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materials_into the lens material. However, )
overall efficacy of the devices. For example, many devices, including catheters,

stents, contact and intraocular lenses, and implants require biologically non-fouling

surfaces, meaning that proteins, lipids, and cells will not adhere to the surface.

Contact lenses also must be wettable by tear fluid in order to ensure wearer comfort.
15 Additionally, providing such devices with an antimicrobial surface is advantageous,

especially in extended wear contact lenses.

A wide variety of methods have been developed to coat device surfaces to
provide them with desired characteristics. For example, it is known to coat contact
20 lenses with hydrophilic and anti-microbial coatings by soaking the lenses in the
coating materials or incorporating the materials into the lens material. However,
these methods are disadvantageous in that the coatings tend to leach from the lens

over time.

25 Detailed Description of the Invention and Preferred Embodiments
The present invention provides a simple, economical process for producing
devices with stable surface coatings, which coatings are one or both of hydrophilic
and antimicrobial. By “antimicrobial” is meant that bacterial adherence to the
device surface is reduced in comparison to the uncoated surface, by about 97 percent

30 ormore.
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15 device is a contact lens.

By “stable coating” is meant that subjecting the coating to one or more of
autoclaving, washing with a cleaning agent, or rinsing with a saline solution does not

substantially alter the chemical properties of the coating. By “humectant” is meant

20  an agent that lowers the total free energy of water and is capable of binding water.

It is an unexpected discovery of the invention that stable coatings may be
formed that are either or both hydrophilic and antimicrobial by use of a humectant

and irradiation. Thus, in the first step of the invention, the device is contacted with a

25 humectant. Contacting may be carried out by any convenient method including,

30

without limitation, soaking, spraying, coating or a combination thereof, Preferably,

contacting is carried out by soaking or spraying, more preferably by soak coating.
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The amount of humectant used will be a coating effective amount. By a
coating effective amount is meant an amount sufficient to coat the surface to the
desired degree. Conveniently, an aqueous solution of the humectant is used in which

the amount of humectant used is about 0.05 % to about 10 %, preferably about 0.1 %

20 to about 5 %, more preferably, about 0.2 % to about 1 % weight percent of the

25
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solution. One ordinarily skilled in the art will recognize that the humectant solution

may contain additives including, without limitation, initiators, processing aids and

the like.

One or more surfaces of the device may be coated using the process of the
invention. Preferably, the surface is made of a silicone elastomer, hydrogel, or
silicone-containing hydrogel. More preferably, the surface is a siloxane including,
without limitation, polydimethyl siloxane macromers, methacryloxypropyl polyalkyl
siloxanes, and mixtures thereof, silicone hydrogel or a hydrogel. More preferably,

the surface is made of etafilcon, galyfilcon, lenefilcon, or senefilcon.
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15  additives.

Preferably, an initiator is used in the humectant solution. The initiator
selected will depend upon the type of irradiation selected. For example, when UV
irradiation is used, UV suitable initiators are DAROCUR™ 1173, IRGACURE™

20 819, IRGACURE™ 1850, and the like and combinations thereof. Typically, the UV

initiator will be used in an amount of about 0.2 to about 1 weight percent.

The invention will be further clarified by a consideration of the following,
non-limiting examples.

25

Examples
Example 1

Silicone lenses were made according to formulation 8 of Table 1 of U.S.
Patent No. 6,367,929 B1, incorporated herein in its entirety by reference. The lenses

30 were then immersed in approximately 3 ml of HEA, which amount was sufficient
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10 seconds to about 2 hours, preferably from about 5

seconds to about 1 hour. Follow ng the contacting
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bly, an initiator is used in the hunectant
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and the |i ke and conbinations thereof. Typically, the

UVAPRPKImately 3eeandbe used in an anount of about 0.2 to
about 1 weight percent. The invention will be further

clarified by a consideration of the follow ng,

non- | i nirhe Rghs@xaem vRShedEX BABS ®%th deionized (“DI”) water and then soaked
in 10 ml of DI water for approximately 2 hours. The lenses were stored in a packing
solution for testing, which solution was a 0.85% NaCl saline solution buffered with
sodium borate and boric acid. The lenses were stored at the room temperature and

the storage time varied.

