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(57) ABSTRACT 

A method for treating a patient having meibomian gland 
disease, ocular irritation associated With delayed tear clear 
ance, or recurrent corneal epithelial erosion, is disclosed. 
Preferably, the method concerns treatment of a patient With 
topical tetracycline, a derivative or analogue of tetracycline, 
or a chemically modi?ed tetracycline (CMT). Oral adminis 
tration of a CMT is also disclosed as part of the method for 
treating meibomian gland disease, ocular irritation associated 
With delayed tear clearance, or recurrent corneal epithelial 
erosion. 
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METHOD FOR TREATING MEIBOMIAN 
GLAND DISEASE 

BACKGROUND OF THE INVENTION 

[0001] Meibomian gland disease is the most common tear 
?lm and ocular surface disorder causing eye irritation. The 
incidence of the disease increases With age, and occurs in 
approximately 50% of patients With the skin disease, rosacea. 
A conservative estimate of the number of patients affected 
With this condition is 10 million in the United States alone. It 
has been reported that 15% of patients With ocular rosacea 
develop recurrent corneal epithelial erosions, a potentially 
sight-threatening problem. 
[0002] Common complaints of patients suffering from mei 
bomian gland disease include blurred or ?lmy vision, burning 
or foreign body sensations in the eye, photophobia, and pain 
severe enough to aWaken the person from sleep. Although 
patients With this condition usually have normal production 
of aqueous tears by their lacrimal glands, their meibomian 
glands can atrophy and this is frequently accompanied by 
metaplasia of the ductal epithelium of these glands. Anterior 
erosion of the mucocutaneous junction of the eyelid is often 
noted, as Well as eyelid and conjunctival infection, eyelid 
margin irregularity, corneal epithelial changes, and corneal 
vasculariZation. 

