic acid
5(PAA). In anot her enbodi nent, the polyanionic material includes

car boxymet hyl cellulose (CMO). In still another enbodi nent, the

pol yani onic material includes poly (styrene sulfonate) (PSS).
Preferably the polyanionic material is polyacrylic acid (PAA) or
carboxynet hyl cellulose (CMC). 10 According to the present invention,
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20By altering the nolar charge ratio, a polyionic solution of the
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contacted with the solution, alternating layers of polyionic components can be coated onto
the ophthalmic lens. For example, in one embodiment, polyanionic-polycationic-
polyanionic alternating repeating laycrs arc assembled when the ophthalmic lens is

25  contacted with the solution. In another embodiment, polycationic-polyanionic-polycationic
alternating repeating layers are assembled when the ophthalmic lens is contacted with the

solution.

Besides containing polyionic components, a polyionic solution of the present invention can
30  also contain various other materials. For example, the polyionic solution can contain

antimicrobials, antibacterials, radiation-absorbing materials, cell growth inhibitors, etc.



In contrast to the heretofore-nentioned |ayer-by-layer processes, a
process of the present invention can apply a polyionic coating to an
ophthalmc lens within the primry package, i.e. w thout renoval or
extraction. The ophthalmic lens, as well as the remaining after-
10coating solution in the primary package are ophthal mcally
conpatible. Qther objects, features and aspects of the present

i nvention are discussed in greater detail below 15Brief description

of the dr rlnar e fi Wi, th a

ol yi ont ¢ SSLPTRG ShrrbRbHe R & g Rl BRSEE Binen i e e
1(A) conpreas redghidinche h@atcohipSolubibisin the PimaoMRcitaps @dihabe PlitiRhit lens.
package conprising a coated contact lens therein. 20 FIG 2(A)shows a
primary package filled with a first polyionic coating solution. FIG

2('B) shows g RiidddbYe RACkALS &fcm'a kg to %fe@res%ﬁ’trm{}énﬁbﬁ‘ Girilr foRtfingte Gﬂo‘?ﬁ&uc

FIG 2(C)shows a prinary package of 2(B) whereto a secon

pol yi oRi ¢ selytion.g opbihaimioiens & canldelod Wil tei salutipg B)d hovesing isfpirmegr thereon.
package of FIG 2(C) whereto a tablet for adjusting the pHin the
pri mary package is added. FIG 2(E)shows a seal ed prinmary package
conpri si ngnaowtoat te dhectemétaivte-mendnth byatby-layer prodessegarlﬂoc&lss oﬂthképlesent

pr esent |nven%|on IS &, ected to an qulgﬂ} aqd ac rat.ed met
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i.e. without removal or extraction. The ophthalmic lens, as well as the remaining after-

10 coating solution in the primary package are ophthalmically compatible,

Other objects, features and aspects of the present invention are discussed in greater detail

below.
15 Brief description of the drawings

FIG. 1(A) shows a primary package filled with a polyionic coating solution.
FIG. I(B) shows a primary package of FIG. 1(A) comprising a contact lens.
FIG. 1(C) shows a sealed primary package comprising a coated contact lens therein.
20
FIG. 2(A) shows a primary package filled with a first polyionic coating solution.
FIG. 2(B) shows a primary package of FIG. 2(A) comprising a contact lens.
FIG. 2(C) shows a primary package of FIG. 2(B) whereto a second polyionic coating
solution is added.
25 FIG.2(D) shows a primary package of FIG. 2(C) whereto a tablet for adjusting the pH
in the primary package is added.

FIG. 2(E}) shows a sealed primary package comprising a coated contact lens therein.

In general, the present invention is directed to an improved and accelerated method for

30  coating an ophthalmic lens, preferably a contact lens.



A met hod according to the invention for coating an ophthalmc |ens,
preferably a contact lens, directly in the primary package conprises
the steps of: (a) formng a first polyionic coating solution, said
solution conprising at | east one negativel y-charged or
positively-charged polyionic material, gr a mxture of at |east 5Sone
negatively charged polyionic material and at |east one positively
charged pol yionic naterial provided that the nolar charge ratio of

" aast one DBEERIE ok e BB oo BOrpE Pl Tl b fapi ol

from 1: 1OQeﬂst1il&£ly1nthé Bimapt faokape lcymbasaRRGteps s£CONd pol yi oni ¢
coati ng soluhlon, sai d sol ytion conp r|S|n3 at . 10 | east one

negat i vel &k REPHEE fHEH RPGAIE coting salption, &1 slHdpnfompvayg et lepst oas a
mxture of afeh@as N drbﬂrgagltlv&whaqg@f@%qoﬂeméteﬁm Gr MRG0 Rr 2808k: at

| east one positively charged polyionfc material prdvided that the
mol ar éhar geoncarcgdivsly chaigsd aolym@eosmatm antégd@%t/@tqposhmlg@uarg@i Bqummc

material to ve eria

"o oai d m et DeAs QoS ha HEmBAP bkl SHAIARTAN B F TR BRLE!
opht hal m ¢ |m‘lﬁomctrﬂmtaalmd:aidl‘eﬁﬂeasmjnﬁtpbﬂﬁvdlﬁcﬁaf@d@bl)ﬁf&ﬁq/mﬁﬁﬂkla@@alﬁ or
said ophthalnmic |en ally addi ng said second solution to
said first s%ﬂ%ﬁ?ﬁﬁéﬁﬁdqéﬁ gﬁgbﬂthalnic lens in said primary package:;
20(e) for %P@tﬁnﬂ%hﬂﬁjg@%e&ﬁﬂ@o@mﬁ@@aﬂhgsdlﬁ{b‘ﬁ; sakBdotutfeRabinpbsing at
conprising said negatively charged nmaterial and/or said g05|t|ve

char géd mat elepsipne negeflyelx—élaarswgmﬁ@n@ PT PRSI VClyzRiRERg@ materiply pr a mixture of
mai ntai ning 3l t&fé% ﬁ'l‘h@%le&}&gioﬁ{&%né pliat %diatr%ds{‘a{e%oﬁﬁ%@gﬁarg\é& h

the renaining a ter-c atl nuntitl 1 nsertion of
opht hal m ¢ | prigonin marmlabylevxdfed thatthe pivtldracharige ra2i6 lof s d atsleast one negatively

characterized._ in,that before ealln the prinar ack . a tabl et.
(T or “ad ety PP RionSmERSaE St Pl SnEioR Y AT ot %Rl m
preferred emhilﬁ:inmﬂé 1stﬁ’lrﬁanH100®Ld1((lID]Tpri ses the steps of: 30(a) formng
afir pol yi oni ¢ coating solution, said solution conprising at | east
one positively charged polyionic materi al,

(c) contacting an ophthalmic lens with said first solution in the primary package for said

ophthalmic lens;
(d) optionally adding said second solution to said first solution and said ophthalmic lens in
said primary package;
20 (e) forming a coating on said ophthalmic lens, said coating comprising said negatively
charged material and/or said positively charged material;
(f) sealing the primary package;
(g) maintaining said coated ophthalmic lens in said primary package with the remaining
after-coating solution until insertion of the ophthalmic lens in the cye of the ophthalmic
25 lens user;
characterized in that before sealing the primary package, a tablet (T) for adjusting the pH
in the primary package is added.

