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contact lenses can be manufactured by forming a lens in a multi-part mold where the
combined parts form a topography consistent with the desired final lens.

Multi-part molds used to fashion hydrogels into a useful article of a complex
shpae, such as an ophthalmic lens, can include for example, a first mold portion with a
convex surface that corresponds with a back curve of an ophthalmic lens and a second
mold portion with a concave surface that corresponds with a front curve of the
ophthalmic lens. To prepare a lens using such mold portions, an uncured hydrogel

" lens formulation is placed between the concave and convex surfaces of the mold

portions and subsequently cured. The hydrogel lens formulation may be cured, for
example by exposure to either, or both, heat and light. The cured hydrogel forms a
lens according to the dimensions of the mold portions.

Following cure, traditional practice dictates that the mold portions are
separated and the lens remains remains adhered to one of the mold portions. A

release process detaches the lens from the remaining mold part. The extraction step



Fol l owi ng cure, traditional practice dictates that the

nol d portions are separated and the | ens renains
woenainsssadhered to one of the nold portions. ACTRISE®S048226

process detaches the lens fromthe remaining nold

part. The extraction steprenoves unreact ed conponents

and diluents (hereinafter referred to as "UCDs") from

the lens and affect clinical viability of the | ens.

the UCDs are not extracted fromthe | ens, o N

FRIRRYSE HBrepepr CRIPRASENS a@daﬁw"entsdh%e'aﬁﬂer/&efea?%w {igDs") from

e 101is dtaffetdliRRAEYIBility T thetogs. fIF MRAUCDs 4re 6t ¢xd@ctee from
faC| litated b ﬂgﬂxﬁgﬁ?sure of th | ens to aqueous or

& lense they mpyi leppungomfora é‘?/GBI"Yeaf he |l ens and

I 00s e Acashdigito priof art, Rededse bBthe tenk f@nnibk dlolch'qndEthcEilltatbd by
can .addi ona

R bl bl Bl D8 e
tartoadhebibe of thewanto Ehedncdﬂ | Bkpalideyto amcaqpécmb Ioesalilhlemlutnon
d t h | ed t tact
ERLFPRNL e e el i B e SRR Rong SR ERape

o weasmdslinisaliygacaeptaldels sol uti ons to effect rel ease

and exf, %BEmQ&éo tﬂQ‘ﬁemﬁoe Rl t{> ?«!m‘%‘&k‘i xe‘ﬁl'ﬁésflha%'alrégﬁ%?c%gfr om

hydr ogel Tens
tblcped lsalsegets. IKrmmdlyldemse sprqmmes m@qumou@pmgto effect

PHAAR afd BAIAGH Rove REORER ARG Vin RBREREIPRAsGD
QQ@ESQ‘“?““Y&PW&! bavepepopadetotrelease Ritjoome lenses gidjeemove UCDs
@B@%ﬁc)so%niél‘ ?H@%se@%{v@ (Blaérfj&@&ltfe@ rm JRich ‘&%ﬁs i¢fhmersed in

hour s. and t he absence of water in an _adm xture

A EleobelBO D sketons (RO ﬁl,sismt(Rf%lé% gsteg (RCQOR), prgyde

l&aco&R’zﬁs o«ilaoalkylmmu@csne for 2081EN46 REER's sCineiSatiRatke of
n reali z dwth, he known Erocesses t he

19 '8 8hé W‘Hf’ é"’dt YR @ MUBPTAMBRECTE At ﬁrgeigﬁt at. No.

epawpaoys |ncIIIudng, for exanple: safety hazards;
|ncre

d ti t facturi I :
i gn E5SEvGt Sl SN aierr ohe ook gl el Gt Lielpp PRispsses.
tid Usa o€ hizhlydmmeeptrated unegahm: selytiooscanrprestiairad lprcks, indiliuding,
\%)rLgxng% gaq" dt? %ggso 'ljn%{eaget sﬂ%f %o Vﬁ'ﬁ Elﬁx%qog aﬁé@é@#&ﬁn‘gg ﬁg% high
ebstlof rel¢age @crluumm ondjthn mQSSQcollfveJrﬁ tollageral cuimagheiua seexplosion.
fl ' .
tr gmbﬁfo@ g&?ﬁd&g?@vaﬁ&%&ﬁk:}g ?é&(  hictc l{%g%‘%g gﬁﬁ&% silicone
hdregdsonacilens which rrauiresthe use of little or no organic solvent, avoids the

use of flammable agents, that effectively releases lenses from the molds in which they

were formed, and which removes UCDs from the lens.

