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ANTIGLAUCOMA COMPOSITIONS CONTAINING
. COMBINATIONS OF ALPHA-2 AGONISTS AND
BETA-BLOCKERS

Background of the Invention

1. Field of the Invention

The present invention relates to the field of ophthalmology. More
particularly, the invention relates to the treatment of glaucoma and
associated elevations of intraocular pressure, and to the treatment of
ocular hypertension associated with other diseases or conditions. The
invention is directed to providing topical, ophthalmic, pharmaceutical
compositions which include, as principal active ingredients, combina-
tions of one or more alpha-2 agonists, such as clonidine derivatives
(e.g., para-amino clonidine) and one or more beta-blockers (e.qg.,

betaxolol).

2. Discussion of Related Art

The underlying causes of glaucoma are not fully understood. The
symptomatology of this disease includes elevated pressure levels within
the eye. These pressure elevations may be caused by either over
production of fluid within the eye, or inadequate outflow of fluid from
the eye. The intraocular fluid is referred to as "aqueous humor.” The
internal pressure of the eye associated with the amount of fluid inside
the eye is referred to as "intraocular pressure" or “IOP." Although
the causes of glaucoma and associated elevations of intraocular pres-
sure are not fully understood, the prognosis of untreated or inade-
quately treated glaucoma is known to include very serious ocular mani-
festations, namely blindness or significant loss of vision. Thus,
there is a continuing need for therapies which control the elevated
intraocular pressure associated with glaucoma.

A significant number of glaucoma patients are required to
administer more than one drug in order to achieve therapeutic control
of their intraocular pressure. In other words, a single drug does not
provide adequate control of intraocular pressure in these patients.

The drugs currently utilized in the treatment of glaucoma include
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miotics (e.g., pilocarpine, carbachol, and acetylcholinesterase inhibi-
tors), sympathomimetics (e.g., epinephrine and dipivalylepinephrine),
beta-blockers (e.g., betaxolol, levobunolol and timolol), alpha-2
agoniists (e.g.,-para-amino clonidine) and carbonic anhydrase inhibitors
(e.g., acetazolamide, methazolamide and ethoxzolamide). Miotics and
sympathomimetics are believed to lower intraocular pressure by increas-
ing the outflow of aqueous humor, while beta-blockers, alpha-2 agonists
and carbonic anhydrase inhibitors are believed to lower intradcu]ar
pressure by decreasing the formation of aqueous humor. All five types
of drugs have potential side effects. Miotics, such as pilocarpine,'
can cause blurring of vision and other visual side effects which may
either decrease patient compliénce or require termination of miotic
drug therapy. Carbonic anhydrase inhibitors can also cause serious
side effects which affect patient compliance and/or necessitate with-
drawal of the drug therapy. At least one beta-blocker, timolol, has
increasingly become associated with serious pulmonary side effects
attributable to its effect on beta-2 receptors in pulmonary tissue. In
addition to these side effects, a therapy regimen which includes the
use of two or more pharmaceutical compositions containing drugs
selected from two or more of the above-cited classes requires the
patient to apply the'compositions to the affected eye(s) in separate,
spaced dosages, several times per day. Patient compliance with such
complicated dosage regimens can be very poor, particularly in elderly
patients. Since the majority of glaucoma patients are elderiy, this
patient compkiance problem is significant.

In light of the foregoing circumstances, it is clear that a need
exists for new, more potent antiglaucoma compositions which avoid or
reduce the ahove-cited side effects and enhance patient compliance.
The present invention is directed to the provision of such
compositions. ' '

- Summary of the Invention
~ The present invention is directed to the provision of antiglaucoma
compositioﬁs which comprise a combination of one or more a]pha-z
agonists and one or more beta-blockers. The invention is also directed
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to methods of controlling intraocular pressure utilizing those
compositions.

Compounds having alpha-2 agonist activity are known to lower
intraocular pressure. For example, the substituted 2-(arylimino)
imidazolidines described in U.S. Patent Nos. 4,461,904; 4,515,800; and
4,517,199 are known to lower intraocular pressure. The entire contents
of those patents are hereby incorporated in the present specification
by reference. The mechanisms by which alpha-2 agonists lower intra-
ocular pressure are not fully understood. It is believed, however,
that these agents reduce intraocular pressure by suppressing the inflow
of aqueous humor.

