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(57) L’mvention concerne des  compositions
ophtalmiques pour prévenir et/ou ftraiter le xe€rosis
conjonctival/cornéen, a usage topique ophtalmique et
contenant comme principe actif au moins un compose
chois1 dans le groupe constitu¢ de la vitamine D, de la
vitamine D activée et des analogues de la vitamine D
activee.
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(57) Ophthalmic compositions for preventing and/or
treating conjunctival/corneal xerosis for ophthalmic
topical use containing as the active ingredient at least one
compound selected from the group consisting of vitamin
D, activated vitamin D and activated vitamin D
analogues.
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Abstract of the disclosure

An ophthalmic composition for prophylaxis and/or treatment of
keratoconjunctivitis sicca, which is locally administered to the eyes
and which comprises, as an effective component, at least one member
selected from the group consisting of vitamin D, active vitamin D, énd

active vitamin D analogues.

1 1



10

15

20

25

CA 02292879 1999-11-29

SPECIFICATION

.

Composition for prophylaxis and/or treatment of dry eye syndrome

comprising vitamin D

Technical Field

The present invention relates to a composition for prophylaxis

and/or treatment of keratoconjunctivitis sicca (dry eye syndrome)

comprising vitamin D.

Prior Art

Keratoconjunctivitis sicca is called "dry eye" and is the focus of
the discussion by ophthalmologists and others. "Ophthalmology New
Insight 5" published by Medical Review Co., Ltd. describes corneal
epithelial cells, vitamin A deficiency and keratoconjunctivitis sicca
and refers to vitamin D in relation to epidermis. "Dry eye", a medical
journal published by Nihon Hyoronsha Presents widely
keratoconjunctivitis sicca. According to them, they say that vitamin A

deficiency is deeply involved in the disease of corneal conijunctival

- - .

epithelium but vitamin D deficiency is not involved because there is not

clinically present the disorder of corneal conjunctival epithelium in

vitamin D deficiency.

The journal "Dry eye" classifies the dry eye syndrome into
syndrome of decrease in the secretion of the lacrimal fluid and the
disorder of keratoconjunctivitis sicca, and describes that they are due
o decrease in the secretion of the lacrimal fluid and the disorder of

cornea and conjunctiva. It is considered that keratoconjunctivitis
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Oor televisions, or by dust in the windy day, ozone, nitrogen oxides,
and the like. They say, for some reasons, cornification is caused in
corneal epithelial cells or conjunctival Golbet cells; as a result, the
lacrimal fluid cannot be kept in cornea or conjunctiva, or inflammatory
reaction on cornea or conjunctiva extraordinarily reduces the mucin
layer, the aqueous layer or the oil layer which constitutes the lacrimal
fluid to cause keratoconijunctivitis sicca.

There have been proposed as therapy of keratoconjunctivitis sicca,

the use of artificial lacrimal fluid, goggles for dry eye, herb

medicine, dacryon plug and the like.

In general, the term "vitamin D" means vitamin D, (ergocalciferol)
and vitamin D3 (cholecalciferol) exhibiting a high anti-rachitis
activity. It has been known that the vitamin D undergoes a change in
1ts molecular structure (hydroxylation) in the liver and kidney and that
it is thus converted into active vitamin D having high biological
activities. It has also been supposed that vitamin D itself has, to
some extent, certain biological activities.

Vitamin D's for therapy are administered to patients per bral

route or by injection. It has been recognized that vitamin D's have not

b -’ .

only a éalcium—regulatory effect, but also other biological activities
since the discovery of the active vitamin Dy, i.e., calcitriol (1 a ,25-
dihydroxy cholecalciferol) as a derivative of cholecalciferol. Active
vitamin D's include those carrying a hydroxyl group on one or both of
the Cl position on the sterol A ring and the C25 position on the side
chain, for example, calcitriol (1 @ ,25-dihydroxy vitamin D), 1 o ,24-
dihydroxy vitamin D, g -calcidol (Lag -monohydroxy vitamin D),
calcifedol (25-monohydroxy vitamin D), 1 a ,24,25-trihydroxy vitamin D,

18 ,25-dihydroxy vitamin D, 22~-oxacalcitriol, and calcipotriol.

“Analogues thereof include dihydrotachysterol. The presence of active
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vitamin D receptors in cells has been discovered and there have been
conducted studies on modification of cellular activities because of the

ability of the active vitamin D's to control the production of various

cytokines.

Disclosure of the invention

An object of the present invention is to provide an ophthalmic

composition for prophylaxis and/or treatment of cornification of

televisions, or by dust in the windy day, ozone, nitrogen oxides, and
the like, that is, to provide an ophthalmic composition for prophylaxis
and/or treatment of keratoconjunctivitis sicca which is a syndrome of
decrease in the secretion of the lacrimal fluid and disorders of
conjunctiva and cornea.

The present invention is an ophthalmic composition for prophylaxis
and/or treatment of keratoconjunctivitis sicca, which comprises, as an
effective component, at least one member selected from the group

consisting of vitamin D, active vitamin D, and active vitamin D

- o~

analogues.

