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(57) Abstract

Ophthalmic compositions and methods of using the same to simultaneously treat eye surface inflammation and dry eye are disclosed.
The ophthalmic preparation contains a tetracycline compound in aqueous solution, The preparation preferably further includes a balance of
electrolytes sufficient to maintain or restore essentially normal levels of conjunctival mucus—containing goblet cells and corneal glycogen.
These electrolytes can include potassium, chloride, bicarbonate, sodium, calcium, magnesium and phosphate.
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OPHTALMIC SOLUTION WITH TETRACYCLINE FOR TOPICAL TREATMENT OF DRY EYE DISEASE

Government Funding
This invention was made with government support under grant EY03373 from
the National Eye Institute. The United States government has certain rights in the

invention.

Background of the Invention ,

This invention relates to therapeutic ophthalmic preparations and methods of
using the preparations locally to treat eye surface inflammation including meibomianitis
and related dry eye disease. More particularly, it relates to topical ophthalmic solutions
containing tetracycline compounds to suppress eye surface inflammation, including
meibomianitis, while maintaining or restoring conjunctival mucus-containing goblet
cells.

Systemic tetracyclines are currently used to treat ocular rosacea, a condition
characterized by eye surface inflammation, and a variety of related eye disorders such as
blepharitis, meibomianitis, keratitits, conjunctival hyperemia, and eyelid hyperemia.
Open-label prospective studies have been published describing a decrease in blepharitis
and conjunctival hyperemia associated with ocular rosacea following systemic
administration of tetracycline (1, 2). Systemic oxytetracycline treatment of ocular
rosacea has also been tested in a double-masked trial and found to be more effective
than placebo in inducing remissions (3). In the trial, it was reported that eyelid and
conjunctival hyperemia responded well, as did the associated blepharitis.

Based on these studies and clinical experience, oral tetracyclines has been
recommended for treating meibomianitis, blepharitis and eye surface inflammation (4, 5,
6). Meibomianitis is a disorder characterized by inflammation centered about the
meibomian glands. When inflammation includes most of the eye lid, the general term
“blepharitis” may be applied. When inflammation includes the conjunctiva, the term
“conjunctivitis” applies. When inflammation involves the cornea, the term “keratitis”
applies. The eye surface includes the eye lids, cornea and conjunctiva. Recently, it was
observed that meibomianitis and eye surface inflammation develops in a rabbit model
for meibomian gland dysfunction (7). Analogous findings have been reported in
humans (8, 9). These studies show that meibomianitis leads to meibomian gland
dysfunction, with loss of meibomian gland oil from the tear film, an increase in tear film
evaporation, a loss of water from the tear film and the development of dry eye surface

disease.
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Specifically, in the aforementioned rabbit model of meibomian gland
dysfunction, meibomian gland orifice closure increases tear film osmolarity and
decreases corneal epithelial glycogen and conjunctival goblet-cell density. These
decreases are analogous to those seen with keratoconjunctivitis sicca (commonly known
as "dry eye") from lacrimal gland disease (10, 11). The clinical relevance of these data
has been further supported by studies demonstrating that patients with meibomian gland
drop out have significantly elevated tear film evaporative rates and tear film osmolarity
(12).

Just how tetracyclines work in the treatment of ocular surface inflammatory
disorders, such as ocular rosacea, meibomianitis, blepharitis, conjunctivitis and keratitis
has previously been unknown. However, elsewhere in the body it has been known that
tetracyclines have potent antibacterial properties, inhibit collagenase activity (15, 16,
17), and decrease leukocyte chemotaxis (18, 19, 20, 21) and phagocytosis (22). When
administered systemically, tetracycline enters into the tears (13) and concentrates in
goblet cells, around blood vessels, and on the external surface of the conjunctival
epithelium (14). Systemic administration of tetracycline, however, has several
drawbacks. For example, it often results in adverse side effects, including
gastrointestinal irritation, vaginal yeast infection, sunlight sensitivity and systemic
allergic reactions.

