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DIAZENE-BRIDGED CROWN ETHER LITHIUM
c ND DS FOR THEI

This application claims priority of U.S. Provisional Application No. 60/638,100, filed
December 22, 2004, the contents of which are hereby incorporated by reference into

this application.

Throughout this application, various publications are referenced. Full citations for
these publications may be found immediately preceding the claims. The disclosures
of these publications are hereby incorporated by reference into this application in
order to more fully describe the state of the art as of the date of the invention

described and claimed herein.

Background of the Invention

Glaucoma is a human disorder marked by progressive loss of vision; it is one of the
leading causes of irreversible blindness in the world. The World Health Organization
(WHO) estimated that the total number of glaucoma cases was 105 million people in
1977. In China alone, Foster and Johnson in 2001 reported that the disease afflicted
an estimated 9.4 million people (for age group 40 years and older), of which 5.2

million (55%) were blind in at least one eye.

One hypothesis underlying the loss of retinal ganglion cells in glaucoma is the '
induction of cell death genes either because of blockage of retrograde axonal
transport or increase production of toxic material in the eye. Thus, the objective of the
experiment is to make use of our established animal model of glaucoma with
increased intraocular pressure by blocking the outflow of the aqueous humour with
laser photocoagulation of the episcleral and limbal veins. In addition, our previous
work has shown that lithium chloride is a neuroprotective factor in the eye. LiCl or
other photosensitive lithium compounds has been injected into rats to examine their
role in protecting the death of retinal ganglion cells in the rat glaucoma model. This

model is useful in studying the mechanism of lithium on preventing cell death in

CONFIRMATION COPY
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glaucoma. The photosensitive lithium compounds have much lower side effect since it
would only be activated inside the eye, so this approach is potentially be useful for

patients with the glaucoma disease.

The major pathological features of glaucoma are the death of retinal ganglion cells
(RGSs), and cupping and atrophy of optic nerve head leading to the loss of vision.
(Leske, 1983; Osborne, 1999; Quigley, 1979). Glaucomatous optic neuropathy
reduces vision gradually and often without symptoms. Many patients are unaware of
the pathological condition during the early stage of glaucoma until it progresses into
complete blindness. Similar to other neurons in the central nervous system (CNS),
RGCs do not generally regenerate once they are damaged. However, progressive
visual field loss in many types of eye diseases affecting the RGC axons can be
prevented if it is treated at an early stage. Therefore, it is important to prevent the

degeneration of RGCs in any kind of optic neuropathy.

So far, there seems to be no adequate therapy for protecting against the death of the
retinal ganglion cells in glaucoma. The current clinical treatment for glaucoma is to
delay the progressive loss of RGCs with the few neuroprotective agents available,
while much research effort is directed towards the prevention of RGC death and
apoptosis in various optic neuropathy conditions. Knowledge of the mechanisms
responsible for the various optic neuropathy conditions such as glaucomatous optic
neuropathy, ischemic optic neuropathy, inflammatory optic neuropathy, compressive
optic neuropathy and traumatic optic neuropathy, is critical in the development of
new treatments for them. A number of animal glaucoma models have been
established to mimic the pathogenic conditions including optic nerve transection
(Cheung, 2002; Cho, 1999; Cho, 2001; Lu, 2003; You, 2002), and ocular
hypertension (Garcia-Valenzuela, 1995; Laquis, 1998; McKinnon, 2002; Mittag, 2000;
Morrison, 1997; Sawada, 1999; Ueda, 1998). The present inventors have developed
an ocular hypertensive model of photocoagulation to the limbal and episcleral veins
using argon laser (Ji, 2004; WoldeMussie, 2001; WoldeMussie, 2002).

Lithium chloride is a common drug for the clinical treatment of mania and depression.
Recent studies suggest that it has a neuroprotective effect on the injured CNS via a

number of intracellular signaling pathways including upregulation of the anti-
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apoptotic gene Bcl-2, and inhibition of glycogen synthase kinase-3p (GSK-3).
Lithium-induced Bcl-2 upregulation plays a pivotal role in neuroprotection against
glutamate excitotoxicity and supporting the intrinsic growth potential of ihjured axons.
GSK-3B is a key downstream target of the PI3-kinase/Akt signaling pathway that
regulates apoptosis in the injured CNS. Using the ocular hypertensive model to study
the pathophysiology of glaucoma, So and his colleagues have shown that lithium
chloride could prevent degeneration of RGC (Ji, 2002).