In a preferred embodiment the method comprises the steps of?
30  (a) forming a first polyionic coating solution, said solution comprising at least one

positively charged polyionic material,



- 9 - (b) formng a second polyionic coating solution, said solution
conprising at |east .one negatively charged polyionic material, (c)
contacting an ophthalmc lens with said first solution in the primary
package for said ophthalmc lens; 5(d) adding said second solution to
said first solution and said opht hal mc dens in said primry package;
(e) fornming a coating on said ophthalnmic lens, said coating

conpri si ng sal d negatively charged mat eri al and said positively

A RN S R O T

remai ni ng af hephtiCORthangedgeliddiOmaterial, | i nsertion of the opht hal m ¢
lens in the eye of the ophthal mc |ens_user; characterized in that

bef ore sedf) ¢RjtacHRE #i ?H*Péh%hnﬁdeqéa’g& said firghyodsitiop Ty the primaey prekaasdor 39l pH
in the primgyPaskags,is added. 15 In another preferred enmbodi nent
the method conprises the steps of: (a) forning a first polyionic
coati ng sdHuaddom saslgicconslab bitipo tp i wlutignand sadephtiimicenpdn isvid| y

charged poly ial, (b) formng a second polyionic coating
sol ution, i)rglg%rglpg@g géf conprising at |east one 20positively charged

pol yi oni c (B)a.foemingla, cobti)g @onatdaihtiagnianemphatd@btihgCcdngirSingd shid negdtthelyi r st
solution in ct:hg?geﬁ %a@g‘{a atha s%#da lgoiitfvg{y c?ngrlggd glgtrg:%glal me |ens;
(f) sealing the primary package;

10 (g) maintaining said coated ophthalmic lens in said primary package with the remaining
after-coating solution until insertion of the ophthalmic lens in the eye of the ophthalmic
lens user;

characterized in that before sealing the primary package, a tablet (T) for adjusting the pH
in the primary package is added.

15
In another preferred embodiment the method comprises the steps of:
(a) forming a first polyionic coating solution, said solution comprising at lcast onc
negatively charged polyionic material,
{(b) forming a second polyionic coating solution, said solution comprising at least one
20 positively charged polyionic material,

(c) contacting an ophthalmic lens with said first solution in the primary package for said
ophthalmic lens;

(d) adding said second solution to said first solution and said ophthalmic lens in said
primary package;

25  (e) forming a coating on said ophthalmic lens, said coating comprising said negatively

charged material and said positively charged material;

(f) sealing the primary package;

(g) maintaining said coated ophthalmic lens in said primary package with the remaining
after-coating solution until insertion of the ophthalmic lens in the eye of the ophthalmic

30 lens user;



(d) adding said second solution to said first solution and said
ophthalmc lens in said primary package; 25(e) formng a coating on
said ophthalmc lens, said coating conprising said negatively charged
material and said positively charged naterial; (0 sealing the primary
package; (g) maintaining said coated oppthalmc lens in said primry
package with the remaining after-coating solution until insertion of
the ophthalmc lens in the eye of the ophthal mc 30l ens user; - 10 -

characteri ' L ng.: i oA, . e
(T for - adr g itfinabGreicedh diidihdly pRlofS e ATk AR sk o
further prieflerpredrepipbegenenddetthe met hod conpri ses the steps of: 5(a)
formng a polyionic coating solution, said solution conprising at
| east one negatively charged polyionic material and at | east one

posi ti vel Yinalfatige grefeted icBidotint®ai BE nitthod WB@pALN tHeepgof:ar charge ratio
of said at | east one negatively charged polyionic material and at
| east dne PoBIMMEE RPLARHS 6RAINE 8 IYHIm Fad srlutian compriging ablgast ongpregatvely

100: 1, (c) coft@atbRbh@maRhiNal N Cak 6@&%@@@%@@ $1YbhRMdedli,he

pri mary package for "said 10ophthal mc | ens; ( ng a coatlng on
wh

sai d opht hal whecinghgsmoknrhirgerati¢ aigsatiatirastsing gegagivelywbearaed padyignichar ged
mat eri al and I: ] rge eriaI'Iﬁt%. ealing. .
primary pac krggfg%lgl(a g?ﬁin%%l%? Jé(iy%ol(\sﬂfg%e%ac?l r@?%g?lga mé:p i naﬁ? hs‘l%(rzoqlghl?l??%msoall’d
primary pdckemeacting i ¢ghthatraicdéensiwith shibdoligion ok ipFithasopadkdge forsald |
i nsertion of tq? opﬁthalnic lens in the eye of the ophthalmc |ens
user : 10 ophthalmic lens;
(e) forming a coating on said ophthalmic lens, said coating comprising said negatively
charged material and said positively charged material;
(f) sealing the primary package;
(g) maintaining said coated ophthalmic lens in said primary package with the remaining
15 after-coating solution until inscrtion of the ophthalmic lens in the eye of the ophthalmic
lens user;
characterized in that before sealing the primary package, a tablct (T) for adjusting the pH

in the primary package is added.

20  Preferably the molar charge ratio of said at least one negatively charged polyionic material

and at least one positively charged polyionic material is from 1:10 to 10:1.

Step (c) preferably comprises (c10) dispensing said (first) solution into a primary package;
and (c20) placing an ophthalmic lens into said (first) solution in the primary package;

25  orstep (c) preferably comprises (c11) placing an ophthalmic lens in the primary package;
and (c22) dispensing said (first) solution into the primary package comprising said

ophthalmic lens.

In a more preferred method according to the invention, the coating on said ophthalmic lens

30 instep (e) is formed without further action.



characterized in that before sealing the primary package, a tablet
(T) for adjusting the pHin the primary package is added.
20Preferably the nolar charge ratio of said at |east one negatively
charged polyionic material and at | east one positively charged
polyionic material is from1:10 to 10:1j;Step (c) preferably
conprises (cl0) dispensing said (first) solution into a primry
package; and (c20) placing an ophthalmc lens into said (first)

sol ution i i : ) } S
Col 1) *pt AR TRt R I i F b BB R REL AR e GRS LS5
di spensi ndexsairdiu¢dd rysine of diedollonng act@ns hea gmitivatipn pé eldegetvaosiiphd si ng
sai d ophtr}alltln‘i.c Ietns._ I n anot her nore preferred enbodi nent of the
i nvent i on, CtHE ¢ 8f f’ﬁnﬁ‘g of the coating in step (e) is induced by one

of the foll owW@ynmighb 648 slitich iﬁ@[ﬁ}jrﬂﬂdr%@ﬁbk@ée @ind @Rsbouidyo of the
follow ng actigns: (el) mxing said solution in the primry package
usi ng dl t raso(ﬁ?@i?h@g@g)thed?ﬁﬁﬁpﬁef EKlesobitop dn the PoMatapagkagsl ution in the
primary packagsy ckdnging hetoMich BEsaRBdBRliRh it o Qlindf) theRPelt i On in the
primary packa%;)c é 8 (e4l)§adc?i ng onellor c%plr e?}%s%lct%(}io t he