SUMMARY OF THE INVENTION
Accordingly, the present invention provides methods of releasing a silicone
hydrogel contact lens from a mold and leaching the lens of UCDs without soaking the
lens in organic solvents. According to the present invention, release of a silicone
hydrogel lens from a mold in which the lens is formed is facilitated by exposing the

lens to an aqueous solution of an effective amount of a release aid. In addition,
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As used herein, a “Leaching Aid” is any compound that if used in an effective
amount in an aqueous solution to treat a ophthalmic lens can yield a lens with an
adequate amount of removal of Leachable Materials.

As used herein the term “monomer” is a compound containing at least one
polymerizable group and an average molecular weight of about less than 2000
Daltons, as measured via gel permeation chromatography refractive index detection.
Thus, monomers can include dimers and in some cases oligomers, including
oligomers made from more than one monomeric unit.

As used herein, the term “Ophthalmic Lens” refers to devices that reside in or
on the eye. These devices can provide optical correction, wound care, drug delivery,
diagnostic functionality, cosmetic enhancement or effect or a combination of these
properties. The term lens includes but is not limited to soft contact lenses, hard

contact lenses, intraocular lenses, overlay lenses, ocular inserts, and optical inserts.
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By way of non-limiting examples, various implementations can include
release and UCD removal that is accomplished by way of a batch process wherein
lenses are submerged in a solution contained in a fixed tank for a specified period of
time or in a vertical process where lenses are exposed to a continuous flow of a
solution that includes at least one of a leach aid and a release aid.

In some embodiments, the solution can be heated with a heat exchanger or
other heating apparatus to further facilitate leaching of the lens and release of the lens
from a mold part. For example, heating can include raising the temperature of an
aqueous solution to the boiling point while a hydrogel lens and mold part to which the
lens is adhered are submerged in the heated aqueous solution. Other embodiments

can include controlled cycling of the temperature of the aqueous solution.
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In addition, in some embodiments of the present invention Leach Aids, which
are further discussed below, can also be combined with alcohols to improve the rate
of release. In some cases leach aids may be used as release aids without the addition
of alcohols. For example, leach aids at concentrations greater than about 12%, or

when used to release lenses with water soluble diluents such as t-amyl alcohol.
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The silicone monomers and macromers are blended with the hydrophilic
monomers or macromers, placed into ophthalmic lens molds, and cured by exposing
the monomer to one or more conditions capable of causing polymerization of the
monomer. Such conditions can include, for example: heat and light, wherein the light
may include one or more of: visible, ionizing, actinic, X-ray, electron beam or ultra
violet (hereinafter “UV™) light. In some embodiments, the light utilized to cause
polymerization can have a wavelength of about 250 to about 700 nm. Suitable
radiation sources include UV lamps, fluorescent lamps, incandescent lamps, mercury

vapor lamps, and sunlight. In embodiments, where a UV absorbing compound is
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02 4t Ibl o Uipne A sorthO0i 80 BehagtPlieibfl erdtand o
cembinatien efxamphosquinene anscdthyd dsMNaNdimetbglempraibenzoate.
ansssaltie | L&gg{m{sﬁ%@ﬁgxmmr syMi&1sShdludd Bodc RIS, RERure

cured usin her mal
1700, Irgacure 1800, Irgacure 819, Irgacure 1850 (all from Ciba Specialty Chemicals)

and Lucirin TPO initiator (available from BASF). Commercially available UV
photoinitiators include Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals).

