PRESBYOPI A TREATMENT BY LENS ALTERATI ON [ 0001] This application is a
continuation-in-part of U S. application serial no. 10/050,879, filed
January D8O 28@027080. S. application serial no. 10/050, 87®CIraIS2005/036434
continuation-in-part of U 'S. application serial no. 09/930, 287, filed
August 16, 2001 and now abandoned, and clains the benefit under 35 USC

119(e) to provisi } i ' fii ry 19, 2001 .
U.S. application @ﬁ%ﬁmﬁ’ %;%?%ﬁgéﬁéé&%tggﬁ]ﬁmer 35 USC
119(e) to provisional application no. 60/225,659, filed August 16, 2000.
Each of the above-identified applications is i ncorgor ated fully herein by
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FIELD OF THE INVENTION

[0002] The presentinvention relates to a method and device for reversing and

treating presbyopia.

15

BACKGROUND OF THE INVENTION

[0003] Presbyopia affects virtually every person over the age of 44. According

to Jobson Optical Database, 93% of people 45 and over are presbyopic.
Presbyopia entails the progressive loss of amplitude of accommodation that

- 20 occurs with aging. Adler’s Physiology of the Eye, which is incorporated herein
by reference, discloses that the human accommodative amplitude declines with

age such that accommodation is substantially eliminated by the age of 50 to 55.
Accommodative ability, as defined by U.S. Patent No. 5,459,133 to Neufeld

and incorporated in its entirety herein by reference for background information,

25 is the capacity of the eye to focus for near vision by changing the shape of the

lens to become more convex.



the central tissue. These structures function together to enable the eye to
focus on cl ose objects by changing the shape of the lens. The lens is
central | yweus@endmsd bet ween the anterior and posterior ebarmdsesss/obabs nd the
pupillary opening of the iris. The lens is supported by an array of
radially oriented zonular fibers, which extend fromthe | ateral edges of
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[0005] During accommodation, the shape of the lens becomes more convex "i":>:

through contraction of the ciliary muscle, which allows the ciliary attachment of

15 the zonules to move toward the lens, reducing the tension in the anterior

zonules. This reduction in tension allows the central region of the lens to

increase in convexity, thereby enabling near objects to be imaged on the retina.

The processes involving the coordinated effort of the lens, zonules, ciliary

body, medial rectus muscles and iris, among others, that leads to the ability of

20 the eyes to clearly focus near on the retina is the accommodative process.

[0006] Several theories have been advanced to explain the loss of
accommodation with age. These theories include the hardening of the lens
with age, loss of strength in the ciliary muscle, factors related to the physical
growth of the lens, and, the loss of elasticity of the lens capsule. As forthe loss
25  of strength of the ciliary muscle, it is noted that although there are age-related
morphological changes that occur, there is little evidence of diminishing
strength of the ciliary muscle. In fact, under the influence of pilocarpine, the

ciliary muscle will vigorously contract even in presbyopic eyes.

[0007] The lens grows throughout one’s life and theories have been proposed

30 that it is this increase in size that prohibits the effects of the zonules from



strength of the ciliary nuscle. In fact, under the influence of

pil ocarpine, the ciliary nuscle will vigorously contract even in presbyopic
eyes. [ 0080]20dma708ens grows throughout one's |ife and tirednise®shasias been
proposed that it is this increase in size that prohibits the effects of the
zonul es fromaffecting a change in the shape of the | ens. Recent works
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associ ated "W pres y%pl a, and I'éns capsule is still sufficiently
elastic. [001 O] At the present tinme, common treatnents for presbyopia

i ncl udeor ed000g] A estaesct ibafcralitiayl mswhich the lemsn bevosiesriesooleact Thenses.

Al'l of these sjita use of an ?;ﬁpl Il ance creati ng,
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presbyopi agbRfd ‘é‘é?ar;?&ﬂ R AlatRERABRCHE-shaped when removed from the eye, its
shapé bein‘g dicfated by the firm lens substance. The liquefied hypermature .
cataract is globular when extracted, rounded up by the elastic lens capsule.
15 This is indirect evidence that it may be possible to reverse the lenticular
changes associated with presbyopia, and that the lens capsule is still

sufficiently elastic.

[0010] Atthe presenttime, common treatments for presbyopia include reading
glasses, bifocal glasses, or mono-vision contact lenses. All of these solutions
20  necessitate the use of an appliance creating additional shortcomings.

[0011] Alternative theories for treating presbyopia include scleral expansion
and corneal reshaping. The efficacy of such techniques is not well-established
and, importantly, these techniques do not attempt to reverse what the inventors
of the subject-application believe to be a substantial causation, as explained
25 more fully below, in the loss of the accommodative amplitude of the lens
typically associated with the normal aging process. Moreover, because scleral
expansion and corneal reshaping involve macroscopic changes in the

morphology of the lens and/or cornea it fails to reverse presbyopia.



and corneal reshaping. The efficacy of such techniques is not

wel | -established and, inportantly, these techniques do not attenpt to
rever se vWatoddmazasnvent ors of the subject-application beCrasecsson3dss a
substanti al causation, as explained nore fully below, in the |oss of the
accommodative anplitude of the lens typically associated with the normal
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for aging changes | ens. Rather than trying~to undo the changes
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parti cul gftefiRgah¥thdriocufar3®chet] eved that presbyopia is caused by the
hardeni ng of The Iens, which can be due to an alteration of the structural
proteins or an increased adhesi on between the lens fibers. It is also
believed that the intralenticular viscosity increases with age as a result
of the f ' orf ai emi.cal bond structures within the |ens.
Accordingigﬁhkﬂgigﬁgigﬁiﬁhﬂagiz nis directed to nmethod and apparatus for
preventing and or reversing presbyopia through treatment of the Iens such
t hat 1§ he (9O sHOFVhike Abt WiShihg® bé Bcﬁmdcﬁﬁ,an?eéé@ibul@g th86ryelieft hewt y and
novenent to the lens fibers and increasing fhe accommodative anplitude of

t he | ens beli@gtharheeshyabiadd censedby dine herdsning af thederst whiclwcarbigod . of
rever si n%u

8'to an alteration of th‘efst'ructural proteins or an increased adhesion between
the lens fibers. Itis also believed that the intralenticular viscosity increases with
age as a result of the formation of certain chemical bond structures within the

15 lens. Accordingly, the present invention is directed to method and apparatus
for preventing and or reversing presbyopia through treatment of the lens such
that the viscosity of the lens is reduced, restoring the elasticity and movement

to the lens fibers and increasing the accommodative amplitude of the lens.

[0014] The claimed invention is also directed to a method of reversing or
20 treating presbyopia resulting in underlying changes in the structures and/or
interactions of molecules comprising those components of the eye associated

with the accommodative process, most notably the lens and/or lens capsule.

[0015] In an embodiment, the present invention provides a novel molecular
approach to reversing presbyopia by restoring the accommodative amplitude of
25 the lens, and in another preferred embodiment, to reversing presbyopia while
also reducing the tendency for the lens to lose its thus restored accommodative

amplitude.



treating presbyopia resulting in underlying changes in the structures
and/ or interactions of nolecules conprising those conponents of the eye
associ at esownadn4rise accommodati ve process, nost not abl y PCiasb@sss@nd/ or
| ens capsul e. [0015] In an enbodi nent, the present invention provides a
novel nol ecul ar approach to reversing presbyopia by restoring the
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[0017] In one embodiment, the b'vré‘:serit invehtion is directed to a method for
reversing and/or treating preSbYo'bié by breéking disulfide bonds in molecules
15 comprising the structures of the eye, most notably the lens and the lens
capsule, in which disulfide bonds are believed to be a substantial factor in the
progressive loss of accommodative amplitude. In another embodiment, the
breaking of the disulfide bonds is accompanied by chemical modification of the
sulfur moiety in the cysteine molecule formed upon breaking of the disulfide
20  bonds, such chemical modification rendering the sulfur moiety less likely to
form new disulfide bonds. This method thus comprises a method for
preventing, and/or reducing the recurrence of presbyopia by reducing the
probability of forming new disulfide bonds. Particularly, this invention affects a
change in the accommodative amplitude of the human lens by: (1) using
25 various reducing agents that cause a change in the accommodative abilities of
the human lens, and/or (2) the use of applied energy to affect a change in the
accommodative abilities of the human lens. It is believed that by breaking
bonds, such as disulfides, that crosslink lens fibers together and increase lens
viscosity causing a hardening of the lens cortex and lens nucleus, the present
30 invention increases the elasticity and the distensibility of the lens cortex, lens

nucleus, and/or the lens capsule.



breaki ng of the disulfide bonds is acconpani ed by chem cal nodification of
the sulfur noiety in the cysteine nolecule fornmed upon breaking of the
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|l ess likely to formnew di sul fide bonds. This nethod thus conprises a

met hod for preventing, and/or reducing the recurrence of presbyopia by
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The present invention is nost useful in a person whose acconmobdati ve

anpl i t udéranaectwsivened to a point where restoration thereof to some degree
i s desirable. However the invention should not be I[imted to the correction

of presbygpig |Puhe TbIMmERES the pPELaHE HveRiSs AHE Ridtnbd BIPeVERIH] &ing-
preventing presbyopia “will result in an?':ihéir'eése in the accommodative
amplitude at least about by 0.5 d‘iopters. In another embodiment of the present
15 invention, the method of reversing or preventing presbyopia will result in an
increase in the accommodative amplitude of at least about 2.0 diopters. In still
another embodiment, the method of reversing or preventing presbyopia of the
present invention will result in an increase in the accommodative amplitude by
at least about 5 diopters. In another embodiment of the present invention, the
20 method of reversing or preventing presbyopia of the present invention will result
in an increase of the accommodative amplitude of the lens to restoration
thereof to that of a lens with a normal accommodative amplitude of 2.5 diopters
or greater. It is noted that while it is obviously most beneficial to restore the
accommodative amplitude of the lens to a normal accommodative amplitude,
25 lesser degrees of restoration are also beneficial. For example, in some cases
advanced presbyopia can cause severe reduction in the accommodative

amplitude, thus making a complete restoration of the amplitude improbable.