Accordingly, it is an object of this invention to provide an improved ophthalmic
preparation for locally delivering a tetracycline compound to ocular surfaces. It is
another object of this invention to provide an ophthalmic solution for locally delivering
a tetracycline compound to ocular surfaces, while maintaining or restoring essentially
normal levels of conjunctival mucus-containing goblet cells. It is a further object of this
invention to provide an electrolyte-based tetracycline formulation for simultaneously
treating ir‘lammatory eye diseases, such as meibomianitis, and associated blepharitis
and dry eye {isorders.

Additioaal objects of the invention will be apparent from the following
description.

Summary of the Invention

A therapeutic preparation for ophthalmic use has been developed that provides
the advantage of drug delivery and treatment or prevention of dry eye disease. The
preparation contains an anti-irflammatory agent, such as a tetracycline compound, in an
electrolyte-based solution which can be applied topically to the eye, permitting the
maintenance or restoration of essentally normal levels of conjunctival mucus-

containing goblet cells and corneal glycogen. The ophthalmic preparation thus provides
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the advantages of local tetracycline delivery to ocular surfaces without a substantial
decrease in mucus-containing goblet cells or corneal glycogen typically associated with
the use of standard ophthalmic preparations. The ophthalmic preparation provides the
further advantage of increasing low goblet cell density and corneal glycogen levels
associated with the dry eye surface disease resulting from meibomian gland dysfunction.
In contrast, standard ophthalmic preparations have been shown in studies described
herein to exacerbate the loss of goblet cells and corneal glycogen.

In general, the ophthalmic preparation contains an aqueous solution of a
tetracycline compound in an amount sufficient to treat an ocular disease characterized
by eye surface inflammation with our without dryness. The preparation preferably also
includes a balance of electrolytes found in natural tear fluid required for ocular surface
maintenance, function and repair. In preferred embodiments, these electrolytes are
present in amounts sufficient to maintain or restore essentially normal levels of
conjunctival goblet cells and corneal glycogen, thereby maintaining mucus-mediated
lubrication and the potential for normal healing. In a particularly preferred embodiment,
the tetracycline compound is contained in Solution 15, described in U.S. Patent No.
4,911,933, the contents of which are hereby incorporated by reference. ‘

Principal electrolytes employed in the invention include, but are not limited to,
sodium and chloride, in combination with lesser amounts of potassium and bicarbonate.
Typically, these electrolytes are present in the following concentration ranges:

Potassium between about 22.0 to 43.0 millimoles per liter (mM/1), preferably
between about 23.0 to 42.0 mM/L;

Bicarbonate between about 29.0 to 50.0 mM/, preferably between about 31.0 to
48.0 mM/L;

Sodium between about 130.0 to 140.0 mM/I, preferably between about 131.0 to
139.0 mM/1; and

Chloride between about 118.0 to 136.5 mM/, preferably between about 124.0 to
136.0 mM/1.

Additional electrolytes which can be employed in the ophthalmic preparation, in
combination with the above-listed electrolytes include, but are not limited to, calcium,
magnesium and phosphate. Typically, these electrolytes are typically present in the
following concentration ranges:

Magnesium between about 0.3 to 1.1 mM/1, preferably between about 0.5 to 0.6
mM/1,

Calcium between about 0.5 to 2.0 mM/1, preferably between about 0.6 to 0.8
mM/1, and
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Phosphate between about 0.8 to 2.2 mM/I, preferably between about 1.8 to 2.0
mM/1. '

The concentration of the tetracycline compound will vary depending on the
nature and severity of the eye surface inflammation being treated and the specific
tetracycline compound used. Generally, for tetracycline, the concentration in solution
will range from about 0.125% to 2% when the solution is isotonic or attains isotonicity.
Any suitable tetracycline compound (including tetracycline derivatives, analogs and
salts thereof) known in the art can be used, such as those described in further detail
below. _

Ophthalmic preparations of the present invention can be used in methods of
treating ocular disorders characterized by eye surface inflammation, such as
meibomianitis or eye surface redness. Typically, the preparation is applied topically to
the surface of the eye in an amount sufficient to treat the disorder. The ophthalmic
preparation can also be used to simultaneously reduce eye surface inflammation and
dryness, based on the presence of an active tetracycline compound in an aqueous
solution containing the necessary balance of electrolytes for ocular surface maintenance,
function and repair. The ophthalmic preparation can further maintain or restore
conjunctival goblet cells and corneal glycogen which are typically depleted in dry eye
disorders.

