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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the use in the
manufacture of a medicament of a composition of Coen-
zyme Qq, (or ubiguinone Q4 or quinone Q4,, CoQ, ) or
ubiquinol for the prevention, the treatment and/or atten-
uation of degenerative ocular pathologies of a heredofa-
milial, inflammatory, dysmetabolic, senile age-related
nature, the degenerative process deriving from apoptotic
phenomena i.e. programmed cell death (PCD).

[0002] The presentinvention also discloses the topical
administration of the Coenzyme Q, ubiquinol or com-
position.

BACKGROUND OF THE INVENTION

[0003] Apoptosis, or programed cell death (PCD), is
involved in a large quantity of degenerative pathologies
including pathologies of the eye’s posterior chamber and
of the perioptic area. Among these diseases there are
heredofamilial, inflammatory, dysmetabolic and age-re-
lated macular and retinal degenerations e.g.: the glau-
coma, the age-related macular degeneration, the retinitis
pigmentosa, various heredofamilial maculopathies such
as the Stargardt disease, the vitelliform macular cysts
and the cones dystrophy, the diabetic retinopathy (exu-
dative or proliferating), the hypertensive retinopathy, the
ischemic opticopathy, the senile opacity of lenses, the
cataract, the detachment of the retina, the uveitis, the
retinoblastoma, the neuritis and the optical neuropathies
of toxic, inflammatory and degenerative origin.

[0004] Inallthese pathologies the degeneration is due
to. the cell death through apoptosis.

[0005] The glaucoma may be taken as a paradigmatic
example of such group of pathologies, in which apoptotic
events play a major role, both forthe pathogenetic mech-
anisms involved and for the spread of said disease. The
glaucoma is an optical neuropathy, which determines a
loss of ganglion cells, with a progressive loss of the visual
field and of the visual function and subsequent excava-
tion of the optic nerve head. The highintraocular pressure
is a risk factor for the development of the disease and it
is known that the decrease of the intraocular pressure
protects the optic nerve from further damages.

[0006] In patients affected by glaucoma, the course of
the disease is, usually, slow and irregular, with a marked
interindividual variability. Although it does not seem that
there is a direct correlation between the ganglion cells
death and the progression of the visual field defects, it is
believed that the cells loss precedes the onset of the
visual field alterations. The progressive loss of the visual
function was associated with several risk factors, such
asthe high intraocular pressure orthe presence of a local
or systemic deregulation of the haematic flow. Since ex-
perimental and clinic tests have demonstrated that ocular
hypertension is a causal factor for the growth of the glau-
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comatous optical neuropathy, the universally accepted
treatment is, at present, essentially limited to the reduc-
tion of the intraocular pressure, e.g., through medica-
ments having a diuretic effect, B-blocking medicaments,
and others.

[0007] Said observations do not only concern human
beings, but also mammals in general and, more particu-
larly, house pets.

[0008] Recently, in vitroand in vivo studies on animal
models, have suggested the possibility that a patient af-
fected by glaucoma could benefit from a neuroprotective
treatment, aimed at slowing down the progression of the
death of ganglion cells (Nickells R.W. Apoptosis of retinal
ganglion cells in glaucoma: an update of the molecular
pathways involved in cell death. Surv Ophtalmol 1999;
43: S151-161). Furthermore, it is known that the highest
part of retinal ganglion cells in glaucoma die through ap-
optosis (Kerrigan L.A., Zack D.J., Quigley H.A,, et al.
TUNEL-positive ganglion cells in human primary open-
angle glaucoma. Arch Ophtalmol 1997; 115: 1031-1035)
and that the hypoxia subsequent to ischemia is one of
the ascertained causes of said cellular death (Gross R.L.,
Hensley S.H., Gao F., Wu S.M. Retinal ganglion cell dys-
function induced by hypoxia and glutamate: potential
neuroprotective effects of beta-blockers. Surv Ophtalmol
1999, 43 Suppl:S162-70).

[0009] Although glaucoma has been herein used as a
paradigmatic example, all the above mentioned degen-
erative pathologies share two common features, they
damage the posterior part of the eye (i.e. retina and/or
optic nerve) and they undergo several kind of apoptotic
events in said tissues, said apoptotic events being
caused by very different phenomena such as: ischemia,
hypoxia/anoxia, lack of trophic factors, presence of free
radicals.

[0010] Taking into account the common features
shared by the above-mentioned pathologies, there is the
need of providing means for the treatment, attenuation
or prevention of all the above mentioned apoptotic
events, hence, aiming at a neuroprotective activity in the
posterior part of the eye.

[0011] PCTWO001/37851, inthe name of the same Ap-
plicant of the present application, discloses the use of
Coenzyme Qy, in the prevention of PCD deriving from
corneal photo refractive surgery treatments (anterior part
of the eye) by means of excimer laser and exposure to
ultraviolet rays.

[0012] Theabove-mentioned patentapplicationteach-
es how to contend corneal cell apoptosis (anterior part
of the eye) triggered by the creation of free radicals pro-
duced by electromagnetic radiations.

[0013] Coenzyme Q4,, or ubiquinone, is a coenzyme
present in the cell on the mitochondrial internal mem-
brane where its function, in association with a series of
factors, inthe electronstransportchain, which culminates
with the production of energy in the form of adenosine
triphosphate (ATP), is crucial. Moreover, Coenzyme Qy
is an active scavenger of free radicals and its presence,
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associated exactly with said activity, has been detected
also at the plasma membrane level. It has to be pointed
out that the actual therapies of, e.g. glaucoma, are es-
sentially limited to the reduction of the intraocular pres-
sure and do not envisage a neuroprotective activity. To
date, on the contrary, there is no knowledge concerning
the activity of Coenzyme Q10 as a molecule that could
have anti-apoptotic properties in pathological conditions
wherein the apoptotic event can be also independent
from the increase of free radicals. This is, in particular,
the case of apoptosis due to ischemia, hypoxia/anoxia,
lack of trophic factors. There is namely no news about
thefactthat Coenzyme Q,4can function alsoin adifferent
way with respect to its well-known antioxidant action.
There is, therefore, the need for a neuroprotective ther-
apy for the degenerative diseases of the posterior part
of the eye, aimed at impeding, slowing or preventing the
programmed cell death independently from the mecha-
nisms entailing said PCD.

[0014] Said need derives from the observation that,
among pathologies of the eye such as heredofamilial,
inflammatory, dysmetabolic and age-related macular
and retinal degenerations, the degenerative process due
to apoptosis is not uniformly caused but is caused by an
admixture of apoptotic phenomena triggered by different
stimuli such as free radicals excess, ischemia, hypoxia/
anoxia, lack of trophic factors. In all said pathologies the
majority of the apoptotic events is not attributable to the
presence of free radicals.