30



[001 9] In one enbodi nent of the present invention, the nethod of reversing
or preventing presbyopia will result in an increase in the accommbdati ve
anpl i t udewet2odsemzisoabout by 0.5 diopters. |h another enipodiuseovs/oads3s he
present invention, the nethod of reversing or preventing presbyopia wll
result in an increase in the.accommodative anplitude of at |east about 2.0

di opters. UET%-{I E'D BE 196Redi nent, the method of reversing or
preventing esent invention will result in an increase

in the acconmodative anplitude by at | east about 5 diopters. In another
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| ens i s ne&suessihg presbyppial or tiRatingipceshyspiad s ased ereiamesan ingriebsing begi ns
at a very early age, ,such th e 10 the average eye has 10 D, age 30,
5D, and byﬁ'é?g%g‘iﬂfgm%?ﬁv%?W%&&%eﬁﬁmﬁsﬁtive power. The |ens of a person
who does not suffer from presbyopia (i.e. a person whose | ens acconmpdat es

normal {¢y), [0031] R¥RtABH! elRYiEiPOf the (GHETOf RAldéRirR TREIdofds believ@ldag be2. 5
diopters or greéater. The ternms "reversing presbyopia” or "treating

presbyopi a2 cestrigingiceree of persbyphie: ddw ydeniagaf tmepa ganbe daegpenude of
t he ens. alteration of the structural proteins or an incre;a'sgéydzgéhe.siqn between the lens
fibers. Additionally, itis belie\)ed that the Iené vié;cbg:;ity also increases with age
due to an increased concentration of certain chemiéal bond structures within
15 the lens. In one embodiment, the present invention is directed to treating
presbyopia by altering the molecular and/or cellular bonds between the cortical
lens fibers so as to free their movement with respect to each other. The
increased elasticity of the lens apparatus can restore lost amplitude of
accommodation. Specifically, it is believed that disulfide bonds in the
20  molecules comprising the structures of the eye responsible for proper
accommodation are a substantial factor in the hardening of the lens and the

concomitant loss of accommodative amplitude.

[0022] Thus, in one embodiment of the invention treatment process involves
breaking the disulfide bond and then protonating the newly formed sulfur
25 moiety with a reducing agent such as glutathione to impart a hydrogen atom
thereto. The steps can be performed simultaneously or consecutively. In
either case, the reducing agent can be present at the time the disulfide bond is
broken in order to eliminate reformation of disulfide. That is, the reducing
agent can introduce and bond a moiety onto the free sulfur after breaking the
30 disulfide bond such that the likelihood of reformation of another disulfide bond



[0021] As stated, inelasticity of the lens, or hardening thereof, is
believed to be a contributing cause of presbyopia. The hardeni ng of the

| ens can We 2desd4vasoan alteration of the structural protecmaSesosase4dncr eased
adhesi on between the lens fibers. Additionally, it is believed that the

| ens viscosity also increases with age due to an increased concentration of
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- theory, the bonds may form by way of absorption of light energy; which causes:
the sulfhydryl bonds on the lens proteins to oxygehate rérhb\)ing' a hydrogen
15 atom from two adjacent -SH groups and creating water and a disulfide bond.
| Reducing the disulfide bonds requires hydrogen donors such as glutathione or
other molecules. Other possible theories involve protein-thiol mixed disulfide
bonds forming such as protein-S-S-glutathione or protein-S-S-cysteine.
Glutathione therefore may be both part of the solution and part of the problem.
20  The use of Glutathione in any treatment regimen therefore must be monitored

carefully in light of the potential for an increase in undesirable bond formation.

[0024] The total refractive power of the lens is greater than what would be
expected based on the curvature and the index of refraction. As stated,
contraction of the ciliary muscle causes the ciliary body to move forward and
25 towards the equator of the lens. This causes the zonules to relax their tension
on the lens capsule, which allows the central lens to assume a more spherical
shape. During accommodation, the main change is in the more central radius
of curvature of the anterior lens surface, which is 12mm in the
unaccommodative state and can be 3mm centrally during accommodation.

30 Both the peripheral anterior and the posterior lens surfaces change very little in



as |ower al kyls, nethylating conmpounds, or other agents, which reduce the

t endency of new disul fide bond formation. This nethod can result in a

subst ant i 2poeeesdi on of the reoccurrence of presbyopi CT[UB2@3J036484 st at ed,
it is believed that the disulfide bonds form both between the | ens fibers,

bet ween | ens proteins, and between | ens proteins and various thiols both
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equator of the lens. This causes the zonules to relax their tensjion on the
| ens capsuPBsorkei drangpogiasanthsyrhesizas igiiathione s steroximately §5ferdfcal

Fane.  Bu . ; o assu di
ot our vat urEARERETHRalne [SI RSBy, Tl it e RTbRey 1o us
B with maintaining the lens proteins, the sulfhydryl groups (-SH), intheir reduced.=~ -

" states. That is, after the disulfide bond is broken and the sulfur moisties are
15 ‘ méde available, glutathione can impart a hydrogen atom to form the suifhydryl
| group thereby preventing or minimizing the reformation of a disulfide bond. In
addition, ascorbic acid can also be found in very high concentrations in the
lens. It is actively transported out of the aqueous and is at concentrations 15
times that found in the bloodstream. Both inositol and taurine are found at high

20 concentrations in the lens for which the reason is not known.

[0025] According to one embodiment of the invention, the increase in the
accommodative amplitude is accomplished by treatment of the outer lens
region (the cortex) or the inner layer (the nucleus) with radiation, sonic or
electromagnetic energy, heat, chemical, particle beam, plasma beam, enzyme,
25  gene therapy, nutrients, other applied energy source, and/or any combination
of any of the above sufficient to break the disulfide bonds believed responsible
for the inelasticity of the lens. Chemicals are useful to reduce disulfide bonds
that are believed to anchor lens fibers hence preventing their free movement
and elasticity. By making the anterior cortex and/or the nucleus more elastic,
30 viscosity is lowered and the lens is again able to assume its characteristic

central bulge during accommodation.



unaccomuodati ve state and can be 3mmcentral ly during acconmodation. Both
the peripheral anterior and the posterior |ens surfaces change very little
i ncur vat uwe 2dewa4nggoaccomrodat i on. The axi al thickness | rRCTABI®S/084334 € t he
di anet er decreases. The central anterior |lens capsule is thinner than the
rest of the anterior capsule. This may explain why the | ens bul ges nore
central | Yoght]! CheRAEASTRABLICHr cAlEinGHeliEhin RRIUILByfay BFefdfipi © 1S the
posterior ca suI IC as a curvature greater X e anter or capsul e
in the unalyccg‘mdaﬂabne,easterﬂm athe Wianim k, detraeﬂrtyltbmmrtmedlsaﬁyl i#l,ost 33%
by WEIght i s higher than any other or he, body. The re many
chenical T ggntogng @é@%ﬁa'r Q&eqqqﬂl 5}4Wm%%‘m£ ﬁﬂ'\

gl utathi gpg 'u‘?trsfll%P’E’etbfbafi'h&lfhe%‘?'&ﬁg%éléﬁlc‘éﬂy Dt ﬂe%man@%érﬁiso@w@n though
there is vef Ittle 1n the aqueous [ens has a great affinity
for ghut a&ducmgatmdoﬂem/taltlve&;yvithttlserstrsptweansports and synt hesi zes

gl utat hi one. Approximately 93% of intralenticular glutathione is in the
reduced fNom—&-Nt at hi one nmay be involved with maintaining the |ens
proteins, che syl f hydryl groups (-SH), in their reduced , states. That is,
after thel|ldisulflijde bond is broken and the sulfur noieties are . nmade

avai | abl &N gl ut a€hi one can inpart a hydrogen atomto formthe sul f hydryl
group ther /ﬁfev ing or mnimzing the reformation of a disulfide bond.
I n addition,| ascorbic acid can also be found in very high concentrations in
the lens. It|is actively transported out of the aqueous and is at
concentrati 15 tinmes that found in the bl oodstream Both inositol and
taurine are found at high concentrations in the lens for which the reason
is not known. [0025] According to one enbodi nent of the invention, the
increase in the accommodative anplitude is acconplished by treatnment of the
outer |ens regluon (the cortex) or the inner layer (the nucleus) with
radi‘atioff sonic or ‘ o

R4
;N ﬁ—78H
R, 4

10  or sulfur derivatives with the structures:

