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CROSSLINKED, HYDROPHOBIC, ACRYLIU COPOLYMER MADE OF
PHENOXY- TETRAETHYLENE-GLYCOL ACRYLATE AND INTENDED FOR
INTRAQCULAR LENSES

The invention herein concerus a new hydrophobie, acrylic polymer materisl
perfectly suitable for the manufacturing of intraocular lens,

The mvention also concerns ntraocubar lens made from such a polymer
tnatertal,

Intrnocular lenses are opthalmologic implants or prostheses that are placed
surgically in the eve of patients suffering, for example, fom cataracts, as g replacement
for thelr defective crvstalline lens,

During the operation, the surgeon makes a small incision i the patient's
cornes, through which he removes the patient’s dysfunctional natural arvstatline lens. He
then places the intraccular lens in position in the crvstallin bag instead of the removed
crystatline lens, through this incision. _

The lens conventionally incorporates a corrective optical part, of which the
gorrection varies from 10 to 30 diopters, depending on the case. This optical part is
easentially disc-shaped and has a generally asymmetrical biconvex cross-section. I must
be positioned perpendicularly, centered in relation to the optical axis of the eve.

From this central optical part extends lateral extensions called baptics, the
rote of which i3 to place tension upen the walls of the crystalline bag and ensure proper
positioning of the lens in relation to them,

To make the operation as least traumétizing as possible for the patient, and
to prevent the development of a posi-operntional gstigmatisan, the meision made i the
cornea must be as suiall as possible

During the operation to place the ntraocular leus, the lens s rolled up in an
injector the exit end of which is nserted into the orystalline bag through the tnciston.

The intravcular lens, which has a dianster that is considerably bigger than
the length of the incision, has t© be extremely compressed to be able to be ejected through
the oxit end of the injector, the putside diameter of which s smaller than that of the
thaision.

Quee it has been released into the crystalline bag, the intraocular lens must
deploy tiself quickly in order to position ttself properly and be capable of fulfilling its

funciion of aptical correction in g satisfactory manner.

Becsuse of thelr natury intending them to be peomanently implanted within
a huwman eye, the optical funciion that thoy bave to fulfill and thelr very difficult

fulfill muoltiple oriteria simultanecusly inorder to be satisfactory,
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From an optival viewpoint, the tracculsr lens must be made of a

focus on the macula once the leng i in position, while being of small size.

The material must allow high-precision machining to obtain the necessary
optical quality.

Mareaver, the lens must not cause any mroblem of dazading, and must not
whiten and become diffusive over time or during temperature changes within the range of
temperatures that can normally be encountered. |

The material used for their production must be compatible with permanent
implantation within the bumas eve, and must nat be gyotoxic. Over time, it must pot
disserninate any toxic substances, 80 s RO {0 CAUSE NRCTOSES.

Furthormore, tor the lens to be fitted without problem, the material must be
sufficiently flexible to be folded and rolled up. It must withstand considerable elotigation
and the thrusting pressure withowt breaking itself or breaking the injection tube, so a8 to
pass through a very small gjection aperture of around 1.5 mm diameter or even less,

Lastly, once i the patient's eve, the intraocular lens must be capable of
deploying itself alone and within a fow seconds, without sticking o itself o as to
position itself corvectly 1o the crystalline bag and recover its optical characteristics.

Many intraocular lenses of various shapes and compositions have been
proposed in prior art. However, despite the very wide variely proposed, until present, none
has managed to fultill all of these criteria in 4 satisfactory manner.

The purpose of the invention 1s fo provide & new material allowing the

In prior art, it has been attempted to develop more flexible materials, to
make mtraocular lenses that are easter to nsert through an ever-smaller incision.

Although more fexible, lenses made of so-called “hydrophilic” plastic
materigls pose problena of mflamumation of the eye, because of the dissemination of
substances escaping from these lenses, which are difticult to purity and which alwaye stay
m equilibritam with the water of the eve in which they are implanted,

Furthermore, hydrophilic materials such as the hydrogels conventionally
used for making intraocular lenses accelerate the migration of epithelial cells on the
surfuce of the lenses and, in the long-term, can be responsible for a capsular opacification
that is a particular nuisance fur the patient,

Instead, so-called "hydrophobic” plastic matenals have been adopted that
are defined by a water absorption of Ises thay 5% at 353°C, and that have specific
characteristics that do not depend on the quantity of water absorbed. During production,
they can be casily purified, and extractable substances that sre insoluble in water can be

removed.
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Such is the ease, for example, of ascrvlic polymers or silicon-based
polymers.

The fexibility of these materials depends on their temperature. They have a
vitreous transition temperature { Ty below which they are hard and can be machined, and
ghove which they become flexible, distortable and elastic.