sol ution in t k) pddingene Qarkaspdts t¢ 5 polatel mghopremay pachage;

pol yel ectroly sol utian i e ri mary. package: .
(e6) adding o %%8(?&%{;% Oéf(])-‘}l oﬁe @gel cgro:hﬂfés t§(5 euﬁoli%lﬁgin}l%ﬁf’%gmﬁm Wﬁlr(%ge’
package; 10( e{p) edimgonegprnkvee sdvaneytatie hoibn tihthe peilndtyi uokdge; t he

pri mary packa Before sealing t rimary package, and after a tine
Dt T dbeht ot e s ERprg et O hE R A A a8 o i n ¢ he
primary package is adjusted to an ophthal mcally conpatible pH by

adding a tablet conprising an_acid, a base or _a buffer. )
Before sealing the primary package, and after a time sufficient to form the coating on the

ophthalmic lens, the pH in the primary package is adjusted to an ophthalmically
compatible pH by adding a tablet comprising an acid, a base or a buffer.
15
The method according to the invention is carried out in a sequence comprising steps as
shown in FIG. 1(A), FIG. 1(B) and FIG. 1(C).
First, a primary package (1) is filled with a polyionic solution (S). Second, a contact lens
(2) is placed in the solution in the primary package. Third, the primary package is sealed,
20 e.g. with a sealing foil (4) and the contact lens in the sealed primary package is coated with

a coating (3) according to the method of the present invention.

In one embodiment, the method according to the invention is carried out in a sequence as
shown in FIG. 2(A), FIG. 2(B), FIG. 2(C), FIG. 2(D) and FIG. 2(E).

25  First, a primary package (1) is filled with a first polyionic solution (S1). Second, a contact
lens (2) is placed in the solution in the primary package. Third, a second polyionic solution
(S2) is added to the contact lens (2) in the primary package. Fourth, a tablet (T) for
adjusting the pH in the primary package is added. Fifth, the primary package is sealed, e.g.
with a sealing foil (4) and the contact lens in the sealed primary package is coated with a

30  coating (3) according to the method of the present invention.



15 The nethod according to the invention is carried out in a seguence
conprising steps as shown in FIG 1(A), FIG 1(B) and FIG 1(C).
First, a primary package (1) is filled with a polyionic solution (S).
Second, a contact lens (2) is placed in the solution in the primry
package. Third, the primary package is_ggal ed, 20e.g. wth a sealing
foil (4) and the contact lens in the sealed primary package is coated
with a coating (3) according to the nethod of the present invention

In one embodi RNt iN& h%hﬁ%qe (%%%%th}? o%&et@rr‘é%ﬁx'%t%yxreerﬁh?on 'f&)mc 298 %

out in a sequence as I'n

2(D) and Ebﬁtloﬂ(sﬁ)ltla%ﬁrmsd Asatapgd srpdslylomaazloaig% dohjtlon@ffhelpk@&t\mmﬁehn@
first polyi c _sol ution a contact lens (2) | Iaced
h the” o Bt PPIOP}femFT fﬁﬁwhﬁa@& gaionippd/gr polycatierin i 1aff

sol ution (s¥fanct,% fAstdRsleltf rﬁa?%e%%ly%@ﬁonlicelﬂ&elﬁﬁ?] whiBh Eﬂﬁn&ﬁﬂé@fyﬁnatenal
package. Fourth, a tabl et for "adj usting e pHin the primary

packagé i dnawe iythe mtfq hdvefdrp@rplrtw@ﬁp«;pltwbk@g@erigr@maaleng a polymenghuin. g
seal i ng f@ukhﬁ%&)cn ‘éﬁﬂ‘émﬁ@?@?&fcnbﬁ ndd%f he seal ed primary package

is coated wt coat i ng according to the nmethod of the present
invention. - 12 - To forma coated ophthalmc Iens in a nethod of

t he present n L ng solutionis initially
formed. As 342P§‘(ﬂ 1%%T§ﬁ8h¥gl Hg?ﬁﬁgﬁ qution of the present
invention i nd) polgmidd yhaekpiciBigtia(FAE)such as pol yani oni ¢ and/ or
pol ycati oni c terlals i nstan a first material may be a
polycgblonlc plgrimipe epi |Wﬁ%%%ﬁ:“§clude any material 5known in the

art to have @)phisd ity of positively charged groups along a pol ymer
chain. Such naterials can include, but are not limted to: (a) poly
(al Iyl ami ne (eyaplyéethenadmine} @) (b) poly ani do anine epichlorhydrin

(PAE) 10(c) @Phyty'hPBe BB hARMAH S BB H
(g) polyaniline (PAN)
15 (h) polypyrrole (PPY)
(1) poly (pyridinium acetylene) or

(j) quaternized copolymer of vinylpyrrolidone and dimethylaminomethylmethacrylate.

Preferred polycationic material are poly (allylamine hydrochloride) (PAH), polyamido
20  amine epichlorhydrine (PAE), quaternized vinylpyrrolidone/
dimethylaminomethylmethacrylate copolymer (e.g., hydrochloride salt of
vinylpyrrolidone/ dimethylaminomethylmethacrylate copolymer or polyquaternium-11),
and Chitosan. More preferably the polycationic material is polyamido amine
epichlorhydrine (PAE) or chitosan.
25
Moreover, a second material may be a polyanionic material, which can generally include
any material known in the art to have a plurality of negatively charged groups along a
polymer chain. For example, suitable anionic materials can include, but are not limited to:
(a) polyacrylic acid (PAA)
30 (b) carboxy methyl cellulose (CMC)
(c) alginate



(d) chitosan (e) poly (ethyleneimne) (PEl) (f) poly

(vinyl benzyl trianmet hyl am ne) (PVBT) (g) polyaniline (PAN)
15(h) polypyrrolc (PPY) (i) poly (pyridiniumacetylene) or (j)

guat em zed copol yner of vinyl pyrrolidonc and

di met hyl am nonet hyl net hacryl ate. Preferfgd polycationic material are
poly (allylam ne hydrochl oride) (PAH), polyam do 20 am ne

epi chl or hydri ne (PAE), quat em zed vinyl pyrrolidone/

di met hyl am n (e.g., hydrochloride salt
of vinyl pyr r@ﬁé@ﬁe) ET —ﬁ&ﬁ{am ngﬁﬂWmﬁ hacryl ate copol ynmer or

pol ngalt em uf ml)y,(stgmde ﬁﬂfomafs}afPSSD/brﬁ {)Lef er ?Igléé) t he pg! %/cat [ onizg
material is polya r hyt hi.nc or chitosan.

Nbr eover , @e %9?@' angﬁ’yﬁﬁb 5P ‘YﬁBFﬁ}ani onic material, which can
general ly |ncI ude any material known in the art to have a plurality

of negatlvelfy charged groups along a polyner chain. For exanple,
sui t abPe &t %@@W%}Pgteﬁc&hdqemelmwhwmd BAL)rfepolymgi efed to: (a)

ol yacryli _ C)
A e T i e L DV R
sulfonate) (PSS). More preferably the polyanionic material is polyacrylic acid (PAA) or

carboxymethyl cellulose (CMC).