S S
R R
Ny I |
N C S S C N\
R2 R4
R R
1\3/ 2_
ﬂ

wherein R4, Ro, Rz and R4 are independently a straight or branched lower alkyl

15 that may be substituted, e.g., by hydroxyl, lower alkoxy or lower alkyl
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el ectromagneti c energy, heat, chemcal, particle beam plasm beam enzyne,
gene therapy, nutrients, other applied energy source, and/or any

conbi nat iwo 20d66/@mBoof the above sufficient to break thepdiraskdosdassbonds
bel i eved responsible for the inelasticity of the | ens. Chem cals are useful
to reduce disulfide bonds that are believed to anchor |ens fibers hence
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cortex and or t cleus nore elastic, viscosity 1s lowered and the |ens
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t her eof . Pithg dlsuﬁmieem;mbam ipclugiedicwitiyn é@@ﬁc@pe atthigiventiony |
di t hi ocarbamate, 1-nethyl- 1Htetrazol-5-yl-thiol and 1-(2-hydroxyethyl)-1

G her aset 39028 iR THBHRGREAY e aREAPRREP o e WY i
her eby 19 ncer egtaBiseduth dd aneszynsd.y Byizyeberamt etHerrnuidekigr suizdle for

i nformati on. The above-nentioned chem cals are nerely exe‘rH)I ary and ot her
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al

agents can ne of I n conjunction w
thioltransferase, tyrosine reductase or any compatible reductase. The need for

a source of applied energy for the reduction of the disulfide bonds may be met
15 by the addition of glucose-6-phosphate, which is present within the lens but the
enzyme, hexokinase that normally converts the glucose to the G6P energy
state is rendered non-functional by the process of thiol oxidation. Again, it
should be noted that the above-listed enzymes are exemplary and not an
exhaustive list. The enzymes can be naturally present in the eye, or can be
20 added to the eye together with or separate from the chemical reducing agent or
energetic means disclosed herein. As such, other chemically and biologically
comparable enzymes that help break disulfide bonds or behave similarly should

be considered as within the scope of the present invention.

[0028] In one embodiment of the invention, the reduction of disulfide groups of
25 the lens proteins to sulfhydryl groups is accomplished by delivering to the lens
a compound such as glutathione, thiols, or others in sufficient quantities to
reduce the disulfide bonds and other molecular and cellular adhesions. Other
enzymes or chemicals that affect a methylation on the free sulfur atom include
for example, methyl-methane thiosulfonate, methyl glutathione, S-methyl

30 glutathione, S-transferase and other biologically compatible methylating agent.
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a catal yst such as an enzyne. Enzynes and other nutrients suitable for
causing or facilitating reduction include, for exanple, aldoreductase,

gl yoxyl aswp 2gdcu4aishi one S-transferase, hexoki nase, thi olpCraseasasea 34
thioltransferase, tyrosine reductase or any conpati bl e reductase. The need
for a source of applied energy for the reduction of the disulfide bonds may

Ponet but R o 80sid Slol 46 ARficEapIASE Al nfctobSh et Ralrigh LI N | ne

| ens but e enzyne, nase that nornally converts t | ucose to the
G6P ener gwletues such asmbsitel tawinef ematherdrialogimally beitable orsansauchizsol

oxi dation, A %I n, it shloul.d be not.ed that the above-|| s%le(rj]] enzynes are
exenpl ar V‘r‘éﬁl% Rees der @&‘H’&ﬁ@ﬂi@@ redueinggaent o ey mesntog e §P§r’%lalny pr esent
in the e : : | i fromthe
chen car Fiegil pRLORISHTEMIGS e akemicalRIdIRing boSniWIRGRRAR Bl L™ & her

chenmi £ al Hgliverdd binoltivgifoahl ¢f corsplutibl er esuspeasionhin drelgphbihaadicaliysul fi de

bond beh imJarly should b i d i thin,th f th
pr esent PRAIAPINCATI020 PAMEHER R B AARICETOR RE SHTBIP AITSGHY r educt i on

of disul Eﬁ%ﬁ/ﬁtﬂgﬁléd%ﬁdm@f th@ﬂ;ﬁsgfi@é BbAds b vl AHAr Kb ruptieH Y dtifer

acconplis elivering to the lens a conpound such as gl utathione,
t hi ol s, bonds hedadhesionsimay batbeneficial.t The applicationef eneegydaloneftade bonds

T ect " aPRuRR tbaR die ARueSRo Rl T ApSRL iR o B Sl ol 8 °' © 1
et hyd - MyaydiexbRiphsohifyoad} 6f 188t Dittasaurti apArticlbeat sk aaws, at-hi one,

S-transferase and other biologically conpatible methylating agent. Use of
enul si ongays ubravieleh yisiddea ighil, bdrarad figatniorizing aile Magheiar MiceWaye.ecul es

vi'rus: pnagaddrdpeiget L Biheg el sPREinEaR B EBhed. HOCUREY HEE QI 8085 ¢ an

i nt egr al cpmibinatfontwitisthieredntingmgentistocifiaet theltreattient ofpregieydpiayidra typi cal I'y

e - combination of any of these types of energies.

15 [0029] Ina similar manner, agents can be delivered to the lens capsule, which
bind or interact with the capsule to affect greater elasticity or distensibility.
Such agents either cause the capsule to shrink in surface area or increase the
tension of the lens capsule on the peripheral anterior or posterior of the lens.
Applied energy can have any form, by way of example only, any of laser,

20 ultrasound, heat, particle beam, plasma beam, X-ray, ultraviolet, visible light,
infrared, ionizing, light, magnetic, microwave, sound, electrical, or other not
specifically mentioned can be used alone or in combination with the reducing
agents to affect the treatment of presbyopia or a combination of any of these

types of applied energy.

25 [0030] Inanother embodiment of the invention, applied energy can be used as
a catalyst to induce or increase the rate of the reduction reaction. Thus, by
applying energy, the peripheral portion of the capsule is preferentially affected,
leaving the central 4mm zone of accommodation unaffected. This allows the
lens to assume a more accommodative state. The applied energy can also be

30 applied alone to promote the reduction reaction and the cellular changes that
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delivered in the formof a solution or suspension in an ophthal mcally
acceptable carrier. In sone cases, the application of energy to affect or
cat al yze wbeossadosvi on of the disul fide bonds as well agcrhs2ais®Baspti on of
ot her bonds and adhesi ons nmay be beneficial. The application of energy

al one can be used to break the disulfide bonds. Applied energy can have any
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shrink in surface area or,.increase the tension_qf the |eps.capsuyle on the
peri pher al e@&ﬁf@m@n i @gtign; o Wi’[’\ﬁ@’ YRS Oﬁ&ﬁqt'@@ @?ﬁ?w é'?:ﬁltu‘ﬁ%ve any
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beam plasnma beam X-fay, ultraviolet, visible Iight, infrared, i oni zi ng,
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menti oned can be used..,al one or i.n,cemnbi ion,Wth t [ in nts to
rrect tneSoeRiRERt oo Teclbe reliar UPRHBRL Srb bl BRE WP e, pes
of appig edsgnied teatrhBRS@hd!dhyestBbNBiolidsy dBmpatitiie 6Band Rviergy.on, appl i ed
energy can be used as a catalyst to induce or increase the rate of the

reduction reaction. Thus, by applying energy, the peripheral portion of the
capsul e i s [(A%Helesiil anathergmbediatentoétha prgseRbinvRMiom radiation.cvshae

accommodat hﬁ%\hglg’f flight %ibl@ﬁgﬁﬁﬂr{f@’?@dfHﬁcrowave, or other electromagnetic
energy 'may be Aplaced in the eyé *td hélp break the disulfide bonds. This would
then make it possible for the reduction of the disulfide bonds to occur.

f

15 [0032] The applied energy used with various embodiments and methods of
the present invention could be applied through either contact with the sclera or
cornea, non-contact techniques, or through intraocular methods of delivery.
More than one treatment may be needed to affect a suitable increase in the
accommodative amplitude. When more than one modality of treatment is

20 desirable, chemical treatment can be administered prior to, after, or

simultaneously with the application of energy.

[0033] Embodiments of the present invention further relate to a
pharmaceutical agent capable of crossing an outer surface of an eye to affect
an accommodative ability of the eye by decreasing aberrant lenticular bonds in
25 the eye. More specifically, the pharmaceutical agent may be capable of
penetrating the cornea and affecting the eye to increase its accommodative
ability, both with and without the addition of an energy source. Still more
specifically, the pharmaceutical agent may affect the anterior lens surface of
the eye to increase accommodation. The pharmaceutical agent may act to

30 decrease or eliminate the aberrant biochemical bonds responsible for the loss
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|l ens to assune a nore acconmodative state. The applied energy can al so be
applied alone to pronote the reduction reaction and the cellul ar changes

t hat ul ti msioebys/afdsect the | ens' cortex. As exanpl es, | aserase@sivsed43d n the
present invention include: exciner, argon ion, krypton ion, carbon dioxide,
hel i um neon, helium cadm um xenon, nitrous oxide, iodine, holmum yttrium
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reduction of the disulfide bonds to occur. [ 0032 e applied energy used
wi t h var Thesahertzadibiechamisabberds oty tludecany inshef ommdl Rands il d be

applied t u er contact wth sclera or cornea, non-contact
t echni quWE'fC%o‘ﬂSWﬁ E) drsrﬁr?é)('}i)ﬁ?%‘? eﬁé&’mds of delivery. Mre than one
treatment may be needed to affect a suitable increase in the acconmopdative

ampl 14 udg;o:W}em smbddimentsotie pramhadeutichl agesttmantbe s peserugbThe chemi cal
treatnment can be_admi ni st er ed prior to, after, or simnul taneousllﬁevvl th the
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eye to a
drug may be able to cross a membrane of the body more easily than in its .

active state, making the inactive pro-drug more easy to deliver to a specific site.
15  Once at the site, however, the pro-drug may be caused to assume an active
state that allows the pro-drug to generate whatever therapeutic effect it is
intended for. Activating the pro-drug -- i.e., causing the pro-drug to assume the
active state -- may involve altering the chemical properties of the compound or
compounds constituting or present in the pro-drug. Thus, the meaning of "pro-
20 drug" further encompasses having the capability of being converted or
transformed from a first biochemical or pharmacological substance to a second
biochemical or pharmacological substance with properties different from

properties of the first substance.