Despite the immense therapeutic value of lithium, there are serious long-term
associated complications. These include severe, coarse tremor, exacerbation of
dermatological disorders, leukocytosis, hypothyroidism, hypoparathyroidism as well
as disruption of kidney function (Birch, 1999 and 1999). The undesirable side effects
are possibly caused by slow penetration of lithium through the blood-brain barrier
and across other membranes, resulting in delayed onset of action which
necessitates the high dosage (Shanzer, 1983). Accordingly, it is an object of the
current invention to provide new treatments and methods utilizing the novel use of

photosensitive compounds to treat various diseases.

Photosensitive systems, including those with photochromic units such as diazene or

chromene, have been widely used in unrelated fields such as opticai recording and
information storage devices (Ishige, 1980; Loerincz, 2003; Matsui, 1994), light-
controlling media (Levy, 1997; Natansohn, 1999; Nunzi, 1996), liquid crystal displays
and organic light-emitting devices (Shinbo, 2002; Zhang X. H., 2001), molecular
switches (lkeda, 2000; Yoon, 2003; Zhang Zhihua, 2003) as well as security inks for
anti-forgery trademarks (Fan, 1997). More particularly, the photoresponsive system
described in this invention includes a photosensitive moiety attached to or
incorporated in a chelating moiety; such photoresponsive chelators have been used
for sensing (Alward, 1998; Rompotis, 2002) and extraction of metal ions (Alward,
1998 Blank, 1981; Shinkai, 1980; Shinkai, 1981).
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ummary of the entio

This invention provides a method for treating an eye disease in a subject comprising:
providing a photosensitive prodrug that releases upon exposure to light an active
ingredient to treat the disease, administering the prodrug in a pharmaceutically
acceptable carrier to the subject, and exposing the eye of the subject to an external

light source to cause the prodrug to release the active ingredient.

The invention also provides a method for protecting the degeneration of retinal
ganglion cells in a subject comprising (a) providing a photosensitive prodrug that
releases upon exposure to light an active ingredient to treat the eye disease; (b)
administering the prodrug in a pharmaceutically acceptable carrier to the eye of the
subject; and (c) exposing the eye of the subject to an external light source to cause

the prodrug to release the active ingredient.

The invention further provides a compound having one of the following structures:

| or |
wherein Q is a crown ether or an aza-crown ether of any size; wherein R', R?, R, R,
R’2, R X' and X? are the same or different, and are each selected from the group
consisting of a whole or part of a phenyl ring or substituted phenyl ring, a hydrogen;
a halogen, a hydroxyl group, as well as unsubstituted or substituted lower alkyls,
cycloalkyls, aryl, acyl, alkoxy, acylamino, arakyl cyanocarboxyl, thio, vinyl, stryryl,
alkoxycarbonyl, carbamoyl, aminocarbonyl, phenoxycarbonyl, with the substituents
being the listed above metals, hydrogen, halogens and hydroxyl groups, as well as

recognized donor and acceptor groups; and wherein the substituents may combine
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together to form a substituted or unsubstituted, saturated or unsaturated ring with

any number of members.
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Brief Description of the Figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Photosensitive lithium ionophore (1) / Ligand (1), a diazene-bridged
crown ether which binds lithium ion in the dark and releases lithium ion
on irradiation (Shinkai, 1980).

Systems containing different diazenes or diaza-crown ethers of
different sizes and derivatives of diazene-bridged crown ethers seen to
function in the same way as photosensitive lithium ionophore (1) /
Ligand (1).

Photosensitive lithium ionophore (2) / Ligand (2), a crown ether
containing chromene which binds lithium ion in the dark and releases

lithium ion on irradiation (Stauffer, 1997).

Derivatives of chromene systems containing crown ethers of different
sizes seen to function in the same way as photosensitive lithium
ionophore (2) / Ligand (2).

Results showing percentage of retinal ganglion cell loss in three

different groups of rats treated with Lithium Complex (1).

Results showing percentage of retinal ganglion cell loss in the dosage

experiment employing Lithium Complex (1).
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Detailed Description of the Preferred Embodiments

Definitions

As used herein, “administering” an agent can be effected or performed using any of the
various methods and delivery systems known to those skilled in the art. The
administering can be performed, for example, intravenously, via cerebrospinal fluid,
orally, nasally, via implant, transmucosally, transdermally, intramuscularly, and

subcutaneously.