Beta-blockers, such as timolol and betaxolol, are also known to
lower intraocular pressure, and have been utilized for that purpose for
several years. The biological mechanism by which beta-blockers lower
intraocular pressure is not entirely clear. It is believed that these .
compounds control intraocular pressure by decreasing the production of
aqueous humor in the ciliary processes of the eye.

As mentioned above, two or more different types of drugs are
sometimes required to achieve therapeutic control of intraocular pres-
sure. The present invention is directed to the provision of topical,
ophthalmic, pharmaceutical tompositions containing two different types
of active ingredients which together achieve a greater reduction in
intraocular pressure than that achievable with the same concentration
of either ingredient used alone. The mechanisms by which the combina-
tions of the present invention achieve such reductions of intraocular
pressure are not completely understood. In general, it is believed
that the alpha-2 agonists and beta blockers utilized in the present
compositions reduce the inflow of aqueous humor by means of complemen-
tary mechanisms of action. While applicant does not wish to be bound
by any theory, it is postulated that beta blockers inhibit the
formation of aqueous humor in the ciliary processes by binding with
beta-2 receptors, thereby preventing the receptors from being stimu-
lated to form aqueous humor; while alpha-2 agonists appear to act by
means of a three part mechanism involving: (1) vasoconstriction inrthe
ciliary processes, (2) binding with presynaptic alpha-2 receptors to
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inhibit the release of neurotransmitors that act on beta-2 receptors to
cause aqueous humor formation, and (3) binding with inhibitory alpha-2
receptors in ciliary epithéTia] cells thereby preventing aqueous humor
formation. Whatever the mechanism, it is clear that the present
combinations have a potent.and surprising I0P lowering effect.

Detailed Description of the Invent1on

The antiglaucoma compositions of the present 1nvent1on comprise a
combination of a therapeutlcally effective amount of one or more
alpha-2 agonists and a therapeutically effective amount of one or more
beta-blockers. The ratio of the alpha-2 agonist component to the beta-
blocker component may vary considerably depending on the relative
potency of the specific components utilized and other factors, such as
the degree of intraocular pressure reduction desired and the nature of
the condition being treated. The ratio of the components employed is -
therefore left to the discretion of skilled clinicians. The ratio on a
percent by weight concentration basis will typically be in the range of
about 0.1:10 to 10:0.1 alpha-2 agonist:beta-blocker. -

The alphaQZ agonists which can be employed in the compositions of
the present invention include all pharmaceutically acceptable compounds
which have alpha-z agonist activity and are effective in controlling
intraocular pressure. Preferred alpha-2 agonists include clonidine, a
substituted 2-(arylimino) 1m1dazo]1d1ne and derivatives thereof,
including the compounds described in the three U.S. patents cited above
and 1ncorpora$ed herein by reference. A preferred group or class of
clonidine derivatives are trisubstituted 2-(phenylimino) imidazolidines
of formula: ' B
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X H -
N
. (1)
Rl p— |
N
Y H

wherein: Rj and Ry are selected from H, OH, NHR' and O-E-CHZ-R', with
R' being selected from H and Cy-C4 alkyl, provided that one of R; and
Ry is hydrogen; and X and Y are selected from Br, C1, CH3 and CHaCHj3.
Specific examples of compounds from this group are set forth in Table 1
below:

Table 1
Compound R1 Ro X Y
1 NHCH3 H CH3 CH3
2 NHCH3 H "CHoCH3 CHaCH3
3 NHCH3 H C1 Cl
4 NH H Br Br

)

A group of especially preferred clonidine derivatives of formula
(I) are those in which Ry and Ry are selected from H and NHy, provided
that one of Ry and Ry is H, and X and Y are selected from C1, CH3, and
CHoCHy. Specific examples of compounds from this group are set forth
in Table 2 below:
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- Table 2

Compound . Ry Roy X ' Y
5 H NHp CHy CH3
6 NHo , H - CHaCH3 CHoCH3
7 H NHp c1 S
8 Ny M CHyCHy o Cl
9 NHg I CHy ~
10 NHo H : CH3CHy . CHy
11 NHy H CHs CHy
12 ' H NHo CHoCH3 CHoCH3

13 Nip  H 1 ,c1

Of these specific examples, p-amino clonidine (i:e., Compound 13) has
been found to be particularly well-suited for use in the present
invention.