[0035] In the case of the eye, a reducing substance may be applied in pro-
25  drug form to the outer eye, for example in a drop of liquid. The pro-drug may
be in an inactive state when initially applied. The inactive state of the pro-drug
may enable the pro-drug to more easily cross from the outer surface of the eye
into the inner eye than would be the case it the pro-drug were in an active
state. More specifically, the pro-drug may cross from the outside of the cornea

30 to inside the aqueous humor of the eye. The pro-drug may further have
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an accommodative ability of the eye by decreasing aberrant |enticul ar bonds
in the eye. More specifically, the pharnaceutical agent may be capabl e of
penet r at iwQ 2bds4emonea and affecting the eye to increasecCris2@snsmmbdat i ve
ability, both with and without the addition of an energy source. Still nore
specifically, the pharmaceutical agent may affect the anterior |ens surface
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addi tion of phosphate groups (PO4 2 ) or sulfate groups (SO 2 ) to tyrosine
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pro-drug. The nmeani ng of "pro-drug” as used here includes having the
property ofrapsiting of hﬁ%ﬁg!@@b@@gf from is inaglyei statestauils agivensiate imay Beate. In
its inactiy t , pr.o, dr y. o] he body
nore easi | gg?ieacﬁtb&noﬁ? sgraa(arglgofrs?a?lg‘;ﬁb%b?r%&to ﬁge ?F?\%@F %@Bﬁg& c}%agljlglrmr e

easy tpp debta@fingenaymeetn fHecaqudats Humesr aftthé bye sotile, causetivetrangition.pr o- dr ug
may be caused to assume an active state that al|ows the 9ro-€é§_t
gener at e widtesoativaly,er ageiionallsransargy peuldde aprliptkextenially gs; 'Pﬁ§ t he

pro-drug - ghyfy, W%,%dﬁeﬂﬁ)n?rsghﬁ:"welketréﬁ‘\%ﬁﬂéﬁﬁ ré’?)ergy, heat, chemical,

particle beam, plasma beam, enzyme, gene therapy; nutrients, other applied

energy source, and/or any combination of any of the pfeceding could be
15 applied. The applied energy may both cause a transition of the pro-drug from
an inactive state to an active state, and break the aberrant biochemical bonds
believed responsible for the inelasticity of the lens. The active pro-drug may
then work to reduce the broken bonds. The active pro-drug may in particular
be a substance for which the lens has an affinity, so that the lens actively takes

20  up the pro-drug once past the cornea and inside the eye.

[0037] According to further embodiments of the present invention, an enzyme
or enzymes may also be introduced into an eye in pro-drug form. For example,
a large enzyme, such as thiolreductase, could by applied in an eye drop. In the
eye drop, the large enzyme may be in a disassembled form, rendering it
25 inactive. The disassembled form of the enzyme may make it easier for the
enzyme to cross the corneal boundary into the inner eye and be taken up by
the lens. Once in the inner eye, the enzyme could be activated. Here,
activation may involve the re-assembly of the enzyme constituents. Activation
may be brought about through the use of various externally applied forms of

30 energy, as discussed above, or by way of the various intralenticular enzymes
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active state - may involve altering the chem cal properties of the conpound
or conpounds constituting or present in the pro-drug. Thus, the neaning of
" prodr ug"wbunadnarosenconpasses havi ng the capability of Pperng2esnsast ed or
transfornmed froma first biochem cal or pharmacol ogi cal substance to a
second bi ochem cal or pharnacol ogi cal substance with properties different
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i nsi de treéoaqakumuef theiondef Acherdiyaly, Mupmagar@tmaypplmth&r@ducmg

havesol ubi |t ci d/ ba pertie f.or, exa | t cross
the cornBQle ‘Bﬁ 'U&Wdi&ﬁﬁ;ﬂoé‘caffeaﬁwgﬂébﬁ&“& pUs AIE ﬁ%eg Eanosi ne.
Subst ancggy it %n{\'n?eﬁﬁbxél PRGRECEE PR bhefali thit Mtﬁo@u@féﬁ?oftthé cor nea
and then be convérted i'nto other agents, such as carnosine, in the anterior

chanber E0DBBE. Cﬁh\@eredugng@germémebeumerqadmgdpug may be
activated/converted. In its active state/converted form the pro-drug may

cct 2 QGTHEAIART, AlerlkE EPLnalieE' S e Drhea iy cac 20 T
I nact@ vephash&cdRicht %mtlapablétoﬁbﬁeﬁmg the eyalssRdommadetiverability magf a nunber

of factors. For exa natural ly occurring enzynes in the agueous hunor
of the ebe I@mm@aga%elre%nﬁcaﬁau hsnphamagaydical aggntgpay dg! W%ﬁal ly,

ener 9y coHliabeoPBRLIREs 4! BAAMSY aoRdiRAGh! REdi6A bhalor ThabuLg

radi ation Ri & o ectro gnet’i C eneragy, hea
substance. The |nject|on may be, for example, directly into the lens or into the. -

anterior chamber, into the vitreous or the posterior chamber. The approach for
15 this injection may be, for example, through the cornea or through the sclera. .
The injection may be followed by the external application of energy to further

promote a reduction reaction.

[0039] If not injected into the lens but instead, for example, into the aqueous
humor, the injected substance may be capable of crossing a lenticular capsular
20 boundary into the lens. For example, the injected substance may be a
substance for which the lens has an affinity, so that the lens actively takes up
the substance once inside the eye. The injected substance may further be
capable, upon entering the lens, of being converted into a second substance
capable of affecting an accommodative ability of the eye, such as a reducing

25 substance.

[0040] Since most of the naturally occurring lens shape alteration occurs in the
central anterior portion of the lens when the eye refocuses from distant objects
to near objects, lessening of aberrant lenticular bonds may be particularly
beneficial when it occurs at the anterior central lens, and more specifically at

30 the region of the anterior central lens which changes its topography during

16



particle beam plasma beam enzyne, gene therapy, nutrients, other applied
energy source, and/or any conbination of any of the preceding could be
appl i ed. Wbeoapp@hised energy may bot h cause a transiti onpofi/ush@spsasdr ug
froman inactive state to an active state, and break the aberrant

bi ochem cal bonds believed responsible for the inelasticity of the |ens.

The active, - DRy p dhesactive
pro- dr ug nagtAGMBHORY rho Spieiibchal Rgiip ol e A Rl e topLerif
af finity, smachedtbytbuth dergs et byepplicative©f epetdye Thus; @mbgdiorends piike t he

cornea and inside the eye. 037] .Accprding.to, further enhodi nents .of the
present inpﬁ@%mve&ﬁoﬁﬁ%lﬂé?%ﬁp%ﬂéﬁ@staﬁ%mgl bg %gef'%?%g[?géﬁg'f)ﬂtq; an eye
In pro-drugd MR 1ol SAM! COrPtHA lfereRENAE enibidRimastst Bf Hd ppesdrse.

could by applied in an eye drop. In the eye drop, the |arge enzyme nmay be

i n a disasswehtied firthen relade tiespecifically tasgatinggregitins alitsidesdribe adtdriorm of t he
enzynme may ke it easier for the en tQ,.6r0 t he corneal b dary into
the’ i nner GSRTSIrPOIRn o5 Ka% 19s iy TRACTaNs. SHdUMnA (HEDPWHEN S8 NEha
enzyme couhgbdaft ffifhYieh P8iatd RS SpedfitdiNathlqutingBihel Antetivecdifal regianbl y of
the enzyme constituents. Activation maé be brought about through the use of
vari ous extherlenslap welbas mgidrns outsisle ofiibe gyteriar cgndraliksgien abibedensiorby way
of the var] ngwént ral enticul ar enzynesal ready present within the lens. Once

assenbl ed he |l ens, the enzyme may act to pronote a reduction
reaction by breaking aberrant biochem cal bonds including but not limted

to di smfiptmthnmargewnﬁ bgplit%ﬁi@héi@@(ﬁdmdt@iémbmhﬂmé eof( tHeotppegerftr om a
reduci ng conmpound to the broken bonds to_ prevent reformation of the bonds.
Accor di ngl iiveatior migyi ingudadar example prpIvinga FreaHFheHbaiRCRICANRYE iBe

oy S0 e SRREAREI ¥ Hob ol B T, B SERRIC Wiy D dieglTheo agen:
o reducing substance may be capable of crossing the corneal boundary intothe .-+ .-
inner eye. Then, energy may be applied to only a selected portion of the lens,
15 such as the anterior central region of the lens. In such targeting applications,
the reducing agent could be formulated so that it was inactive to reduce
aberrant lenticular bonds in the absence of the application of energy, but so
that, when energy was applied, the reducing agent became activated and able
to reduce broken lenticular bonds. Thus, the targeted or focused application of
20 energy would break lenticular bonds in a selected portion of the lens, and also
activate reducing agent present in the selected portion. A reducing agent with
the latter properties could be obtained by one skilled in the art, for example, by
suitably selecting the agent, by suitably formulating constituent compounds of
the agent, by suitably controlling the concentration of the agent or of respective
25  constituent compounds thereof, or by any combination of the foregoing. The
reducing agent could be, for example, a pro-drug. On the other hand, the
reducing agent could be in active form as applied, be capable of crossing the
corneal boundary into the inner eye, and not require the application of energy