SUMMARY OF THE INVENTION

[0015] The presentinvention relies on the observation
of two distinct, unexpected events.

[0016] The first is that the Coenzyme Q,, unexpect-
edly accumulates in the retina also when administered
topically on the anterior part of the eye.

[0017] The second, and more important is that the
Coenzyme Q, extends its anti-apoptotic effects also to
apoptotic events that are not caused by the generation
of free radicals.

[0018] Therefore, the present invention provides
means for the prevention, treatment and/or attenuation
of apoptotic events in degenerative pathologies of the
posterior part of the eye, independently from the mech-
anisms entailing said events (hence also apoptotic
events not triggered by an excess of free radicals). Due
to the variety of different pathways that can enhance an
apoptotic response from the cell, and due to the fact that
Coenzyme Qy is well known as a scavenger of free rad-
icals, the anti-apoptotic effect of said molecule according
to the invention was totally unexpected.

[0019] In the present application the surprising capa-
bility of Coenzyme Q,, in the prevention of apoptotic
phenomena induced by three apoptotic stimuli that are
known not to act through free radical generation and by
UVC is demonstrated. Said stimuli, independent from
free radicals generation, are:
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1) Antimycin A, used as a model for the hypoxia
caused apoptosis;

2) C,-ceramide, which is a cell-permeable analogue
of ceramide (a natural, lipidic, apoptotic messenger
independent from free radicals) and;

3) Survival factor withdrawal by serum starvation, in
which free radicals are not believed to cause the pri-
mary apoptotic insult.

The examples of the present application demon-
strate that the above mentioned stimuli cause apop-
totic events that do not involve the excess of free
radicals and that Coenzyme Q10 has an anti-apop-
totic effect also in said apoptotic events. What dem-
onstrated in the present application concerning the
general anti-apoptotic effect of Coenzyme Q10, is to
be associated to the one newly herein disclosed for
the first time, according to which, coenzyme Q. ac-
cumulates in the retinas and in the optic nerve of
eyes treated with a preparation for topical use.

[0020] Hence, an object of the present invention is the
use of the Coenzyme Q, or ubiquinol, as an active prin-
ciple for the the manufacture of a medicament, for the
prevention, treatment and/or attenuation of apoptotic
events occurring in degenerative pathologies of the pos-
terior part of the eye; the administration thereof being
topical.

[0021] The apoptotic events prevented, treated or at-
tenuated by the presentinvention are all apoptotic events
causing ocular degenerative pathologies, more precisely
affecting the posterior part of the eye. The meaning of
"posterior part of the eye" according to the present in-
vention is the retina and the optic nerve.

[0022] In particular, the use of the Coenzyme Qyq, or
a functionally equivalent derivative thereof according to
the present invention, is in the manufacture of medica-
ments to use in topical treatments, in order to prevent,
attenuate or treat the apoptotic events induced by
ischemia, hypoxia/anoxia, lack of trophic factors, excess
of free radicals occurring in the posterior part of the eye.
In particular, the degenerative pathologies of the eye
wherein said apoptotic events are directly involved in the
degenerative process. More in particular, the degenera-
tive pathologies according to the present invention are
neurodegenerative pathologies.

[0023] More in particular, the use of Coenzyme Qyq,
or a functionally equivalent derivative thereof according
to the present invention, is for the manufacture of amed-
icament for the topical treatment of the apoptotic events
of the pathologies of the retina and of the optic nerve,
such as heredofamilial, inflammatory, dysmetabolic and
age-related macular and retinal degenerations. Exam-
ples of said pathologies according to the invention are:
the glaucoma, the age-related macular degeneration, the
retinitis pigmentosa, various heredofamilial maculopa-
thies such as the Stargardt disease, the vitelliform mac-
ular cysts and the cones dystrophy, the diabetic retinop-
athy (exudative or proliferating), the hypertensive retin-
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opathy, the ischemic opticopathy, the senile opacity of
lenses, the cataract, the detachment of the retina, the
uveitis, the retinoblastoma, the neuritis and the optical
neuropathies of toxic, inflammatory and degenerative or-
igin, the pathogenetic mechanism of which also compris-
es an excess of programmed cell death (PCD) wherein
free radicals are not involved.

[0024] According to the present invention, the Coen-
zyme Qqq or ubiquinol can be used for the above-men-
tioned treatments, or for the manufacture of the above
mentioned medicaments, for human or for animal, use.
Among animals, domestic animals and house pets are
preferred.

[0025] The above-mentioned use of Coenzyme Qyq,
orafunctionally equivalent derivative thereof, can be per-
formed through topic or systemic administration.

[0026] The Coenzyme Q,, or ubiquinol, can be ad-
ministered topically, in a medicament, in form of a collyr-
ium. The formulations of a suitable collyrium comprising
Coenzyme Q, are described in PCT WOO01/37851.
[0027] Coenzyme Qy,, or ubiquinol can be adminis-
tered topically by all the ways known by the skilled per-
son.

[0028] According to the invention, the active com-
pounds above described, may be administered once or
several times a day.

Brief description of the drawings

[0029]

Figure 1) represents a bar graph showing the
number of living cells 24 hours after the treatment
with UVC or Antimycin A compared to the not-treated
control.

Figure 2) represents a bar graph showing the pro-
tective effect of Coenzyme Q4 againstthe apoptosis
induced by UVC and antimycin A, 24 hours after
treatment, expressed as number of total apoptotic
events.

Figure 3) represents a graph showing the effect of
Coenzyme Q,, on the malondialdehyde levels after
treatment with UVC or antimycin A.

Figure 4) represents a graph showing the effect of
Coenzyme Q4 onthe adenosine triphosphate (ATP)
levels after treatment with UVC and antimycin A.
Figure 5) represents a graph showing the captation
kinetics of Coenzyme Q,, by choroid/retina after
treatments with a collyrium formulation, by New Zea-
land white rabbits, compared to the untreated con-
trol.

Figure 6) represents a graph showing the captation
of Coenzyme Q,, by choroid/retina of New Zealand
white rabbits treated with collyrium formulation, com-
pared to the untreated control.

Figure 7) Detection of DNA fragmentation in apop-
totic nuclei by the Klenow Fragment End Labelling
(FragEL, Oncogene Research Products) of DNA.
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RCE cells were stimulated with Antimycin A (A);
Coenzyme Q, treated prior to stimulation with An-
timycin A (B); serum-starved (C); Coenzyme Qqq
treated prior to serum starvation (D).