For the manntacturing of infraccular lenses, ope must choose a material
having a vitreous iransition temperature that 1s suthiciently low for the resulting lens to be
enough fexible to rolled and stretehed at surgical room temperature, namely 18 to 2090,

The nvention fulls within the scope of these so-called “hvdrophobic®
plastic matertals. and more-specifically concerns acrvlic polymers,

The well-known problem of these hydrophobic materials is that the more
flexible and distortable they are, the stickier they are,

Accordingly, the intraccular lenses can have difficulty in deploving
properly when they are implanted in the patient’s eye. In particular, the haptics very often
remsain bonded to the optical part of the lens,

To resolve this technical problem, an acrvlic polvmer designed for the
production of infraocular lenses has been proposed in prior patent application
PR 2 93¢ 731,

This material is obtained by radical polymerization from a nuxture that
contains the following monomers;

- an arylaleoxy-acrylate or an arvlalioxyv-methacrylate;
~ an alkylacrylale, preferably butyl acrylate;

~ a hydraxylated seryvlate;

- a hvdroxyvlated methacrvlate;

~ adiod diacrylate; and

« g diol dimethaceyvlate,

The deformability of the resulting polymer has been considerably improved
by the addition of a fransfer agent, such as thiol hutane or thiol ootane, to the initial
mixture of monomers,

But even though this polymer material has undeniable gualities in relation
to the other materials commercially-avatlable, it has two major disadvantages that prevent
it from reselving the technical problem in a satisfactory manner.

Firstly, the material remaing tacky on the surfhce, which prevents the rapid
deployment of the intraccular lens once it bas been released tn the crystalline bag,

With such g polymer matedal, 3t still happens that the haptics remain
bonded to the optical part of the lens, obliging the surgeon to sttempt to unbond them
manually through the incision in the cornea. This hazardous operation is particularly

delieate.
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Furthenmore, leoses produced with this polymer material have a certain
susceptibility to whittning in tepid water - also called "glistening” ~ which proves
problematic.

The "glistening” phenomenon i3 an undesirable offect that frequently and
principally affects hydrophobic agrvlic lenses by modilying the transparency ef their
optics. When these lenses are inunersed in an aqueons mednomn, such as is the case when
they are implanted in the eve of a patient, they form micro-vacuoles of water within the
polymer material that are visible because of the difference in opticsl Index existing
hetween the water and the polymer,

As the quantity of water that is absorbed by the muterial varies according to
the temperature, the formalion of vacuoles 15 influenced by temperature vartations, When
the temperature varies guoickly — for instance, when the patient enters a heated indoor
tocation from outdoors during the winter, ar enters an sir-conditioned location fron warm
agtdoor temperatures during the summer, or viee versa - vacuoles of water appear or
disappear, which locally modifies the transparency of the intraocular lens and cguses a
localized ghistening. Oue observes the appearsnce of local turbidities, sparkles or whitish
“clouds” in the field of view, which can cause 4 naisance or @ reduction of the visual acuity,

The invention offers a different solution fo this problem by providing a
new material for the production of intrapcenlar lenses, that is non-tacky by nature, and that
has a very low susceptibility to glistening that, in particolar, is considerably lower than
that of the prior nuateriad discussed shove.

' Swrprisingly, this new material resolves both the problem of glistening and
implanted in the eve, while conserving the characteristics essential for the targeted
application and the advantages of the aforesaid prior material,

To resobve this technical problem, the invention provides a new
hydrophobic, acrylic polviner material intended for the production of intraceular lenses.

This material is 8 oross-linked copolymer of at least the following
MONOMETS;

- an arvlaleary-aoryvlate different from a 2-phenoxy-{2-cthoxyheacrylate with 4 < n < &
- a 2-phenoxy-{2-cthoxyheacrylate with 4 <n <6, proforably 2-phenoxy-2-cthoxy-2-
ethoxy-2-cthoxy-2-cthaxyv-acrylate;
- a hydroxviated acrylate;
- g hydroxyviated methacrylate;
- an ethoxylated diol digerylate; and
- an gthoxvilated diol dimethacrylate,
This cross-linked copolymer takes the form of a three-dimensions!

macromolecular netwark with hanging chains, due to the presence of at least one fransfer
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agent in the moenomer nixture doging the cross-linking,

The polymer no longer containg alkylacrylate monomers and, in particudar,
responsible for the tacky nature of the sorfaces,

On the other hand, it contatns 2-phenoxy-(2-ethoxyieaerylate (with
4 < <0 ) as monomer. Thanks to its ethoxy fanctions, which ave oniformly distributed in
the resulting polymer, this co-monomer slightly increases the amphiphilic chameter of the
material. The solubility of the water in the material i3 slightly increased but remaing
controlled,

The presence of ethoxylated sub-chains, however, enables the exeess
concentrations of water that can occur during small temperature variations to be broken
down into numerous sub-domaing of small size at the secale of the macromolecular
network. These small sub-domainy are disiributed ontformly, and are attached to the

netwaork. Therefore, they cannot group in order to absorb o greater quantity of water.

They no long
natural light and thus be responsible for the glistening phenomenon. They are replaced by
clusters of water that are more-sumerous but are much smaller (of nanometnie size)
loeated within short polyethoxylated subrchams that, becanse of thelr very small size, are
not diftusive of natural light.