10 In order to alter various characteristics of the coating, such as thickness, the molecular
weight of the polyionic materials can be varied. In particular, as the molecular weight is
increased, the coating thickness generally increases. However, if the increase in molecular
weight is too substantial, the difficulty in handling may also increase. As such, polyionic
materials used in a process of the present invention will typically have a number average

15  molecular weight M, of 10,000 to 500,000. In certain preferred embodiments, the number
average molecular weight is 25,000 to 250,000, and in other more preferred embodiments
from 50,000 to 100, 000.

In addition to polyionic materials, a coating solution of the present invention can also

20  contain additives. For example, active agents, such as antimicrobials and/or antibacterials
can be added to a coating solution of the present invention, particularly when used in
biomedical applications. Some antimicrobial polyionic materials include polyquaternary
ammonium compounds, such as those described in U. S. Patent No. 3,931,319 (. g.
POLYQUAD®).

25
Moreover, other examples of materials that can be added fo a coating solution of the
present invention are polyionic materials useful for ophthalmic lenses, such as materials
having radiation absorbing properties. Such materials can include, for example, visibility
tinting agents, iris color modifying dyes, and ultraviolet (UV) light tinting dyes.

30



(e) poly (styrene sulfonate) (PSS) or (f) copolymer of

vi nyl pyrrolidone/acrylic acid. 5Preferred polyanionic materials are
poly acrylic acid (PAA), copolyner of vinylpyrrolidone/acrylic acid,
carboxy nethyl cellulose (CMC) and poly (styrene sulfonate) (PSS).
More preferably the pol yanionic materiah4is polyacrylic acid (PAA) or
car boxymet hyl cellulose (CMC). 10ln order to alter various
characteristics of the coating, such as thickness, the nolecul ar
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solution of the present invention, particularly when used in
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- When addhe¢thessompenamppl i ed to a coating solution of the present

i nvention, it is generally desired that the additives have sone
charge. By having a positive or negative charge, the additive can be
partly or Tocwptrelttht ymeundsf ¢dchipelgionr compenaft within palayingsulaiomihe mioddrs
in solutio
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t he pol ycationi c conponent such _that the additive is applied to an
opht hal ni d01lgnelanehaggeirgho san b definaders 18ichireed fuperiomalgrauser ¢ pabyroian éo 1
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present withi'n a coating solution of the
molecules of said polycation and 1 molecule of said polyanion would be required. The
molar charge ratio can be determined as defined above for any number of components

within a solution, as long as at least one polycation and one polyanion are included therein,

25 A polyionic coating solution typically has a molar charge ratio from 1:100 to 100: 1. In one
embodiment, the coating solution has a molar charge ratio of about 10:1 (polyanion :
polycation). In another embodiment, the coating solution has a molar charge ratio of about
1:10 (polyanion : polycation). In still another embodiment, a 5:1 or 1:5 molar charge ratio
may be utilized. In a preferred embodiment, the coating solution has a molar charge ratio

30  ofabout 1:1 (polyanion : polycation).



10present invention, it is possible that one of the polyionic
conponents of the solution be present in a greater anount than

anot her conponent such that a non-stoichionetric solution can be
formed. For exanple, when a pol yani oni c/ pol ycationi c bi-conponent
solution is fornmed, either one of the posyionic conponents can be
present in an anmount greater than the other conmponent. 15 To control

t he anobunt of each polyionic conponent within a coating solution, the
nmol ar char
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an acid or a
that can allow the components within the coating solution to remain stable in water is

suitable. For example, an alcohol-bascd solvent can be uscd. Suitable alcohols can include,
25 but are not limited to, ethanol, isopropyl alcohol, hexanol, etc., with ethanol being
preferred. It should be understood that other solvents commonly used in the art can also be

suitably used in the present invention.

Whether dissolved in water or in a solvent, the concentration of the polyionic materials
30 within a coating solution of the present invention can generally vary depending on the

particular materials being utilized, the desired coating thickness, and a number of other



15buffer, to the after-coating solution in the primary package. In
anot her concei vabl e enbodi nent, the tablet may already be in the
primary package before the first and or second solution is added.
Preferably, the tablet is an alkaline tablet. In accordance with the
present invention, a polyionic coating.3glution as described above,
20can be prepared in a variety of ways. In particular, a polyionic
coating solution of the invention can be forned by dissolving the
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being preferred. It should be understood that other solvents comonly
used iR the art can also be suitably used in the present invention.
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ol ecypar wei ght of about
The formed solutions can then be mixed to form a polyionic coating solution suitable for
the method of the present invention. In one embodiment, for example, the solutions above
can be mixed slowly to form the coating solution. The amount of each solution applied to
the mix depends on the molar charge ratio desired. After mixing, the solution can be

25  filtered if desired.

In accordance with the present invention, a polyionic coating solution (which contains at
least one negatively-charged or positively-charged polyionic material or a mixture of at
least one negatively-charged or positively-charged polymeric material) of the invention

30  preferably has a pH of 6.0 or less, or more preferably from 2.0 to 6.0.



15, 000 can be dissolved in water to forma 0.001% sol ution. The pH
can optionally be adjusted as above by adding a suitable anount of
hydrochloric acid (HCI) or sodi um hydroxide (NaOH). 20 Thé forned
solutions can then be mxed to forma polyionic coating solution
suitable for the nethod of the present_pfivention. In one enbodi nent,
for exanple, the solutions above can be mxed slowy to formthe
coating solution. The anobunt of each solution applied to the m x
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A particularly preferred group of materials to be coated are those being conventionally
used for the manufacture of ophthalmic lenses, in particular contact lenses, which include
the formulation of lotrafilcon A, lotrafilcon B, ctafilcon A, genfilcon A, lencfilcon A,

25  polymacon, acquafilcon A and balafilcon, for example,

In some embodiments of the present invention, the ophthalmic lens can be "pre-

conditioned" before contacting with the polyionic coating solution. Pre-conditioning can

enhance the ability of the polyionic solution to coat the ophthalmic lens. The application of
30  asolvent solution or solvent, such as an alcohol solution, optionally in the presence of a

polyionic component or multiple polyionic components, can allow the ophthalmic lens to



20 nononers. A particularly preferred group of materials to be coated
are those being conventionally used for the manufacture of ophthal mc
| enses, in particular contact | enses, which include the formulation
of lotrafilcon A Ilotrafilcon B, ctafilcon A genfilcon A Ilenefilcon
A, 25pol ymacon, acquafilcon A and bal athjgcon, for exanple. In sone
enbodinents of the present invention, the ophthalmc |ens can be

"precondi tioned" before contacting with the polyionic coati ng

sol ution. C
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pol yi qpi c l.ayers i coat.in The present invention may be
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Although not required, pre-conditioning can enhance the "self cascading” of polyionic

layers in the coating process.