Another preferred group of clonidine derivatives are those wherein
Ry and Ry are both H and X and Y are selected from Br, C1, CH3 and
CHyCH3. Clonidine (X and Y = C1) is included in this group. Among
this group, compounds wherein at Teast one of X and Y is alkyl are
particularly preferred. Compounds of this type are described, for
example, in U.S. Patent No. 3,468,887, and J. Med. Chem., Vol. 19,
pages 1049-54 (1976); the contents of these publications relating to
the structuré,rpreparation and physical properties of clonidine deriva-
tives, particularly substituted 2-(arylimino) imidazolidines, are
incorporated herein by reference. Specific examples of compounds from
this group are set forth in Table 3 below:
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Table 3
Compound Ry Ry X Y
14 H H CHoCH3 CHoCH3
15 H H CHoCH3 CH3
16 H H C1 CHyCH3
17 H H C1 - a

In addition to the 2-(arylimino) imidazolidines identified above,
other groups or classes of alpha-2 agonists which may be utilized in
the present invention include 2-(arylimino) oxazolidines;
2-(arylmethylene) imidazolidines; 2-(arylimino) pyrrolidines;
arylalkylaminoguanidines, such as aryl-imidazoguinazolines and phenyl- -
acetylguanidines; and 2-(phenylimino) diazocyclopentenes. A1l of these
groups of drugs may be referred to as being clonidine derivatives or |
"clonidine-like" drugs. A comprehensive discussion of the properties
of clonidine and clonidine-like compounds is presented in a publication
by Timmermans et al. titled “Structure-Activity Relationships in
Clonidine-Like Imidazolidines and Related Compounds" "(pages 1-97,
published in 1980 by Gustav Fischer Verlag, of Stuttgart and New York).
The entire contents of that publication are hereby incorporated in the
present specification by reference. As indicated by Timmermans et al.,
the molecular structure of clonidine consists of three parts: an
aromatic (i.€., aryl) portion, a bridge, and an imidazolidine moiety.
Timmermans et al. disclose many compounds which have been produced by
modifying one or two of these three parts, but which retain one of the
three parts intact. For purposes of the present specification, all
such compounds are defined as being "clonidine derivatives."”

The antiglaucoma compositions of the present invention will
typically contain one or more of the above-described alpha-2 agonists
in an amount of about 0.02 to 2.0 percent by weight (wt. %).

The beta-blockers which may be utilized in the present invention
include all pharmaceutically acceptable compounds which are capable of
reducing the production of aqueous humor when applied topically to the
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eye. As utilized-herein, the term "beta-blocker" means a compound

- which acts to block beta-1 and/or beta-2 receptors from stimulation by
means of binding with those receptors, and has the ability to control
intraocular pressure. Beta blockers may be generally identified by the
following structure:

RL-0-CHp-CH(OH) ~CHp-NR2R3 (11)

wherein: R! is a substituted or unsubstituted cyclic or aliphatic
moiety; cyclic moieties include mono- and polycyclic structures which
may contain one or more heteroatoms selected from C, N, and O; RZ and
R3 are independently selected from H and substituted and unsubstituted
alkyl. With regard to beta blockers of structure (II), above, the
following references are incorporated herein by reference: Annual
Reports in Medicinal Chemistry Vol. 14, pages 81-87 (1979); J. Med.
Chem. Vol. 26, pages 1570-1576 (1983); ibid., Vol. 27, pages 503-509
(1984); ibid. Vol. 26, pages 7-11 (1983); ibid. Vol. 26, pages 1561-
1569 (1983); ibid., Vol. 26, pages 1109-1112 (1983); ibid., Vol. 26,
pages 950-957 (1983); ibid. Vol. 26, pages 649-657 (1983); and ibid.,
Vol. 26, pages 352-357 (1983).