In some embodiments, it may also be useful to include diluents in the
monomer mix, for example to improve the solubility of the various components, or to
increase the clarity or degree of polymerization of the polymer to be formed.
Embodiments can include secondary and tertiary alcohols as diluents

Various processes are known for processing the reaction mixture in the
production of ophthalmic lenses, including known spincasting and static casting. In
some embodiments, a method for producing an ophthalmic lens from a polymer
includes molding silicone hydrogels. Silicone hydrogel molding can be efficient and

provides for precise control over the final shape of a hydrated lens.

7



initiator may be added to the nononmer m x. Such
initiators can include one or nore of: peroxides such
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ILeachabls|Mategialan ophthal mic | ens froma silicone
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%Qgg? {hams)ilolt lr:o]ouatlld%g 219 %ggrpgrgle uE)to the po’?\yrggrn cachngiecl/lﬁem}l not
bound to the polymer may be extracted from the polymer matrix for example by
leaching with water or an organic solvent (hereinafier “Leachable Material”). Such
Leachable Material may not be favorable to the use of the contact lens in an eye. For
example, Leachable Material may slowly be released from a contact lens when the
contact lens is worn in an eye and may cause irritation or a toxic effect in the eye of
the wearer. In some cases, Leachable Material may also bloom to the surface of a
contact lens where it may form a hydrophobic surface and may attract debris from

tears, or may interfere with wetting of the lens.



then placed on top of the nononer and pressed to cl ose

and forma cavity that defines a contact |ens shape.
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a contact lens. As used herein, curing the nonomer m x
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is not bound to or incorporated into the polyner.
Leachabl e Material not bound to the polynmer may be
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froma contact ens
For example, in some embodlments, ophthalmic lenses can be subjected to a

treatment exposing the lenses to a leach aid and a GC Mass Spectrometer can be used
to measure the level of one or more UCDs in the ophthalmic lenses. The GC Mass
Spectrometer can determine whether treatment with a particular leaching aid is
effective to reduce an amount of particular UCDs present in the lenses to a maximum

threshold amount.

Accordingly, in some embodiments, a GC Mass Spectrometer can be used to
check for a maximum threshold of UCDs, such as SIMMA, mPDMS, SiMMA glycol,
and epoxide, of approximately 300 ppm. A minimum hydration treatment time period
necessary to reduce the presence of such UCDs to 300 ppm or less in specific lenses
can be determined by the periodic measurements. In additional embodiments, other

UCDs, such as, for example, D30 or other diluents, can be measured to detect the



contact lens is worn in an eye and may cause

irritation or a toxic effect in the eye of the wearer.
wonowmmssseases, Leachable Material may al so bl 8OmMUS2006/048226

the surface of a contact lens where it may forma

hydr ophobi ¢ surface and may attract debris fromtears,

or may interfere with wetting of the | ens. Sone

mat eri al nmay be physically trapped in the pol yner

matri x and may not be able to be reaneg Lo, exa Ie

pigsence phE MRREUWR MROWM 8 RPREPXITAtely fpAR: kY eivmems also

HeRide B&HiRE A ihréshaRRAbURBS R pardiculs UTD atthe miniaiu@tldetection
Leachabl e Materjal. . Leachable nmaterial typically

lexel aseratingpletby she tzS’F‘i‘“%‘fq“fpr’i‘ée" terial included in the
WDnO”ERarﬁ@léfs 6ﬂ1€dchﬁig%$dsnﬁﬂcohﬁngaom€d preseni inadition include:

function e a .
Efglgg{gtsqi a c%éf%? eéﬁoxytazeggﬁgl?ﬂ%h%?%r {a]tg?mn%csclg gllug%mdes or
bty dptichany oith meadhed lai8eo IOTP eaibbi eiminshpaifalivdene pridesent

e TB rer ARy o o R (o RBLARS BRlmpies inclyde
sbmnﬁduﬁrmMiwmtiﬂe, &pu daﬁﬂlcdlhéethwdﬁm with 0 gthylene
x1d¥ ) agcgum do?%cgpgr{g{ FS‘\& %&Yhe})'len@- ot rh'e%ﬁ% i ropylene