Furthermore, these clusters are ocated in sub-domains of lower index
{approximately 1 4R} than that of the swrounding material (avound 1.54). The contrast
witly the index of the water (1,33} is lower, which makes these clusters less visible,

For all these reasons, the materisl's susceptibility to glistening {whitening)
& mivch stoaller,

| This wonomer also considerably reduces the tacky nature of the surfaces on
themsebveg, such as will be demonstrated further on

The invention also teaches a method for the production of the aseylie
polymer material according to the invention, i whick:

a mixture is realived containiog at least an arylalcoxy-sorvlate dif¥ferent from g 2o
phenoxy-{2-ethoxyipacrylate with 4 Sn <6, a J-phenoxy-{2-cthoxy)escviate with
4 < g <&, g hydroxviated aorviate, 2 hvdroxylated methacrylate, an ethoxvlated diol
diacrylate, a ethoxylated diol dimethacrylate, and a transter agent;

this mixture is radically polymerized. in one single polyrmenzation step, sueh that to

obtain by thus polvmerization a threedimensional macromolecular network with
hanping chains,

After radical polymerization, the polymer i3 free of residual fractions of
monenmers and other additives not having been polymerized.

After this purification stage, a material that has the physical properties
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stated in this application herein is nbiained,

Lastly, the wvention provides intraocalar lenses 1o be swrgically implanted
in the crystadline bag of a patient, a8 3 replacement for isdher natural crystatline lens,
produced frony the servhic polvimer material according to the invention.

Such intravcnlar lenses are particolarly advantageous because the polymer
material according to the mvention fullills all the criteria necessary for overcoming the
numerows constraints in the targeted spplication.

fndeed. 1 bas 4 optical index that is high ~ greater than 13 — but that is
insufficient to cawse the multiple reflection phenomena cansing the dazzling problem,
This index s preferably between 153 and 1,50, with a prefeced value of 1,345,

The material has a low vitreous transition temperatare that allows itio be
particularly flexible, distortable and elastic at the temperature of implantation of the lens
and af the temperature of the eye. Its vilrepus transition temperature 18 advantageously
F°Cor tower and, for example, around 2 to 350,

Despite this low vitreous transition temperatore, it remains easily
machinable by chip removal at nrachining fémperatures of <13 to -20°C. The variation in
phyvaical properties 18 actoally very sudden as from -5°C,

it bas a great aptitnde for distortion without breshing st the usage
teniperatures, namely between I8 and 3570 With a wodulus of clasticity lower than
0.4 MPa at 30°C gand an elongation at break of 250% or greater under compression, it can
sasily be rolled and sirongly stretched in the injection cartridge to be bmplanted i the
patient’s gyve,

Thanks to its high surface tension doe to the presence of hydroxylsted
monomers, the material aecording to the invention doss not adbere fo itself either {n the
dry state or the wet state. Therefore, it can deploy easily and entirely onee in position in
the patient’s eye, and thos satisfactorily resolves the problem of haplics remaining bonded
to the optical part of intraccular lerses.

This deploymunt s achieved quickly due to the short tme of relaxation of
the material aecording 1o the invention, which is less than 15 seconds at a temperature of
20°C and less than 5 seconds at 30°C.

The purified material has a water absorption rate lower than 4% at a
temperatire of 40°C and lower than 3.53¢ 9% at 30°C,

('f)thf:r characterizstics and advantages of the invention will &cmm&: appaz‘eni‘
quantity 01‘ each of ths., monpomers and ether constituent ;mm of *}w mixture ai}ovs ng o
obtain the material according to the invention.

To facilitate the reader's proper understanding, this description is

accompanied by the following appended drawings, by way of example:
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Figure 1 is o first example of s intraocalar fens that can be made using the material
aceording to the invention:

Figure 2 18 a second example of an intrasocular leas that can be muade using the
material according to the invention.

Iy Figures 1 oand 2, two conventional examples of an iniraocular lens 1 has
been illustrated that can be produced using the acrylic polvmer material according to the
fvention.

These lenses 1 comprise a cendral optical part 2 that is cssentially dise-
shaped and has a bisconvex profile,

Extending from this optical part 2, there are lateral extensions called
haptics 3,

In Fignre 1, thore ame two of these haptics 3. They are located in
diametrically-opposed positions and have the shape of a curved amy, with each extending
N g opposing ditection.

The lons i Figure 2 has four haptics 3 that are shaped like a pierced ring
with a central opeming 4. These haptics 3 arve regularly distributed around the periphiery of
the aptical part 2,

2

In the examples illostrated, the haptics 3 are manufactured as one plece
with the optical part 2 of the lens 1. This type of lens is called @ "one-piece Jens™. The
material according o the invention is particularly suitable for the production of such
lenses.

The haptics 3 are joined to the contral optival part 2 via 8 connecting area §
forming a hinge that generates a spring effect through elastic retum of the material 1o
unfold the lons during its implantation into the eve of a patient.

The material acconding to the invention ix particolady suitable for the
production of such fenses 1.

It iy a cross-linked, hydvophobie, acoylic co-polymer of at least the
following monomers:

- an arvialcoxy-acrviate ditferent from a 2-phenoxy-{2-ethoxyheacrylate with 4 <n <8,
~ & Z-phenoxy-{2-cthoxylracrviate with 4 <n 2 6;

- & hydroxyiated acrvlates

- a hydroxyiated methacrylate

- an sthoxyviated diol disorvate; and

- an ethoxylated diol dimethacrylate.

ita physical structore 15 a three-dimensional macromolendar setwork that
locally incorporates hanging chains. This is due to the action, during the reticulation, of a
transfer agent added to the mixture of mononers betore polymerization.

The use of an arvialeoxy-acrylate, which has a relativelvlow vitreous
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trazsition temperature, enables to obtain a final polvimer with a high optical index.