The present invention may be better understood by reference to the following examples.
20



- 19 - Exanples Synthesis of silicone-containing nmacroner 51.5 g (50
mol ) of the perfluoropol yether Fonbline ZDOL (from Ausinont S.p.A 5
Ml an) having a nean nol ecul ar wei ght of 1030 g/ nol and contai ni ng
1.96 neq/ g of hydroxyl groups according to end-group titration is
introduced into a three-neck flask togetfer with 50 ng of dibutyltin
di l aurate. The flask contents are evacuated to about 20 nmbar with
stirring and subsequently deconpressed with argon. This operation is
repeated t ﬁﬁj 2.29 (0.1nol) of freshly distilled isophorone

di i socyanat’e Kept under argon are 10 subsequently added in a
counterstream of argon. The tenperature in the flask is kept bel ow
30C by coqJing.w .a materbath After stirring overnight at room
tenperatu 0 . I socyanate titration gives an

NCO cont enty, 50g (58 Ao 1B éltﬂh@@?myetheﬁfbnﬁmﬁmozfe@oﬂ Afinkd S p A,
a, Mthdroxyprogy -ternlnaP di met %h5|loxane | CF- 6001 from 'Shi n-
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wth |§ophoro ﬂ yanate (1PD1) is added under ar% Af ter
stirrilflg GYesPmIghY r‘%dﬁ?‘f‘@?fﬁé‘?agt?fraég‘mt e ergeiefEninitae deskys kap belavie
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Mcrotitration shows 0.36 nctqg/ g of hydroxyl groups (theory

mcql g). 25aRtiggisgongRta mya)na@ftlt@ntblsmm@ﬂ@@tcwtbmmﬁtl M@onqq/aﬁw(ry EN3S
are added argon to 247 g of the a, g- hydroxypropyl -term nat ed
pol ysi | oxan ﬂ%erfluoropolyether-poly3|onane t hr ee- bl ock copol yner (a
t hr ee- bl 0CQR2 gof dleyy@rhydroxgpropglrteoiindted polﬂd&ﬁfeﬂlgsﬂmbmé Kot 6081 flonoSkin-

| engt hs are al so present) The m x is stirred at roomtenperature
for tHSe VingjaResnmleguf %Wet%éﬁy Ouzzﬁ@le(ﬂ OQHIW/& o dydiogylgrawmst e

groups (det@gdihom tllthﬁ”oﬁ) e Qmaﬂéeﬂ)mto 8018 Fhe TR &nthts e BRehadd @ oups
are found (theorY 34 nmeq/ Q). 20
approx. 0 mbar and decompressed with argon. This operation is repeated twice. The

degased siloxane is dissolved in 202 ml of freshly distilled toluene kept under argon, and
100 mg of dibutyltin dilaurate (DBTDL} are added. After complete homogenization of the
20 solution, all the perfluoropolyether reacted with isophorone diisocyanate (IPDI) is added
under argon. After stirring overnight at room temperature, the reaction is complete. The
solvent is stripped off under a high vacuum at room temperature. Microtitration shows 0.36

meq/g of hydroxyl groups (thcory 0.37 meq/g).

25 13.78 g (88.9mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argon to 247
g of the o,6-hydroxypropyl-terminated polysiloxane-perfluoropolyether-polysiloxane
three-block copolymer (a three-block copolymer on stoichiometric average, but other block
lengths are also present). The mixture is stirred at room temperature for three days.
Microtitration then no longer shows any isocyanate groups (detection limit 0.01meqg/g).

30  0.34 meq/g of methacryl groups are found (theory 0.34 meq/g).



The macroner prepared in this way is conpletely colourless and cl ear.
It can be stored in air at roomtenperature in the absence of |ight
for several nonths w thout any change in nol ecul ar weight. 5Synthesis
of a Lens formng material The siloxanc-containing nacroncr prepared
as above is used in preparation of a leng-formng nmateri al
(Lotrafilcon B), which conprises 25.92% of the sil oxane-contai ni ng
macroner, 19.25%of TRIS (3-tris(trinethyl-siloxy)silylpropyl
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mcroliter® lg‘i‘“%é ns-formng material (Lotrafilcon B) prepared as
above, and the nolds are closed with the 15 male portion of the
pol ypropyl ene | ens nolds (base curve nolds). Contact |enses are

S
obt ai néd Bynthgsis aha Lens feymaisematesilds f or about 2 hours in a UV cure
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hydr oa | ens wi th PAE/ i N Pk mary package Solution A of 0.2% wt
car bo @rretni‘ﬁﬂ?ytlél?heﬂ?l&'%n fashies dL3% ovc, Mw = 90. 000 from
Sigma-Aldrich) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15
M NaCl and 25 Sol ut| on C of 0. 2% pol y am do- am ne-epi chl or ohydrin
(PAE, Ky negu ] AHER B®) in 0.05 M phosphate buffer (pH =

7.2) cont | were. r B
2 cont g igtse P%%%%?%%ﬁf%ﬁ@@%%? T iRGA 37 okl e

| ens was |1¢nstfbaﬂneglmaten@1 otrhfilodén Bhprepdéd sodbote,and (heonalds o clGyed witlt the
primary package. .at mte rature f 60 second m of the CMC
Dol ut 180" BT BRSOt Re Rty OB R el PR S MR ediekbiemia et

seal ed an@bshrien cufﬁlfgeth@ bm@ecﬂthglaﬁ fRRbE 2tHoarsae LAUBJ a6t bel é/cfv.ﬂg)e@ withhe

| ens surface starts imed . The grlrrary package was __ -

aut oc| aved hitipsiliehgs ¢ w a§OF Wﬁ‘”‘lfhéhcl tap Sk ipteaty @ dhauh 3{6I11“3Wf9f‘béé%lﬂlr e
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uniformfluid f nfort on eye. The I1ngredients o
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CMC/ PAE in primry package SoI ut ion A of 0.2%wt. car boxynet hyl
cel lulose Es)cg%%) er?: %%Ltgng(og\e{(s:ilicone };vd?ggepggs INEtR %‘AE/CMC in primary package
Solution A of 0.2% wt. carboxymethy! cellulose sodium salt (CMC, Mw = 90.000 from
Sigma-Aldrich) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15 M NaCl and
25  Solution C of 0.2% poly amido-amine-epichlorohydrin (PAE, Kymene 217 LX from

HERCULES) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15 M NaCl were

prepared. An uncoated Lotrafilcon B lens was extracted in 96% ethanol aqueous solution

for 1 min. The lens was incubated in 0.5 ml of the PAE solution (solution C) in the primary

package at room temperature for 60 seconds. 1.0 ml of the CMC solution (solution A) were
30  added and the primary package was sealed and shaken. The precipitation of the

polyelectrolytes on the lens surface starts immediately. The primary package was



Sigma- Al drich) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15
M NaCl and solution C of 0.2% pol yam do-am ne-epi chl orohydri n (PAE,
Kynmene 217 LX from 10 HERCULES) in 0.05 M phosphate buffer (pH = 7.2)
containing 0.15 M NaCl were prepared. An uncoated Lotrafilcon B |ens
was extracted in 96% et hanol aqueous sohution for 1 min. The |lens was
incubated in 1.0 m of the CMC solution %Jsol ution A) in the primry
package at roomterrperature for 60 seconds. 0.5 nl of the PAE

solution (s add nd the ri. y package was seal e
and shake foRr RN B0 B othetes AR R dBRS KR il S 13T o
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(after-coating solution) were tested to be ophthalmcally conpatible
and nog toxic (USP 25 elution test) after autoclaving. 20 Exanple 3:
Coating of a silicone hydrogel Iens vvlth CMC/ PAE |n pri mary package
W th pH adjxagpieen ol ofce pOng roged lcgs i MAC/R AdH

car boxymet hyl cel | ul ose SOdI um salt (CIVC Mv = 90. 000 from
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(USP 25 elution test) after autoclavi négP
ophthalmically compatible and non toxic (USP 25 clution test) after autoclaving.