[0003] The mechanisms responsible for the eyelid and ocu 
lar surface changes and irritation symptoms experienced by 
patients With meibomian gland disease Were heretofore 
unknown. Therefore, previous treatments of meibomian 
gland disease Were directed only to treatment of presumed 
infection of the eyelids or meibomian glands, or had particu 
lar disadvantages that made such treatments of little use for 
long periods of time. For example, patients With meibomian 
gland disease have been symptomatically treated With arti? 
cial tears, but these agents provide limited, if any, improve 
ment. Topically applied steroids to the eyelids or ocular sur 
face are effective as short-term pulse therapies. HoWever, 
steroids are not good long-term solutions because of the 
potential side-effects e.g., cataract and glaucoma. Meibomian 
gland disease is currently not curable or reversible; therefore, 
patients With this condition must be treated for life. 
[0004] Orally administered tetracyclines and tetracycline 
analogues (e.g., doxycycline and minocycline) having anti 
biotic activity are commonly and effectively used for prophy 
lactic or therapeutic treatment of meibomian gland disease. 
The mechanism by Which tetracyclines Work in treating mei 
bomian gland disease is not knoWn, but some relief of symp 
toms has been reported. HoWever, one disadvantage for using 
antimicrobially active tetracyclines or tetracycline analogues 
orally in the treatment of meibomian gland disease is that a 
high percentage of patients are unable to tolerate oral tetra 
cyclines for extended periods of time. The intolerance to 
tetracyclines can manifest itself in gastrointestinal problems, 
e.g., epigastric pain, nausea, vomiting, and diarrhea, or other 
problems related to taking long-term oral antibiotics, such as 
mucosal candidiasis . At the present time there are no available 
long-term treatments of meibomian gland disease. 
[0005] Recently, tetracycline and tetracycline analogues 
have been reported to have antimicrobial-in?ammatory 
effects (e.g., reduction of IL-1 and nitric oxide production) 
and to inhibit synthesis and activation of MMPs. Tetracy 
clines have been reported to be effective in treating diseases 
Where chronic in?ammation and tissue destruction due to 
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increased collagenase activity have been implicated. These 
diseases include rheumatoid arthritis, sterile corneal ulcer 
ation, and, periodontitis. 
[0006] Certain modi?cations of the chemical structure of 
tetracycline result in a tetracycline analogue Which lacks anti 
microbial activity. These non-antimicrobial, chemically 
modi?ed tetracyclines (CMTs) retain their anti-in?ammatory 
and 
[0007] anti-collagenolytic activities. Topical administra 
tion of antimicrobial tetracyclines or non-antimricrobial 
CMTs, or oral administration of non-antimicrobial CMTs 
represent a major advance in the therapy of patients having 
meibomian gland disease because both treatment modalities 
eliminate systemic toxicity and Would alloW lifetime admin 
istration of these therapeutic agents for this chronic disease. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The subject invention concerns a class of agents and 
methods of using those agents for treatment of a patient 
having meibomian gland disease, including relief of symp 
toms or conditions associated With the disease, such as ocular 
irritation, delayed tear clearance, or recurrent corneal epithe 
lial erosion. More speci?cally, the subject invention concerns 
agents and methods for decreasing ocular irritation, and sur 
face in?ammation, improving tear clearance, reducing tear 
IL-IO. concentration, or inhibiting IL-lot-mediated matrix 
metalloproteinase activity Which is increased in patients With 
meibomian gland disease or delayed tear clearance. The sub 
ject invention can thus be useful for reducing eye irritation, 
improving tear-clearance, reducing IL-IO. concentration in 
the tear ?uid, or inhibiting MMP activity in the tear ?uid of 
patients With delayed tear clearance and increased tear ?uid 
IL-lot. 
[0009] In a preferred embodiment, the subject invention 
concerns use of an effective amount of a topically adminis 
tered antimicrobial tetracycline or tetracycline analogue, or a 
non-antimicrobial analogue of tetracycline. Non-antimicro 
bial tetracycline analogues are, commonly referred to and 
accepted in the scienti?c literature as “chemically modi?ed 
tetracyclines” (CMTs). These compounds, or compositions 
comprising those compounds can be used for treating meibo 
mian gland disease, ocular irritation associated With delayed 
tear clearance, or recurrent corneal epithelial erosion. Alter 
natively, CMTs can be administered orally for treating mei 
bomian gland disease, ocular irritation associated With 
delayed tear clearance, or recurrent corneal epithelial erosion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs IL-IO. concentrations in tear ?uid for 
rosacea patients, ideal controls, and age-matched control sub 
ject groups. 
[0011] FIG. 2 shoWs gelatinase activity plotted against 
IL-ot concentrations for normal control (NL) patients and 
meibomian gland disease (MGD) patients. 
[0012] FIG. 3 shoWs ?uorescein tear concentration plotted 
against IL-ot concentration for normal control (NL) patients 
and meibomian gland disease (MGD) patients. 
[0013] FIG. 4 shoWs ?uorescein tear concentration plotted 
against gelatinase activity normal control (NL) patients and 
meibomian gland disease (MGD) patients. 
[0014] FIG. 5 shoWs the concentration (pg/ml) of mature 
IL-IO. in supernatants of human corneal epithelial cell cul 
tures. Media:negative control; LPSIcuItures treated With 
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lipopolysaccharide for 24 h; LPS MPIcuItures treated With 
LPS and the corticosteroid methylprednisolone for 24 h; LPS 
Doxy:cultures treated With LPS and doxycycline (5 ug/ml) 
for 24 h. 
[0015] FIG. 6 shoWs the ratio of the mature to precursor 
forms of IL-lO. in supernatants of human corneal epithelial 
cell cultures. Media:negative control, LPSIcultures treated 
With lipopolysaccharide for 24 h; LPS MPIcuItures treated 
With LPS and the corticosteroid methylprednisolone for 24 h; 
LPS Doxy:cultures treated With LPS and doxycycline (5 
ug/ml) for 24 h. 
[0016] FIG. 7 shoWs the concentration (pg/ml) of IL-lRA 
in supernatants of human corneal epithelial cell cultures. 
Media:negative control; LPSIcultures treated With 
lipopolysaccharide for 24 h; Doxy:cultures treated With 
doxycycline (5 ug/ml) for 24 h; CMT 3:cultures treated With 
chemically modi?ed tetracycline CMT 3 (1 ug/ml) for 24 hr; 
Doxy+LPS:cultures treated With LPS and doxycycline (5 
ug/ml) for 24 h; CMT 3+LPS:cultures treated With LPS and 
chemically modi?ed tetracycline CMT 3 (1 ug/ml) for 24 hr. 
[0017] FIG. 8 is a gelatin Zymogram of human corneal 
epithelial cell supernatant: doxycycline treatment and 
MMP-3 activation. Lane Legend: (1) 92 kDa puri?ed pro 
MMP-9 standard (0.1 ng) (2) Corneal epithelial supematant+ 
50 ug/mL doxycycline; (3) Supematant+50 ug/mL doxycy 
cline+1.5 ng/uL MMP-3; (4) Supematant+100 ug/L 
doxycycline+1.5 ng/uL MMP-3; (5) Supernatant from cell 
culture pre-treated With doxycycline; (6) Supernatant from 
cell culture pre-treated With doxycycline+1 .5 ng/uL MMP-3. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] This invention concerns, in a preferred embodi 
ment, the use of topically applied antimicrobial tetracyclines, 
including tetracycline or a tetracycline analogue, or topically 
or orally administered chemically-modi?ed tetracyclines 
(CMTs) for treatment of a patient having meibomian gland 
disease. According to the subject invention, treatment of a 
patient having meibomian gland disease includes reducing or 
reversing irritation symptoms, delayed tear clearance, recur 
rent corneal epithelial erosion or aqueous tear de?ciency. The 
CMTs lack antimicrobial activity. For purposes of this inven 
tion, tetracycline and its analogues having antimicrobial 
activity are termed “antimicrobial tetracyclines” and the tet 
racycline analogues lacking antimicrobial activity are termed 
“CMTs”. 

[0019] We recently discovered that patients With meibo 
mian gland disease have signi?cantly delayed tear clearance, 
rapid tear break-up time (often instantaneous), and tear ?lm, 
instability. In addition, it Was found that meibomian gland 
disease patients have signi?cantly greater concentrations of 
the pro-in?ammatory cytokine, interleukin 1 alpha (IL-10.) in 
their tear ?uid. 