As arylalcoxy-acrylote different from a 2.phenoxy-(2-cthoxy)s-acrviate
with 4 <n < 6, a compound chosen from 2-phenoxy-cthylacrylate, 2-phenoxw-2-ethaxy.
ethylacrvlate or 2-phenoxy-2-cthogy-2-ethoxy-cthylaceylate can be used.

As a preferved example, 2-phenoxy-ethylacrylate can be cited.

The initial muxture befove polymerization preferably comprises hetween 48
and 84% by weight of arvialvoxy-acrvlate different from a 2-phenoxy-(2~ethonys-aorylate
with 4 < n < 6. Preferably, it containg betwoen 70 and 80% by weight of it

A monomer with ethoxylated sub-chain of type 2-phenoxy-(2-ethox vy
acrvlate, with nequal 1o 4, 3 or 6, 3 added o the mixiure.

The monomer with sthoxylated sab-chain used can advantageousty be 2-
phenoxy-2-ethoxy-2-cthoxy2-ethoxy-2-ethoxy-acrylate (n=d), also called 2-phenoxy-2-
etracthylone glveol acrylate, or acrviate of 2-phenoxy-2-tetrasthylene glyeol acrviate, or
aceylic monoester of phenylether of tetracthylene glycol, or else 4PEAL

The inittal mixhure before polymenzation preferably includes between 3
and 15% by weight of 2-phenoxy«{2-ethoxyhvacrylate, more preferably between 4 and
10%, and prefersbly around 6%,

This monomer enables to lower the vitreous transition temperature of the
resulting polymer while endowing it with as certain hydrophily.

As will be demonstrated further on, it also advantageounsty enables to Jower
the self-adhering tendeney of the surfaces, and o very strongly reduce the glisterung of the
obtained polymer matenal.

To decrease the tacky nature of the material in the humid state, the fingl
polviner must have a sutficient goantity of hydroxyl Ruwctions on the surface. The water
thus forins g contnuous fthn on the surface of the material that prevents the material from
adheriog to itself

Hydroxylated monomers: g hydvogslated aonate snd a hvdroxvlated
methacrvlate are thus added to the mixture, and increase the surface tension and the water
atfinity of the surface of the resulting polymer.

These polymers thus contribute to preventing the material and, therefore,
the lens made from i, from whitening on prolonged contact with water gt 35°C, by
nmugration of species noet Hoked to the polvmer petwork and &wing a strong atfinity with
water,

To be compatible with the specification, when in the polymerized and dry
state, these monomers must pot have an exeessively-high vitreons transition tempersture,
namely higher than 10°C.

The hydroxylated acrylate used 15, for example, a dihvdroxywatkyl mono-
acrvlate or a dihydroxy-ethoxy-alkyl mono-acrylate of which the alkyl chain of the glycol

3% En 4
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incorporates 3 to & atoms of carbon, One can aite, for example, d-hydroxy-butyl acrylate,
alse known as acrylate of 4-hydroxy-butyl or butanediol acrvlae, hexanediol acrylate or
triethylene glycol mono-acrviate,

The hwroxylated methacrvlate used s, for example, a dihvdroxy-alkyl
mong-methacrylate or g dibydroxy-ethoxv-alkyl mono-methacrylate of which the alkyl
chain of the glveol ncorporates 3 to © atoms of carbon, It can be, for example, hyvdroxy-
ethyl methacrylate, butasediol moncmethacrylate, hexanediol monomethacrylate or
irigthylene ghyeol mono-methacrviate; glvools with a chain of more than 3 carbon gtoms
ave preferred because they have a vitreous transition temperature lower than that of
hydroxy-cthyl methacrvlate,

The proportion of these hydroxyviated monomers in the muxture before
polymerization must not however be too big fur the resulting material to remain globally
hydrophobic and not to absorb more than 5% of water at 3537°C.

Advantageonsty,  the  hydroxviated  acryvlate and  the  hydroxvlated
methacrylate ogether represent preferably between 10 and 20% by weight of the mixtare

Depending on the case, the proportion of these two  hwdroxyvlated
monomers relative to one ancther may vary from 20 to 80% for one of them and

o

conversely for the other, as a function of the destred vitreous transition temperature,

The mixtwre also contains cross-Hnking compounds allowing o obtain,
during the polymerization, a three-dimensional macromolecular network and not Hoear
polymers. To obtain such a mesh, difunetional monomers are added: an ethoxylated diol
digerylate and an ethoxviated diol dimethacrylate.

These crosslinking compounds vomprise ethoxy functions so a3 not 1o
augment the vitreous transition temperature of the final material and, in parallel, to
maintain a hydrophily level that 13 homogeneous with the rest of the composition,

The used ethoxylaed diel diacryiate is preferably tristhviene glycol

The used cthoxylated diel dimethacrylate can be trethylene glyeol
dimethacrylate or tetraethylene glyveol dimethaceyvlate

The quantity of cross-linking agents must be sofficient to avoid top many

the tacky nature of the polymer.

Furthermare, the higher the cross-linking rate, the shorter the polviner
relaxation time is; the lens deploving tself more quickly in the eve at constant vitrepus
transition temperature.