As used herein, “pharmaceutically acceptable carrier” shall mean any of the various

carriers known to those skilled in the art.

The following delivery systems, which employ a number of routinely used
pharmaceutical carriers, . are only representative of the many embodiments

envisioned for administering the instant compositions.

Injectable drug delivery systems include solutions, suspensions, gels, microspheres
and polymeric injectables, and can comprise excipients such as solubility-altering
agents (e.g., ethanol, propylene glycol and sucrose) and polymers (e.g.,
polycaprylactones and PLGA’s). Implantable systems include rods and discs, and

can contain excipients such as PLGA and polycaprylactone.

Oral delivery systems include tablets and capsules. These can contain excipients
such as binders (e.g., hydroxypropylmethylcellulose, polyvinyl pyrilodone, other
cellulosic materials and starch), diluents (e.g., lactose and other sugars, starch,
dicalcium phosphate and cellulosic materials), disintegrating agents (e.g., starch

polymers and cellulosic materials) and lubricating agents (e.g., stearates and talc).

Transmucosal delivery systems include patches, tablets, suppositories, pessaries,
gels and creams, and can contain excipients such as solubilizers and enhancers
(e.g., propylene glycol, bile salts and amino acids), and other vehicles (e.g.,
polyethylene glycol, fatty acid esters and derivatives, and hydrophilic polymers such

as hydroxypropylmethylcellulose and hyaluronic acid).
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Dermal delivery systems include, for example, aqueous and nonaqueous gels,
creams, multiple emulsions, microemulsions, liposomes, ointments, aqueous and
nonaqueous solutions, lotions, aerosols, hydrocarbon bases and powders, and can
contain excipients such as solubilizers, permeation enhancers (e.g., fatty acids, fatty
acid esters, fatty alcohols and amino acids), and hydrophilic polymers (e.g.,
polycarbophil and polyvinylpyrolidone). In one embodiment, the pharmaceutically

acceptable carrier is a liposome or a transdermal enhancer.

Solutions, suspensions and powders for reconstitutable delivery systems include
vehicles such as suspending agents (e.g., gums, zanthans, cellulosics and sugars),
humectants (e.g., sorbitol), solubilizers (e.g., ethanol, water, PEG and propylene
glycol), surfactants (e.g., sodium lauryl sulfate, Spans, Tweens, and cetyl pyridine),
preservatives and antioxidants (e.g., parabens, vitamins E and C, and ascorbic acid),
anti-caking agents and coating agents.

As used herein, “effective amount’ means an amount sufficient to treat a patient

afflicted with an eye disease or a complication thereof.

As used herein, "treating" a disorder shall mean slowing, stopping or reversing the

progression of the disease.

Preferred Embodiments

To illustrate the present invention, phototherapy for glaucoma employing lithium is
used as an example, but should not be construed as limited to treatments of
glaucoma or those employing lithium. The aim is to achieve controlled delivery of
lithium for ocular treatment. An intact and stable lithium prodrug, which includes a
drug delivery system carrying a lithium ion, is designed such that it is an inactive
form of lithium in the dark but releases the active lithium ion upon irradiation of UV
or visible light. The lithium ion can be encapsulated by, or preferably chelated to the
drug delivery system in the dark. The lithium prodrug can be present throughout the

body in an inert form, and only has therapeutic actions in the eyes where there is
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direct contact with external light. This approach can lower the active dosage and
minimize the undesirable side effects currently hindering available treatments. The

prodrug can be delivered orally, topically or by injection.

The drug delivery system comprises of a photosensitive moiety attached to or
incorporated in a chelating moiety. Radiation induced change in the photosensitive
moiety can reversibly or irreversibly affect the binding property of the chelating
moiety. For example, there can be two kinds of changes in the drug delivery system

upon irradiation:

1. The photosensitive moiety undergoes isomerization and causes an overall
conformational change in the drug delivery system, thereby handicapping the

binding ability of the chelating moiety; or

2. The photosensitive moiety shifts electron density out of the chelating moiety,

thus causing the chelating moiety to lose its binding ability.

These examples are set forth to illustrate the concept, but are not intended to limit
this invention in any way. The system can be designed such that the photosensitive
moiety can reversibly or irreversibly affect the binding property of the chelating

moiety upon exposure to any type of radiation.