Particularly preferred vitamin D's used in the present invention
include ergocalciferols and cholecalciferols, active vitamin D's

include those carrying a hydroxyl group on one or both of the C1

position on the sterol A ring and the C25 position on the side chain,

and vitamin D analoques include dihydrotachysterol.

cells or corneal epithelial cells which have cornified or will cornify

to perform normal differentiation. Namely, the composition administered
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1ls considered to accelerate differentiation of conjunctival Golbet
cells or corneal epithelial cells to normalize the cells when the
keratoconjunctivitis occurs. The activity of vitamin D administered to

perform cellular differentiation is believed to be far lower than that

of active form of vitamin D having biological activity.

Best mode for carrying out the invention

The composition of the present invention comprises at least one
member selected from the group consisting of vitamin D, active vitamin D
and active vitamin D analogues which are oil-soluble and formulated
into eye drops for local use. The composition prevents and/or cures
the cornification of conjunctival or corneal epithelial cells. Specific
examples of the effective component of the composition of the present
invention include ergocalciferols, cholecalciferols, calcitriol (1 ¢ ,
25—-dihydroxy vitamin D), la ,24-dihydroxy vitamin D, g -calcidol (La -
monohydroxy vitamin D), calcifedol (25-monohydroxy vitamin D), 1lgq ,24,
25-trihydroxy vitamin D, 15 , 25-dihydroxy vitamin D, 22-0xacalcitriol,
calcipotriol and dihydrotachysterol.

The' composition of the present invention can be formulated 1n

Present invention is suitably in the range of 0.001 to 100y g/ml since
the composition is locally administered. The effective component of
the present invention, i.e., vitamin D, active vitamin D and active
vitamin D analogues are not cytotoxic. Accordingly, the composition
would not adversely affect conjunctival or corneal epithelial cells as
long as the formulation is physiological.

When'vitamin D or active vitamin D formulation is orally administered

in a large amount, hypervitaminosis D is observed wherein blood calcium
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and phosphate increase to cause calcification in soft tissues such as
Kidney, artery, smooth muscle, and lung. The effective component of the
present invention, i.e., vitamin D, active vitamin D and active vitamin
D analogues is effective for prophylaxis and/or treatment of
Keratoconjunctivitis sicca even if it is administered in a small amount.

Accordingly, if it distributes to some extent into blood through eye
mucosa, the side effects mentioned above would not be developed.
Vitamin D, active vitamin D and active vitamin D analogues used in the
present i1nvention may be natural or artificial one. Examples of
artificial active vitamin D analogues include g —calcidol (1lg -
monohydroxy vitamin D), 22-oxacalcitriol (OCT), calcipotriol (MC 903)
and dihydrotachysterol.

The lacrimal fluid is amphiphilic and viscous. If the composition
of the present invention is used in the form of eye drops, v1iscous
media such as polysorbate, polyvinyl alcohol, methyl cellulose, sodium
hyaluronate, chondroitin sulfuric acid, plant oils, and fats and oils
are preferably used to prepare a viscous formulation so that the
vitamin D's in the formulation can be retained on the surface of the eye

balls for a long time to show a higher and longer effect for

- -

prophyléxis and/or treatment of keratoconjunctivitis sicca. Viscosity

of the eye drops is preferably in the range of 0.01 to 10 poise.

Examples

The present invention will be explained more in detail with

reference to Preparation Examples and Test Examples.

Prepafation Example 1

Active vitamin D (22-oxacalcitriol) (1.0 mg/ml of ethanol) was

diluted ten times with ethanol, followed by further diluting the
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Preparation Example 2

Vitamin D (cholecalciferol) (50 mg/ml of ethanol) was diluted 100
times with ethanol, followed by further diluting the solution 100 times
with an‘ophthalmic medium (an aqueous solution of 0.1% sodium
hyaluroqgte (average molecular weight of about 1,800,000)) to prepare a
composition for prophylaxis and/or treatment of keratoconjunctivitis

sicca having vitamin D concentration of 5 4 g/ml.

Preparation Example 3

Vitamin D (cholecalciferol)(50 mg/ml of ethanol) was diluted 100
times with ethanol, followed by further diluting the solution 100 times
with an ophthalmic eye drop (a 0.1% Polysorbate 80 solution) to prepare
a composition for prophylaxis and/or treatment of keratoconjunctivitis

sicca having vitamin D concentration of 5 4 g/ml.

Preparation Example 4

Active vitamin D (calcitriol, 1 a ,25-dilhydroxy vitamin D) (1 mg/ml
of ethanol) was diluted 10 times with ethanol, followed by further
diluting the solution 1000 times with an ophthalmic eye drop (a 0.1%
Polysorbate 80 solution) to prepare a composition for prophylaxis
and/or treatment of keratoconjunctivitis sicca having active vitamin D

concentration of 0.14 g/ml.
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Test Example 1

This test was conducted to examine the effect of active vitamin D

on keratoconjunctivitis sicca.