However, the resulting polyiner becomes britile when its cross-linking rate

is too high

TATATEION
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The gquantity of cothoxylated diol diaceyviate and  ethoxvlated  dint
dimethacrylate must therefore be chosen carefully. Preferably, these cross-linking
compannds are added 1o the mixture in quantities such that the final cross-linking level i3
a mass between cross-linking nodes comprised between 2000 8/M and 10000 g/M.

Advantageously, the ethoxylated diol dinorvlate and colhoxyviated diol
dimethacrylate together prefevably reprosent betwoen 1 and 3% by weight of the mixture,
with the relative proportion between the ethoxylated diol diacrylate and the ethoxvlated
diol dimethacrvlate preferably varying between 20 1o 80% of one i relation to the other,
and vice versa,

By swmmarizing the considerations discussed gbove, i i possible to
imagine 8 particular mixtuee of monomers giving rise. by radical polvmertzation, to a
preferred embodiment of the material according to the invention.

This mixture preterably includes st least the following monomers: 2-
phenoxy-ethvlacrylate;  2-phepoxy-2-ethoxy-2-ethoxy-2-ethesy-2-cthoxy-acrylate;  4-
hydraxy-butyl-acrylate: hydroxy-ethyl methacrvlate: tetraethylene glveol digervlate; and
tetraethylene glveol dimethacrylate,

However, the material according to the isvention is not Hmited to the
aforementioned monomers; other monomers can obhviously be added to the mixture, such
as — for exarople ~ fuethylene glveol dimethacrylate, which van be added m addition to
the tetracthylene glyeol diacrylate and the tetracthylene glyeol dimethaorviate, 50 a5 to
adjust the cross-linking level.

It 15 also possible to add to the monomers one or more polymerizable o
son-polymerizable colorants, or one or more anti-UV agents, the function of which in the
final material Is to absorh ultraviolet rays. It can be, fr example, 2:3-(2H-
bizn:m’iri:ﬁxo}»-2.<-‘f*§}-:-ﬂ¢<-}1§fairc3x_\_‘»\’phe:iwf}eﬂx:y§~rfzeﬂ'xaewiai‘& which 1z preferably used with a
proportion between 0.1% and 19 by weight, and, for example, a content of 0.5%.

Any other monomer or any other polvmerizable or non-pelymerizable
cm&stitueﬂt imagmame b‘,“' & 1man skz}ied iy the art, with whatever function, can be added
presence does not -;_m_)d__ri-y the gene;m‘i praperi‘ms of the re:sul'ts.ng_ p_oi}-mc:r 33,1a1¢:z*ia.} such ag
to make it unsuitable for the production of intravcular lenses.

‘The acrylic polymer matenal according te the invention is obtgined by a
radical polymerization mothod that includes one single polymerization step, with the
polymerization aud the cross-linking taking place simultancously during the same step of
the process.

For this, one starts by producing a mixture of all the monomers necessary
for the production of the polyimer material according to the invention.

This misture contains at least vne arvlalcoxy-acrylate different from a 2
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phenoxy-{2-cthoxyle-aceylate with 4 <n <6, ope 2ephepoxy-(2-cthoxyh-acrylate with
4 <0 £ 6, one hydroxylated acrylate, one hydroxylated methaervlate, one ethoxylated diot
diacryvlate, and one ethoxylated diol dimethacrylate.

It also contains at least one transter agent. 1 may be a halogenated product
or, more preferably, a compound from the thio! family, such as ~ for example - thiol
butane or thiol octane.

A transfer agent i defined as being a chemical compound that, during the
radical polymerization, captures g radical on g macromer and transfers i to a new
monomer to propagate the reaction

Transfer agents are chemical compounds well known (o a man skilled in
the art. There 15 for instance, a definttion and a comprehensive list in the following
reterence works "Polvimer Handbook, Fourth Edition, Volwue 1, Editors: 1. Brandeup, E.
H, Immergut, and E.A Grulke” in the article entitled "Tramsler constanis to& monomers,

polymers, catalysts and mitiators, selvents amd additives, and sulfur compounds in free

Strongly cross-linked acrylic polymers are known for being fragile and
britile, which gives rise to an clongation at break that iy inversely proportional to the
¢ross-hking rate, ’

The addition of g small quantity of wanster agent to the initial monomer
niixture before polymertzation and therefore cross-linking, enables to raduce this property,
which is particulaly undesirable for the targeted application, hecause intraocular lenses
patient,

The transfer agent sdventageously augments the aptitude for distortior
without breakapge of the resalting polviner material. The addition to the mixture of 3
transter agent enables to obtain a high cross-Hinking rate while conserving an tmportant
slongation at break.

This wanster agent locally stops the polymenzation by transferring the
radical of a cross-linked macromer to a moponer. The formation of the threewdimensional
meshwaork is thus locally interrupted and one ebtaing, at this level, & cot mesh with a short
hanging chain Hoked o the network but with the other end unattached, Theretore, the
transter agent pravides a laxer meshwork capable of streiching more without breaking.

At the end of polymerization v the presence of the transter apgent, the
cross-Hnked co-polymer obtained i3 a three-dimensional macromolecular network with
hanging chains,

Advantageously, a very small guantity of transfer agent is necsssary to
obtain this result. The initial mixture thus containg preferably between 0.03% and 0.2% by
weight of transfer agent, amd yet more preferably between (L04% and 0.15% of pansfer
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agent, (.05% being a preferred value for thiol butane and 0.1 % for thiol octane.