[0020] IL-lO. has been reported to have multiple biological 
effects, including increasing expression of adhesion mol 
ecules by vascular endothelial and epithelial cells that facili 
tate binding of in?ammatory cells, inducing expression of 
chemotactic cytokines such as interleukin 8, stimulating pro 
duction of prostaglandins that increase vascular permeability 
and pain, stimulating production of nitric oxide that causes 
vasodilation and redness, and stimulation of production of 
matrix-degrading enZymes, termed matrix metalloprotein 
ases (MMPs), by several different cell types, including 
mucosal epithelium. 
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[0021] We found that the activity of one member of the 
MMP family, MMP-9 (also termed gelatinase B), is markedly 
increased in the tear ?uid of patients With meibomian gland 
disease associated With rosacea, as compared to normal 
asymptomatic patients. In addition, activity of gelatinase B 
appears to be inversely correlated With tear clearance. 
[0022] These data indicate that antimicrobial tetracyclines 
and tetracycline analogues and CMTs possess biological 
activities capable of neutraliZing the in?ammatory and matrix 
degrading factors that have been found to be strongly corre 
lated With the development of ocular rosacea in our studies. 

[0023] Advantageously, topically applied tetracyclines or 
CMTs can have greater ef?cacy because of the higher con 
centrations that can be achieved at the disease site. Because of 
their lack of antimicrobial-bacterial effect and greater thera 
peutic activity, CMTs can have feWer systemic or other side 
effects than tetracyclines, Whether administered orally or 
topically. 
[0024] Topical administration of a tetracycline analogue in 
an ointment (e. g., oxytetracycline) or in solution (e.g., doxy 
cycline eye drops), to patients having meibomian gland dis 
ease associated With rosacea resulted incomplete resolution 
of symptoms in 73% (8 of 1 1) of the patients treated With the 
tetracycline analogue ointment and more than 90% (10 of 1 1) 
of the patients treated With the tetracycline analogue solution. 
[0025] Several patients Who had previously used oral tetra 
cycline stated that, improvement in their symptoms Was better 
With topically applied oxytetracycline than orally adminis 
tered tetracycline. Three patients had moderate but not com 
plete relief of symptoms. Three other patients experienced 
burning from the medication, one of Which ceased treatment. 
[0026] The tetracycline utiliZed in the present invention 
may be any of the readily available, pharmaceutically accept 
able tetracyclines knoWn in the medical art. Included in this 
group of tetracyclines are those such as chlortetracycline, 
Which is marketed under the tradename AcroniZe, Aureocina, 
Aureomycin, Biomitsin, Biomycin, and Chrysomykine; 
Demeclyeycline marketed as Lederrnycin, Detravis, Meci 
clin, and Mexocine; Doxycyline marketed as Vibramycin, 
Vibramycin Hyclace, Liomycin V1bradox, Panamycin, Titra 
dox, Hydramycin, Tecacin; Lymecycline Which is marketed 
as Arrnyl, Mucomycin, Tetramyl, Tetralysal; Methacycline 
Which is marketed as Adriamicina, Cyclobiotic, Germicilclin, 
Globociclina, Megamycine, Pindex, Londomycin, Optimy 
cin, Rondomycin; Minocycline Which is marketed as Mino 
cin, Klinomycin, Vectrin; Oxytetracycline Which is marketed 
as Biostat, Oxacycline, Oxatets, Oxydon, Oxymycin, 
Oxytan, Oxytetracid, Ryomycin. SteZaZin, Tetraject, Terra 
mycin, Tetramel, Tetran, Dendarcin, Dendarcin; Rolitetracy 
cline marketed as Bristacin, Reverin, Superciclin, Syntetrex, 
Syntetrin, Synotodecin, Tetraverin, Transcycline, Velaci 
cline, Velacycline; and Tetracycline marketed as Achromy 
cin, Ambramycin, Cyclomycin. Polycycline, Tetrabon, and 
Tetracyn. 
[0027] The active salts Which are formed through protona 
tion of the dimethylamino group on carbon atom 4, exist as 
crystalline compounds and are very stable in Water. HoWever, 
these amphoteric antibiotics Will crystalliZe out of aqueous 
solutions of their salts unless stabiliZed by an excess of acid. 
The hydrochloride salts are used most commonly for oral 
administration. Water soluble salts may be obtained also from 
bases such as sodium or potassium hydroxides but are not 
stable in aqueous solution, they are also formed With divalent 
and polyvalent metals. 
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[0028] The tetracyclines or CMTs used according to the 
present invention are preferably orally administered at a dos 
age level from about 10% to about 100%, and preferably 
about 20% to about 80% of the normal antibiotic therapeutic 
dose of the particular tetracycline compound being 
employed. By normal antibiotic therapeutic dose is meant the 
do sage of the particular tetracycline compound Which is com 
monly used and recommended for the treatment of bacterial 
infection. Alternatively, sub-antimicrobial dose means a dose 
having no signi?cant antimicrobial effect in vitro or in vivo. 
More than 100% of the normal antibiotic therapeutic dose can 
be utilized in the method of the present invention. The normal 
antibiotic therapeutic dose of the tetracycline is for the most 
part, Well studied and Well documented. 