Figure 8) RCE survival expressed as number of living
cells/plate determined by MTT analysis 24 hours af-
ter UVC irradiation, administration of 200 wM An-
timycin A; or 20 pM ceramide preceded or not by
treatment with 10 pM Coenzyme Q. (Figure 8A) or
10 pM Vitamin C (Figure 8B) . Cells were initially
plated at 3x10° cells/plate. Each point is the mean
+ SE of 5 experiments for Figure 8A and 3 experi-
ments for Figure 8B. *p< 0.005 compared to Coen-
zyme Q¢ or Vitamin C untreated cells.

Figure 9) Time-lapse videomicroscopy of RCE cells
24 hours after UVC irradiation (left panels); stimula-
tion with 200 wM Antimycin A (central panels); or
stimulation 20 pM ceramide (right panels), preceded
or not by treatment with 10 pM Coenzyme Q.. (A)
Untreated RCE cells; (B) UVC irradiated; (C) treated
with Coenzyme Q4 priorto UVC irradiation; (D) stim-
ulated with Antimycin A (AA); (E) treated with Coen-
zyme Q,q prior to stimulation with Antimycin A; (F)
stimulated with ceramide (G) treated with Coenzyme
Qo prior to stimulation with ceramide. Apoptotic
RCE cells appear as white, shrunken and detached
from substrate. Their number is significantly reduced
after treatment with Coenzyme Qo (bottom panels).
Figure 10) Reduction of cumulative apoptotic events
by treatment with Coenzyme Q,, in RCE cells. Ap-
optotic events were scored by Time-lapse video mi-
croscopy during 24 hours after apoptotic stimuli as
previously described. With respect to untreated
cells, UVC irradiation, Antimycin A and ceramide in-
creased markedly the number of cumulative apop-
totic events in RCE cells, which was significantly re-
duced by treatment with the Coenzyme Q;,

Each point is the mean + SE of 3 experiments. *p<
0.005 comparedto Coenzyme Q44 non-treated cells.
** p< 0.05 compared to Coenzyme Q, non-treated
cells.

Figure 11) Quantification of malonaldehyde (MDA)
levels and SOD activity in RCE cells 24 hours after
apoptotic stimulus with UVC at 254 nm (15mJ/cm?),
Antimycin A (200uM), ceramide (20 wM) or serum
starvation, preceded or not by 2 hours treatment with
10puM each Coenzyme Qq, (left) or Vitamin C (right).
RCE cells were: 1) unstimulated; 2) Coenzyme Q,,
or Vitamin C treated; 3) UVC irradiated; 4) Coen-
zyme Q,q or Vitamin Ctreated and UVC irradiated,;
5) Antimycin A stimulated; 6) Coenzyme Q. or Vi-
tamin C treated and Antimycin A stimulated; 7) Ce-
ramide stimulated; 8) Coenzyme Q4 or Vitamin C
treated and Ceramide stimulated; 9) Serum starved;
10) Coenzyme Q,q or Vitamin C treated and serum
starved. Each point was the mean = SE of 5 exper-
iments, *p< 0.001 compared to Coenzyme Qy or
Vitamin C untreated cells.
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Figure 12) Evaluation of ATP cellular levels in RCE
cells 24 hours after application of apoptotic stimuli.
Preparation of cell lysates is described in Material
and Methods. Treatment with Coenzyme Q, signif-
icantly reduced the cellular ATP decrease. Each
point is the mean + SE of 3 experiments. *p< 0.005
compared to Coenzyme Q,, untreated cells.
Figure 13) Detection of the mitochondrial membrane
potential by double fluorescence JC-1 assay. Dual
emission images (525 and 590 nm) represent the
signal from monomeric (green) and J-aggregate
(red) JC-1 fluorescence in RCE cells. (a) Untreated
RCE cells show red stained mitochondria (large neg-
ative membrane potential). The mitochondria of RCE
cells assayed 24 hours after apoptotic stimulus with
(b) UVC irradiation; (d) 200 pM Antimycin A; or (f)
20 pM ceramide appeared uniformly green stained
(lower membrane potential). Treatment with Coen-
zyme Q,, significantly protected against loss of the
mitochondrial membrane potential as evident from
the reappearance of the red-stained mitochondria in
RCE cells (c) Coenzyme Q,q treated prior to UVC
irradiation; (e) Coenzyme Q,, treated prior to admin-
istration of Antimycin A; (g) Coenzyme Q prior to
administration of ceramide.

Figure 14) Western blot analysis of cytosolic extracts
from RCE cells with 1p.g/ml anti-cytochrome ¢ mAb.
Lanes: 1) untreated control; 2) UVC irradiation; 3)
Coenzyme Q,, treatment and UVC irradiation; 4)
200 pM Antimycin A; 5) Coenzyme Q,, treatment
and 200 pMAntimycin A; 6) 20 uM ceramide; 7)
Coenzyme Q,, treatment and 20 wM ceramide. The
cytoplasmic cytochrome ¢ (arrow) band density in-
creased following apoptotic treatment of RCE cells
(lanes 2,4,6) as comparedto untreated controls (lane
1) . Application of Coenzyme Q, prior to apoptotic
stimuli significantly reduced band density (lanes
3,5,7).

Figure 15) Caspase 9 activity. Lanes: 1) untreated
control; 2) UVC irradiation; 3) Coenzyme Q, treat-
ment and UVC irradiation; 4) 200 uM Antimycin A,
5) Coenzyme Q, treatment and 200 M Antimycin
A; 6) 20 pM ceramide; 7) Coenzyme Q;, treatment
and 20 pM ceramide. Activity of caspase 9 increased
by 6-8 fold following apoptotic treatment of RCE cells
(lanes 2,4,6). Application with Coenzyme Q4 signif-
icantly reduced caspase 9 activation in all cases
(lanes 3,5,7).

Figure 16) Nucleosomal laddering. Lanes: 1) un-
treated control; 2) UVC irradiation; 3) Coenzyme Q4
treatment and WC irradiation; 4) 200 wM Antimycin
A; 5) Coenzyme Q; treatment and 200 pM Antimy-
cin A; 6) 20 pM ceramide; 7) Coenzyme Q,, treat-
ment and 20 pM ceramide. DNA fragmentation in-
duced by all three apoptotic stimuli (lanes 2,4,6) was
largely reduced when Coenzyme Q, treatment pre-
ceded apoptotic stimulus administration (lanes
3,5,7). M) DNA molecular weight marker A/Hind Il1.
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DETAILED DESCRIPTION OF THE INVENTION

[0030] According to the present invention the Coen-
zyme Q4, or ubiquinol composition can be used for the
manufacture of a medicament for topic administration on
the eye. Said medicament comprising the Coenzyme
Q. or afunctionally equivalent derivative thereof, pref-
erably is in an eye drop form and can be the ophthalmic
solution as described in PCT WO01/37851. The ophthal-
mic solution can be administered locally by superficial
instillation.