20

Example 3: Coating of a silicone hydrogel lens with CMC/PAE in primary package with

H adjustment during autoclavin

Solution A of 0.2% wt. carboxymethy! cellulose sodium salt (CMC, Mw = 90.000 from
Sigma-Aldrich) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15 M NaCl and

25  solution C of 0.2% polyamido-amine-epichlorohydrin (PAE, Kymene 217 LX from
HERCULES) in 0.05 M phosphate buffer (pH = 7.2) containing 0.15 M NaCl were
prepared. An uncoated Lotrafilcon B lens was extracted in 96% ethanol aqueous solution
for 1 min. The lens was incubated in 1.0 ml of the CMC solution (solution A) in the
primary package at room temperature for 60 seconds. 0.5 ml of the PAE solution (solution

30  C) were added and the primary package was shaken for 30 min. The precipitation of the



10 Exanple 4: Coating of a silicone hydrogcl lens with CMJ HCVF in
primary package Solution A of 0.15% wt. carboxynethyl cellul ose
sodiumsalt (CMC, Mv = 90.000 from Sigma-Al drich) in 0.05 M acetate
buffer (pH = 5.6) containing 0.15 M NaCl and 0, 1% sodi um dodecyl
sulfate (SDS); and solution C of 0.2% chitosan (HCMF, Hydagen HCMF 15
fromCOGNIS) in 0.05 Macetate buffer (pH = 5.6) containing 0.15 M
NaCl were prepared. An uncoated Lot Tafilcon B lens was extracted in
96% et hanaq] sol.ution. .The ated.in.0. of the
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a dropl et of concentrated primary package was seal ed
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measured with the sessile drop nethod and conpared with the 30
commercially avail abl e contact | enses QGasys(r) (Johnson&Johnson)

whi ch jips known to have a very high confort on the eye. - 23 -

Dr opl et Oasys(r) Contact Lens Exanple 1
Example 4: Coating of a siliconc hydrogel lens with CMC/HCMF in primary package

Solution A of 0.15% wt. carboxymethyl cellulose sodium salt (CMC, Mw = 90.000 from

Sigma-Aldrich) in 0.05 M acetate buffer (pH = 5.6) containing 0.15 M NaCl and 0,1% |

sodium dodecyl sulfate (SDS); and solution C of 0.2% chitosan (HCMF, Hydagen HCMF
15 fromm COGNIS) in 0.05 M acetate buffer (pH = 5.6) containing 0.15 M NaCl were

prepared. An uncoated Lotrafilcon B lens was extracted in 96% ethanol aqueous solution.
The lens was incubated in 0.4 ml of the CMC solution (solution A) in the primary package
at room temperature for 60 seconds. 0.93 ml of the HCMF solution (solution C) were
added and the primary package was shaken for 30 min. The precipitation of the

20  polyelectrolytes on the lens surface starts immediately. Before sealing the pH of the
storage solution was adjusted to 7.2 by a droplet of concentrated NaOH. The primary
package was sealed and autoclaved at 121°C for 30 min. The lenses coated with this
procedure show a very good wettability (the lens surface is covered by a uniform fluid
film) and a good comfort on eye. The ingredients of the storage solution (after-coating

25  solution) were tested to be ophthalmically compatible and non toxic (USP 25 elution test)

after autoclaving.

Example 5: Contact angle testing

Contact angle was measured with the sessile drop method and compared with the
30 commercially available contact lenses Oasys® (Johnson&Johnson) which is known to have

a very high comfort on the eye.



Exanpl e 2 Exanple 3 Exanple 4 Uncoated Lotrafilcon B |l ens ATF 940 92
990 880 40 104 The neasurenent is perfornmed by the sessile drop
method with a DSA 10 drop shape analysis systemfromKriiss GrbH,
Germany with pure water (Fluka, surface tension 72.5 5m\/ M at 20C) or

artificial

tear fluid (ATE). For neasuregent purposes a contact |ens

Is taken off the storage solution with tweezers and excess storage
solution is renoved by gentle shaking. The contact lens is placed on
the male part of a contact lens nold and gently blotted with a dry
and clean cloth w thout rubbing the surface. A droplet of water or of

artificiglDropier [f Okye® (AEmpl@oltExkiple 2 $ K8l eHx2iblé Ae| | Bicoated
apex, and the change of
Contact Lotrafilcon
Lens B lens
ATF 94° 92° 99° 88° 40° 104°
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The measurement is performed by the sessile drop method with a DSA 10 drop shape
analysis system from Kriiss GmbH, Germany with pure water (Fluka, surface tension 72.5
mN/M at 20°C) or artificial tear fluid (ATF). For measurement purposes a contact lens is
taken off the storage solution with tweezers and excess storage solution is removed by
gentle shaking. The contact lens is placed on the male part of a contact lens mold and
gently blotted with a dry and clean cloth without rubbing the surface. A droplet of water or
of artificial tear fluid (ATF), about 1l is then dosed on the lens apex, and the change of
the contact angle over time of this droplet (WCA(t), circle fitting mode) is monitored;

WCA is calculated by extrapolation of the graph WCA(t) to t=0.

Example 6: Coating of a silicone hydrogel lens with PSS/PAH in primary package

Solution A of 0.2% wt. poly(styrene suifonic acid, sodium salt) (PSS, Mw = 500.000 from
Polyscience) in 0.1 M acetate buffer (pH = 5.5) containing 0.15 M NaCl and solution C of
0.2% poly(allylamine hydrochloride) (PAH, Mw = 15.000 from Aldrich) in 0.1 M acetate
buffer (pH = 5.5) containing 0.15 M NaCl were prepared. An uncoated Lotrafilcon B lens
was extracted in 96% cthanol aqueous solution for 1 min. The lens was incubated in 0.42
ml of the PSS solution (solution A) in the primary package at room temperature for 60
seconds. 0.58 ml of the PAH solution (solution C) was added and the primary package was
shaken for 30 min. The precipitation of the polyelectrolytes on the lens surface starts
immediately. Before sealing the pH of the storage solution was adjusted to 7.2 by a droplet
of concentrated NaOH. The primary package was sealed and autoclaved at 121°C for 30
min. The lenses coated with this procedure show a good wettability (the lens surface is

covered by a uniform fluid film).