These and other embodiments of the invention will be apparent from the

following detailed description and working examples.

Brief Description of the Figures

Figure 1 is a graph showing leukocyte densities in tarsal conjunctival epithelium
of (left to right) (a) normal control rabbits, (b) untreated control rabbits with
meibomianitis/meibomian gland dysfunction, (c) rabbits treated with tetracycline in
saline (administered intramuscularly (IM)), (d) rabbits treated with tetracycline in
Achromycin™ light mineral oil eyedrops (administered topically), and (e) rabbits treated
with tetracycline in Solution 15 (administered topically).

Figure 2 1s a graph showing leukocyte densities in conjunctival stroma of (a)
normal control rabbits, (b) untreated control rabbits with meibomianitis/meibomian
gland dysfunction, (c) rabbits treated with tetracycline in saline (administered
intramuscularly (IM)), (d) rabbits treated with tetracycline in Achromycin™ light
mineral oil eyedrops (administered topically), and (e) rabbits treated with tetracycline in
Solution 15 (administered topically).

Figure 3 is a graph showing leukocyte densities in meibomian glands and tarsal
plate of (a) normal control rabbits, (b) untreated control rabbits with
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meibomianitis/meibomian gland dysfunction, (c) rabbits treated with tetracycline in
saline (administered intramuscularly (IM)), (d) rabbits treated with tetracycline in
Achromycin™ light mineral oil eyedrops (administered topically), and (e) rabbits treated
with tetracycline in Solution 15 (administered topically).

Figure 4 is a graph showing the effect of the following tetracycline formulations
on conjunctival goblet-cell density in a rabbit model for meibomianitis/meibomian gland
dysfunction: (a) tetracycline in saline (administered intramuscularly (IM)),

(b) tetracycline in Achromycin™ light mineral oil eyedrops (administered topically),
and (c) tetracycline in Solution 15 (administered topically).

Figure 5 is a graph showing the effect of the following tetracycline formulations
on corneal glycogen in a rabbit model for meibomianitis/meibomian gland dysfunction:
(a) tetracycline in saline (administered intramuscularly (IM)), (b) tetracycline in
Achromycin™ light mineral oil eyedrops (administered topically), and (c) tetracycline in

Solution 15 (administered topically).

Detailed Description of the Invention

In accordance with the invention, a therapeutic ophthalmic preparation combines
at least one tetracycline compound in an electrolyte-based aqueous solution to locally
treat both eye surface inflammation and related dry eye disorders.

As used herein, the term "a tetracycline compound" refers to all known
tetracyclines, tetracycline analogs, breakdown products, and derivatives thereof (e.g.,
HCL derivatives thereof). Such compounds are well known in the art, primarily for
their potent anti-bacterial properties, and include, but are not limited to, methacycline,
oxytetracycline, minocycline, demeclocycline, doxycycline, tetracycline,
chlortetracycline, and salts thereof. These tetracycline compounds are described
throughout the literature, for example, in the Merck Manual (e.g., Fifteenth Ed. (1987),
p.38-39), the contents of which are incorporated by reference herein. It is preferable
that the tetracycline is not highly photosensitive. In this respect, tetracycline and
minocycline (as well as hydrochloride derivatives thereof) are preferred (Li et al. (1987)
Biochem. Biophys. Res. Commun. 146:1191). From a functional standpoint, preferred
tetracycline compounds for use in the invention are capable of inhibiting leukocyte
chemotaxis. The aforementioned tetracycline compounds are commercially available,
for example, from Sigma Chemical Corp., St. Louis, Mo.

In contrast to topical ointments and oil-based carriers known in the art, the
tetracycline compound of the present invention is formulated in an aqueous solution,
preferably containing electrolytes. Suitable concentrations of the tetracycline compound

in solution include those equivalent in anti-inflammatory potency to tetracycline at a
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concentration range of between about 0.125% and 2% when the solution is isotonic or
attains isotonicity.