Five of the lenses were soaked overnight at room temperature and pressure in
10 ml of a protein solution containing 1.95 g albumin, 0.60 g lysozyme and 0.80 g
immunoglobin in 500 ml. saline solution. The lenses were removed from the protein
solution and studied using the Attenuated Total Reflection (“ATR”) technique. One
lens removed from the protein solution was initially studied using Fourier Transform
Infrared — Attenuated Total Reflection (“FTIR-ATR*) technique. The same lens was
washed with DI water for 10 seconds and then again studied using the FTIR-ATR
technique. The trace data for all of the lenses showed that, after washing with DI
water, the lenses’ surfaces were substantially identical to that of the lenses that were
not soaked in the protein solution demonstrating that the proteins did not become

tightly absorbed to the treated lenses.

The protein solution soaked and then washed lenses, along with lenses that

were not soaked in the protein solution, were further tested for contact angles using



Exanple 1 Silicone | enses were nmade according to

formul ation 8 of Table 1 of U S. Patent No. 6, 367,929
w®kqosioysres porated herein in its entirety by rePEr/Esmes/006108

The | enses were then i Mmersed in approximately 3 nl of

HEA, whi ch anount was sufficientsolution to allow the

| enses be totally imrersed, for approximately 15

m nutes followed by i Mmersion for 3 seconds after 0.2%

wt. of an initiator, DAROCUR(trg) 1173, was added.

| mersion was carried out at the roomtenperature

(approxi mately 220C) and amnbi ent conditions. The
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ti thet themrelginspysyeneffabsorbed epfedke spaked paked over ni ght
10dt roomtenperature and pressure in 10 mM of a protein

solution containing 1.95 g albumn, 0.60 g | ysozyne

and 0.80 g i munogl obin in 5@@yel;. saline solution.

The lenses were renoved fromthe protein
Contact Angle (degrees) Std. Dev.
Un-soaked Lenses 59 7
Soaked and Washed 51 2
Lenses

Examples 2 - 5
Example 1 was repeated except that, in place of HEA, some of the lenses
15 were soaked in 1.5 ml EO,V for 60 minutes, 3 ml of MC PEG 350 for 60 minutes, 3
ml of HEMA for 15 minutes, or 3 ml of DMA for 15 minutes and no DAROCUR
was used. The lenses were then irradiated as follows: the EQ,V soaked lenses were
UV irradiated for 5 minutes, the MC PEG 350 soaked lenses for 5 minutes, the

HEMA soaked lenses for 3 seconds and the DMA soaked lens for 10 minutes.

20
Subsequently, all lenses were treated and tested the same way as in Example

1. The results are shown in Table 2 below.

25
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sanpl es indicating that the proteins were hot absorbe

onH& At $pdutsma lod statyergscontaibiations. Exemsgs wesre 2oaked in 20 %, 80 % or
100% weight percent HEA solutions with 0.2% wt. Darocur added. The lenses were
totally immersed in approximately 3 ml of their respective solutions for 15 minutes.

UV irradiation was carried out as in Example 1 for 3 seconds, the lenses were

10 washed 2 times with DI water, soaked in 10 ml DI water for 2 hours and then stored
in a packing solution glass vial for future testing.
The lenses were then removed from the packing solution and then the contact
angles were tested as set forth in Example 1. The results are shown in Table 3
15 below.
Table 3
Contact Angle (degrees) Efficacy (log reduction)
Uncoated Lens 71 (std. dev. 3)
20 % HEA 74 (std. dev. 2) -0.13
80 % HEA 64 (std. dev. 2) 0.46

100 % HEA 55 (std. dev. 7) 1.59




Exanple 1 was repeated except that, in place of HEA
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the contact angles were tested as set forth in Exanple
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lens was then washed with DI water and then stored in packing solution.