[0031] Said composition comprises: Coenzyme Q10,
orafunctionally equivalent derivative thereof, by 0,01 up
to 2,0% p/w; tocopherol by 0,005 up to 0,1% p/w; and a
mixture including a modified castor oil and a block copol-
ymer of hydrophilic ethylene oxide and lipophilic propyl-
ene oxide having a prevailing proportion of polyoxyeth-
ylene, an average molecular weight between 10.000 and
13.000 Dalton and a HLB value (hydrophile/lipophile
equilibrium) higher than 15, in a quantity sufficient to sol-
ubilize said components in aqueous solution, generally
between 10 and 15% p/w.

[0032] The mixture of these two surfactants (polyox-
yethylene-polyoxypropylene) and a modified castor oil
(poly-ethylene glycol glyceryl-triricinoleate) produces the
full micellar solubilization of the components of the phar-
maceutical form.

[0033] A particular example of the above-mentioned
block copolymer is a commercial product called Lutrol
F127.

[0034] The coenzyme Q,q, or ubiquinol, concentra-
tions, which may be utilized for the formulation of oph-
thalmic solutions, are between 0.01 and 2.0% parts by
weight (p/w); more preferably between 0.1 and 1.0% p/w,
the ideal concentration as corneal "antihaze" being un-
derstood by 0.2% p/w. The tocopherol concentrations in
these preparations are generally between 0.005 and
0.1% p/w; more preferably between 0.01 and 0.5% p/w.
[0035] In a more particular way, a preferred composi-
tion comprises : Coenzyme Q;,, or ubiquinol by about
0,2% p/w; tocopherol by 0,02 up to 0,04% p/w; and the
mixture including polyethylene glycol glyceryl-tririci-
noleate and an ethylene oxide/propylene oxide block pol-
ymer having a proportion of polyoxyethylene by about
70%, an average molecular weight of about 12.000 Dal-
ton and a 22 HLB value.

[0036] The ingredient to be necessarily added to the
formulations is a product causing the solution to have the
right osmolar value. The solution containing the active
principle only, in fact, results hypotonic compared to the
lachrymal fluid. Other ingredients that may be added are
pH correctors (comprising salts forming a buffer in the
solution), products with antiseptic properties, complex-
ants and preservatives, antioxidants and synergizing
agents.

[0037] By way of example some formulation embodi-
ments are listed:
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Formulation 1

[0038] Ingredients Concentration % p/w
Coenzyme Qyq,

or ubiquinol, 0.20

Tocopherol 0,04

Copolymer 10.00

Modified castor oil 5.00

NaCl 0.45

Benzalkonium chloride 0.01

Bidistilled water g. s. to 100.00

Formulation 2

[0039] Ingredients Concentration % p/w
Coenzyme Qyq,

or ubiquinol, 0,10

Tocopherol 0.02

Copolymer 15.00

Mannitol 2.50

Benzalkonium chloride 0,01

Bidistilled water g. s. to 100.00

Formulation 3

[0040] Ingredients Concentration % p/w

Coenzyme Qyq,

or ubiquinol, 0.20

Copolymer 10.00 NaCl 4.50

Benzalkonium chloride 0.01

Phosphate buffer Sorensen pH 7.4 quantum sufficit to
100.00

[0041] The topical administration on the eye can be
performed also with an eye paste.

[0042] The Coenzyme Q,, or ubiquinol, according to
the present invention, can be administered also in com-
bination with other suitable active principles known in the
art as suitable for the treatment or the attenuation or pre-
vention of the above-mentioned optical diseases.

EXPERIMENTAL RESULTS AND EXAMPLES

[0043] In the present examples, the Antimycin A,
C,_Ceramide and serum starvation are used to demon-
strate the anti-apoptotic effect of Coenzyme Q;, in anti
apoptotic events not related to an excess of free radicals.
The choice of said substances is due to their mechanism
of action.

[0044] 1) Antimycin A is an organic poison which
blocks the cellular respiration, therefore the cellular ca-
pability of producing energy, by binding the complex |l|
of the mitochondrial respiratory chain. As a consequence
of this, also if inside the cell there is oxygen available,
the mitochondrion does not succeed in utilizing it and,
therefore, stops forming ATP through oxidative phospho-
rilations. The phenomenon is indicated as chemical (or
also histotoxical) hypoxia, that is, the impossibility of us-
ing oxygen due to the poisoning of the respiratory chain;
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said hypoxia is associated to other kinds of hypoxia (hy-
poxic, anaemic and ischemic) which are due to the lack
of actually used oxygen in the cellular environment.
[0045] The chemical hypoxia induced by Antimycin A
has been here used as an experimental model of cellular
damage analogous to the ischemic damage, as above
reminded, that is very frequent in the spontaneous pa-
thology of retinal cells and independent from the forma-
tion of free radicals.

[0046] 2)Ceramide-induced apoptosisismainlyacon-
sequence of its ability to collapse mitochondrial Ay either
by direct inhibition of mitochondrial respiratory chain
complex |l orby formation of large transmembrane chan-
nels that raise mitochondrial permeability. 3) Withdrawal
of survival factors, achieved in cultured cells by serum
starvation, can commit cells to apoptosis by different
mechanisms, such as MAP kinase induction, ceramide
release, COX-2 activation, whose common effect is trig-
gering the mitochondrion-dependent apoptotic pathway.
[0047] The reactive oxygen species (ROS) generation
in response to Antimycin A, C,-ceramide and serum star-
vation (11) has also been reported in some experimental
models. However, since ROS are key mediator of apop-
tosis, it is not easy to establish whether ROS increase
following application of apoptotic stimuli is a cause or an
effect of apoptosis execution. This point is crucial for the
exclusion that Antimycin A, C,-ceramide and serum star-
vation could directly induce free radical generation be-
came a critical preliminary condition. This has been per-
formed by quantifying free radical levels in RCE early,
immediately after application of apoptotic stimuli, that
means prior to commencement of apoptosis execution.
The increase of MDA and SOD activity, observed at the
2nd hour after UVC-irradiation but not after treatment with
Antimycin A or C,-ceramide or serum starvation con-
firmed that the three latter apoptotic stimuli did not gen-
erate free radicals.