The preparation preferably also includes a balance of electrolytes found in
natural tear fluid required for ocular surface maintenance, function and repair. In
preferred embodiments, these electrolytes are present in amounts sufficient to maintain
or restore conjunctival goblet cells and corneal glycogen, thereby maintaining mucus-
mediated lubrication and the potential for normal healing. This enables topical
application of the preparation to ocular surfaces preferably without substantially
reducing the density of conjunctival mucus-containing goblet cells or levels of corneal
glycogen. Goblet cells form a critical layer of the tear film, providing the eye surface
with lubrication, and playing an important role in the system that traps foreign matter
that may enter the eye, and promptly removes it. Corneal glycogen is the energy source
for the sliding step in corneal wound healing. Their preservation is therefore important
in maintaining the health of ocular surfaces.

As used herein, the term “eye surface inflammation” includes any inflammatory
disorder involving the ocular surface. The eye surface includes the eye lids, conjunctiva
and cornea. Inflammation refers to white blood cell or leukocytic infiltration associated
with cellular injury. Eye surface inflammatory disorders treatable by the ophthalmic
preparation of the invention are typically manifested by signs and symptoms such as eye
redness, or irritation. These diseases include, for example, meibomianitis, blepharitis
conjunctival hyperemia, eyelid hyperemia, keratitis and ocular rosacea.

As used herein, the term “eye surface dryness” includes any ocular disorder
resulting in loss of water from the tear film. Such disorders generally can be
characterized by increased tear film osmolarity and decreased levels of corneal glycogen
and conjunctival mucus-containing goblet cells. Eye surface dryness can result from a
number of different diseases including, for example, meibomian gland dysfunction and
meibomian gland orifice stenosis or closure.

As previously described herein, eye surface inflammatory disorders are often
associated with eye surface dryness and irritation. Animal models for such combined
ocular disorders have been produced, and can be used to test the efficacy of the
ophthalmic preparations provided herein. For example, a rabbit model for
meibomianitis and meibomian gland dysfunction has been developed (7). In this animal
model, meibomian gland orifice closure results in the development of inflammation
around the meibomian glands (i.e., meibomianitis), inflammation in the eyelids
(blepharitis), inflammation in the conjunctiva (conjunctivitis) and in an increase in tear
film osmolarity and a decrease in the levels of corneal glycogen and conjunctival

mucus-containing goblet cells. As demonstrated in the Examples below, ophthalmic
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preparations of the invention effectively treat both the eye surface inflammation (i.e.,
meibomianitis) and associated eye surface dryness (elevated tear film osmolarity,
decreased goblet cell density and reduced corneal glycogen) exhibited by this animal
model. It is recognized that results of tests using rabbits has close correlation with
humans and, therefore, that the results carry over to humans.

Ophthalmic preparations of the invention include aqueous solutions containing
one or more tetracycline compounds which are, collectively, present in an amount
sufficient to treat eye surface inflammation, such as meibomianitis or eye surface
redness. _

In preferred embodiments, ophthalmic preparations of the invention include, in
addition to one or more tetracyclines, a balance of electrolytes naturally found in tear
fluid. These electrolytes principally include major amounts of sodium and chloride, and
lesser amounts of potassium and bicarbonate. The preparation may also contain other
naturally-occurring elements of the tear fluid, such as proteins, enzymes, lipids and
metabolites as described in U.S. Patent No. 4,911,933. Typically, the potassium is
present at a concentration of about 22.0 to 43.0 mM/I, the bicarbonate is present at a
concentration of about 29.0 to 50.0 mM/I, the sodium is present at a concentration of
about 130.0 to 140.0 mM/1, and the chloride is present at a concentration of about 118.0
to 136.5 mM/l. The osmolarity of the resulting solution is preferably in the range of
about 296 to 325 mOsm/Kg, but water may be added or removed from the preparation to
create appropriate therapeutic dilutions or concentrations.

The ophthalmic preparation can further optionally include calcium, magnesium
and phosphate. In such embodiments, the calcium is preferably present at a
concentration of about 0.5 to 2.0 mM/l, the magnesium is preferably present at a
concentration of about 0.3 to 1.1 mM/1, and the phosphate is preferably present at a
concentration of about 0.8 to 2.2 mM/1.