to become active.
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enzyne. The reducing agent may be in pro-drug form [0038] According to
alternative enbodi nents of the present invention, a pharmaceutical agent
capabl e olvoabdarisng t he eye's accommodati ve ability mapchascovsnsdaced by
direct injection. The pharmaceuti cal agent may include an enzynme or enzymnes
to pronote a reduction reaction, and/or a reducing substance. The injection

be. . ! ! . hanber
may be iﬁﬁzﬁzlgaﬁgbfed didafhbhy ds%%s&ﬂ@e%iéﬁm%} dd'&?é’sée’%eﬁﬁ”hﬁéér@éntc amber

into the-vi or the posterior c e approach for this injection
may be, Ctomsidsmatipheinvoluedlugh theetreatinmerd of préshyogia the decreasing .orThe

i Nj ti _be foll d by th t | li ti f to furth
or omot ¢ BSPEHIRG: PRRTRBLISHYIGHaY (8595) M At ere Al many rotAB Pofls but
i nstead, Qécsrs?sf'gmn%s ir”th@_léhf tRAUSRAd HETYe altbRd. NFBF EREmpIShance may be

capable o ing a lenticular capsular boundary into the I ens. For
exanp e, disuHfiderjaret is dneudf theafund amgntakpratein bends aspoosiblforimudheofl ens has

ffinjpt hat 1t he,.l tively,tak t i nsid
the cye thehtreadBRhaloBaiY e B e P PROET: AR TS BER BeESTi ng t he
l'ens, of wegd aanm%é&r(é.@g, qm@aﬁ@w@mwm@%m&%bﬁ tRéredlb@@t i ng an

accommodative ability o he eye, such as a reducing substance. [0040]
Si nce nobe nef rashéhneetdimenisionet erghitesture dadhe iejge Bhe deng nighteddhiss in t he

by ects POhbaThofld &bsplar bt UR: W5t dfierHanl b s S ny b
partigul asldisdueeed ictiriidr, Wsdlidved A6 B¢ & fadtok MecAMigy prssbyepia. alisingns, and

nmore specifically at the region of the anterior central |ens which changes
i ts topotarapied ttrAtMeyhas deaeiikad appveriie ameent fdaceeaserlessgnig &t the [ens

s SRR ST i 5E A B i St kAR 3pgico” ener o

Thus, .. enyodi 0 ‘ g :

) portions of the eye, thereby preserving beneficial bonds while reducing others. - ... - i .
selectively. In one range, aberrant lenticular bonds may be decreased by 10% - .

15 to 70% in targeted regions. In another range, aberrant lenticular bonds may

be decreased by 20% - 50% in targeted regions.

[0043] In embodiments of the present invention, targeted treatment need not
include application of a reducing agent in conjunction with the application of
energy. Instead, a substance could be suitably formulated (e.g., in terms of
20 constituent compounds, concentration, etc. as described above) so that the
substance could both break aberrant biochemical bonds and reduce the broken
bonds, within specific portions of the eye. For example, the specific portion
could be in the anterior central region of the eye. To target a specific portion of
the eye, the substance could, for example, be formulated to have an affinity for
25 the specific portion. The amount of decrease in lenticular bonds could be
controlled to be within specific ranges. In one range, aberrant lenticular bonds
fnay be decreased by 10% to 70% in targeted regions. In another range,

aberrant lenticular bonds may be decreased by 20% - 50% in targeted regions.
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present invention relate to specifically targeting the anterior central
region of the lens for treatnent. On the other hand, enbodinents of the
present iwoentdmamshurt her relate to specifically targetipol/usegisoss3out si de
of the anterior central region of the lens for treatnent. Still further,
enbodi ments of the present invention relate to specifically targeting the

antertor cosay if EABRIAETSRA the Pt NpbhticH: Idrﬁab%s@%a;m@u%d fohe

anterior centr region o or treat nent argeti ng
appl i cat i ohelpetransptirhg recducimpsualbstencesingd theheyepared o theleast Applicatipni ncl ude,

for exanple, applying a reduc stance to an e in ,a non-selective or
non-t ar get Q@ef‘gw'aﬁg W&Fa%Qa%gHsﬁﬁ?frhC%u@wrh Hﬁ%ehlﬂgterreduci ng substance
may be capabl e of crossing the corneal boundary into the inner eye. Then,

energy may é@maﬂﬂl 5@ otttveroemboauraeh%cbﬁ@h@odrbzs@m Hvenien! @n@ of Wibreas the
anterior central regi on of l ens. I n such targetlng app |cat|ons t he

r educi nj a@enymesdo qbromote)owiacahta@ & cedusdion reaghien Mmayche indradsiced dotoe

aber r ant n cuI ar _bonds, i,n the abs f t e gy, but
so that, @ﬁé‘rs A Lalphage, ﬁ'h ngﬁ%é)?cnﬁg %d tg%téé}%e‘g ?&2\ Sed and
able to re@@ﬂ@mmog@@nbetattrénao@bemﬂdﬁzyrﬁé'sSgeﬁéii@ dcticORite the lerfsogsired
application of enerlgé\t woul d break | enticular bonds in a sel ected portion of

the | ens, &stngathedR cvrviaNé\ rarpesiptapesyjeardyppresent withintthe lers eeliss@spor t i on.

Sii 11ed 10 oPRgo fb Mg BhRE i S P b R R Tiach £
sui tabhy f eansutallsi te aatusali groten nemusactorsg efedHamisros presany irsthet @éllsy

controlling the concentration of the agent or of respective constituent
conpounds tWesdgireatsy thy efigyme fam dheogenstia H’@d?orTélj% tgghnighe wadldei ng

agent . coul i BGmvEAf th%xlggfﬁ’é of gRttiiPaiid'8nzfied o th8FEnd'#Gugh e lens -
capsule The lens could then further be treated with reducmg agents in any
form, and appllcatlons of energy including energy targeted or focused on

15  specific portions of the lens.

[0046] Finally, it is observed that various types of human tissues are derived
from the same epithelial line of embryonic cells as the lens. The skin is one
example. The skin undergoes various forms of oxidation, which leads to the
typical alterations brought on by aging. Methods as described above could be
20 applied to epithelial tissues like skin to reduce the oxidized biochemical bonds
therein, such as the disulfide bonds, to thereby rejuvenate the tissues. Each of
the various epithelial tissues could receive a treatment specifically designed to
take into account the tissue's location and accessibility. For example, the skin
can be treated directly with a reducing agent and then energy could be applied
25 to help break the oxidized bonds. Additionally or alternatively, a combination of
enzymes and catalysts can be used to stimulate the reduction reaction.
Specific portions of the skin or other epithelial tissue could be treated with

targeted application of energy.

[0047] The reducing agents and enzymes used to treat the skin or other

30 epithelial tissue as described above could be applied in active form, or could
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reduci ng agent could be in active formas applied, be capable of crossing
the corneal boundary into the inner eye, and not require the application of
ener gy t owbeocawa7@ot i ve. [ 0042] Targeted treatnent as de®PCriuseahsabase
addresses an inportant consideration involved in the treatnent of
presbyopi a by decreasing or |essening aberrant |enticular bonds, in that

there ar i t 0@5}5{ i |ﬁﬂ?q' uld not be
altered.ﬂagégéxgﬁgﬁg, ﬁé |ggﬁgﬁggﬁﬁﬁﬂga?gﬁﬁﬁgt@gﬁ?LeI %@%ﬂ%%ﬁgl protein
bonds r egpeynsib! distussetuabove irheonheetiprdiwitn dieataleint yofothee reyenésr and
proteins. If al| the disylfide bonds re elimnated . 9,, by breaking and
r educi ng PIERPYRBIRds ) hat 'ﬁeﬂ"et '%ﬁg@v*%@'}qoe'?zé@eﬁ ﬁ?'éjgi?ﬁg H’BW§¥ e

architec JirihB8hd iCAtRIM ofdndrhi | Br &r Pk @
capsularhgggcggq%pﬁrhﬁgéﬁnﬁﬁe ot p hanJ? Jhéa%?%§§¥?@§ éﬁgﬁggshdiscussed
earl i®r, like. believed to be a factor in causing presbyopia. Using targeted
treatnent as descri bed above, the anpbunt of decrease or | essening of

| enti cul §0048]rSeverayebodipnériteldf ¢lde predemt iviehtion spe spbtificalinges, within
specific_gértions of thﬁvgye, theregy preserving beneficial bonds while
reduci ngilbstated anddeseribed herein, Brwevahdvillpscarrisciateshihatul ar bonds may
be decreﬂﬁﬁﬂr - 10% . 0% } R0 range,

aber r ant Ien#?%ﬁﬁgéﬂgaﬁggnégékﬁgh%ggggigggéﬁgbggﬁg952%@6iHpﬁgﬁgeted

r egi ons. ap60d $adhingsndnadi withirt thegburviesv pff theeappeanaedrdaiors withowgiet ed tr eat nent