Preferably, the chelating moiety is a crown ether or one of its derivatives, or an aza-
crown ether or one of its derivatives. Crown ethers or aza-crown ethers or their
derivatives of different ring size can be chosen for selective binding, e.g. of different
metal ions. The choice of the chelating moiety, however, is not limited to cyclic

compounds.

Preferably, the photosensitive moiety is a conjugated molecule which is capable of
altering the electron density of the crown ether derivative, or a photoisomer which is
capable of changing the ring size of the crown ether derivative thereby affecting its
selective binding ability. The photosensitive moiety does not necessarily have to be
conjugated, does not have to possess the ability to alter the electron density of the

chelating moiety, nor does it have to be able to undergo photoisomerization.
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For this purpose, the drug delivery systems are conveniently referred to as
photosensitive lithium ionophores (X) or Ligand (X) hereinafter. The prodrugs, which
contain a lithium ion chelated in photosensitive lithium ionophore (X) / Ligand (X), are

conveniently referred to as Lithium Complex (X) hereinafter.

Example 1 Photosensitive lithium ionophore (1) / Ligand (1)

Photosensitive lithium ionophore (1) / Ligand (1) is a diazene-bridged crown ether
(Shinkai, 1980), where the photosensitive moiety is a diazene or an azo-benzene
derivative and the chelating moiety is a diaza-18-crown-6 ether. The diazene moiety
adopts the E or trans conformation in the dark, and the crown ether chelates to a
lithium ion. On exposure to near-UV light for several seconds, the diazene moiety
undergoes photoisomerization to adopt the Z or cis conformation, causing a ring
expansion of the crown ether moiety and thereby releasing the lithium ion (Figure 1).
Other similar systems containing different diazenes or crown ethers or diaza-crown
ethers of different sizes or derivatives of diazene-bridged crown ethers are seen to
function in the same way as photosensitive lithium ionophore (1) / Ligand (1) (Figure
2).

Derivatives of diazene-bridged crown ethers (Figure 2) may include a crown ether or
aza-crown ether of any size and R'-R® and/or R"-R" and/or X' and/or X* groups on
the diazene, wherein R', R?, R®, R"", R?, R X' and X? are the same or different, and
are each selected from the group consisting of: a whole or part of a phenyl ring or
substituted phenyl ring; a hydrogen; a halogen, a hydroxyl group; as well as
unsubstituted or substituted lower alkyls, cycloalkyls, aryl, acyl, alkoxy, acylamino,
arakyl cyanocarboxyl, thio, vinyl, stryryl, alkoxycarbonyl, carbamoyl, aminocarbonyl,
phenoxycarbonyl, with the substituents being the listed above metals, hydrogen,
halogens and hydroxyl groups, as well as recognized donor and acceptor groups,

wherein the substituents may combine together to form a substituted or

unsubstituted, saturated or unsaturated ring with any number of members.

10
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Example 2 Photosensitive lithium ionophore (2)

Photosensitive lithium ionophore (2) / Ligand (2) is a crown ether containing
chromene (Stauffer, 1997), where the photosensitive moiety is a chromene
derivative and the chelating moiety is a benzo-15-crown-5 ether. In the dark, the
benzo-crown ether chelates to a lithium ion. On exposure to near-UV light for
seconds to minutes, the chromene moiety withdraws electron density from the
benzo-crown ether and causes the crown to lose its metal ion binding ability (Figure
3). Other derivatives of chromene systems containing crown ethers of different sizes
are seen to function in the same way as photosensitive lithium ionophore (2) / Ligand
(2) (Figure 4). '

This invention provides a method for treating an eye disease in a patient comprising
providing a photosensitive prodrug that releases upon exposure to light an active
ingredient to treat the eye disease; administering the prodrug in a pharmaceutically
accepted vehicle to the patient, and exposing the eye to an external light source to

cause the prodrug to release the active ingredient.

This invention further provides the above method wherein the prodrug is present
throughout the body in an inactive form, and only has therapeutic actions in the eyes

where there is contact with external light.

This invention further provides the above method wherein the method is for
treatment of glaucoma, or wherein the prodrug is a lithium prodrug. The lithium
prodrug may include a drug delivery system comprising a photosensitive moiety

attached to or incorporated in a chelating moiety for lithium.