[0029] Tetracyclines and chemically modi?ed tetracyclines 
for topical administration can be added to buffered and elec 
trolyte balanced aqueous solutions, buffered and electrolyte 
balanced aqueous solutions With a lubricating polymer, min 
eral oil or petrolatum-based ointment, other oils, liposomes, 
cylcodextrins, sustained release polymers or gels in a range 

[0030] from 0.00 to 3% (Weight per volume or Weight per 
Weight). These preparations can be administered to the pre 
ocular tear ?lm or onto the eyelid skin or lid margin 1 to 6 
times per day for a period up to the lifetime of the patient. For 
example, an eye drop solution comprising doxycycline as an 
active ingredient Was prepared by dissolving pharmaceutical 
grade doxycycline hydrochloide poWder in an electrolyte 
balanced, salt solution (BSS®, Alcon, Ft. Worth, Tex.) to a 
?nal concentration of 0.025%. 

[0031] In a preferred embodiment, the compounds useful 
according to the subject invention are tetracyclines Which 
have been chemically modi?ed so as to substantially reduce 
or eliminate antimicrobial properties and increase their anti 
microbial-in?ammatory activity. Methods for reducing anti 
microbial properties of a tetracycline are disclosed in The 
Chemistry ofthe Tetracyclines, Ch. 6, Mitscher, Ed., at p. 211. 
As pointed out by Mitscher, modi?cation at positions 1, 2, 3, 
4, 10, and 12a can lead to loss of antimicrobial activity. Such 
chemically modi?ed tetracyclines (CMTs) are included in the 
preferred embodiment of the present invention, since they can 
be used Without disturbing the normal microbial ?ora of the 
treated, mammal as Would happen With extended exposure to 
antimicrobial tetracyclines. 
[0032] Preferable CMTs used according to the subject 
invention include those lacking a dimethylamino side chain at 
position 4. For example, 4-dedimethy1aminotetracycline, 
4-dedimethylamino-5-oxytetracyc1ine, 4-dedimethy1amino 
7-chlortetracycline, 4-hydroxy-4-dedimethy1aminotetracy 
cline, 4-dedimethy1amino-12a-deoxytetracyc1ine, 4-dedim 
ethylamino- 1 1 -hydroxy- 12a-deoxytetracycline, 
4-dedimethylamino-7-dimethylaminotetracycline, 6-dim 
ethyl-6-deoxy-4-dedimethylaminotetracycline, 6-o-deoxy 
5 -hydroxy-4-dedimethy1aminotetracycline, 1 la-chlor‘tetra 
cycline, 12a-deoxytetracyc1ine, and the 2-nitrilo analogs of 
tetracycline. 
[0033] The amount of tetracycline or CMT administered to 
effectively treat meibomian gland disease, ocular irritation 
associated With delayed tear clearance, or recurrent corneal 
epithelial erosion is an amount that signi?cantly improves 
tear clearance, reduces IL-IO. concentration in the tear ?uids, 
or IL-IO. mediated production of MMPs, or MMP activity. 
The maximal dosage for humans is the highest dosage that 
does not cause clinically important side effects. For the pur 
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pose of the present invention, side effects include clinically 
important disruption of the normal ?ora as Well as toxic 
effects to the eye surface. 
[0034] The dosage of tetracyclines administered in the 
present invention is also additionally dependent upon the age 
and Weight of the person being treated, the mode of admin 
istration, and the type and severity of the in?ammatory or 
matrix-degrading disease being treated. For illustrative pur 
poses, a suitable amount of the antimicrobial tetracycline; 
doxycycline, is 0.1-4.0 mg/kg/day. In the case of a non 
antimicrobial tetracycline, for example, the dose for 4-dedi 
methylaminotetracycline can be 01-30 mg/kg/day. HoWever, 
in either case, the preferred method of treatment includes 
tetracycline or CMT compositions administered topically to 
the eye in suitable pharmaceutical carriers. The pharmaceu 
tical carrier may be in the form of a solution, suspension, 
ointment, gel, or other form suitable for topical administra 
tion of the tetracycline or topical, or oral administration of 
CMT to the affected mammal. For oral administration, the 
CMTs uti1iZed according to the subject invention can be for 
mulated in the form of tablets, capsules elixirs, or the like. 
Additionally, the tetracyclines or CMTs of the present inven 
tion can be reasonably incorporated into a polymer carrier 
delivery system for use topically, subconjunctivally, or orally. 
In addition, other means of administration are contemplated, 
such as by injection, either intramuscularly or intravenously. 
[0035] The folloWing Examples describe in detail compo 
sitions and methods illustrative of the present invention. It 
Will be apparent to those skilled in the art that many modi? 
cations, both of materials and methods, may be practiced 
Without departing from the purpose and, intent of this disclo 
sure. 