need_not include applicatjon af a reducin ent in conjunction wth the
appl 18at ABROBINSITIRdge SPHL ABdntehded SPRALE Tea IRl t abl y 1 or mul at ed
(e.g., in ternms of constituent conpounds, concentration, etc. as described
above) so that the substance could both break aberrant biochem cal bonds
and reduce .t he broken bonds, w thin specific portions of the eye. For.
exanpl e, the specific portion ' '
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could be in the anterior central region of the eye. To target a specific
portion of the eye, the substance could, for exanple, be fornmulated to have
an af fi niwg 2b@vo4tdse specific portion. The anount of decPreadas2008/0B@sdi cul ar
bonds could be controlled to be within specific ranges. In one range,

aberr ant Ienti cul ar bonds may be decreased by 10%to 70%in targeted

regi ons. y}g 849s, aberrant lenticular bonds may be decreased by
20% - 50% r‘n@%-ge'%'er"é—regl ons.[0044] In enbodi ments of the present

i nvention, iontophoresis may be used to help transport a reduci ng substance
mtotheeeand o the | ens | ication of, ener or,_may not be
used in corj yhBiat B?FS ﬁP'E"fﬁ’”lsW@ ?%RI?BB E’Wlﬂ%ﬁcquﬁm@{]@g% OU&Hodi nent s of

t he presen o} te a
Feduct fon Pa B B B e R B e P ot Qo Being 8 Ol hage. The
vi ral phageurfage tneaﬂeﬁobrt accormanmeidative vhility ehthecaytd by decieasingeateerrant
transcribe, a %mes netic code into the lens cells using the RNA or
DNA transcf‘?'ﬁ'ﬂi&é Qppéggﬁjep?)é%ent within the lens cells, as opposed to
introducing the enzyne itself. Once this genetic code was in the |ens
cells, the natural protein manufacturing nmechanisns present in the cells

woul d cr eaRe Titreemethyhef ¢laipmT whegeindhe abevast lenticglar bonds e woul d
circunvent the i Sye of getting large enzynes into the | ens through the

lens capsuP&IZRIOMESS could then further be treated with reduci ng agents
in anyjform and applications of energy including energy targeted or
focused on specific portions of the lens. [0046] Finally, it is observed

that vario@s thpmethad elelaim i, wheseinihe pharmaseuticabaoenthasadiretdpimel i al
line of e C skin
under goes”’@’éaﬁcﬁhéte Gorgnging ShiprRtEnotuhe sl o B0 BEATRBle dfer
alterati On&rdﬁmb sutebyurdata o bitidrodd fasm dihewecbad fabnmlmugcé be
biochemical substance capable of affecting the accommodative ability of the

15 eye.

4. The method of claim 3, further comprising applying energy to the eye to
convert the pharmaceutical agent from the first form into the second form.

20 5. The method of claim 3, wherein the pharmaceutical agent is capable of
being converted into the second form by naturally occurring enzymes in the

aqueous humor of the eye.

6. The method of claim 3, wherein the biochemical substance includes a

25  reducing substance.

7. The method of claim 3, wherein the biochemical substance includes an

enzyme that facilitates a reduction reaction.

30 8. The method of claim 7, wherein the first form comprises the enzyme in

disassembled form, and the enzyme is re-assembled into an active enzyme
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applied to epithelial tissues |like skin to reduce the oxidized bi ochem cal
bonds therein, such as the disulfide bonds, to thereby rejuvenate the

ti ssues. Wachoefs7d¢she vari ous epithelial tissues coul d r@ceivseodosesaat ment
specifically designed to take into account the tissue's |ocation and
accessibility. For exanple, the skin can be treated directly with a

reduci ng fhe then energy could be applied to help break the oxidized
bonds. Additional’ly or alternatively, a conbination of enzynes and

catal ysts can be used to stinulate the reduction reaction. Specific

portions_of_the r. ot her epi.theli tiss ould .be treated with
t ar get ed® ab—ﬁﬂq ’@Qﬁl%ﬂog laigp dr Yhe ?'BGQ%Pﬁma?%ﬂE@fﬁge% 87t RO a‘ﬁ& 9enzynes used
to treat the skin or other epithelial tissue as described above coul d be

applied in active form or coul dhave any one or any conbination of the
propes ti ¢8. & meltieod edmprisipgagent s and enzymes di scussed above in connection

W th treat ment of the e for sbyopi a. That t he re,[du gents and
enzymes coul d2BRYINg %P Wﬁﬁeqt&aﬁ?g%?ﬂpr?rhW%rtn?rp&?ﬂm?f:’ﬁ%' gBﬁl i cation
of ener gyeing REHIEE tGaffb¥an Qécérhﬁ*lddalqﬁe abflid/ 8t a%@ﬁhe%ﬁé@éhﬁent s of the

present 1nvéntion are specifically illustrated and descri bed herein.
However, it wapplylng emgropdo atsped morheﬂnolfmeaeve#scawml ations of the

pr esent venti o e caver s and within the purview
of the aBﬁ@ﬁH%%eL@\cé’ fige ?%C?m%gfﬁqqﬁ@%??ﬁﬁ%mﬁgp. rit and intended scope
of tie invention. What is clainmed is: 1. A nmethod conprising applying a

phar maceuti cal agent to an outer surface of an eye, the pharmaceuti cal
agent cafbébIT@%ﬂeﬂTQﬂs@f ¢lgim AB, wheesin &g PB@@@@%PﬁE@@e@@W&ﬁ%atl ve

ability oy ity §¥Sstacs SHARR é}ﬂ)l%ﬁeér{e?&tr céﬁé‘eé SYEMlctiAWE clidh tde eve.

occur.

15 12. The method of claim 11, wherein the applied energy breaks oxidized
lenticular bonds and the reducing substance reduces the broken oxidized

lenticular bonds.

13. The method of claim 10, wherein the specific portion is the anterior

20  central region of the lens.

14. The method of claim 10, wherein the specific portion is outside the

anterior central region of the lens.

25 15. The method of claim 10, wherein in the specific portion of the eye,

aberrant lenticular bonds are decreased by 10% to 70%.

16. The method of claim 10, wherein in the specific portion of the eye,
aberrant lenticular bonds are decreased by 20% to 50%.

30
17. The method of claim 11, wherein the reducing substance is inactive in
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2. The nethod of claim1l1, wherein the aberrant |enticular bonds are

oxi di zed bonds. 3. The nethod of claim1, wherein the pharnaceutical agent
has a firwo 2bevmvdso facilitate crossing the outer surfaeer/ush@siosdss form
bei ng convertible after crossing the outer surface into a second form the
second formincluding a biochem cal substance capable of affecting the

accommdat{ AV Hc' tézftﬂg ayﬁﬁcgq O]Aenél;pg nmet hod of claim 3, furjt her

conpri sing app I ng energ e eye convert the pharmaceutical agent
fromthe first forminto the second form 5. The nethod of claim3 wherein

t he pharma j cal ent is c ab e of being converted int he second form
by ngtural $§ %@@JF‘P&}%{? n‘;%’?‘é 1W e IRy g, Bigpst a‘f‘cé H@? 6. The

met hod of ﬁdﬁéﬁ‘ﬂ] ome. Wherein the biochem cal substance includes a reducing
subst ance. e method of claim3, wherein the biochem cal substance
includes an enzyne that facilitates a reduction reaction. 8. The nethod of

laim7, th t f o t di led f

and the endgna ResPEesbGEHANEAT; o R A SR tnine B Wy e o, “The

met hod of 5&@{21293%0%@ ein the pharmaceutical agent is a pro-drug. 10. A
npr

met hod co I ng: applying a pharnmaceutical agent to an eye, the
pharmaceutical agent being adapted to affect an accomnmpdative ability of a

e O e "B Keinel AR TPl SRR B 0 e e e
10  biochemical substance into the aqueous humor of an eye, the first
biochemical substance capable of crossing a lenticular capsular boundary,
the first biochemical substance further being capable of being converted into
a second biochemical substance capable of affecting an-accommodative
ability of the eye ' \ |
15
21. The method of claim 20, wherein the second biochemical substance

includes a reducing substance.

22. The method of claim 20, wherein the second biochemical substance

20 includes an enzyme to facilitate a reduction reaction.

23. The method of claim 20, wherein the first biochemical substance
includes an viral phage containing genetic information to generate an
enzyme that facilitates a reduction reaction.

25
24. The method of claim 20, wherein the first biochemical substance
includes a glutathione derivative and the second biochemical substance

includes a reduced glutathione.

30 25. The method of claim 20, wherein the first biochemical substance

includes N-acetylcarnosine and the second biochemical substance includes
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11. The method of claim 10, wherein the pharnmaceutical agent conprises a
reduci ng substance, and the applied energy causes a reduction reaction to
occur. . WO0.20d62470Bhe net hod of claim 11, wherein the appCras$2@smsgy+ br eaks
oxi di zed Il enticular bonds and the reduci ng substance reduces the broken
oxi di zed lenticular bonds. 13. The nethod of claim 10, wherein the specific
portion igddighnterior central region of the lens. 14. The method of claim
10, wherern the specific portion is outside the anterior central region of
the lens. 15. The nmethod of claim 10, wherein in the specific portion of

th , ~ab t | i.cul d d ased by . 10%to 70% 16. Th
ot hod oPocranties (G hEReaRoph e liin B SRERN SHirela IS uie, aberrant
lenti cul %ﬁrotagﬁéét REDARBEASEYindYa BRUNEMIGA YubdtancEhS HBsRpLOf ¢l ai m 11,
wherein the reduci ng substancé i's i nactive inthe absence of the application

of engr gepithélial tissuerastaitieod pbairug DI aswieaetivie diug, thedbiochgminabst ance

i ncl udes ut at hi one. 19.. The thod of claim 11, rei,n. t he reduci ng
subst gn_cé%ﬁ*@ﬁﬁﬁ@_&'%@é?%@QPﬁgﬁﬁcﬂaﬁ .r%@&ygnn(ﬁ%@zégﬁoppga?qqﬁg pr esbyopi a,
conpri si 'agplymgeéﬁéﬁg? t8 d $pedifidpOtidAIDftité sRinbstapitRIibNissuelte cadageous hunor

of an eye, the first biochem cal substance capable of crossi g? a lenticular
capsul ar abedudtiory readtienthyrthe refveingsubsiansedeadiest thauradustionef g capabl e of
bei ng Convec{',%eecg (@Rlp(?o a second bi ochem cal substance capable of affecting an
acconmod &Y t?) I %‘y of the eye

10
27. The method of claim 26, wherein the bonds to be reduced are disulfide

bonds.