I'Mc Ieached fr
gbdcyhpmlyqtbnleneagiscol mmmyé ether ethp| lat?ﬁayleﬁlwbélupmeub@leate,

es J‘Ie S&?L%@ft of b %g{l)wsmfﬁt’e Qv %m{ﬁlhegrll sgqmgr S c an

romthe nation reactionS ear| in th
f or main edersp ilusyragitheinversioptee ol pwing. exme’ef aﬁengquded These
lefﬁﬁ]n@sbécg?dv@ihﬁﬂh@ lir?\'eﬁt%h ITife 'A%@dﬁy ofly t@&dgg@ﬁ adnethod of

m Xture t he above descri ngonents

praciicloR rainyeation n Ehos KnpNISFeaBla SbTHE et A el o ter arts,

T firidtdther BRURIAY bAPradé@lifd the Hveldr thoS©methiots 4rg detR@ld be
ai_ds Accordin o the present invention, |eaching of a
ﬂ‘?ﬁ‘%@ﬁé“%d’f%@ﬁ“vﬁé% is facilitated by exposi ng the

lens to a solution including one or nore | eaching aids

conbined with water at concentrations effective to
fromthe |l ens. For exanple, in sone

e rrbod iAmerntt Bg obiiyhed mScfohﬂdsrBl@sU‘U&nnngW@C ted to a

TR TERB Lt 8 ERe; BRB B RMAN & Aflafh 5
@lﬁieemrarﬂmbﬂccﬂlﬁiﬁ)so gof 1 5% (wpmtﬂmb'med rioaylphenol (Etbal&P-Rbins

%Pa‘?e%cr 'F@’L"% g\ﬂ tgrﬁ{)e%tg}é] ﬁ’“gp@ uﬁn‘ié?QBMmM\ﬁé Ratr for 5

Ive to reduce an
amm;n fl“hefoolmmct wemtlmedmtlmﬁéwhﬁo m deigaizpé wates: The rgsulting

%wrﬁ'@l‘ Was analyzed for residual PDMS, TRIS and DMA as compared to polymer
that was not leached. The results are shown in Table 1.

In addition, a Comparative example 1 was prepared with the same polymer
used in Example 1. The Comparative Example was soaked 2 hours in 50 g IPA, one
hour in 50 g fresh IPA, and one hour again in 50 g fresh IPA. The Comparative
example polymer was analyzed for residual monomers and the results are shown in
Table 1.
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In order to illustrate the

sodi um dodecyl

nononet hyl
and the

i nvention the foll ow ng exanpl es are included. These

exanpl es do not

limt the invention.

They are neant

only to suggest a nethod of practicing the invention.

Those know edgeabl e i n cont act
ot her arts,

i nventi on,

scope of this invention.

| enses,

as wel |

as

may find other nethods of practicing the
those nethods are deened to be within the

Exa

npl es:

About 1 g of

pol ynmer was fornmed by UV curing 5000 MV a, w

bi smet hacryl oxypropyl pol ydi et hyl sil oxane, TRI' S and
DVA with t-butanol as diluent, and soaked in 50 g of
15% (wt) et hoxyl ated nonyl phenol (Ethal NP-9) in water
overnight at roomtenperature, foll owed by subnersion
in boiling water for 5
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hours. The polynmer was rinsed three times with 50 m

dei oni zed water. The resulting polyner was anal yzed
woéanorreesisdual PDMS, TRI'S and DVA as conpared t 8CpaiSyuuen48226

that was not | eached. The results are shown in Table

1. In addition, a Conparative exanple 1 was prepared

with the sane polyner used in Exanple 1. The

Conpar ati ve Exanple was soaked 2 hours in 50 g | PA,

one hour in 50 g fresh IP@Léi]gﬁpone hour again in 50 ¢
fresh I PA. The Conparativ | e pol yner was

gﬂ%zp’?d ;%r resi dual nmononers and the results are
3MS%bl e 1. Tabl e 1lal so includes data fromthe
ama whi ch was hed