10t he contact angle over tinme of this droplet (WCA(t), circle fitting
node) is nonitored; WCA is cal cul ated by extrapol ati on of the graph
WCA(t) to t=0. Exanple 6: Coating of a silicone hydrogel lens with
PSS/ PAH in primary package Solution A of 0.2%w. poly(styrene

sul fonic acid, sodiumsalt) (PSS, Mv =_§p0.000 from 15 Pol ysci ence)
in 0.1 Macetate buffer (pH = 5.5) containing 0.15 M NaCl and
solution C of 0. 2% poI y(allylam ne hydrochl oride) (PAH Mv = 15.000
from Al drich H. )
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precipstation of the polyelectrolytes on the lens surface starts
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(t he | ens Selwtipadeofi0s2% o anodidstimene sulfonicocid, podiim s4lDI(RYS, Mg = 500.000 from
Polyscience) in 0.1 M acetate buffer (pH = 5.5) containing 0.15 M NaCl and solution C of

20 0.2% chitosan (HCMF, Hydagen HCMF from Cognis) in 0.1 M acetate buffer (pH = 5.5)

containing 0.15 M NaCl were prepared. An uncoated Lotrafilcon B lens was extracted in

96% ethanol aqueous solution for 1 min. 0.36 ml of the PSS solution (solution A) were
mixed with 0.63 ml of the FICMF solution (solution C) in the primary package at room
temperature. The lens was was added and the primary package was shaken for 30 min. The

25  precipitation of the polyelectrolytes on the lens surface starts immediately. Before sealing
the pH of the storage solution was adjusted to 7.2 by a droplet of concentrated NaOH. The
primary package was sealed and autoclaved at 121°C for 30 min. The lenses coated with
this procedure show a good wettability (the lens surface is covered by a uniform fluid
film).

30



Exanpl e 8: Coating of a silicone hydrogel |ens with prem xed PSS/ HCVF
in primary package Solution A of 0.2%w. poly(styrene sulfonic
acid, sodiumsalt) (PSS, Mw = 500.000 from Pol yscience) in 0.1 M
acetate buffer (pH = 5.5) containing 0.15 M NaCl and solution C of 20
0.2% chi tosan (HCMF, Hydagen HCMF from&epgnis) in 0.1 Macetate
buffer (pH = 5.5) containing 0.15 M NaCI were prepared. An uncoated
Lotrafilcon B lens was extracted in 96% ethanol aqueous sol ution for
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| enses coated with this procedure show a good wettability (the |ens
surface is 15covered by a uniformfluid film. - 26 -




Clainms 1. A nethod for coating an ophthalmc lens in the primary
package conprising the steps of: (a) formng a first polyionic
coating solution, said solution conprising at |east one

negativel y-charged or positively-charged polyionic material or a

m xture of at |east one negatively cha[gggl pol yi onie material and at

| east one positively charged polyionic nmaterial, provided that the

nol ar charge ratio of said m xture of at | east one negatively charged
pol yi oni c terial and at | east one positively charged polyionic
material in2E%Pd mixture is from1:100 to 100:1, (b) optionally

form ng a second polyionic coating solution, said solution conprising
at | east one negativel y-charged or positively-charged polyionic
material or a mxture of at |east one negatively charged polyionic
materi al and Alnbfapior SRR R bbhdiAtle ERRAGLRALY baNE bl the st
provi ded that t for m rgeI)rat%n!gc oﬁgsalﬁ:%p@nﬁx% re y E@ﬁlﬁs stﬁ:%eeS
negatively chafged pol yi on| c material and at |east one p05| t| vel y
char ged pol yi gRi.c_nmat er.d i yre i 100.to 0; 1.
(& cont hot | ngD B apRrERobl SuitleR fof PLERL S ERTa rIoRt e
primary package degativelichamiet bhpdsitively-ehagped pdlyionid mamddlloy a atdurgoraai d
second sol ution to said first SO|éJtI0n and said (gg thalmc |lens in
said primry pa T(aéb@le negftivest shriegd BOlronic e andptdeasherenesitively| ens,
sai d coating comhg &P&yﬁﬁicdnd%&%tﬁréﬁﬁ&éd tﬁﬁ@ﬁ&%@lafra{a?ge'lﬁﬁo @m{c%xaaéd
positively charged mat ef i al scal |n? primary package;

mai nt ai ni ng sai @ ebb%%enwg@wéﬁlmt@rgeémg WWI%@?‘@ﬂﬁiramﬂrﬂ? lyaq&améwm h
the renaining af g S8 Nl i

ophthalmc |ens C?I%%%ﬁga ;?egé’? érﬁﬂe noph&ﬂfﬁ cg{rllg lggéér) Ootﬂar acteri zed
in that befor éa)sa@abmahlg fotenga Bew:an@quwokmgeatng sbbﬂtxbmtsa(i‘ﬁ)ﬂuhom compnsmg
adjustlngthep e ls hod
according to cl & %08%%%‘”‘ lg‘igﬁéh{)ﬁ %r%é)ﬁlémgy cg?lgsd ?Oglwlﬁé'laier’lﬂ}?
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said first solution int qﬂ{)rlmalry package for said ophthal mc |ens;
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mat eri al and saiseidppbihtimieleps;char ged mat er i aI

(d) optionally adding said second solution to said first solution and said ophthalmic
lens in said primary package;

(e} forming a coating on said ophthalmic lens, said coating comprising said
negatively charged material and/or said positively charged material;

(f) scaling the primary packagc;

(g) maintaining said coated ophthalmic lens in said primary package with the
remaining after-coating solution until insertion of the ophthalmic lens in the eye
of the ophthalmic lens user;

characterized in that before sealing the primary package, a tablet (T) for adjusting the

pH in the primary package is added.



(0 sealing the primary package; (g) naintaining said coated
ophthalmc lens in said primary package with the remaining
after-coating solution until insertion of the ophthalmc lens in the
eye of the ophthalmc lens user. 3. A nethod according to claim1l
conprising the steps of: (a) formng a_§§[st pol yi oni ¢ coating
solution, said solution conprising at |east one negatively charged
polyionic material, (b) form ng a second polyionic coating solution,

sai d sol utjon conprising.at | east one .positiyely_.charged polyionic
material, o) ACBRES RGO ST ALPRPESPERE NaPE Rfsai o i rot sol ution
in the primarys)raakiage fir®hosainit @R @II0s, Jatlutlof cogHéingatIedstione
second solution to said first solution and said ophthalmc lens in
said primary padiesigaely cbargsdpatyipgic magesighi ng on sai d ophthal nic |ens,
sai d coating hisih 9 ' (WRVICTIRY [ i
positively chgggg{ lﬁgt g?ci%gii ?Ol?%ggeégl ﬁ@mﬁ.ﬁ@h%ﬁ?iﬁ%%ﬁ%g@égﬁ%?g %%ag[ one
mai nt ai ni ng sai diegoatbthorghd helywne héersali n sai d prinmary package with
the remaining,after-coating.spl.ution.until.insertion, of .the _
opht hal mi o 1 of@ eheefie S dhgRfaileng Bittahi A PEAY BdugbrimtS puckags fog
met hod accor di ngaidwpathainiit lensonpri sing the steps of: (a) formng a