28. The method of claim 26, wherein the energy is any form of

15 electromagnetic energy.

29. The method of claim 26, wherein the electromagnetic energy is one or
more of laser energy, visible light energy, ultraviolet light energy, infrared
energy, of microwave energy.

20
30. The method of claim 26, wherein the biochemical substance includes a

reducing compound.

31. The method of claim 26, wherein the biochemical substance includes

25 anenzyme.

32. The method of claim 26, wherein the biochemical substance is activated

by the applied energy.

30 33. The method of claim 26, wherein the energy breaks the oxidized bonds.
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2 1. The nmethod of claim?20, wherein the second bi ochem cal substance

i ncl udes a reduci ng substance. 22. The nethod of claim 20, wherein the
second biwohemmaisosubst ance i ncl udes' an enzyne to faciPCrtist@sasssaduct i on
reaction. 23. The nethod of claim 20, wherein the first biochem cal
substance includes an viral phage containing genetic information to

generate aﬁ4?ﬂ4¥%°ﬁ'§8@fr&éﬁﬁ%}’@ﬁ@%%@ﬂﬂﬁﬁ@ reaction. 24. The nethod of

claim 20, wherein t I'rst ce includes a gl utathione
derivative and tpplyirgeca bibdheodbainubstarestameye ithe lsuttstareerbs=ing ed

gl utat hione. 25. The nethod of claim 20, wherein the first biochem cal
subst ance FARZRIE&E crpssig 9!‘(9&?‘?f0%‘?¢?&ea9f&hﬁﬁé(e§8@6ﬁ%f Sl Hﬂ%lﬂalftaq’ﬂsﬁbst ance

i ncl udescaé?(gsé . 26. A nethod to bring about the reduction of oxidized
epi thelial "ti'ssues throughout the body by applying a biochemnm cal substance
to the 3kin or apmushng aadlansitiosue aastats oftbe substancgrfooman msctve aiate ve drug,

t he bi ochem cal subsiance bei ad ed t.o affect .an reduction of oxidized
bonds; and{?hﬁ'ﬁla?ﬁ\‘%ség% _ r@@qgeéﬁggf%cg 'ﬁ&???@ﬁ (Hfarﬁ%” Ng@" or epithelial
tissue to GaUSRNRJIEIY GbilRPof BRCEYON Dy the reducing substance to affect

the reduction of the oxidized bonds. 27. The nethod of claim 26, wherein
the bonds to be reduced are disul fide bonds. 28. The nethod of claim 26,

wherei n the_ener i,s any form,of .electro neti c enerqgy.,.29...The .met hod of
olal m 26, afor feetLPYciait Tonoer ko SRS e dicBhghSdatve abilt) of
10 the eye the substance is capable of reducing aberrant lenticular bonds in the

eye.

36. The method of claim 34, wherein to affect the accommodative ability of.
the eye the substance is capable of promoting a reduction reaction in the

15 eye.
37. The method of claim 33, where substance includes an enzyme.

38. The method of claim 34, wherein the transition is caused by naturally

20  occurring enzymes in the eye.

39. The method of claim 31, wherein the transition is caused by the

application of external energy.

25 40. The method of claim 31, wherein the biochemical substance includes N-

acetylcarnosine.

41. A method for treating presbyopia, comprising:
applying a reducing agent to an eye; and
30 focusing energy on a specific portion of the eye to break lenticular

bonds in the specific portion.

25



nore of | aser energy, visible Iight energy, ultraviolet |ight energy,
infrared energy, of mcrowave energy. 30. The nethod of claim 26, wherein

t he bi ochwoi2e@l04308bst ance i ncl udes a reduci ng conpound. P8TAIS2008A36¥81 hod of
cl aim 26, wherein the biochem cal substance includes an enzyne. 32. The

met hod of claim 26, wherein the biochem cal substance is activated by the
applied energy. 33. The nethod of claim 26, wherein the energy breaks the
oxi di zed bonds. 34. A nethod for treating presbyopia, conprising: applying a
bi ochem d&. Bhistednod of olaim 4dy wheréio thalbeduaciog agenhis acivedbeediicer ossi ng an

outer surface 1t he e to art of the eye; and causing a
transiti @ﬁak %’E‘P‘a\l@égé ?M’ét?‘gﬂgg}eaﬁ(?@ ‘589&59}' i nactive state to an active
state wherein the substance is capable of affecting an accommodati ve

ability of the eye. 35. The nethod of claim 34, wherein to affect the
acconﬁnddt& vEhabdthog obtlaime le yhereis ’tbalﬁ@qil&ﬁﬁdeeﬁefgya@amtesdhe r educi ng

aber r ant nt.i cul ar, bon t.he 6, The nethod of claim 34, wherein
to affectr ‘ﬁ‘\éng@88m7§)d'}ﬁdﬁ\98%5%k?'? %'%89%{98”&@ t he substance is capabl e of
pronoting a reduction reaction in the eye. 37. The nethod of claim 33,
where substance includes an enzynme. 38. The nethod of claim 34, wherein the

transiti d¢4-i Ehe neteed bf/Clﬁtmlﬁ‘ﬂaWh?r@GdheW@Ml%ﬁgﬁﬁblnphldteﬁe eye.

glutathione.
10

45. The method of claim 44, wherein the energy is an ultraviolet laser.
46. ‘The method of claim 44, wherein the energy is a visible light laser.

15 47. The method of claim 41, wherein the reducing substance includes N-

acetylcarnosine.
48. The method of claim 47, wherein the energy is an ultraviolet laser.
20 49. The method of claim 47, wherein the energy is a visible light laser.

50. A method for treating presbyopia, comprising applying a substance to
the eye, wherein the substance is formulated to affect an accommodative
ability of the eye within a specific portion of the eye.

25
51. The method of claim 50, wherein the substance is capable of breaking
and reducing aberrant biochemical bonds including but not limited to

disulfide bonds within the specific portion.

30 52. The method of claim 50, wherein the substance has an affinity for the

specific portion.
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39. The nethod of claim3 1, wherein the transition is caused by the
application of external energy. 40. The nethod of claim3 1, wherein the

bi ochem cab 2eednar@nce i ncl udes Nacetyl canpbsine. 4 1. A merhusdoosmB64B84 eat i ng
presbyopi a, conprising: applying a reducing agent to an eye; and focusing
energy on a specific portion of the eye to break lenticular bonds in the
specific portion.42. The nethod of claim4 1, wherein the reducing agent is
active to reduce broken lenticular bonds without the focused energy. 43.
The met hod58f TheaimetHodLof elaian S0nwhieeih doe spacifin pogijoraistin e estartoe r educi ng
agent to reduce broken_ lenticular bonds. 44. The method of claim4 1,
wher ei n t h&ePEALEHRY afBR®Yencl udes gl ut at hi one. 45. The method of claim
44, wherein the energy is an ultraviolet |aser. 46. The nethod of claim 44,
wherein the energy is a visible light laser. 47. The nethod of claim4 1,
wher ei n5 t h&4r echecmeghadibbelaime 80i wheteladn ki epsgditiapadivnmf. thae®yeThe%ret hod of

| ai m 47, in th . i S. | iolet | . 49 . The net hod of
claim a7, Shep i sraranangsaraiodysnds, PEh i, Uit to By s or
treating ppenaY @pe Brokedid fddisedpPp! Ying a substance to the eye, wherein

the substance is fornulated to affect an acconmodative ability of the eye
within a specific portion of the eye. 5 1. The nethod of claim50, wherein

bondenci o AT Of Faint S5 Kb BN G SoeRdeBhRhfihe sY8SAER {7
portionyg 5% 40%eofEbéreshtdiocHerhicabBonddiicRiding bet sotihieat o disglfide affinity

for the
bonds are broken and reduced.

. 56. A method comprising injecting a pro-drug agent containing a
biochemical substance capable of affecting an accommodative ability of a

15 lens of the eye into an eye.

57. The method of claim 56, wherein the biochemical substance reduces

aberrant lenticular bonds in the lens.

20 58. The method of claim 56, further comprising applying energy to the eye

to activate a reduction reaction
59. A method comprising using iontophoresis to facilitate introducing a
biochemical substance capable of affecting an accommodative ability of a

25 lens of an eye across a corneal boundary.

60. The method of claim 58 wherein the biochemical substance reduces

aberrant lenticular bonds.