[0048] By way of comparison, always in the same cell
cultures, the ultraviolets were taken as a model of apop-
totic insult due also to the excess of free radicals.
[0049] The protective effect of Coenzyme Q. against
apoptosis in rabbit keratocytes (Rabbit Corneal Epithelial
Cells transformed with SV40, also designated as RCE),
was experimentally proved in cultures induced by antimy-
cin A, ceramide, serum starvation and 254-nm UVC ex-
posure. Apoptosis has been evaluated by means of early
and late markers such as the analysis of the cytoplasm
redox status (malondialdehyde assay), levels of adeno-
sine triphosphate (ATP. caspase 9 activity, cytochrome
¢ release from mitochondrion and DNA fragmentation
assay).

[0050] Thedistribution of Coenzyme Q,qatthe choroid
and retina level in rabbits has also been verified. To this
purpose New Zealand White rabbits underwent an instil-
lation (about 100 pl) of the collyrium described in PCT
WO01/37851, in the name of the same Applicant of the
present application, every minute for 15 minutes and
were immediately sacrificed. The eyes were washed in
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physiologic solution and the retinas together with the
choroid were explanted therefrom. The tissue was then
homogenated and quantified by HPLC. The results of all
the experiments performed demonstrating the surprising
anti-apoptotic effects of coenzyme Q,, are illustrated in
the following examples.

EXAMPLES

Example 1. Protective effect of Coenzyme Q4
against the hystotoxic hypoxia effect. -

[0051] RCE cells were plated in thirty dishes the day
before the administration of the apoptotic stimulus at the
density of 2x108 /Petri dish with 100-mm diameter. The
day after, two series of 10 dishes each, were treated with
antimycin A 200 uM and 254-nm UVC 15 J/m2, respec-
tively, whereas the third series was left untreated. After
24 hours the living cells were counted with the trypan
blue method and shown on graph as control percentage
(Fig. 1).

[0052] RCE cells were plated the day before the ad-
ministration of the apoptotic stimulus at the density of
2x106/Petri dish with 100-mm diameter. The day after
antimycin A at the concentration of 200 wM in combina-
tion with Coenzyme Q,q, 10 pM in Lutrol F127™ 0.04%
or with only Lutrol F127™ 0.04% was added to one dish.
From now on "treated with Coenzyme Q4" refers to
Coenzyme Q,, vehiculated with Lutrol F127™ 0.04%,
whereasthe controlis always meant as treated with Lutrol
F127™ 0.04% only. Another dish was treated with 254-
nm UVC 15 J/m?2 alone orin combination with Coenzyme
Qo 10 pM. The cells were recorded by means of time-
lapse video microscopy and the cumulative apoptotic
events recorded after 24 hours were shown on graph vs.
time (Fig. 2). The shown values represent the average
of 5 experiments.

Example 2. Indirect evaluation of the production of
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Qo (10 dishes), or left untreated (10 dishes), washed
with 8 ml of physiological saline solution buffered with
sterile phosphate (PBS), additioned with Ca+*+ and Mg*+.
The dishes were submitted to a treatment with antimycin
A (200 M) or 254-nm (15 J/lcm?2) ultraviolet radiation as
shown in Figure 3. PBS was replaced by fresh medium
additioned or not with Coenzyme Q,, and the dishes
were incubated for other 2 hours. Upon carrying out the
assay, the cells were detached with trypsin according to
standard procedures and counted by means of globule-
counting chamber. The cells of the various samples were
then lysed by adding thrichloracetic acid (TCA) and cen-
trifuged for 20 minutes at 12,000 RPM in order to precip-
itate proteins.

[0056] To 300 pl of supernatant of each sample, 300
pl of thiobarbituric acid (TBA) by 1% were added. The
mixtures were incubated at 95°C for 30 minutes, centri-
fuged for 20 minutes at 12,000 RPM and the optic ab-
sorption of the supernatant resulting by spectrophoto-
metric analysis at 532 nm was assessed.

[0057] The obtained values were compared with a cal-
ibration standard curve and normalized for the number
of cells. In Figure 3 the protective effect of Coenzyme
Q following treatment with antimycin A or UVC radiation
is shown.

[0058] The assay then demonstrates, by direct com-
parison with other means of known art, the restraining
action performed by Coenzyme Q,q on the peroxidation
level of the fatty acids by free radicals and indirectly the
protective effect against free radicals themselves pro-
duced by UVC treatment. Figure 3 also shows that the
peroxidation level of fatty acids in case of treatment with
antimycin A is similar to the one of the untreated control
and this confirms the capability of Coenzyme Q;, to pro-
tect against apoptosis independently from the free radi-
cals scavenger property thereof emphasized in Figure 2.

Example 3. Evaluation of adenosine triphosphate
(ATP) levels following treatment with antimycin A

free radicals following treatment with antimycin A

40

and 254-run UVC.

and 254-nm UVC by measuring the levels of malond-
ialdehyde and of the efficiency of Coenzyme Q,, in_
preventing said production. -

[0053] The malondialdehyde is a product of lipid per-
oxidation, which occurs following exposure of polyunsat-
urated fatty acids to free radicals. The production of
malondialdehyde is then routinely assumed as produc-
tion index of the radicals themselves by treatments with
electromagnetic radiations or oxidant substances.

[0054] Coenzyme Q,q, as antioxidant, decreases the
malondialdehyde production by indicating an action
thereof, which inhibits the free radicals formation.

[0055] Inorderto performthe malondialdehyde assay,
RCE cells were plated at the density of 5x105 cells/dish
in 20 Petri dishes with 100-mm diameter and incubated
overnight in 5% CO, atmosphere, 37°C. Subsequently,
the dishes were preincubated for 2 hours with Coenzyme
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[0059] The ATP levels are strictly correlated to the cell
death pattern, which occurs following biochemical dam-
age. For example, an ATP level lower than 20% of the
normal value is responsible for necrosis whereas the
higher levels still enable the occurrence of apoptosis
which is notoriously a process requiring energy.

[0060] Whereas it was ascertained thatthe ATP levels
are drastically reduced following treatment with radia-
tions, it resulted that, according to the present invention,
Coenzyme Q44 was able to prevent said reduction.
[0061] In order to perform the ATP assay, RCE cells
were plated at the density of 5x105 cells/dish in 10 Petri
dishes of 10-cm diameter and incubated overnight in 5%
CO, atmosphere, 37°C. Subsequently the dishes were
preincubated for 2 hours with Coenzyme Qg at 10 uM
orwith the single vehicle. The medium was then replaced
with 8 ml of sterile PBS, additioned with Ca++ and Mg++
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and the dishes were treated with antimycin A (200 pM)
orto 254-nm UVC (15 J/em?2), as shown in Figure 4. Sub-
sequently the PBS was replaced with fresh medium ad-
ditioned or not with Coenzyme Q.4 and the plates were
incubated for other 2 hours. Upon carrying out the assay
the cells were detached with trypsin according to stand-
ard procedures and counted by means of globule-count-
ingchamber. The cells were then resuspended in distilled
H,O at the concentration of 6x10* cells/L, immediately
boiled for 5 minutes and frozen at -20°C for subsequent
analysis.