7o S el dB e RS o7 by RS i CTRE A gt Dbl
corrmrmntpsxsagdxlﬁtbhmMmetthHmlsmht haI mec | ens

conpri si ng a)?ﬂolsllrl g&lﬁ ’oplﬁtneﬁ ?ltelr?g@ Cﬁ)ljgpd’ g&tﬁgfﬂuﬁ&p Q&hﬂ%mg

said ophth ens aqueous so

conpri siahgutali§deior m&¥odn lesohing egenacclmmﬂmmhtag'md

conpri si g gtl dexyl ated nonyl phenol ; heating said first
aqueous SOl Ut of to which the opht halmic lens is
exposed; ahehting saif figst squequbshttionl teinhichdhe onithadmigriens is
contact Mhidgaanecond aqueous solution until said |ens
conpri ses a 'evel of unreacted components and d| | uent s

that is beliBtingsaid epfdhabinis lmhwﬁg%gmca with a spend 3gHeRYS

ac |C or di RGN Ghl sﬁld]lens%ﬁfpﬁhé% atlgﬁél E}f ﬁ&ﬁao’t‘éﬂlkﬁlﬁipgnents and
sol ution_conprises essentia o et hoxyl at e
nony| philyents that ipbelopca WS%"“Q’E% g’ﬁ’@h‘{‘% claim1,

mhereln sald second I|qU|d conpri ses delonized wat er .

. acc rdln erei irst.
i qu e Gihpd sBRsnioe i SRt B ARe b SGton ddnises
buf f eéselntmmyaou% Sladxylatedmon@phéiok nmet hod according to
claim4, wherein said first liquid, said second
l'iquid,
3. The method according to claim 1, wherein said second liquid comprises

deionized water.

4, The method according to claim 1, wherein said first liquid, said second liquid,

or both comprise a buffered aqueous solution.

5. The method according to claim 4, wherein said first liquid, said second liquid,
or both comprise sodium chloride, boric acid, sodium borate, dihydrogen
sodium phosphate, sodium citrate, sodium acetate, sodium bicarbonate or any

combination thereof.

6. The method according to claim 1, wherein the predetermined threshold

comprises a threshold of detection of unreacted components and diluents.

7. The method according to claim 1, wherein said ophthalmic lens comprises a

contact lens comprising from 0 to about 90 percent water.
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or both conprise sodiumchloride, boric acid, sodium

borate, dihydrogen sodi um phosphate, sodiumcitrate,
weadi7msacet at e, sodi um bi carbonate or any conBCnAaS2@®E/048226

thereof. 6. The nmethod according to claim1, wherein

the predeterm ned threshold conprises a threshold of

detection of unreacted conponents and diluents. 7. The

nmet hod according to clai m 1, wherein said ophthal rri c

| ens co i ses a ntact | ens cqQ iising fromO_t

Sbout TOOMSLPSrtoryREss Saim FRieHaY HUAOHUBEA GS R

cl ai Medmprides & &ilOert ahdl s hiethol Mirthet edfiprisds FaM®ving said diluent

conpri.ses a, dil ue nt .and said nethod further conprises

r emovFRE B4 %Phg?al &I r om sai d ophthal mic Iens. 9.

The nethod according to claim8, wherein said

phth mc..l nsh func al. e

Jr1 ng P meiredpefivefanBnth Hgn Hid Splbitsd Bothea ng
t o cl &ingtidnal shae nrd swellidoringfdddilluentcrehensgl. i s tint ed.
11. The nmethod according to claim1, wherein said
ophthal mc |l ens conprises a pattern of colorant. 12.
The ndhéeowthed actarilimg to ehior biwhendie sal ophthalmix lsos isriptedf
the ophthalmc lens to the first aqueous sol ution
conprises imersing the ophthalmc lens in the first
ddueoile pthodiagerrding te plaint 1.reherein said ephtba)mic lepncoraprises a

heat e,y bFéo]Qx‘ahd ing point with the ophthalmc |ens
imrersed in it. 13. The nmethod of claim 12 wherein the

ophthalic lens is imersed in the boiling first
qgues s m%ﬂlobltdffér&ufx Q rw}ﬁ:ré?ﬁ wherdinGhe EXgiBing QF el o%hﬁﬂlnﬂ@ s to

t han gne_ hour. he net hod, of cJ ai m%
opht hHei sy 3€H§°‘18§°!“Hﬂ% FBRTISEH IMAErsipgithy ?Péﬂfﬂ#m@ﬁem i 1hS frs