pol yi oni ¢ coating . sol ution, said solution conprisjng at |east one .
negati vel y ché‘bgﬁ’ge‘nﬁé?IQiS‘Eﬁ‘?Pés 19y 10 gpid 153 sofutiprand; sa E*B’é&“?il@élmysald
charged pol yi onigin fidkate; Wherein the nolar charge ratio of said at
| east one negatively charged polyionic naterial and at |east one

posi tively ch&dednipshgpamigonseidophthplniclens, sard toatng comprigog said ( c)
contacting an o ] x ' Ul ' Brimry
package for sai 343 g%ﬁ)te[?a‘%ﬁ#gg@?ngﬁgg%ﬂe 2@@3?%1&1%&3&5 ée{it@%gnag’n sai d

opht hal m ¢ | e(,sedmigdhcpanamygadagyri si ng sai d negatively charged
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primary package rémbihinghger-eoutihg botgionhin€il meatidn 60hs Optthdl@it lbilih lhe eye

insertion of the ophthalmc lens in the eye of the ophthalmc | ens
user . of tIPc oph%amlic lens user. y P

3. A method according to claim [ comprising the steps of:

(a) forming a first polyionic coating solution, said solution comprising at lcast one
negatively charged polyionic material,

(b) forming a second polyionic coating solution, said solution comprising at least one
positively charged polyionic material,

(c) contacting an ophthalmic lens with said first solution in the primary package for
said ophthalmic lens;

(d) adding said sccond solution to said first solution and said ophthalmic lens in said
primary package;

{(e) forming a coating on said ophthalmic lens, said coating comprising said
negatively charged material and said positively charged material;

(f) sealing the primary package;

(g) maintaining said coated ophthalmic lens in said primary package with the
remaining after-coating solution until insertion of the ophthalmic lens in the eye

of the ophthalmic lens user.



5. A nethod according to claim4, wherein the nolar charge ratio of
said at | east one negatively charged polyionic material and at | east
one positively chargcd polyionic material is from1:10 to 10:1. 6. A
nmet hod according to any one of clains 1 to 5, wherein step (c)
conprises (cl10) dispensing said (first)q,golution into a primry
package; and (c20) placing an ophthalmc lens into said (first)
solution in the primary package. 7. A ntthod according to any one of

opht hal m ¢ 1 RS RO HBoBHHaF B HORBES R 158285t <ponsi ng sai d

(first) sol ut (Hroinihgapbgiddid dhatiyg PAGKAGRICHNRIGh Shgrisiag 6t 1ephédeal m ¢
|l ens. 8. A nmethod according to any one. of clains 1 to 7, wherein the
coating on sai d WSEHIVEE Ghrece pelyionis agterinl pad atjleast operpogitixely kB¥Eed ur t her

action. - 29 - p%lyio%iérﬁ{aﬁﬁgl, ARERIthOFhold? R eﬁﬂ&o?éaiﬁét%%ﬁ%ée reQatibely

wherein the formng of the coating In step (e) Is I nduce onhe o
the fol | owi ng achirgedpeyicaicaeritrialand @reasf ongtpobitiugly chargedafolytipric material
foll ow ng actions; l. ] X1 said solution in the primary package
usi ng uItrasounggﬁfégghpﬂgﬁgggg the pH value of said solution in the
primary packa@9;coftedjngchaptihanit hes osthahidso ko tiapdmsglpatlage forkaithe
primary package; 4 .agegi_ng one or nore salts to the solution in the
pri mary package;OPF‘Tz%g‘m& Png one or nore pol yel ectrolytes to the

sol ution in thy MmhinRhY¥oRRE kAGEd opRBAINASIRLE GaiaREatR ORbEsiAgEMENt S to
the solution in the primary package; (e7) changing the tenperature of
the sol ution i n NeERsivelyhaigpd putekiabpnd said positively charged material;

(f) sealing the primary package;
{g) maintaining said coated ophthalmic lens in said primary package with the
remaining after-coating solution until insertion of the ophthalmic lens in the eye

of the ophthalmic lens user.

5. A method according to claim 4, wherein the molar charge ratio of said at least one
negatively charged polyionic material and at least one positively charged polyionic

material is from 1:10 to 10:1.

6. A method according to any one of claims 1 to 5, wherein step (c) comprises
(c10) dispensing said (first) solution into a primary package; and

(c20) placing an ophthalmic lens into said (first) solution in the primary package.

7. A mcthod according to any onc of claims 1 to 5, whercin step (c¢) compriscs
(c11) placing an ophthalmic lens in the primary package; and
(c22) dispensing said (first) solution into the primary package comprising said

ophthalmic lens.

8. A method according to any one of claims 1 to 7, wherein the coating on said

ophthalmic lens in step (e) is formed without further action.



10. A method according to any one of clainms 1 to 8, wherein the
negatively charged polyionic material conprises a poly acrylic acid
(PAA), a carboxynethyl cellulose (CMC) or a poly (styrene sul fonate)
(PSS). 11. A method according to any one of clainms 1 to 10, wherein
the positively charged nmateri al conpri§§§_a poly (allylam nc
hydrochl ori de) (PAH), a poly am do am n€ epi chl orhydrine (PAE) or a
chitosan. 12. A nethod according to any one of clains 1 to 11,

wherei n the renaini after-coatin olution i.n th rimar ackage
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13. A nmethod according to any one of clains 1 to 12, wherein said
opht hal mi ¢ | epbthe fllomermetioes:oned by the steps of: providing a

sol vent; al |l owi;ng..J: LG -1 ' ol vent;
renovi ng the g&ﬂt}h&éﬁ%agg%%ﬁr}g&nmﬁ ghr%pg%?ag’t' g%c?(é\%én%md%l{u(z\%bgnv\cgl l'ing; and
transferring &a) chaopinghial pH ealieoSsatdzsostiop ir( i pebvemepackage30 - 14. A
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(e4) adding one or more saits to the solution in the primary package;
(e5) adding one or more polyelectrolytes to the solution in the primary package;
(e6) adding one or more solvents to the solution in the primary package;

(e7) changing the temperature of the solution in the primary package.

10. A method according to any one of claims 1 to 8, wherein the negatively charged
polyionic material comprises a poly acrylic acid (PAA), a carboxymethyl cellulose

(CMC) or a poly (styrene sulfonate) (PSS).

11. A method according to any one of claims 1 to 10, wherein the positively charged
material compriscs a poly (allylamine hydrochloride) (PAH), a poly amido amine

epichlorhydrine (PAE) or a chitosan.

12. A method according to any one of claims 1 to 11, wherein the remaining after-
coating solution in the primary package is ophthalmically compatible and is
characterized by a pH in the range of from 6.7 to 7.7 and an osmolarity from 270 to
350 mOsmol/kg.

13. A method according to any one of claims 1 to 12, wherein said ophthalmic lens is
preconditioned by the steps of:
providing a solvent;
allowing the ophthalmic lens to swell in said solvent;
removing the ophthalmic lens from said solvent after swelling; and

transferring said ophthalmic lens to step (c) above.
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14. A method according to claim 13, wherein said solvent comprises an alcohol.