In addition to monomers, the inital mixture can contain a certain nomber
of addidenal compounds of different nature ~ necessary, for example, for the satisfactory
progress of the réaction,

It inchudes, for wnstance, one or more Mitlator compounds that prime the
pelyiuenizalion reaction by creating sctive sites on the menomers. Itihey thus engble one
to adjust the kinetics of the polymerization reaction.

This or these mitiator compound(s) can, for example, be chosen from
among alkyl peroxides, lanroyvl diperoxide (commmonly called lauroy] perovde), 1.1-di-ter
butylperoxyeyclohexane or tert-amyl-porogy-2-ethyl-hexyl-carbonate, alse known as
Tage,

This or these compound(s) are added to the mixture In very small
guantities; the mixture includes, for instance, between 0.3 and 2% by weight of initiator
cornponnd.

To make this deseription more comprehensive, we will now desaribe an
example of a method for obtaining the acrylic polymer material agcarding o the
invention, from the initial mixture explained above.

To produce the sought-atter polymerization, one starts by mixing togother
all the different monomers necessary for the reaction. Advantageotsly, these monomers
are soluble in cach other, and simple stirring is suffictent for achieving a homogeneous
mixivre of them,

The iniator compound or compounds are then added to this nyixture such
as necessary for triggering the polvmerization reaction.

The transfer agent is also added to the nuxture before ar after the initistor
compaund.

Then, the polymeriaation s realized radically in one single step,

For thiy, small qumzimes of this mizture are placed in molds and heated to
a temperatie between, for example, 753°C and 953°C.

Once the reaction is finished and after cooling, the polymer is released
from the mold.

The molds are preferably chosen 8o as o obain, after mold release,
polyvmer blocks of general eylindrival shape and of low height, of "token® or "pallet” type.
Such a shape 15 perfectly suitable for subsequent machining of these polvmer blocks i
order to obtain intraocular lenses.

Qbvicusly, direct malding of the intraccutar lenyes is also possible withg

suitable mold.
The polymer blocks are then purified in order to remove monomers not

having rescted and residual products notably grising from the synthesis of each of the
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monamers wed,

The blocks of polymer material are then ready to be machined at ¢
temperature lower than the pelymer's vitreous transition temperatare, i order o produce
intraocudar lenses according to the invention.

In order to perfectly desenibe the invention, two examples of the acnvlic

polvmer material according to the invention are explained in detail below.

Example 1

The acrylic polymer material has been obtained by radical polymerization

from the Rollowing mitial mixture: (The quantities are expressed az weight percentages of

the initial mixture before polymerization

MONOMERS;

= . 2 phenoxy-ethylacrylste T6.1%
«  2ephenoxy-tetraethviene ghveol acrvlate &9%

d-hydroxy-butyl acrylate G, 7%
- hydroxy-cthyl methacryiae 4%

- tetraethyvlene glyeol diacrvlate 0.6%
« tetracthylene glveol ditasthacrylnte 2%

-~ anti-LiV agent (.5%
INITIATOR COMPOUND:
lauroyl diperoxide 03.5%

~ tertamyl-peroxy--ethyl-hexyvhbcarbonate (.5%
TRANSFER AGENT:
~ thiol aclans {.1%%
After polyierization at 907C for 4 period of 10 hours, one thus obtains an

aorvhic polymer material with an optical index of 1545 and & vitreous transition

temperature substantially egual to 10°C,

The acrylic polymer material has boen obtained by radical polvmerization
tfrom the following initial mixtare: (The quantities are expressed as weight percentages of
the intlial mixiure before polymerization.)

MONOMERS:
- 3 phenogy-ethylaarylate T7%
. 2-phenoxy-tetracthylene glyeol aerviate 8%

= dehydroxy-butyl acrylate 8%
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- hvdemxy-ethyl methaceylate 3%
tetracthylene glyenl dincrylate 0.4%
- tetraethylene glycol dimethacrylate 1.58%
- tricthylene glyeol domethacnydate - 0.8%
- antt-UV agent U.5%

INITIATOR COMPOUND:
- lauroyl diperoxide 1%

TRANSFER AGENT:
thiol octane 0.1%

After polymerization at 9070 for a period of 10 hours, one thus obtams an
acryhic polymer material with an optical ndex of 1.545 and @ vitreous transition

teraperature substantially equal 1o 2°C

To highlight the surprising advantages of the material wecording to the
invention in relation to prior wrt, and to demonsirate its low susceptibility to glistening and
its characteristic of low adherence to ftxelf] o series of tests has been performed in order to
compare the propertics of the material acearding 1o the Invention, with regard © the
material described in the prior patent application FR 2 930 731,

Several polymer materials werg produced from the same arvialeoxy-
seryvlate {‘2-->pizaxmxv~«3thv}acmam}, hydroxylated  acrylate {4~h\fd.raxv« butyl ac ‘yiate%
gl }-’cai (31 ,m:ryl-::xif:} -,am% ¢ mi &;mct}mcryiate { tan‘aethy%ena giywi dn-rwz'}xxz;xc:ry}.ate},

Certain of them were produced in accordance with the formula of prior
patent application FR 2 930 731, with the addition of an alkylacrvlate, namely the batyl
acrylate called ABUL