This invention further provides the above method wherein a lithium ion in the lithium
prodrug is chelated in the dark and is released on irradiation. The prodrug may
comprise a photosensitive moiety and a chelating moiety, the photosensitive moiety
affecting the binding ability of the chelating moiety over lithium ion on irradiation
irreversibly or reversibly. The prodrug further comprises a releasable active agent.

The releasable active agent may be lithium. The lithium may be released upon the

11
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exposure to light. The photosensitive moiety may be attached to, or incorporated
into the chelating moiety. The photosensitive moiety may irreversibly or reversibly
affect the binding properties of the chelating moiety. The photosensitive moiety may
be a diazene or a derivative thereof or a chromene or a derivative thereof. The
chelating moiety may be a crown ether or a derivative thereof, an aza-crown ether or

a derivative thereof.

The photosensitive moiety may undergo isomerization on irradiation, thereby
changing the conformation and size of the chelating moiety and causing the
chelating moiety to lose its ability to bind lithium ion. The photosensitive moiety may
also withdraw electron density from the chelating moiety on irradiation, thereby

causing the chelating moiety to lose its ability to bind lithium ion.

The invention further provides the above method wherein the eye disease is
glaucoma, the prodrug releases lithium, and the prodrug is administered to the

patient by injection.

The invention further provides the above method wherein the prodrug releases
lithium from a crown ether or aza-crown ether containing chromene or diazene

derivative.

The invention further provides the above method wherein the prodrug remains

inactive in the body outside of the eye of the patient.

The invention further provides the above method wherein a lithium ion is chelated to
a crown either or aza-crown ether derivative to form a chelated lithium containing

chelated moiety that releases lithium upon exposure to light.

The invention further provides the above method wherein a lithium ion is reversibly
bound to a crown ether or aza-crown ether containing diazene or chromene
derivative to form a lithium releasing chromene or diazene compound, and the

lithium is released upon exposure of the eye of the patient to light.

12
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The invention further provides the above method wherein the photosensitive moiety
undergoes isomerization on irradiation, thereby changing the conformation and/or
size of the chelating moiety and causing the chelating moiety to lose its ability to bind

lithium ion.

The invention further provides the above method wherein the photosensitive moiety
withdraws electron density from the chelating moiety on irradiation, thereby causing

the chelating moiety to lose its ability to bind lithium ion.

The invention further provides a composition for the treatment of glaucoma,
comprising an injectable compound containing a lithium ion-diazene or chromene
derivative where the lithium ion is chelated by a crown ether- or aza-crown ether-

containing compound.

The invention further provides a composition for the treatment of glaucoma
comprising a photosensitive moiety including a lithium ion bound to a chromene or
diazene derivative through a crown ether or aza-crown ether moiety in a

pharmaceutically acceptable carrier.

This invention also provides a method for treating an eye disease in a subject
comprising administering an effective amount of a prodrug comprising a
photosensitive moiety and a chelating moiety, whereby upon exposure to light, the
photosensitive moiety affects the binding properties of the chelating moiety to the
subject, and exposing the eye of the subject to light, thereby causing the release of
an active agent capable of treating the eye disease. The eye disease may be
glaucoma. The pharmaceutical composition may be administered intravenously,

topically, orally, or directly to the eye of the subject. The subject may be human.

The invention further provides a composition for the treatment of glaucoma
comprising an effective amount of a chelate formed from at least one lithium ion and
a crown ether or aza-crown ether derivative where the lithium ion is chelated by a

crown ether or aza-crown ether moiety.

13
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Finally, the invention provides a kit for the treatment of glaucoma comprising a light
protected ampule or syringe containing a composition for the treatment of glaucoma,
comprising an injectable compound containing a lithium ion chelated in a crown
ether- or aza-crown ether-containing chromene or diazene derivative and

instructions for administration thereof to a patient.

The prodrug used in Examples 3 and 4 is Lithium Complex (1), where a lithium ion is
chelated in photosensitive lithium ionophore (1) / Ligand (1). There is also a chloride

anion which acts as the counteranion.
Example 3 Glaucoma model treated with Lithium Complex (1)

The rats in this experiment were divided into three groups: the placebo group (12-
hour exposure to'light), the dark (24-hour darkness) group and the light (12-hour
exposure to light) group. The rats in the dark group and the light group were given
Lithium Complex (1) at a dose equivalent to 85 pg/kg LiCl by intraperitoneal injection
continuously for 14 days. The rats were then sacrificed, the retinas were prepared

and the retinal ganglion cells were counted.