EXAMPLE 1 

Identi?cation of Increased IL-lO. Concentrations in 
Meibomian Gland Disease Patients 

[0036] In one study, tear ?uid concentrations of Interleu 
kin-1-alpha (IL-10.), Tumor Necrosis Factor-0t (TNF-ot), and 
Epidermal GroWth Factor (EGF) in patients having ocular 
rosacea Were compared With those concentrations in normal 

patients (controls). 
[0037] Fourteen (14) patients With severe meibomian gland 
disease, facial rosacea, and symptoms of ocular irritation 
Were examined for ocular surface disease, tear production and 
tear clearance rate (TCR). For meibomian gland disease 
assessment, meibomian glands Were examined by slit lamp 
biomicroscopy and graded for the presence of ori?ce meta 
plasia, expressibility of meibum, and meibomian gland acinar 
dropout, as previously described and knoWn from the scien 
ti?c literature. TWelve (12) controls frequency-matched for 
age, and ?fteen (15) ideal normals Were assessed using the 
same parameters. 

[0038] Minimally stimulated tear samples (20 [1.1) Were 
draWn from each subject and analyzed using a sandWich 
ELISA to detect IL-10t, TNF-ot, and EGF. Sandwich ELISA 
assays for EGF, IL-lO. and TNF-ot Were performed using 
commercial kits (R&D Systems, Minneapolis, Minn.). Prior 
to each analysis tears Were extracted in a masked fashion by 
the laboratory technician from the saturated rods by centri 
fuging at 3,500 g for 5 minutes Within the pipette tip. 
[0039] The samples from both eyes of each patient Were 
pooled. The rods and pipette tips Were carefully removed and 
the tears aspirated (2 [1.1 for EGF assay and 4 [1.1 for IL-IO. and 
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TNF-ot assays) and diluted in ELISA buffer (supplied by 
manufacturer) to a ?nal volume of 200 [1.1. The tear samples 
Were transferred to Wells of microliter plate and the ELISA 
performed according to the instructions provided by the 
manufacturer. Cytokine concentrations Were determined 
from the standard curve as described previously in the litera 
ture. The results of the cytokine concentration assays for each 
subject group are shoWn in Table 1 beloW. 

TABLE 1 

In?ammatory Cytokines in Tears 

Tumor Necrosis interleukin-10L 
Subject Group Factor-0t (pg/ml) (pg/ml) 

Rosacea patients <10 pg/ml 45.4 r 4.6 
Age-matched <10 pg/ml 22.6 r 5.0 

controls (p = 0.003) 
Ideal controls <10 pg/ml 17.1 r 3.4 

(p < 0.001) 

P values listed for each control group are derived from comparison ofthe mean value ofthat 
group With the mean value ofthe same variable in the rosacea group. 

[0040] Tear IL- 1 0t concentration Was signi?cantly higher in 
rosacea patients than in age-matched (p:0.003) and ideal 
normal controls (p<0.00l) (FIG. 1). TNF-ot Was not detected 
in patients or controls, indicating levels of less than 10 pg/ml. 
EGF Was not signi?cantly higher in rosacea patients than in 
age-matched controls. Tear Clearance LN(TCR) Was signi? 
cantly loWer in rosacea patients than in both age-matched 
(p:0.048) and ideal controls (p:0.002). Schirmer I scores 
Were statistically loWer in rosacea patients than ideal controls 
(p:0.013), but not age matched controls. IL-IO. Was corre 
lated inversely With tear clearance LN(TCR) (r:0.58 p<0. 
0001) and Schirmer I (r:—0.39, p:0.012). 
[0041] It Was concluded that concentrations of IL-IO. are 
present tin normal tears but are elevated in ocular rosacea, 
Whereas TNF-ot is not. The reduced tear clearance LN(TCR), 
its inverse correlation With IL-lot, and the absence of TNF-ot 
the tears of these patients, suggests that the increased concen 
tration of IL-IO. observed may be largely due to failure of 
clearance of cytokine normally produced at the ocular sur 
face. 
[0042] In summary, there is a differential increase in the 
level of the in?ammatory cytokine IL-IO. in the tear ?uid in 
patients having ocular rosacea. Much of this elevation can be 
caused by reduced tear clearance, Which can encourage tear 
stagnation and perpetuate ocular surface in?ammation by 
stimulating production of in?ammatory molecules. 

EXAMPLE 2 

Correlation of Gelatinase Activity With IL-IO. Con 
centration and Tear Clearance 

[0043] Tear ?uorescein clearance Was correlated With 
IL-IO. concentration and 92 kD gelatinase (MMP 9) activity 
in the tears of patients. Thirteen patients With ocular rosacea 
(including 1 patient With recurrent epithelial erosion, 2 With 
recurrent peripheral corneal in?ltrates and vasculariZation 
and 2 patients With epithelial basement membrane dystrophy) 
and 13 normal subjects With normal aqueous tear production 
and no irritation symptoms Were evaluated. Tear ?uorescein 
clearance Was evaluated by measuring ?uorescence in tear 
?uid collected from the inferior meniscus 15 minutes after 
instillation of 5 ml of 2% Na-?uorescein With a Cyto?uor II. 
IL-IO. Was measured by ELISA using an R&D Systems kit. 
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Gelatinase activity Was evaluated by gelatin Zymography, 
comparing tear activity to puri?ed 92 kD gelatinase (MMP 9). 
[0044] Compared to normal controls, patients With ocular 
rosacea had greater delay of ?uorescein clearance (p<0.00l), 
higher tear IL-IO. concentration (p<0.001), and greater 92 kD 
gelatinase activity (p<0.00l). Tear IL-IO. concentration Was 
correlated With gelatinase activity (rho:0.58, p<0.002) (FIG. 
2); delayed tear clearance Was correlated With elevated tear 
IL-IO. concentration (rho:0.84, p<0.001) (FIG. 3) and 
increased gelatinase activity (rho:0.84, p<0.001) (FIG. 4). 