30 61. A method comprising using a viral phage to facilitate introducing a

biochemical substance capable of affecting an accommodative ability of a
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specific portion.53. The nethod of claim50, wherein the specific portion
isin the anterior central region of the eye. 54. The nmethod of claim 50,
wher ei n iwothe/@pmsoi fi ¢ portion of the eye, 10%to 70% eCTalsesosmpd434

bi ochem cal bonds including but not limted to disulfide bonds are broken
and reduced. 55. The nethod of claim 50, wherein in the specific portion of

the eye, fligr%oe/e’%%éggoa%o%?%%l Bbagdsmi cal bonds including but not limted

to disul are oken and reduced. 56. A nethod conprising
injecting a pro-drug agent containing a biochem cal substance capabl e of

affecting,_an.accomodative ility .of a lens of th e into an eye. 57.
The net h%@-g\;h%nﬁtm‘gécm%ﬁi’ WH%%'"HPS %@Pa'ﬁiﬁ’éf CQERUR®Y " aberr ant
| enticul ghe ggﬁ fic b8dd BEah@mSyme8. The method of claim 56, further
conprising applying energy to the eye to activate a reduction reaction 59.

A nmet hod conprising using iontophoresis to facilitate introducing a

Cens o 5 )t Betiag of 8RR o, AnsBendtiey HShadt BERERAR IR itbpn 2e”
wher ei n e iR EIREH tranitshanhe Jepdie 2datsior@ils Jiené ignd. ar bonds. 6 1. A

met hod conprising using a viral phage to facilitate introducing a
bi ochem cal substance capable of affecting an accomodative ability of

oher i n EAe TBEGRATIRART REED et R e i BT B, ode o1 “an enzyme.

10 thioltransferase.

65. The method of claim 63, wherein the genetic code transcribes

. hexokinase.

15 66. The method of claim 63, wherein the genetic code transcribes

glutathione reductase.

67. The method of claim 61, further comprising treating the eye with a
reducing agent.

20
68. The method of claim 67, wherein the reducing agent is reduced

glutathione.

69. The method of claim 67, wherein the reducing agent is reducing thiol

25  derivatives.

70. The method of claim 67, wherein the reducing agent is substituted

indoles.

30 71. The method of claim 67, further comprising applying energy to the eye.
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63. The nethod of claim6 1, wherein the viral phage transfects cells of
the lens with a gene to transcribe the genetic code into cells of the |ens.
64. The meOhoab/m@fosel ai m 63, wherein the genetic code tra0IaS2WsSH36434
thioltransferase. 65. The nethod of claim 63, wherein the genetic code
transcri bes hexoki nase. 66. The nmethod of claim 63, wherein the genetic

code transegbl bfs, gl Bf Qafn 7aIUHEASA. th@éne@(}ﬁs@f HRdvRietdhgém 6 1,

further conprising treating the eye wth a reduci ng agent. 68. The met hod
of claim67, wherein the reducing agent is reduced gl utathione. 69. The

met hod of Ia| 7, wWh in t r educi ent is reduci. t hi ol
derivative ﬂ‘}%h‘?{if’ﬁgﬁ"ﬁpqc %@ﬁ?'@gﬁe\ﬁﬂﬁ@ I3 %Wé@%l@%ﬂﬁ@e agent is
substituted i ndoI es. 7 1. The nmethod of claim#67, further conprising

applying energy to the eye.72. The nethod of claim7 1, wherein the energy
i's. an ubtravi A eethad eomprisingraeplyingreoeducing agento B huhenepitheli@ energy is

a visible I| ht | ase 74. A method co i Si n p i.ng agent to
a human ep |tL1P r?ﬁ’%“éﬂ%agteﬁgg?@&?&c%?é@ib%ﬁ |aﬁb'¥)gﬁg %og%rgduce a

bi ochem cakhdges,d.n the tissue. 75. The nethod of claim 74, further
conprising applying energy to the epithelial tissue to acti vate the

reduci ng agent. 76. A pharnacol ogi cal conposition for the treatnent of
presbyopi 475. The method of claim 74, further comprising applying energy to the

10  epithelial tissue to activate the reducing agent.

76. A pharmacological composition for the treatment of presbyopia,
comprising a pharmaceutical agent capable of crossing an outer surface of:
an eye to affect an accommodative ability of the eye by decreasing aberrant

15 lenticular bonds in the eye.

77. The pharmacological composition of claim 76, wherein the
pharmaceutical agent is convertible by the application of energy into a
biochemical substance capable of affecting an accommodative ability of the

20 eye.

78. The pharmacological composition of claim 77, wherein the

pharmaceutical agent is capable of being converted into the biochemical

substance by naturally occurring enzymes in the aqueous humor of the eye.
25

79. The pharmacological composition of claim 78, wherein the

pharmaceutical agent includes N-acetylcarnosine.

80. The pharmacological composition of claim 78, wherein the

30 pharmaceutical agent includes any glutathione derivative.
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conprising a pharmaceuti cal agent capable of crossing an outer surface of
an eye to affect an accommodative ability of the eye by decreasi ng aberrant
| enti cul awokosvda7asn t he eye. 77. The pharmacol ogi cal comrp@4isteoso3@B4 cl ai m
76, wherein the pharnaceutical agent is convertible by the application of
energy into a biochem cal substance capable of affecting an accommodati ve

anility g4 tHE ph¥finadlogibaPcaiBbEmER R eI 76, MARASI ihRbiBEhdihRa 77,

wher ei n tThe pharnaceu agent 1s capable of being converted Iinto the
bi ocheni gabstanbs irrohudesoy reducingulstaocer ri ng enzynmes in the aqueous hunor
of the eye. 79. The pharnmacol ogi cal conposition of claim78, wherein the
phar maceuti cal agent includes N-acetyl canosi ne. 80. The pharnmacol ogi cal

conposi t 'BQPT@& Pﬁb%ﬁb&égic%%rﬁbasi&ibﬁ RIS E Yih&rein #@8RUuLRg udes any
gl utat hi one derivative.8 1. The pharnmacol ogi cal conposition of claim76,

wher €8 n shlestanoe iralides reslubed gtutathiond.udes a reduci ng substance. 82. The
phar macol ogi cal conposition of claim8 1, wherein the reducing substance
i ncl udes reduced gl ut at hi one. 83. The pharnacol ogi cal conposition of claim

8 1, whegsi Thi hRarRdEsIbgabebwbasEien il eldises  akieimtet radatinger i vat i ves.
84. The phar macol ogi cal “conposition of claim8 1, wherein the reducing
subst anceubstahoe éwlydgsstedugtngothial glerivstivess. The phar macol ogi cal conposi tion
of claim8 1, wherein the reduci ng substance includes reduced canosi ne.

86. The pharnmacol ogi cal conposition of claim76, wherein the biochem cal

10  84. The pharmacological composition of claim 81, wherein the reducing

substance includes substituted indoles.

85. The pharmacological composition of clajm:81,.wherein the reducing
substance includes reduced carnosine.

15
86. The pharmacological composition of claim 76, wherein the biochemical

substance includes an enzyme that facilitates a reduction reaction.

87. The pharmacological composition of claim 86, wherein the enzyme

20 includes thioltransferase.

88. The pharmacological composition of claim 86, wherein the enzyme

includes hexokinase.

25  89. The pharmacological composition if claim 86, wherein the enzyme

includes glutathione reductase.

90. The pharmacological composition of claim 86, wherein the enzyme
includes glutathione-S-transferase.

30
91. The pharmacological composition of claim 86, wherein the

30



substance includes an enzyne that facilitates a reduction reaction. 87. The
phar macol ogi cal conposition of claim86, wherein the enzyne incl udes

t hi ol t r anwben@xa70888. The phar macol ogi cal comnpositi on ofPcTlustonsB6e43nher ei n
t he enzyne includes hexoki nase. 89. The pharmacol ogi cal conposition if

cl aim 86, wherein the enzyne includes gl utathione reductase. 90. The

phar macol ogi cal conposition of claim86, wherein the enzyne incl udes

gl ut at hi one-S-transferase. |9 1. The Ehar macol ogi cal c ?i tion OE claim
86, wher ei rPhatesearHeRlAgeNt SPMRGisRS the FPEyHedn !?@Séﬁﬁw Hyieedd88nbl ed

Lo, and BRI TR dehfied SR PACIVE hAMmGHhIangIT W Lhin, L e eve.

92. A pharnac I"'cal ~conposition the eat nent of "an epitheli al
ti ssue, conprising a biochem cal substance adapted to effect a reduction of

aberrant oxidized bonds in the tissue. 93. The pharnacol agi cal,. conposition
of claim 9@2-mmrwaspw@ﬁemp0§&mfaﬁﬁbe ?rgatf'g?fgtﬂ%”o?p'g@%ﬁl;“%’vat ed by
t he appld catd : J i bi ochem cal
subst ande. 15 i 7aag SHEMeRar SubSafic} BEHBladID AR b e OF e

phar macol ogatesrrant @xbized bondin thiedissu®2, - wher ei n t he bi ochemi cal substance

i ncl udes a reduci ng agent. 95. The pharnmacol ogi cal conposition of claim 92,
wherein the biochem cal substance includes an enzyne. 96. The

!Ohalr ”300' Ogé&a*rgé%@%bbblgaic@i c6PogHiBA o WRMEI 2 Wierel BioRREIMiGHI substance
i ncl udes a pro-drug.
substance is capable of being activated by the application of energy to
10 cause a reduction reaction by the biochemical substance to effect the

reduction of the oxidized bonds.

94. The pharmacological composition of claim 92,:wherein the biochemical
substance includes a reducing agent.

15
95. The pharmacological composition of claim 92, wherein the biochemical

substance includes an enzyme.

96. The pharmacological composition of claim 92, wherein the biochemical

20 substance includes a pro-drug.
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