Accordingly, in a particular embodiment, the invention provides an ophthalmic
solution having an osmolarity of about 296-325 mOsm/Kg, which includes at least the
following components: (a) tetracycline at a concentration of about 0.125% to 2%; (b)
potassium at a concentration of about 22.0 to 43.0 mM/1; (¢) bicarbonate at a
concentration of about 29.0 to 50.0 mM/I; (d) sodium at a concentration of about 130.0
to 140.0 mM/I, (e) chloride at a concentration of about 118.0 to 136.5 mM/I, (f) calcium
at a concentration of about 0.5 to 2.0 mM/I, (g) magnesium at a concentration of about
0.3 to 1.1 mM/], and (¢) phosphate at a concentration of about 0.8 to 2.2 mM/L.
Preferred concentrations of these components range from 0.25% to 1.50% for
tetracycline, 23.0 to 42.0 mM/I potassium, 31.0 to 48.0 mM/I bicarbonate, 131.0 to
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139.0 mM/1 sodium, 124.0 to 136.0 mM/1 chloride, 0.6 to 0.8 mM/I calcium, 0.5 to 0.6
mM/1 magnesium, and 1.0 to 2.0 mM/1 phosphate.

In a particularly preferred embodiment, the ophthalmic solution is made up of a
tetracycline compound present in Solution 15 containing the following components:
99.0 mmol/l NaCl; 24.0 mmol/l KCI; 0.8 mmol/l CaCl2; 0.6 mmol/l MgCly; 32 mmol/l
NaHCO3; 1.0 mmol/l NaH>POy4 at an osmolality (mOsm/kg) 302.

The pH of the ophthalmic preparation generally ranges from about 7.0 to 8.0, as
measured by, for example, a Fisher pH Accumet Model 600. However, this pH range
need not be rigidly adhered to, and it may be desirable to alter pH outside of this range,
for instance, to improve ophthalmic drug penetration through the ocular surface. In
view of the teachings provided herein, those skilled in the art may employ other pH
ranges.

In preferred embodiments, the ophthalmic preparation is isotonic. However, the
final osmolarity may be adjusted according to conditions present in the tear film or on
the ocular surface (e.g., tear film osmolarity). For example, treatment of hypertonic tear
films may make diluted preparations preferable. Conversely, preparations may be
concentrated to hypertonic concentrations if therapeutically desirable. It is known that
hypotonic and hypertonic eyedrops are brought rapidly to isotonicity by movement of
water across the eye surface (Maurice et al. (1971) Exp. Eye Res. 11:30). Thus, when
treating elevated tear film osmolarity (as associated, for example, with dry eye
disorders), it may be preferable to dilute the ophthalmic preparation to hypotonicity
while maintaining the proportions or balance of the electrolytes disclosed herein, and
adjusting the concentration of the tetracycline compound such that the appropriate
concentration is attained after entrance of water from the solution into the eye surface.

Ophthalmic preparations of the invention can be applied to the ocular surface by
various methods known in the art. For example, the preparation can be topically to the
ocular surface as eye drops. The preparation can also be applied using an eye cup so
that the eye is bathed. The preparation can also be applied using a continuous or near
continuous infusion device for ocular surface irrigation and/or wetting and/or drug
delivery. The preparation may also be applied by devices that spray solutions as
required onto the surface of the eye.

The invention shall be further described in the following working examples:

EXAMPLES

Animals

Male and female New Zealand white rabbits weighing between 2.5 and 3.5 kg
were anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg). Meibomian
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gland duct orifices were closed by cautery in the right eyes of all rabbits as previously