The results showed that both the placebo and the dark group have about 6 - 7 %
retinal ganglion cell loss, while the data of 12-hour-exposure-to-light group has a
statistically significant difference to the above two groups (Figure 5). There was no
necessary retinal ganglion cell loss in the retinas in the 12-hour-exposure-to-light
group. Therefore, neuroprotective effect was observed for treatment with Lithium

Complex (1) in the light group.

Example 4 Glaucoma model treated with 1/10 dose of Lithium Complex (1)
This experiment included an extra group, the 1/10 dosage group, in addition to the

three groups mentioned in Example 3. The rats in the 1/10 dosage group were given
Lithium Complex (1) at a dose equivalent to 8.5 ug/kg LiCl, 1/10 of the original dose,

14
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and is exposed to light for 12 hours under the same conditions as the light group in

Example 3.

The results showed that the 1/10 dosage group exhibited a similar neuroprotective
effect as the light group in Example 3. There was, statistically, no significant
difference on the neuroprotective effect between the 1/10 dosage group and the light
group using the original dosage (Figure 6). The 1/10 dosage group also did not

necessarily show retinal ganglion cell loss in the retinas.

Experimental Details

Glaucoma Model in SD Rats and Death of Retinal Ganglion Cells

Adult female SD rats weighting 250-300 g are used. All animals are anaesthetized

with xylazine/ketamine mixture or pentobarbitone for all operations.

Experimental glaucoma is induced in the right eye of each animal and the left eye is
used as control. The episcleral and limbal veins of the right eye is photocoagulated
(Siu et al., 2002; Ji et al. 2003) using an Argon laser (Coherent, power, 1V; spot, 50-
100 um and duration, 0.1s). About 15-20 spots on two episcleral veins and 60 spots
around the limbal veins are applied. A second laser treatment in the same setting is
applied 7 days later. This procedure consistently elevates the intraocular pressure

1.5 times above normal in the animals.

The IOP of both eyes of each rat is measured using a Tonopen XL Tonometer
before the surgery and once per week after the surgery. The average of ten

measurements of the |IOP are obtained for each eye.
The animals are allowed to survive for 2, 4 or 8 weeks after the first laser with six

animals in each time point. One week before sacrifice, 6% Fluoro-Gold (FG) will be

applied on the surface of both superior colliculi after removal of the overlying cortex.

15
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FG is taken up by the axon terminals of the retinal ganglion cells (RGCs) and is
transported retrogradely to the somata in both retinas.

At the appropriate survival time, the animals are sacrificed with an overdose of
xylazine/lketamine mixture. The eyes are enucleated and fixed in 4%
paraformaldehyde for 60 minutes. Whole-mounted retinas are prepared and the FG
labelled RGCs are counted using a fluorescence microscope. The RGCs are
counted under an eyepiece grid (200 X 200 um) at 500 um intervals along the
median line of each quadrant from the optic disc to the peripheral border of the
retinas. The average density of the RGCs is calculated for the entire retina, the
central retina (1-1.5 mm from optic disc) and peripheral retina (3.5-4 mm from the
optic disc). The changes in the densities of RGCs are expressed as percent loss of
RGCs comparing the laser treated and contralateral, control eye from the same

animal.

The results show that there is about 13%, 21% and 25% loss of RGCs in the two,
four and eight weeks animals, respectively. Thus, we have produced a chronic

glaucoma model in rats with consistent death of RGCs.

Glaucoma Treated with Lithium Chloride or Photosensitive Lithium

Compounds

Glaucoma of the right eye was induced and the animals receive intraperitoneal
injections of Lithium (LiCl, Sigma, St. Louis, USA; 85 ug/kg in sterile water), or
Lithium Complex (1) (63.5 or 6.35 mg/kg which is equivalent to 85 or 8.5 pg/kg LiCl,
in 2 mL Sigma C5135 Cremophor, 1 mL ethanol and 36 mL sterile water) twice daily
for up to 14 days. The animals are sacrificed at 14 days (n = 8 per group). The
glaucoma and control retinas are removed at the appropriate survival times and
processed for the three methods described above. Earlier time points are used if

necessary.
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Mechanism of cell death of retinal ganglion cells