[0062] The ATP quantification in the extracts was per-
formed by the "ATP Determination Kit" (Molecular
Probes, USA) kit, based upon the firefly luciferase ac-
cording to the supplier instructions. To detect fluores-
cence, an analyser for liquid scintillation (Camberra
Packard, USA) preset for the bioluminescence analysis
was utilized.

[0063] This assay quantitatively demonstratesthe pro-
tective effect of Coenzyme Q,, opposing the decrease
in the ATP level produced by antimycin A and by UVC
radiations.

Example 4. Localization of Coenzyme Q,,at the level
of choroid and retina of New Zealand white rabbits
administered topically.

Treatment of rabbits and isolation of choroids-retinas

[0064] The animals were sedated with an intramuscu-
larinjection of Zoletil (0,25 mlper Kg) and one of Rompun
(0,15 ml per Kg) and anaesthetized with a gaseous mix-
ture of oxygen, nitrogen monoxide and isofluorane and
treated by instilling, for 15 minutes, 100 .l (2 drops) per
minute the collyrium described in the PCT WO01/37851,
in the name of the same Applicant, or the sole vehicle.
[0065] The animals were then sacrificed with an int-
racardiac injection of Tanax 82 (3 ml). Eyes were then
explanted, washed with a physiological solution so as to
eliminate blood and cleaned out of muscles and optic
nerve. Cornea were then ablated with corneal scissors,
the crystallines were eliminated, whereas the choroids-
retinas together with sclera and vitreous humours were
preserved at -80°C until determination of the antioxi-
dants.

Extraction and chromatographic determination of anti-
oxidants

[0066] The sample was homogenated with Turraxin 1
ml of bidistilled water and the liposoluble antioxidants
(Coenzyme Qy, retinol, a-tocopherol, (B-carotene) were
extracted by using 2 ml of extraction mixture (95% eth-
anol and 5% isopropanol) plus 5 ml hexane; the mixture
was stirred for two minutes. The procedure produced the
whole oxidation of the Coenzyme Q, possibly existing
in a reduced form. The sample was then centrifuged at
room temperature at 3640 g for 10 min., the supernatant
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was recovered, evaporated to dryness and resuspended
in ethanol.

[0067] Antioxidants were separated by inverse phase
HPLC, by using a column KROMASIL 100A-C,g 250 x
4,6 mm having a precolumn of the same material, through
a convex gradient (phase A: 90% methanol and 10%
water; phase B: 50% methanol, 25% isopropanol and
25% hexane; elution speed: 1,5 mli/min.). The oxidized
Coenzyme Q4, was detected by means of a multidiode
spectrophotometer at wavelengths of 275 nm. The quan-
titative determination was performed by referring to
standard curves. The results, which show the uptake ki-
netics of Coenzyme Q,, captured by choroid/retina cells
and the presence of coenzyme Q in said tissues, are
shown in Figures 5 and 6, respectively.

[0068] Analogous data, showing the anti-apoptotic ef-
fect of Coenzyme Q,,, were obtained on mouse fibrob-
lasts (RAT-1) and on human retinal cells (Human Retinal
Pigmented Epithelia also designated as RPE).

[0069] Given the results obtained on the inhibition of
apoptotic phenomena due to hypoxia by Coenzyme Q,
the present invention claims the use in the manufacture
of a medicament of Coenzyme Q,, (or ubiquinone Qy
or Coenzyme Q,), in the prevention, treatment and/or
attenuation of the degenerative ocular pathologies deriv-
ing from apoptotic phenomena, i.e. programmed cell
death (PCD) with the exclusion of the apoptotic phenom-
ena due to excess of free radicals.

[0070] The topical administration is performed by us-
ing the collyrium described in the PCT WO01/37851, in
the name of the same Applicant.

Example 5. Protective effect of Coenzyme Q10
against UVC irradiation, Antimycin A, C,-ceramide
and serum starvation induced apoptosis.

[0071] Arabbitcorneal keratocytes (RCE) cell line was
maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM), HAM'’s nutrient mixture F12 1:1, supplemented
with 15% foetal bovine serum (FBS), 2mM glutamine, 5
pg/ml insulin, 10ng/ml EGF and 50 Ul/ml penicillin, in
humidified atmosphere of 5% CO, at 37C. Cells were
plated at 3x10%/plate. Four damaging agents were ap-
plied at doses experimentally established to induce ap-
optosis: UVC irradiation (254 nm) at 15 mJ/cm2, the res-
piratory chain blocker Antimycin A at 200 uM concentra-
tion, the apoptotic signalling lipid C,-ceramide (a syn-
thetic cell-permeable analogue of endogenous cera-
mides) at 20 wM concentration and FBS restriction to
0.5%. Treatments with 10 wM Coenzyme Q. dissolved
in 0,04% Lutrol F107 used as vehicle to assure cellular
uptake of this hydrophobic molecule or with 10 wM Vita-
min C (ascorbic acid) was initiated two hours prior to ap-
plication of apoptotic stimuli. Vehicle alone-treated cells
were used as controls. The anti-apoptotic effects of
Coenzyme Q4 or Vitamin C against UVC irradiation, An-
timycin A, C,_ceramide and serum starvation were eval-
uated by light microscopy and ultramicroscopic. ldentifi-
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cation of apoptotic cells with fragmented DNA was car-
ried out by end labelling with the Klenow-FragEL™. In
this assay, apoptotic cells are easily recognised by the
presence of a dark brown staining in contrast to viable
cells that, instead, appear green or even unstained. Sig-
nificant number (30%-60%) of RCE cells examined at
the 24t hour following UVC irradiation, administration of
Antimycin A or C,-ceramide, and serum starvation con-
tained brown-stained fragmented DNA. RCE cells treat-
ed with 10 uM Coenzyme Q4 two hours before applica-
tion of apoptotic stimuli stained green. Treatment with 10
pM Vitamin C prevented apoptosis only in response to
UVC-irradiation. This indicated that treatment with Coen-
zyme Qq, prevented apoptosis by a mechanism inde-
pendent from its free radical scavenging property. Lack
of protective effect by Vitamin C strongly supported this
evidence. Results obtained with Antimycin A and serum
starvation either in the absence (panels at left) or in the
presence (panels at right) of Coenzyme Q,, are shown
in Figure 7. In further experiments serum starvation as
apoptotic stimulus and pre-treatment with Vitamin Cwere
not included.