EXAMPLE 3 

Reduced Tear-Clearance in Ocular Irritation 

[0045] Reduced tear clearance is commonly found in most 
patients With ocular, irritation irrespective of the patient’s tear 
production. Forty (40) abnormal patients presenting With a 
chief complaint of ocular irritation and forty (40) asymptom 
atic controls of similar age distribution Were used to correlate 
and compare a neW method of measuring tear ?uorescein 
clearance and the Schirmer 1 test With the severity of ocular 
irritation symptoms, presence of meibomian gland disease, 
corneal ?uorescein staining scores, and corneal and conjunc 
tival sensitivity. All subjects completed a symptom question 
naire, a baseline ocular examination, ?uorescein clearance 
test (PCT) and Schirmer test. 
[0046] Methods. The ?uorescein clearance test (FCT) Was 
performed by measuring the ?uorescein concentration in 
minimally stimulated tear samples collected from the inferior 
tear meniscus 15 minutes after instillation of 5 ul of 2% 
sodium ?uorescein With a Cyto?uor II ?uorophotometer. 
Severity of ocular irritation Was assessed With a symptom 
questionnaire. 
[0047] Schirmer 1 test, biomicroscopic meibomian gland 
evaluation, corneal ?uorescein staining score and corneal and 
conjunctival sensation scores With the Cachet-Bonnet anes 
thesiometer Were assessed in all subjects. 
[0048] Results. Irritation symptoms correlated With higher 
log tear ?uorescein concentration (symptomatic 3.08+/—0.62 
units/pl, normal control 1.89+/—0.7 units/[1.1, p<0.005) and 
loWer Schirmer 1 test scores (symptomatic 12.6 mm, normal 
control 22.3 mm, p<0.005). The ?uorescein clearance test 
shoWed greater predictive value for identifying ocular irrita 
tion than the Schirmer 1 test. 

EXAMPLE 4 

Doxycycline Therapy Improves Tear Clearance and 
Reduces IL-1 Concentration in the Tear Fluid 

[0049] Six patients Were treated With oral doxycycline 50 
mg orally tWice a day for 3 Weeks. An improvement in irrita 
tion symptoms Was observed in 5 of 6 patients. Additionally, 
decreased conjunctival hyperemia and corneal ?uorescein 
staining Was observed in all patients. An improvement in 
?uorescein clearance Was noted in 5 of 6 patients and reduc 
tion of tear ?uid IL-1 concentration Was also observed in 5 of 
6 patients. These ?ndings indicate that tetacyclines reduce 
tWo of the signi?cant risk factors for ocular irritation in 
patients With meibomian gland disease. 

EXAMPLE 5 

Resolution of Symptoms of Meibomian Gland Dis 
ease by Topical Administration of Oxytetracycline 

[0050] Eleven (1 1) patients With ocular irritation symptoms 
due to meibomian gland disease associated With rosacea and 
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delayed tear clearance Were treated With a commercially 
available oxytetracycline ointment (Terak, Akorn Pharma 
ceuticals) as a topical administration to the ocular surface or 
the eyelids. Seventy-three percent (73%) of these patients had 
complete resolution of irritation symptoms. See Table 2 
beloW. 

TABLE 2 

Patients With Ocular Rosacea Treated With Oxytetracycline Ointment 

Patient’s Clinical 
Number Initials BPEI # DateTreated Response Comments 

1 LP 410606 Jan.2, 1997 E 
2 HB 393796 Jan. 13, 1997 E 
3 HP 214814 Dec. 23, 1996 E 
4 BP 358105 Dec. 2, 1996 G mild burning, 
5 JS 547453 Jan. 10, 1997 G burned and 

stopped 
6 FC 225688 Jan.7,1997 E 
7 II 422804 Jan. 13, 1997 E 
8 RR 401297 Jan. 13,1997 E 
9 CA 88261 Jan. 27, 1997 E 

10 DL 531404 Jan. 21, 1997 G mild burning 
11 ES 554804 Dec. 16, 1996 E 

E = Excellent response, complete or almost complete relief of symptoms. 

G = Good response; symptoms moderately, but not completed relieved 

[0051] Several patients Who had previously used oral tetra 
cycline stated that improvement in their symptoms Was better 
With topically applied oxytetracycline than orally adminis 
tered tetracycline. Three patients had moderate but not com 
plete relief of symptoms. Three other patients experienced 
burning from the medication, one of Which ceased treatment. 