described (7).
Treatment Groups

Four treatment groups (groups I, II, III, IV and V) were designated, each
containing four rabbits: group I received no treatment; group II received tetracycline
hydrochloride (Sigma Chemical, St. Louis, Mo.) intramuscularly at a dosage of 50
mg/kg/d (given as a solution of 500 mg/ml in sterile saline for injection USP) for five
days each week; group III received tetracycline hydrochloride 1% in plastibase 50W
and light mineral oil eyedrops (Achromycin, Lederle, Pearl River, N.Y.) four times a
day for five days each week; and group IV received tetracycline hydrochloride 1%
(Sigma Chemical, St. Louis, Mo.) in Solution 15-¢electrolyte vehicle (23) four times a
day for five days each week. Solution 15 contains 99.0 mmol/l NaCl; 24.0 mmol/l KCI;
0.8 mmol/l CaCl2; 0.6 mmol/l MgCly; 32 mmol/l NaHCO3; 1.0 mmol/l NaHpPOy4 at an
osmolality (mOsm/kg) of 302. Treatments began at 8 weeks post-op and continued until
20 weeks.

Treatment Evaluation

All rabbits were sacrificed at 20 weeks postoperatively by overdose with
pentobarbital. At the time of death corneal epithelium was removed for measurement of
corneal epithelial glycogen level as previously described (25). Conjunctival biopsies
were then taken for counting of goblet cell density as previously described (10). Lower
eyelids were then removed by sharp dissection and placed in one-half strength
Karnovsky's fixative. The tissue was then dehydrated through graded alcohols and
embedded in methacrylate. Three pM sections were cut through the eyelids horizontally
for light microscopy, and stained with alkaline giemsa.

Leukocytes were quantified in tissue sections using a method similar to that
described by Sherwood et al. (26). For descriptive purposes, eyelid tissue was divided
into three zones: 1) tarsal conjuntival epithelium, 2) underlying stroma, and 3)
meibomian glands and adjacent tissue, including tarsal plate. Two separate sections,
separated by a distance sufficient to provide two separate inflammatory cell populations,
were examined for each eyelid. At a magnification of 40X, nine consecutive fields were
counted for each zone in each section yielding a total of 18 fields per zone per eyelid.
Leukocytes were identified as either neutrophils, eosinophils, basophils, or mastcells.

Quantification of corneal glycogen, conjunctival goblet-cell density, and
leukocytes was performed in a masked fashion. Corneal glycogen and conjunctival-
goblet cell density was calculated as a percent of contralateral unoperated/untreated
control eyes. Leukocytes were calculated as a mean per 40X field. Groups were

compared using a pooled estimate of variance (Microstat, Microsoft Corporation).
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Results

Twenty weeks after meibomian gland orifice closure, untreated rabbits had a
significant increase in eyelid tissue mast cells, eosinophils, neutrophils and basophils
(P<0.05) relative to unoperated controls. Mast cells were not seen in the conjunctival
epithelium of normal eyes nor after meibomian gland orifice closure. With this
exception, all leukocyte types increased in all three tissue zones studied (Figures 1-3).

After 12 weeks of treatment, all rabbits treated with either systemic or topical
tetracycline, in either vehicle, demonstrated a significant decrease in all leukocyte types
in the conjunctival epithelium and meibomian gland/eye lid-zones (P<0.05). In the
conjunctival stroma zone all rabbits treated with either systemic or topical tetracycline
showed a significant decrease in mast cells, neutrophils, and basophils (P<0.05).
Tetracycline in Solution 15 significantly decreased eosinophils in the stroma zone
(P<0.05), whereas the decreases seen with the other tetracycline treatments did not attain
statistical significance (Figures 1-3).

Goblet-cell density in rabbits 20 weeks after meibomian gland orifice closure
had decreased to 84.5% + 0.5 of contralateral normal controls (p<0.05). Treatment with
systemic tetracycline had no effect on conjunctival goblet-cell density, while topical
treatment with Achromycin significantly decreased goblet-cell density (80.1% + 0.7,
P<0.005). Topical treatment with tetracycline in Solubon 15 significantly restored
conjunctival goblet cells (90.4% + 2.2, P<0.05) (Figure 4).

Corneal epithelial glycogen in rabbits 20 weeks after meibomian gland orifice
closure had decreased to 78.7% + 0.8 of contralateral controls (p<0.05). Treatment with
systemic tetracycline had no effect on corneal glycogen, while topical treatment with
Achromycin significantly decreased corneal glycogen (75.3% + 0.3, P<0.01). Topical
treatment with tetracycline in Solution 15 significantly restored corneal glycogen
(83.7% + 0.9, P<0.005) (Figure 5).