[0072] The number of living cells following above de-
scribedtreatments and analysed by MTT assay was then
evaluated (Figure 8). As shown in Figure 8A, UVC irra-
diation, Antimycin A and C,-ceramide decreased by
82%, 56% and 61%, respectively, the number of living
cells. In all cases, treatment with Coenzyme Q5 10 uM
protected RCE cells, which resulted in number of living
cells decreased by only 49%, 29% and 24%, respective-
ly. On the contrary (Figure 8B), treatment with Vitamin
C, used as pure free radical-scavenger, effectively pro-
tected RCE cells from apoptosis only in response to UVC-
irradiation. Figure 9 shows the Time-lapse Video micro-
scopy aspects of RCE keratocytes cultured for 24 hours
inthe absence of any treatment (upper panel) or following
either UVC irradiation (left) or treatment with Antimycin
A (center) or C,-ceramide (right), preceded or not by a
2-hourtreatment with Coenzyme Q, Following all three
treatments a high number of RCE cells underwent apop-
tosis, but treatment with Coenzyme Q,, dramatically de-
creased this number, indicating the effectiveness of
Coenzyme Q, in apoptosis prevention against any ap-
optotic stimulus. Corresponding quantitative data are re-
ported in Figure 10. With respect to untreated or Coen-
zyme Qg treated controls the number of cumulative ap-
optotic events scored by Time-lapse video microscopy
markedly increased following application of all three ap-
optotic stimuli, but to significantly lower extent if the cells
were treated with the Coenzyme Q, for 2 hours before
the induction of apoptosis.

Example 6. UVC irradiation but not antimycin A,
C2-ceramide and serum starvation increases free
radicals.

[0073] The effects of the UVC irradiation, Antimycin A,
Co_ceramide and serum starvation on free radical gen-
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eration two hours after application of the stimuli, were
analysed using malonaldeide level and SOD activity as
indirect parameters. Cells were pre-treated or not with
Coenzyme Q4 or Vitamin C as described in Example 4.
As shown in Figure 11, substantial increases of MDA
level (upper panel) and SOD activity (lower panel) with
respectto untreated cells were obtained only in response
to UVC irradiation (from 1.5 pg/cell to 16.5 pg/cell, and
from 6.5 U/mg of protein to 19.5 U/mg of protein, respec-
tively). Pre-treatment with Coenzyme Q; or Vitamin C
reduced this increase.

Example 7 . Coenzyme Q,, lowered ATP levels in
response to free radical unrelated apoptotic stimuli.

[0074] Execution of apoptotic death program requires
massive consumption of ATP and, consequently, is ac-
companied by dramatic reduction of ATP cellular levels.
Cells were treated as in Example 5. As shown in Figure
12, UVC irradiation, Antimycin A and C,-ceramide low-
ered ATP levels in RCE cells by 65%, 76%, and 81%,
respectively, as compared to untreated controls. Admin-
istration of Coenzyme Q,, significantly protected RCE
cells against reduction of ATP levels. Indeed, in treated
RCE cellsthe levels of ATP were reduced by 28% in UVC
irradiated cells, by 41% in Antimycin A treated cells and
by 51% in C,-ceramide treated cells as compared to
Coenzyme Q, treated only controls.

Example 8. Coenzyme Q,, counteracted mitochon-
drial Ay collapse, cytochrome c release, caspase 9
activation and DNA fragmentation elicited by free
radical unrelated apoptotic stimuli.

[0075] Cells were treated as in Example 5.
Detection of change in mitochondrial transmembrane
potential (Av).

[0076] The change in mitochondrial transmembrane
potential (Ay) occurring during apoptosis was detected
by fluorescence-based assay in RCE cells. The cells
were cultured on cover slips, in DMEM medium contain-
ing the lipophilic cationic probe 5,5’,6,6’-tetrachloro-
1,1’3,3’-tetraethylbenzimidazol-carbocyanine iodide
(JC-1, Bmg/ml) (JC-1, Molecular Probes Inc. Eugene,
OR, USA) for 15 min at 37°C. This dye has a unique
feature: at hyperpolarized membrane potentials (to
-140mV) it forms ared fluorescent J-aggregate, whereas
at depolarised membrane potentials (to -100mV) it re-
mains in the green fluorescent monomeric form. Prior to
detection cells were washed in PBS and placed in an
open slide flow loading chamber that was mounted on
the stage of a confocal BioRad MRC 1024 ES scanning
microscope (BioRad Laboratories Inc., Hercules, CA,
USA) equipped with a krypton/argon laser source. The
fluorescence was monitored by using 488 and 568 nm
wavelengths and collecting the emitted fluorescence with
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aNikon plan Apo X 60 oil-immersion objective. As shown
in Figure 13 UVC irradiation as well as treatments with
Antimycin A or C,.ceramide determined Ay collapse, in
fact there was a shift in membrane charge observed as
disappearance of fluorescent red-orange stained mito-
chondria and an increase in fluorescent green stained
mitochondria.

Western blot analysis of cytoplasmic cytochrome c.

[0077] RCE cells were evaluated 24 hours following
apoptotic stimuli. Cytosolic fractions were prepared as
described in Ruties et al. 1999, J. Biol. Chem. 274,
24799-24807. Proteins in the cytosolic extracts were
quantified by the BCA Protein Assay Reagent (PIERCE,
Rockford, IL, USA). Proteins (25 pg/lane) were electro-
phoresed through SDS polyacrylamide 12,5% gel, and
electroblotted onto nitrocellulose membrane (Schleicher
& Schuell, Keene, NH) using transblotter (BioRad Labo-
ratories Inc., Hercules, CA, USA). The non-specific sig-
nals were blocked with blocking buffer (5% w/v instant
non fat milk powder in PBS) and incubated overnight at
4°C with 1 pg/ml of anti-Cytochrome ¢ monoclonal anti-
body (BD Pharmingen, San Diego, CA, USA). The mem-
brane was washed and subsequently incubated with goat
anti-mouse IgG horseradish peroxidase conjugated (Sig-
ma-Aldrich, Milan, Italy). Detection was carried out using
a commercial chemo luminescence procedure (ECL,
Amersham Pharmacia Biotech Europe, Freiburg, Ger-
many). As shown in Figure 14, 24 hours following induc-
tion of apoptosis, RCE cells showed an increase in cy-
toplasmic cytochrome ¢ when compared to untreated
RCE cells. When the treatments were preceded by the
CoQ;o administration, the cytoplasmic cytochrome c re-
mained at similar levels to non-induced cells.