S1x Splague-Doly rats (3 weeks old) were used. All the rats were
fed with vitamin A deficient feed for four weeks to cause
keratoconjunctivitis sicca. From the beginning of the fifth week, three
rats constituted Group D to which thé composition for prophylaxis
and/or treatment of keratoconjunctivitis sicca prepared in'Preparation
Example 4 was administered by dropping in the eyes while feeding the
vitamin‘g.deficient feed, and the other three rats constituted control
Group C to which an ophthalmic eye drop (a 0.1% Polysorbate 80 solution)
not containing active vitamin D was administered by dropping in the
eyes whilile feeding the vitamin A deficient feed. The dropplng was
performed by dispensing 20y 1 of the eye drops with a pipette and then
dropping one or two drops in the eyes at a time. The dropping was
conducted three times a day for both eyes. Two weeks after the dropping,
the eyes were stained with sodium fluorescein to visualize the deflects
in corneal epithelium and observed under a slit-lamp microscope. There

were not observed superficial punctate keratitis in Group D but observed

= - .

a sligﬁt spot-like staining in each of the eyes in Group C, 1in
particular within the circle of about 2 mm diameter in the center of
cornea. The observation under the slit-lamp microscope showed that the
degree of inflammation associated with superficial punctate keratitis
was much lower in the Group D rats than in the Group C rats. The Group
C rats were more depressed and lower in excretion than the Group D rats.
The test was completed five weeks after the initiation of the vitamin D
deficient feeding.

In conclusion, the composition of the present invention clearly

shows the effect of prophylaxis and/or treatment of Keratoconjunctivitis




10

15

20

25

CA 02292879 1999-11-29

sicca and effectively protects cornea and conjunctiva. These results
show that the eye drops of the present invention are also effectiye 1n

human being and are not detrimental to human bodies.

Test Example 2

Materials and methods

In this test, 18 rats (Jla:Wister, female, weighing 100gqg,
purchased from Nihon Ikagaku Zairyo Kenkyusho) were bred by feeding

vitamin A deficient feed to induce corneal and conjunctival disorder

like human keratoconjunctivitis sicca.

—p—

After three weeks breeding, the rats were divided into three
groups of six rats and the administration of the compositions was
started. A first group was administered with a composition prepared by
diluting 20 times the composition of Preparation Example 4 with an
ophthalmic eye drop (0.1% Polysorbate 80 ophthalmic solution), a second
group with a composition prepared by diluting 20 times the composition
of Preparation Example 1 with an ophthalmic eye drop (0.1% Polysorbate
80 ophthalmic solution), and a third control group with an ophthalmic
eye drop ﬁO.}% BolySorbate 80 ophthalmic solution) free of vitamin D.

R

| Tﬁe vitamin A deficient feed was continuously fed to the animais
while the compositions were administered.

The compositions were administered three times a day for four
weeks 1n an amount of 5 y 1 for both eyes. One, two and four weeks
after the administration started, bbservation was made under a slit-lamp
microscope (a photo-slit lamp (Model SC-1200), KOWA) to examine
abnormal conditions such as supefficial punctate keratitis, solid

material deposition, corneal ulcer, subepithelial haze/opacity and

neovascularization and to make photographic records.
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Results

Four weeks after the administration started, in the control group,
superficial punctate keratitis and solid material deposition were
Observed in all the rats, and heavy disorder such as subepithelial

haze/opacity and corneal ulcer were often observed.

In contrast, in the first and the second groups to which active
vitamin D was administered, the degree and frequency of the disorder in
the anterior ocular region were lower than the third group (control) and

there were not observed heavy corneal disorder, which demonstrates

obvious differences from the control group. . i

Industrial applicability.

The composition of the present invention which comprises, as an
effective component, at least one member selected from the group
consisting of vitamin D, active vitamin D, and active vitamin D
analogues can be administered locally in the eyes to prevent and/or
treat keratoconjunctivitis sicca. A higher effect is expected 1f the
composition is formulated in an agqueous solution similar to the

lacrimal fluid such as an aqueous solution of sodium hyaluronate.
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wWhat is claimed 1is:

1. An ophthalmic composition for prophylaxis and/or treatment of
keratoconjunctivitis sicca, which 1s locally administered to the eyes
and which comprises, as an effective component, at least one member
selected from the group consisting of vitamin D, active vitamin D, and
active vitamin D analogues.

2. The ophthalmic composition for prophylaxis and/or treatment of
keratoconjunctivitis sicca of claim 1 wherein the compositibn 1s in the
form of eye drops.

3. TQé ophthalmic composition for prophylaxis and/or treatment of
keratoconjunctivitis sicca of claim 1 wherein the effective component
is at least one member selected from the group consisting of
ergocalciferols, cholecalciferols, calcitriol (lg ,25-dihydroxy vitamin
D), 1 ¢ ,24-dihydroxy Vitémin D, ¢ -calcidol (1g —monohydroxy vitamin
D), calcifedol (25-monohydroxy vitamin D), lg , 24, 25-trihydroxy
vitamin D, 14 , 25-dihydroxy vitamin D, 22-oxacalcitriol, calcipotriol
and dihydrotachysterol .

4. The ophthalmic composition for prophylaxis and/or treatment of
keratoconjunctivitis sicca of claim 1 wherein the effective component

~ v

is 22-oxacalcitriol.

1 0
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