Discussion

The present study demonstrates that systemic and topically administered
tetracycline decreases the concentration of inflammatory cells in the eyelid and eye
surface tissue of a rabbit model for meibomianitis and meibomian gland dysfunction.
However, relatively low-dose topically applied tetracycline in the Solution 15 vehicle
was more effective than relatively high-dose systemic tetracycline or topically applied
Achromycin, and was the only treatment effective in restoring conjunctival goblet cells

and corneal glycogen.
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It has previously been shown that bacterial pathogens remain on the eyelids of
patients successfully treated with tetracycline (2), that tetracycline does not affect the
composition of meibomian gland secretions in meibomianitis (27), and that tetracycline
levels are unlikely to be adequate to inhibit bacterial lipase activity (28). These data
support the conclusion that the effectiveness of tetracycline in the treatment of
meibomianitis is secondary to its ability to decrease inflammation.

The findings of the present studies also are consistent with those of Seedor et al.
(29), who have demonstrated that systemically administered tetracycline decreases
inflammatory cells in the corneal stroma of rabbits with corneal alkali bums.

A prominent feature of acne rosacea is the presence of inflammatory cells in the
upper and middermis (30). The studies described herein suggest that the effectiveness
of tetracycline in the treatment of acne rosacea dermatitis is due its ability to decrease
tissue leukocytes. Topical steroids also decrease inflammation and have been used to
treat meibomianitis. Unlike steroids, however, tetracyclines do not have the potential to
increase intraocular pressure or to promote cataract formation.

Currently, tetracycline is generally administered systemically to patients to treat
meibomianitis (5), or topically in oil-based preparations. While systemic tetracycline
decreased tissue leukocytes in the current study, it did not improve conjunctival goblet-
cell density or corneal glycogen. The topically administered commercial tetracycline
tested in the current study significantly exacerbated the loss of goblet-cells and corneal
glycogen seen with the dry-eye surface disease resulting from meibomian gland
dysfunction. An ophthalmic preparation containing tetracycline in Solution 15,
however, was able to decrease tissue leukocytes while simultaneously restoring
conjunctival goblet-cell density and corneal glycogen in the currently disclosed rabbit
model for meibomianitis and meibomian gland dysfunction. In addition, this
ophthalmic preparation has the advantage of being a local rather than systemic therapy.

In conclusion, the results of the studies described herein suggest that topically
applied ophthalmic preparations containing tetracycline in aqueous solution can be used
clinically to treat meibomianitis and the dry eye surface disease resulting from
meibomian gland dysfunction more effectively than either systemic tetracycline or
commercial oil-based topical tetracycline. These ophthalmic preparations also may

serve to treat other inflammatory ocular surface diseases and their complications.

EQUIVALENTS
Although the invention has been described with reference to its preferred
embodiments, other embodiments can achieve the same results. Those skilled in the art

will recognize or be able to ascertain using no more than routine experimentation,
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numerous equivalents to the specific embodiments described herein. Such equivalents
are considered to be within the scope of this invention and are encompassed by the
following claims.

INCORPORATION BY REFERENCE
All references and patents cited herein are hereby incorporated by reference in

their entirety.
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What is claimed is:

1. An ophthalmic preparation for topical application to the eye, the
preparation comprising an aqueous solution containing (a) a tetracycline compound in
an amount sufficient to treat an ocular disease characterized by eye surface
inflammation; and (b) a balance of electrolytes selected from the group consisting of
potassium, chloride, bicarbonate and sodium,

wherein said potassium is present at a concentration of about 22.0 to 43.0 mM/I,
said bicarbonate is present at a concentration of about 29.0 to 50.0 mM/I, said sodium is
present at a concentration of about 130.0 to 140.0 mM/1, and said chloride is present at a
concentration of about 118.0 to 136.5 mM/|, or a therapeutically effective dilution or

concentration of said solution.