Analysis of caspase 9 activity.

[0078] Caspase 9 activity was determined by the Cas-
pase-9 Colorimetric Protease Assay (BioSource Europe,
S.A., Nivelles, Belgium). Cytosolic extracts, prepared by
lysing cells with Cell Lysis Buffer provided in the kit, were
incubated with the colorimetric substrate LEHD (Leu-
Glu-His-Asp) conjugated to the chromophore p-nitroani-
lide (pNA), in 50 pl of 2X Reaction Buffer containing 10
mM DTT. After a 2-hour incubation at 37°C, the OD of
sampleswasmeasured at 405 nmin BioRad ELISA read-
er. Figure 15 shows a 6 to 8 fold enhancement of caspase
9 activity in RCE cells 24 hours after administration of
apoptotic stimuli. When the stimulations were preceded
by Coenzyme Q4 administration the caspase 9 activity
remained significantly lower, but not at the same levels
as in non-stimulated RCE cells.

[0079] Mitochondrial transmembrane potential (Ay)
collapse, cytoplasmic cytochrome ¢, and caspase 9 ac-
tivation are part of the intrinsic (mitochondrion-depend-
ent) apoptotic pathway triggered by PTP opening. Pre-
treatmentwith Coenzyme Q4 largely prevented all these
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events. These results clearly indicated that, independ-
ently from its free-radical scavenging property, Coen-
zyme Q,, prevented apoptosis execution by directly
maintaining mitochondrial PTP in the closed conforma-
tion.

Analysis of DNA (nucleosomal laddering).

[0080] Apoptoticinternucleosomal DNA fragmentation
was evaluated by classical assay, detecting electropho-
retically separated ladder of fragmented DNA. The ge-
nomic DNA was extracted from RCE cells as described
by Blankenberg et al 1997, Blood 89, 3778-3786. The
fragments were separated by gel electrophoresisin 0.8%
agarose containing ethidium bromide (0.2 pg/ml), UV-
visualized and photographed. Pretreatment with Coen-
zyme Q,, also prevented DNA internucleosomal frag-
mentation (Figure 16) elicited by all apoptotic stimuli,
which indicated that blocking of intrinsic apoptotic path-
way by pretreatment with Coenzyme Q suffices to pre-
ventthe "ignition" of entire apoptotic machinery triggered
by apoptotic stimuli.

Claims

1. Use of a composition for topical administration on
the eye including Coenzyme Q10 or ubiquinol as an
active principle for the manufacturing of a medica-
ment for the prevention, treatment or attenuation of
neurodegenerative pathologies of the posterior part
of the eye, originated from apoptotic events,
said composition comprising:

0,01 to 2,0% p/w Coenzyme Q10 or ubiquinol;
0,005 to 0,1 % p/w tocopherol; and a mixture
including a modified castor oil and a block co-
polymer of hydrophilic ethylene oxide and a li-
pophilic propylene oxide having a prevailing pro-
portion of polyoxyethylene, an average molec-
ular weight between 10’000 and 13’000 Dalton
and a hydrophile/lipophile equilibrium (HLB) val-
ue higherthan 15, in an amount sufficient to sol-
ubilize said components in an aqueous solution.

2. Use according to claim 1, wherein said amount suf-
ficient to solubilize said components in an aqueous
solution is 10 to 15% p/w.

3. Use according to claim 1 or 2, wherein said modified
castor oil is poly-ethylene glycol glyceryl-tririci-
noleate.

Patentanspriiche

1. Verwendung einer Zusammensetzung zur topi-
schen Verabreichung am Auge, die Coenzym Q10
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oder Ubichinol als Wirkstoff enthalt, zum Herstellen 3. Utilisation selon larevendication 1 ou 2, dans laquel-
eines Medikaments fiir die Verhitung, Behandlung le ladite huile de ricin modifiée est du polyéthyléne
oder Linderung von neurodegenerativen Pathologi- glycol glycéryl-triricinoléate.

en des hinteren Teils des Auges, die von apoptoti-

schen Ereignissen herriihren, 5

wobei die Zusammensetzung umfasst:

0,01 bis 2,0 Gewichtsprozent Coenzym Q10
oder Ubichinol; 0,005 bis 0,1 Gewichtsprozent
Tocopherol; und ein Gemisch, enthaltend ein 70
modifiziertes Rizinusdl und ein Blockcopolymer
aus hydrophilem Ethylenoxid und einem lipophi-
len Propylenoxid mit einem Uberwiegenden An-
teil von Polyoxyethylen, einem mittleren Mole-
kulargewicht zwischen 10000 und 13000 Dalton 75
und einem Hydrophile-Lipophile-Gleichgewicht
(HLB)-Wert von mehr als 15, in einer Menge,
die ausreicht, um die Komponenten in einer
wassrigen Lésung léslich zu machen.
20
2. Verwendung nach Anspruch 1, wobei die Menge,
die ausreicht, um die Komponenten in einer wéssti-
gen Lésung I8slich zu machen, 10 bis 15 Gewichts-
prozent betragt.
25
3. Verwendungnach Anspruch 1 oder2, wobei das mo-
difizierte Rizinusdl Poly ethylenglycol-glyceryl-tririci-
noleat ist.

30
Revendications

1. Utilisation d’'une composition destinée a I'adminis-
tration topique sur I'oeil, comprenant la Coenzyme
Q10 ou l'ubiquinol en tant que principe actif pourla 35
fabrication d’un médicament destiné a la prévention,
au traitement ou I'atténuation de pathologies neuro-
dégénératives de la partie postérieure de I'oeil, pro-
voquées par des événements apoptotiques,
ladite composition comprenant : 40

0,01 a2 2,0 % en poids de Coenzyme Q10 ou
d’ubiquinol ; 0,005 a 0,1 % en poids de
tocophérol ; et un mélange comprenant une hui-

le de ricin modifiée et un copolymeére a blocs 45
d’oxyde d’éthyléne hydrophile et un oxyde de
propyléne lipophile ayant une proportion prédo-
minante de polyoxyéthyléne, un poids molécu-
laire moyen compris entre 10 000 et 13 000 dal-

tons et une valeur d’équilibre hydrophile/lipophi- 50
le (HLB) supérieure a 15, dans une quantité suf-
fisante pour solubiliser lesdits composants dans

une solution aqueuse.

2. Utilisation selon la revendication 1, dans laquelle la- 55
dite quantité suffisante pour solubiliser lesdits com-
posants dans une solution aqueuse est de 10 a 15
% en poids.

12
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