EXAMPLE 6 

Resolution of Ocular Irritation by Administration of 
Topical Doxycycline Solution 

[0052] Moderate to complete relief of ocular irritation 
symptoms Was also observed in 10 of 11 patients experienc 
ing ocular irritation due to meibomian gland disease and 
delayed tear clearance that Were treated With topical admin 
istration of a 0.025% aqueous solution of doxycycline to their 
eyes 3 to 4 times per day for 2 Weeks. See Table 3. The 
solution Was prepared as described herein. A reduction of 
corneal ?uorescein staining Was observed in several of these 
patients. 

TABLE 3 

Patients Treated With Topical Doxycycline 

No. BPEI # DIAGNOSIS RESPONSE 

1 5 85447 MGD, DTC complete 
2 460606 MGD, DTC moderate, better than oral 
3 537137 MGD, DTC compete, better than oral 
4 606807 MGD, DTC complete 
5 590395 MGD, DTC complete 
6 593046 MGD, DTC moderate 
7 503909 MGD, DTC complete, better than oral 
8 558105 MGD, DTC moderate, not as good as oral 
9 405797 MGD, DTC no effect 
10 576264 MGD, DTC moderate 
11 5 62422 MGD, DTC complete 

MGD = Meibomian gland disease 

DTC = delayed tear clearance 
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[0053] It should be understood that the examples and 
embodiments described herein are for illustrative purposes 
only and that various modi?cations or changes in light thereof 
Will be suggested to persons skilled in the art and are to be 
included Within the spirit and purvieW of this application and 
the scope of the appended claims. 

EXAMPLE 7 

Doxycycline Inhibits the Conversion of Precursor 
IL-1[3 to its Mature Form in Cultured Human Cor 

neal Epithelium 

[0054] The effect of Doxycycline Was evaluated on the 
concentrations of precursor and mature IL-1 [3 in the supema 
tants of human corneal epithelial cell cultures that Were 
stimulated With lipopolysaccharide (LPS). Doxycycline sig 
ni?cantly decreased the level of the mature biologically active 
form of IL-1 [3 compared to LPS-stimulated cultures that Were 
not stimulated With doxycycline (FIG. 5). Furthermore, doxy 
cycline markedly decreased the ratio of mature to precursor 
IL-1[3 (FIG. 6). A decrease in the level of IL-1[3 mRNA in 
doxycycline-treated cultures Was also observed. These ?nd 
ings demonstrate that doxycycline inhibits that synthesis and 
activation of the in?ammatory cytokine IL-1 [3. 

EXAMPLE 8 

Doxycycline Increases Release of the Anti-In?am 
matory Form of IL-1, IL-1RA 

[0055] e-1 receptor antagonist (IL-1RA) is a molecule pro 
duced by epithelial and in?ammatory cells that binds to the 
type 1 IL-1 receptor but does not initiate signal transduction. 
[0056] IL- 1 RA has an anti-in?ammatory effect by compet 
ing With the pro-in?ammatory forms of IL-1 (IL-10. and 
IL-1[3) for the type 1 receptor. The addition of doxycycline or 
the chemically modi?ed tetracycline CMT-3 to human cor 
neal epithelial cell cultures signi?cantly increased the release 
of IL-1RA in to the media compared to untreated cultures. 
Furthermore, the concentration of IL-1RA in corneal epithe 
lial cultures stimulated With LPS and treated With either 
doxycycline or CMT-3 Was greater than cultures exposed to 
LPS alone (FIG. 7). These ?ndings indicate tetracyclines are 
anti-in?ammatory due to their ability to stimulate IL-1RA 
release by the human corneal epithelium. 

EXAMPLE 9 

Doxycycline Decreases MMP-9 Activity in Human 
Corneal Epithelial Cultures 

[0057] Exposure of human comeal epithelial cultures to 
doxycycline (5~g/ml) for 24 hours decreased the level of 
pro-MMP9 activity in the supernatant by 70% compared to 
untreated cultures (FIG. 8). MMP-9 is the metalloproteinase 
responsible for initiating sterile corneal ulceration and it is 
also capable of cleaving precursor IL-1 [3 into its mature form. 
[0058] All cited references are hereby incorporated herein 
by reference. 
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1-22. (canceled) 
23. A pharmaceutical composition formulated for topical 

administration to an eye comprising a non-antimicrobial 
amount of a tetracycline as an active ingredient in an amount 
effective to treat meibomian gland disease When administered 
topically to the eye, and a pharmaceutically acceptable aque 
ous solution. 

24. The composition of claim 23, Wherein said active ingre 
dient has a ?nal concentration of betWeen about 0.001% to 
about 1.0%. 

25. The composition of claim 23, Wherein said active ingre 
dient has a ?nal concentration of about 0.025%. 

26. The composition of claim 23, Wherein said active ingre 
dient is doxycycline. 

27. The composition of claim 23, Wherein said composi 
tion comprises one or more members of the group consisting 
of a balanced salt solution, a gel and a sustained-release 
preparation. 

28. The composition of claim 23, Wherein said tetracycline 
is a non-antimicrobial tetracycline. 

29. The composition of claim 28, Wherein said tetracycline 
is a tetracycline that lacks a dimethylamino side chain at 
position 4. 