aques agifeotOdlitichand ke ﬂrs@&fubm sBfutibh IEhea@RARS itSbdlfng point
betvveen 3? {}ﬁur a d five eﬂurs 15. The net hod of
vithdhe e

clai m %ﬁlw Eweﬁ §*tthe step of forming the
opht hal mic lens by W curi ng at 5000 MW a nonormer

p 01 y (ril n‘%?’% ﬂ]Od (1f8 E‘é{ﬁ gst“%?{f: rg}/ ge 8%%@%/ leﬁ,]ls lmngsed in the boiling

conpr Kisst lagudselhnﬂoanbh for a period of time comprising more than one hour.

14.  The method of claim 12 wherein the ophthalic lens is immersed in the boiling
first aquesous solution for a period of time comprising between one hour and

five hours.

15.  The method of claim 1 aditionally comprising the step of forming the
ophthalmic lens by UV curing at 5000 MW a monomer comprising o,®-
bismethacryloxypropyl polydimethylsiloxane, TRIS and DMA with a diluent

comprising t-butanol.
16.  The method of claim 1 wherein the step of rinsing the ophthalmic lens

comprises exposing the ophthalmic lens three times to at least 50 ml of

deionized water.
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16. The nmethod of claim1 wherein the step of rinsing

the ophthal mc | ens conprises exposing the ophthal mc
woenw/rhssee tinmes to at least 50 m of dei oni zedT/US2006/048226

water.17. The method of claim 1, wherein, the first

aqueous additionally conprises one or nore of:

et hoxyl ated al cohol s; ethoxyl ated carboxylic acids,

et hoxyl at ed gl ucosi des; ehtoxyl ated sugars;

et hoxa_l ated carboxylic acids with attached C8 to
ddr boihe methed of el lyVasrein. Y HEdaqusees ditpratly a@n@raseé:sne

t o Clé, mafd¥iethbailaisd alemcq)s}(whakﬁ&e@ H&Bé)@rhwlabias adhoxghaed
C8 to Cl4 carbon ?hal ns; k

I
sul f agbwsosides; ggpilaipdsugars: grhoméla% enggxyzhc aéé*Séﬁ!%* attached C8

conpods4 cakBon afﬁmsﬂahdi}g%t&f glﬁéo@id% withlagichieth C8itB €14 carbon
' ne, or npre of:

first ueous addi,ti onal |
coco aﬁﬁ%ﬁsp F’&W’?‘é‘i"ﬁ' ﬁ‘égaﬁﬂ"ﬂ% am’é héd ¢§?0( GlFRBLghains;
et hox ybBhmkdlent bXiddd) seifdis] irboxglotedes ambedixides d0 d8ay10
sul f at e; $ ol yoxyet hyl ene- 2-et hyl hexyl ether;
pol ypfFd ‘B * gl ycol; polyethylene glycol nononethyl
et her; ethoxyl ated rret hyI gl ucosi de di oi eate; the

di um sal f ; ' . .
Iy NS Prelnelar Bl Y e b ARkt cBinprizes, one
t he e»prmrmcgf ofconmidoppipy laadimd axides fs-18 &ttytadeohpl gthoxylated with

ol ot 13 ¢AAHe LRfeEATRL Recs! Ak pbfEicl tinc LAt Ry
cl ai methewipelyerapyicne géo@pbgpb{gthbipmt glxcd pranemetivtethems t o
the fi fh%&yl@@k! Gy %RJcHélhé’&‘ioFeQz@Pﬂhb $&Sfurh TR 65 -BOY RBIfate; and

op hthalmc lens i'ln"the first agueous sol uti on.
sodium salt of ethylhcxyl sulfate.

19.  The method of claim 1 wherein the exposing of the ophthalmic lens to the first
aqueous solution comprises flowing the first aqueous solution over the

ophthalmic lens.
20.  The method of claim 1 wherein the exposing of the ophthalmic lens to the first

aqueous solution comprises immersingthe ophthalmic lens in the first aqueous

solution.
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