In order to study if apoptosis is the major mechanism of cell death in the glaucoma
model, and whether Li would block apoptosis, TUNEL method, DAPI nuclear staining
and Cleaved Caspase-3 immunohistochemistry are used to quantitatively assess
apoptosis of RGCs. Rats with the right eye induced for glaucoma are prepared as
above. In order to study the early events after laser photocoagulation, the animals
are allowed to survive for 2, 4, 8 and 14 days (n = 3 for each time point per group)
after the first laser. At the appropriate survival time, the animals are perfused and
both eyes are removed and prepared for paraffin embedding. Radial serial sections
(5 um) of the retina are obtained and adjacent sections are processed for TUNEL,
DAPI nuclear staining and Cleaved Capase-3 immunihistochemistry. The results
show that many cells undergo apoptosis in the retinal ganglion cells layer in a time-

dependent manner with more apoptotic cells observed at later time points.
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What is claimed is;

|

I~

|©

A method for protecting the degeneration of retinal ganglion cells in a subject
comprising:

(a) providing a photosensitive prodrug that releases upon exposure to light an
active ingredient to treat the eye disease ;

(b) administering the prodrug in a pharmaceutically acceptable carrier to the
eye of the subject; and

(c) exposing the eye of the subject to an external light source to cause the

prodrug to release the active ingredient.

A method according to claim 1, wherein the degeneration of retinal ganglion

cells is caused by an eye disease.
A method according to claim 2, wherein the eye disease is glaucoma.
A method according to claim 1, wherein the prodrug releases lithium.

A method according to claim 1, wherein the prodrug is administered to the eye

of the subject by introducing the prodrug into the subject’s bloodstream.

A method according to claim 1, wherein the prodrug releases lithium from a
crown ether or aza-crown ether moiety of a chromene, a diazene or a

derivative thereof.

A method according to claim 5, wherein the prodrug releases lithium upon

exposure to light entering the eye of the subject.

A method according to claim 4, wherein the lithium ion is chelated to a crown
ether or aza-crown ether moiety to form a chelated lithium compound that

releases a lithium ion upon exposure to light.

A method according to claim 4, wherein the lithium ion is reversibly bound to a

diazene or chromene derivative through a crown ether or aza-crown ether
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moiety forming a lithium ion releasing chromene or diazene derivative,
whereby the lithium ion is released upon exposure of the eye of the subject to
light.

A composition for the protection of degeneration of retinal ganglion cells,
comprising an effective amount of a lithium releasing crown ether or aza
crown ether moiety in a chromene, a diazene or a derivative thereof and a

pharmaceutically acceptable carrier.

A composition according to claim 10, wherein the degeneration of retinal

ganglion cells is caused by or is a symptom of glaucoma.

A composition according to claim 10, wherein the composition is provided in a

form that may be administered orally.
A kit for the treatment of glaucoma comprising a light protected ampule or
syringe containing a composition according to claim 10, and instructions for

administration thereof to a subject.

A compound having one of the following structures:

| or !
wherein Q is a crown ether or an aza-crown ether of any size;
wherein R, R R® R R? R X'and X? are the same or different, and are

each selected from the group consisting of:
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_a whole or part of a phenyl ring or substituted phenyl ring, a hydrogen; a
halogen, a hydroxyl group, as well as unsubstituted or substituted
lower alkyls, cycloalkyls, aryl, acyl, alkoxy, acylamino, arakyl
cyanocarboxyl, thio, vinyl, stryryl, alkoxycarbonyl, carbamoyl,
aminocarbonyl, phenoxycarbonyl, with the substituents being the listed
above metals, hydrogen, halogens and hydroxyl groups, as well as
recognized donor and acceptor groups;

wherein the substituents may combine together to form a substituted or
unsubstituted, saturated or unsaturated ring with any number of

members.

A compound having the following structure:

wherein Q is a crown ether or aza-crown ether of any size and X is H or t-

butoxy-.

A method for treatment of glaucoma comprising reversibly binding lithium to a
composition according to claim 14 to obtain a prodrug, administering an
amount of the prodrug effective to treat glaucoma in a pharmaceutically
acceptable vehicle to an eye of a patient needing such treatment, and
exposing the eye of the patient to an external light source to release the

lithium to the eye of the patient.
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17. A method for treatment of glaucoma comprising reversibly binding lithium to a
composition according to claim 15 to obtain a prodrug, administering an
amount of the prodrug effective to treat glaucoma in a pharmaceutically
acceptable vehicle to the eye of a patient needing such treatment, and
exposing the eye of the patient to an external light source to release the

lithium to the eye of the patient.
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