30. The composition of claim 28, Wherein said tetracycline 
is selected from the group consisting of 4-dedimethylami 
notetracycline, 4-dedimethylamino-5-oxytetracycline, 
4-dedimethylamino -7 -chlorotetracycline, 4-hydroxy-4 -dedi 
methyl aminotetracycline, 4 -dedimethylamino - 12a-deox 
ytetracycline, 4-dedimethylamino-1 1 -hydroxy-12a-deox 
ytetracycline, 4-dedimethylamino -7 
dimethylaminotetracycline, 6-dimethyl-6-deoxy-4 
dedimethylaminotetracycline, 6-o -deoxy-5-hydroxy4 
dedimethylaminotetracycline, 11a-chlortetracycline, 12a 
deoxytetracycline and 2-nitrilo analogs of tetracycline. 

31. The composition of claim 23, Wherein said active ingre 
dient is oxytetracycline. 

32. The composition of claim 23, Wherein said active ingre 
dient is minocycline. 

33. The composition of claim 23, Wherein said composi 
tion is formulated for topical administration to one or more of 
an eye, an ocular surface, a preocular tear ?lm, an eyelid skin, 
and a lid margin. 

34. The composition of claim 23, Wherein said composi 
tion increases tear clearance in the eye of the patient, 
decreases ocular surface in?ammation, decreases meibomian 
gland in?ammation, neutraliZes in?ammatory and matrix 
degrading factors, decreases the level of an in?ammatory 
cytokine in aqueous tears, or increases production of inter 
leukin-1 receptor antagonist by corneal epithelium. 

35. The composition of claim 34, Wherein said cytokine is 
interleukin- 1 -alpha. 

36. The composition of claim 23, Wherein said composi 
tion inhibits one or more members of the group consisting of: 
matrix metalloproteinase activity in tear ?uid, synthesis and 
activation of interleukin- 1 [3, conversion of precursor interleu 
kin-1B to mature interleukin-1B, reactive oxygen species in 
tear ?uid and ocular surface epithelium. 

37. The composition of claim 36, Wherein said matrix 
metalloproteinase comprises matrix metalloproteinase-9. 

38. A pharmaceutical composition formulated for topical 
administration to an eye comprising a non-antimicrobial 
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amount of a tetracycline as an active ingredient in an amount 
effective to treat meibomian gland disease When administered 
topically to the eye, and a pharmaceutically acceptable aque 
ous solution, Wherein said active ingredient has a ?nal con 
centration of about 0.025%, and Wherein said composition is 
formulated as one or more members of the group consisting of 
a balanced salt solution, a gel and a sustained release prepa 
ration. 

39. A method of treating a patient having ocular rosacea, 
said method comprising topically administering an effective, 
non-antimicrobial amount of tetracycline to an eye of said 
patient having ocular rosacea. 

40. The method of claim 39, Wherein the tetracycline is 
administered at a concentration of betWeen about 0.02% and 
about 3%. 

41. The method of claim 39, Wherein said tetracycline is 
doxycycline. 

42. The method of claim 39, Wherein said tetracycline is 
oxytetracycline. 

43. The method of claim 39, Wherein said tetracycline is 
minocycline. 

44. The method of claim 39, Wherein said tetracycline is a 
non-antimicrobial tetracycline. 

45. The method of claim 44, Wherein said tetracycline is a 
tetracycline that lacks a dimethylamino side chain at position 
4. 

46. The method of claim 44, Wherein said tetracycline is 
selected from the group consisting of 4-dedimethylaminotet 
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racycline, 4-dedimethylamino-5-oxytetracycline, 4-dedim 
ethylamino-7-chlorotetracycline, 4-hydroxy-4-dedimethy 
laminotetracycline, 4 -dedimethylamino- 12a 
deoxytetracycline, 4-dedimethylamino-1 1-hydroxy-12a 
deoxytetracycline, 4-dedimethylamino -7 - 
dimethylaminotetracycline, 6-dimethyl-6-deoxy-4 
dedimethylaminotetracycline, 6-o-deoxy-5-hydroxy4 
dedimethylaminotetracycline, 11a-chlortetracycline, 12a 
deoxytetracycline and 2-nitrilo analogs of tetracycline. 

47. The method of claim 39, Wherein said amount increases 
tear clearance in the eye of the patient, decreases ocular 
surface in?ammation, decreases meibomian gland in?amma 
tion, neutraliZes in?ammatory and matrix degrading factors, 
decreases the level of an in?ammatory cytokine in aqueous 
tears, or increases production of interleukin-1 receptor 
antagonist by corneal epithelium. 

48. The method of claim 47, Wherein said cytokine is 
interleukin- 1 -alpha. 

49. The method of claim 39, Wherein said treatment com 
prises inhibiting a member selected from the group consisting 
of: matrix metalloproteinase activity in tear ?uid, synthesis 
and activation of interleukin-1B, conversion of precursor 
interleukin-1B to mature interleukin-1B, reactive oxygen spe 
cies in tear ?uid and ocular surface epithelium. 

50. The method of claim 49, Wherein said matrix metallo 
proteinase comprises matrix metalloproteinase-9. 

* * * * * 