Example 8
Silicone hydrogel lenses of the formulation of Example 1 were individually
15 treated using a 12-well cell culture cluster tray. Approximately 1.5 to 3 ml solution
was placed in each well and then one lens was added into each well. Each lens was
placed in the EQ,V for 15 minutes and then placed under a Dymax 2000EC UV light
with a 400-watt metal halide lamp producing 100mW/cm? at a distance of 18 cm
between the lamp and the lens. The lens was then washed x 2 with DI water and

20 stored in packing solution.

The lenses of Example 7 and 8 were evaluated using contact angle testing as
in Example 1. The results of the contact angle testing are shown in Table 4. Contact
angles were significantly decreased as compared to that of same lens that was

25 uncoated.

Table 4
Spray Coated Soak Coated Uncoated
Average 57 50 91
Std Dev. 5 7 6




Tabl e 3The results denonstrate that the effect of HEA
is concentration dependent; the higher the HEA
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Silicone hydrogel |enses of the formulati on of Exanple
1 were irradiated as in Exanple 1 except that
irradiation was carried out while the | ens was being
coated using a spray nozzle filled with 100 % EQ2V.
The WV light and the spray of 3 m/mn were turned on
for 15 seconds and then turned off. The | ens was then
turned over to expose the opposite side of the Iens
and t he qunecEibE Rnv&sSydre BRaldedalljRebdedTor YR SecbR@ Using RENU™
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coating remained intact following autoclaving.
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Table 6
Spray Coated Soak Coated Uncoated
Average 64 52 91
Std Dev. “ 12 10 4
Example 9

Lenses were prepared and tested as in Examples 7 and 8 except that, 3ml
15 PEG 350 was used in place of the EO,V. The data on Tables 7, 8, and 9 below show

the contact angle data.

Table 7
Soak PEG350 Soak PEG350 Soak PEG350
Coated Coated; Post Coated; Post
digital rub autoclave
Average 60 59 57
Std Dev. 5 5 8

20



angl es were significantly decreased as conpared to
that of same | ens that was uncoated. Table 4Sone of

wo b@ologd1ses were then digitally rubbed for
Usi ng RENU(tm Multiplus cleaning solution.
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The

contact angles were again neasured and the results are
shown in Table 5. Table 5 O her

aut ocl aved at 131 C for

angl es were tested. The result
denonstrate that the EQ2V coating renmai ned intact
follow ng autocl aving. Table 6 Exanple 9 Lenses were
prepared and tested as in Examplesss 7 and 8 except

of the | enses

shown i n Tabl

wer e

30 m nutes and the contact

e 6,

that, 3m PEG . 350 was used in place of the EQ2V _The
data on Tables 7| 8, Unsdatgdbel dw Seewntedid’ogiont actncoated; Post
angl e data. Table 7Table 8 Tablle 9 digdalplle 10|A  autoclave
cul tur dverggseudononas ag@r ugi nosla, ATC@7# 15442 (fronpl
ATCC__Rockville, I\/hryl and) was lgrown over ni ght in_150
m| tryptdBesoy broth. A6 7 4
Table 9
PEG350 Soak | Uncoated PEG350 Soak Uncoated
Coated ACUVUE Coated FOCUS Night
ACUVUE FOCUS Night & Day
& Day
Average 75 82 55 62
Std. Dev. 3 7 11 7
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Example 10
A culture of pseudomonas aeruginosa, ATCC # 15442 (from ATCC,