The others were produced i accordance with the formula of the present
invention, with the addition of the same quantities of the following instead: 2-pheniosy-{2-
ethoxyjn-acrylate, with 4 <n <6, namely the J-phenoxy-2-sthoxy-2-ethoxy-2-cthoxy2
ethoxy-acryvlate called 4PEA,

The same guantity of transter agent (thiol octane) was added in all casex,

To obiain different polymer materials to test, the percentage of
hydrosylated monomers {hydroxylated aorviate and methacrylate) and of butyl aceviawe
(ABL]) for the polymers according to prior art was varied; the same applies for the
pereentage of hydrogylated monomers thydroxylated serylate and methacrylate) and of

APEA for the polymers according to the invention; the same quantities of the other

FRITE2078M



nonomers were ysed.
The obtained polymer materials were then subjected o two series of teats:

a ghistering rocasurement test and atest of self-adherence in water.

CGilistening measurement test:

Intraocudar lenses were manufactured with the different polymer materials
obtained and they were immersed in water at 35°C for one month.

They then nnderwant a test o measwe the glistening index that was
developed by L. Werner and which consists in observing each lens under a microscope,
tuking a photograph with a slot lamp, cownting the numnber of glistaung points visible i
the photograph, and comparing #t with g reference seale in order to gssign the lens an
index between O and 3.

The results obtatned with the different materialy tested are stated in the

table below:
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Polymer of prior art Polymer according to the invention
{aceording (o FR 2 830 731)

Percentage of | Percentage of Glistening | Porcsntage of | Percentage | Glistening
hvdroxviated ABL index hvdroxylated | of 4PEA index

TIONoMES MIONOMErs
{acrylate + {acrvlate +
methacryiate) wicthacrylate)

10 b

Oune obmerves that with an identical percentage of hydroxylated monomers
and a percentage of JPEA comparable to that of the buivl scrviate (ABL), the polymer
materials according to the invention have a glistening index that is considerably lower

than that of equivalent prior polymer nuterials,

dheston 1 water:

Using the polymer materials obtained, strips 5 om long, 3 om wide and 3
nuy thick were produced.

These strips were placed i water at 28°C, They were then folded in their
central arca and folded back on themselves so as to ensure adhesion of the inferior
surfaces, which were i contact. After having muaintained a pressure by pressing in parallel
at the fold for one minute, the folded strips were relioved of any siress.

The time necessary for the strips to deploy themselves completely and
return to a horizontal arrangement was then measured, The time, measured in seconds, is
characteristic of the tackingss of the material, namely its characteristic of selfadherence.

The resulls obtained with the diforent matenials tested are stated in the
table below:
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Polymer of prior art

Polymer according to the invention

Percontage of

hvdroxylated
mononers
(acrylate +

msthacrylate)

Percentage
of ARU

Adhesion
Hme
{seconds)

Percentage of
hydrevlated
TRONONIELS
{acrylate +
methacrylate)

Percentage
of 4PEA

Adhesion
e

{seconds}

13 30 13 10
- ; - . - -
15 4 3s 15 4 10
13 1€ > 60 13 10 20
T s - . ; :

and a percentage of 4PEA comparable to that of the butyl acevlate (ABU), the palvmer
materialy gecording to the mvention deploy 1w much less tme than the equivalent prioy
polymer materials. Therefore, they have much less tendency to selfadhers than prior

polvmer matecials, which is a considerable advantage when implanting the invaocular

lenses,

One observes that wath an identic] percentage of hydrosyiated monomers
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Seabadadmi igénypontok

1. Intrackuldris lenesék eloallitasara srolpdld hidrofob akril polimer anvag, seeal

jellemezve, hogy legalabb a kévetkezd monomerck térhaldsiiott kopolimerje:

- ogy aril-alkoxi-akeilat, amely kilonbdeik a 2-fenoxi-(2-etoxiheakeilattd], shol 4 <n< 6

~ egy 2-fenoxi-{2-cloxe-akrilat | ahol 4 <n 2 6;

- sgy hidroxibdlt akrilat;

- egy hidroxildll metakrildt;

= egy stoxilalt diok-dinknldt, és

- egy ctoxilalt dioldimetakrilat,

slimer lelogo ncokkal rendelkezd hivom-

dimenzios makromolekularis balo alaku, a térhaldsodds soran a monomerek keverékében leg-
aldbb epy fransfer dgens jelanlétének késziinhetben,

2 Az ez ipdnypont szeringl akeil polimer anvag, azeal jellemerve, hogy a 2-
~fenoxi-(2-etoxile-akriattdl, shol 4 < n < 6, kulonbdzd arilatkoxi-aksilst a 2-fenoxieetil
sakrilat, 2fenoxi-L-etoxi-etil-akrildt vagy 8 2-fenoxi-2-etoxi-2-etoxi-ctil-akrilat kozil valaszs
it vegyiilet.