2. The ophthalmic preparation of claim 1 wherein said solution has an
osmolarity of about 296-325 mOsm/Kg.

3. The ophthalmic preparation of claim 1, wherein said solution further
comprises a balance of electrolytes selected from the group consisting of calcium,
magnesium and phosphate, wherein said calcium is present at a concentration of about
0.5 to 2.0 mM/I, said magnesium is present at a concentration of about 0.3 to 1.1 mM/I,
and said phosphate is present at a concentration of about 0.8 to 2.2 mM/1.

4. The ophthalmic preparation of claim 3 wherein said solution has an
osmolarity of about 296-325 mOsm/Kg.

5. The ophthalmic preparation of claim 1 wherein said tetracycline
compound is tetracycline hydrochloride.

6. The ophthalmic preparation of claim 1 wherein said tetracycline
compound is tetracycline hydrochloride present at a concentration of about 0.125% to
2% when the solution is isotonic or attains isotonicity.

7. An ophthalmic solution comprising:

(a) atetracycline compound at a concentration equivalent in anti-
inflammatory potency to tetracycline at a concentration of about 0.125% to 2% when the
solution is isotonic or attains isotonicity;

(b) potassium at a concentration of about 22.0 to 43.0 mM/l;
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(c) bicarbonate at a concentration of about 29.0 to 50.0 mM/I;
(d) sodium at a concentration of about 130.0 to 140.0 mM/l, and
(e) chloride at a concentration of about 118.0 to 136.5 mM/I,

or a therapeutically effective dilution or concentration of said solution.

8. The ophthalmic solution of claim 7 wherein said solution has an
osmolarity of about 296-325 mOsm/Kg.

9. The ophthalmic solution of claim 7 further comprising:
(a) calcium at a concentration of about 0.5 to 2.0 mM/I,
(b) magnesium at a concentration of about 0.3 to 1.1 mM/1, and
(c) phosphate at a concentration of about 0.8 to 2.2 mM/I.

10.  The ophthalmic solution of claim 9 wherein said solution has an
osmolarity of about 296-325 mOsm/Kg.

11. A method of treating eye surface inflammation or dryness comprising
topically applying to the surface of an eye of a subject suffering from said disorder an
ophthalmic solution comprising: (a) a tetracycline compound in an amount sufficient to
treat an ocular disease characterized by eye surface inflammation; and (b) a balance of
electrolytes selected from the group consisting of potassium, chloride, bicarbonate and
sodium, wherein said potassium is present at a concentration of about 22.0 to 43.0 mM/I,
said bicarbonate is present at a concentration of about 29.0 to 50.0 mM/1, said sodium is
present at a concentration of about 130.0 to 140.0 mM/l, and said chloride is present at a
concentration of about 118.0 to 136.5 mM/], or a therapeutically effective dilution of
said solution.

12. The method of claim 11 wherein said solution has an osmolarity of about
296-325 mOsm/Kg.

13. The method of claim 11 wherein said tetracycline compound is
tetracycline hydrochloride at a concentration of about 0.125% to 2% when the solution

is isotonic or attains isotonicity.

14. A method of simultaneously reducing inflammation and dryness of an
ocular surface, comprising topically applying to said ocular surface an ophthalmic

solution comprising: (a) a tetracycline compound in an amount sufficient to treat an
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ocular disease characterized by eye surface inflammation; and (b) a balance of
electrolytes selected from the group consisting of potassium, chloride, bicarbonate and
sodium, wherein said potassium is present at a concentration of about 22.0 to 43.0 mM/1,
said bicarbonate is present at a concentration of about 29.0 to 50.0 mM/L, said sodium is
present at a concentration of about 130.0 to 140.0 mM/I, and said chloride is present at a
concentration of about 118.0 to 136.5 mM/1, or a therapeutically effective dilution of

said solution.

15. Anophthalmic preparation comprising an aqueous solution containing
one or more tetracycline compounds in an amount sufficient to treat an ocular disease

characterized by eye surface inflammation.

16.  The ophthalmic preparation of claim 15 wherein said tetracycline

compound is tetracycline hydrochloride.
17. The ophthalmic preparation of claim 16 wherein said tetracycline

hydrochloride is present at a concentration of about 0.125% to 2% when the solution is

1sotonic or attains isotonicity.
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