Rockville, Maryland) was grown overnight in 150 ml tryptic soy broth. A

standardized phosphate buffered saline (“PBS’) washed bacterial inoculum was

prepared containing 1 x 10® cfu/ml. The bacteria were applied to the silicone lenses

of the formulation of Example 1, some of which lenses were uncoated and some of

which were coated with HEA. The contact lenses were washed with PBS. Each

washed lens was combined with 1 ml of the standardized bacterial inoculum in a

glass vial, which vial was shaken at 100 rpm in a rotary shaker-incubator for 24 hrs

at 35° C. Following the incubation period the lenses were washed 3 times in sterile

PBS. Each washed lens was placed into a macerate tube containing one ml of PBS

containing 0.05 percent TWEENT™-80 and macerated at a power setting of 3-4 for

approximately 10-15 seconds. The resulting macerate as well as the bacterial

suspension were enumerated for viable bacteria. The results show that the HEA

coating greatly reduced adhesion of bacteria to the lenses. The results are shown in

Table 10 below.
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the coating is hydrophilic, antimcrobial, or both. 2.
The method of claim 1, wherein the device is a contact
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is a polyneric humectant, a non-polyneric hunectant,
or a conbination thereof. 4. The nmethod of claim 2,
wherein the hunectant is a polyneric hunectant, a
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di myhixae epkraed de, pol yvi nyl al cohol, pol yvi nyl
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2. The method of claim 1, wherein the device is a contact lens.

15 3. The method of claim 1, wherein the humectant is a polymeric

humectant, a non-polymeric humectant, or a combination thereof.

4, The method of claim 2, wherein the humectant is a polymeric
humectant, a non-bolymeric humectant, or a combination thereof.
20
5. The method of claim 1, wherein the humectant is a polymeric
humectant selected from the group consisting of hydroxyethyl acrylate, 2-
hydoxyethyl methacrylate, dimethacrylamide, polyvinyl alcohol, polyvinyl
pyrrolidone, polyethylene glycol, di(ethylene glycol)vinyl ether, cellulose

25 derivatives, and the like and combinations thereof.

6. The method of claim 2, wherein the humectant is a polymeric
humectant selected from the group consisting of hydroxyethyl acrylate, 2-
hydoxyethyl methacrylate, dimethacrylamide, polyvinyl alcohol, polyvinyl
30



humect ant selected fromthe group consisting of

gl ycerin, urea, propylene glycol, non-polyneric diols,
w@bkope®9oLs, and the |ike and combi nati ons t here¢DUS2086/006108

The nethod of claim 2, wherein the hunectant is

hydr oxyet hyl acrylate or a pol yethyl ene glycol. 10.

The nmethod of claim 1, wherein the irradiation is

carried out for a total of about 1 second to about 15

mnutes. 11. The nethod of clai4n 2, wherein the

irradiation is carried out for a total of about 1

second to about 15 mnutes. 12. A contact |ens
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produced by the nmethod of claim4. 14. A contact |ens

pr sgtirdaepyandiike lea gcogtbingtignpilereofs. A contact |ens

produced by the nethod of claim8. 16. A contact |ens

produced by the nethod of claim?9.

5 7. The method of claim 1, wherein the humectant is a non-polymeric

humectant selected from the group consisting of glycerin, urea, propylene glycol,

non-polymeric diols, glycerols, and the like and combinations therefor.

8. The method of claim 2, wherein the humectant is a non-polymeric
10 humectant selected from the group consisting of glycerin, urea, propylene glycol,

non-polymeric diols, glycerols, and the like and combinations therefor.

9. The method of claim 2, wherein the humectant is hydroxyethyl
acrylate or a polyethylene glycol.
15
10. The method of claim 1, wherein the irradiation is carried out for a

total of about 1 second to about 15 minutes.

11. The method of claim 2, wherein the irradiation is carried out for a

20 total of about 1 second to about 15 minutes.
12. A contact lens produced by the method of claim 2.
13. A contact lens produced by the method of claim 4.
25
14. A contact lens produced by the method of claim 6.

15. A contact lens produced by the method of claim 8.

30 16. A contact lens produced by the method of claim 9.