A Az elézé igénypontok barmelyike szerinti akril polimer anyag, awzal jelle
mezve, hogy a 2-fenoxi«(2-cloxiheakrilat, ahol 4 < 0 < 6, 3 3-fopoxi-2-oloxi-2-ctoxi-2-ctoxi-
~Zegtoni-abrildt,

4, Az eldzd lgénypontok bdrmelyike srerintt akril polimer anyag, wezal jelle

miezve, hogy a hidroxilalt akrilat egy dibidroxi-alkil monoakelldt vagy egy dibidroxi-etoxi-
salkibmonoakeildt, amelvben a glikol alkillinea 3 - 6 spénatomos; és areal, hogy a hidroxilalt
metakrilit egy dibidrosi-alkil-monometakrildt vagy egy ditidrosi-etoxi-atkil-monometakrilat,
amelvben a glikol adliiianea 3 - 6 szénatomos.
& Az elozd jgfnypontok barmelvike szerint akril polimer anvag, seral jelle-
mezve, hogy az etoxilal diol-diakrildt a tietilén-glikol-diskrilst vagy a tetractilén-glikol-
~diakrilat; ¢s azzal, bogy ar stoxilall diol-dimetakrilat a trietilsn-plikol-dimeatakrilat vagy tet
raehilén-ghkol-dimetakrilal

&, Az elded tgénypontok birmelvike szerinti akril polimer anvag, azzal jelle~
mezve, hogy legalahb a kvetkezd monomerek térhalositott kopolimerje:

- 2-fenoxi-etil-akrilat;

« Jufenoxi-2-efoxi-2~ctoxi-d-efoxi-2-etoxi-aknlat;
- 4-hidroxi-butil-akrilat,

- tidroxt-etil-metaknlat

- fetractilén-glikol-digkrilat;

- tetraetilén-glikol-dimetakrilat.
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7. Az 1, igénypont szedntl akeil polimer anvag, azzal jellemezye, hogy legalibb
az 1. igénypont szerinti monemerek térhalasitott kopolimerie s alabbt tdmeg ardnvokban:
~ 45 - B4% wril-alkoxi-akeildt, amely kilonbézik g 2-fenoxi-{Z-etoxi)akrilatdl, ghol
45y
- 3 - 159 2-fenosi-(2-ctoxiheaknldt alwlid sn = §;
~ 11« 15% hidroxilalt akeildt &5 hidroxil@l metakeilid;
« 1 ~ 3% etoxilalt dioldizkeilat és etoxilalt diokdimetakrilat.

8. A7, igénypont szerintl aknil polimer anyag, azzal jellomezve, hogy 2 hidroxi-
1Al akorilat o5 a hidroxilalt metalorilat k8=t s az etoxilall diol-diaknildl és a2z etoxildli dicl-
-dimetakrilat kozdni relatly arduy paronkeént 20:01 80%-ig viltozik sgymdshoz viszonyitva.

B, A 7. igénypont szerinti akril polimer anvag, awzal jellemerve, hopy a 2-
~fenoxi-(2-eloxihakrilat az 2-fenoxi-2-etoxi-2-etoxi-2-etoxi-2-etoxi-akrilal, és azzal, hogy a
2-fenoxi-Tetoxi-2-ctoxi-2-ctoxi-2~eioxi-akrild tdmegardnya 4 &s 10% kéziudd,

16, Az eldwo igdnyponiok birmelvike szerinti akril polimer anvag, sezst jelle

térhdldsitott kopolimerje.

il Eljdras az 1-10, igénypontok barmelyike sserinti akail polimer anvag cldallits
sara, arzal jellemerve, hogy:

« elkdsrdtiik a logalabb az aldbbiakat totalmaxd keveréket:

- ugy aril-alkoxi-akrildl, amely kilonbdzik a 2-fenoxi{Z-stoxis-akrilatiol, ahol

d<ns6

~egy 2-fenoxiM{2-stoxihrakrilat, shol d S n s &

- egy hidroxilalt akrilat

- egy hidroxilali mefakrili;

- ggy ctoxitalt diol-diakeilay

- egy etoxilalt diol-dimetakrilat, és

~ gpy tramazfer dgeny;

« ezt a kevercket pydkosen polimerizdljuk, egyetlen polimerizdeios Iépéshen, Ugy, hogy ez~
zel & polimerizacioval leldgd Hocokkal rendelkesd harome-dimensios makromolekold-
ris haldt kapiunk.

12, Eljaras a 11, ipénypont szerinti akrll polimer anyag cldallitésara, azzal jelle-
mezve, hogy a keverék lepaldbb opy indctdtor vegyitletet s tartalmaz,

13, A 12, igénypont seerinli ol0alitast eljdrds, azazad jellemesve, hogy a legalabb
pgy inicidtor vegyliletet ax alkilperoxidok, a laoroil-diperoxid, az 1 1-disterc-hutil-
~peroxiu¢§k§éhexén, &5 a terc-amibperoxi-2-etil-hexil-karbondt kozil valasetjuk,

14, A 1113, igéaypontok barmelyike szerinti eldallitdst eljdrds, azeal jellemesve,

hogy a transzfer dgens o butdntiol vagy az oktaatiol,

LTGRO



15. A 11-14. ipénypontok barmelyike szerinti eloallitasi elidrds, axzal jellemerve,
hogy a Keverdk 0,03 — 0.2 wimee® transefer dgonst tartalmas,

16, Epy pdciens lencse tokjaba a természetes lencedidnek pétlasara scbésreti Gton
bedpitheté intrackuldrns lencse, azeal jellemezve, hogy a lencsét ap 1-10. igénypontok banme-
tyike srerinti akril polimer anyaghal alliguk eld,
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