Specific examples of beta blockers which may find use in the
present invention include acebutolol, adimolol, alprenolol, atenulol,
avotinolol, betaxolol, befunolol, bevantolol, bisoprolol, bopindolol,
bucomolol, bupranolol, butidrine, bunitolol, bunolol, butocrolol,
butoamine, carazolol, carteolol, celiprolel, cetamolol, cicloprolol,
diacetolol, draguinolol, epanolol, esmolol, exaprolol, hepunolol, ’
indenolol, iprocrolol, isoxaprolol, labetolol, levobunolol, mepindolol,
metipranolol, metoprolel, moprolol, nadolol, nifenalol, oxprenolol,
pamatolol,rpenbutolol, pindolol, practolol, procinolol, pronethalol,
propranolol, SKF 95018, sotalol, tazolol, tienoxolol, timolol,
tipreholol; tolamolol, toliprolol, and xamoterol. The most preferred
beta-blocker is betaxolol. Other preferred beta-blockers include
timolol, levobunolol, carteolol, metipranolol, and pindolol. All of
the foregoing compounds are known.

2]
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The antiglaucoma compositions of the present invention will
typically contain one or more of the above-described beta-blockers in
an amount of about 0.0l to 3.0 percent by weight (wt. %).

In addition to the above-described principal active ingredients,
the antiglaucoma compositions of the present invention may further
comprise various formulatory ingredients, such as antimicrobial preser-
vatives and tonicity agents. Examples of suitable antimicrobial
preservatives include: benzalkonium chloride, thimerosal, chlorobu-
tanol, methyl paraben, propyl paraben, phenylethyl alcohol, edetate
disodium, sorbic acid, ONAMER M and other agents equally well known to
those skilled in the art. Such preservatives, if utilized, will
typically be employed in an amount of from about 0.001% to 1.0% by
weight (wt. %). Examples of suitable agents which may be utilized to
adjust the tonicity or osmolality of the formulations include sodium
chloride, potassium chloride, mannitol, dextrose glycerine and
propylene glycol. Such agents, if utilized, will be employed in an
amount of about 0.1% to 10.0% by weight (wt. %).

As will be appreciated by those skilled in the art, the
compositions may be formulated in various dosage forms suitable for
topical ophthalmic delivery, including solutions, suspensions, emul-
sions, gels, and erodible solid ocular inserts. The compositions are
preferably aqueous, and have a pH in the range of 3.5 to 8.0 and an
osmolality in the range of 280 to 320 millimoles per liter (mm/1).

The following example further illustrates the antiglaucoma

compositions of the present invention.

Example
The following formulation is typical of aqueous ophthalmic

solutions of the present invention.

Ingredient - Amount (wt. %)
Para-amino clonidine 0.1
Betaxolol 0.5
Benzalkonium Chloride 0.01
Edetate Sodium . 0.05

HC1 and/or NaOH QS pH 7.4
Purified Water QS 100
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The present invention is also directed to methods of treating and
controlling acular hypertension associated with glaucoma and other
ophthalmic diseases and abnormalities. The methods comprise topical
application of a therapeutically effective amount of a composition
according to the present invention to the affected eye(s) of the
patient. The frequency and amount of the dosage will be determined by
the clinician based on various clinical factors. The methods will
typically comprise topical application of one to two drops (or an
equivalent amount of a solid or semisolid dosage form) to the affected
eye one to two times per day.

[y
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what Is Claimed Is: -

1. A topical ophthalmic composition useful in controiling intraocular
pressure, comprising a combination of an amount of an alpha-2 agonist
and an amount of a beta blocker effective to control intraocular
pressure; and a pharmaceutically acceptable vehicle.

2. A topical ophthalmic composition according to Claim 1, wherein the
alpha-2 agonist comprises a clonidine derivative; and the beta-blocker
has the structure:

R1-0-CHy-CH (OH) -CHp-NRZR3

wherein: Rl is a substituted or unsubstituted cyclic or aliphatic
moiety; and R2 and R3 are independently selected from H and substituted
and unsubstituted alkyl, or a pharmaceutically acceptable salt thereof.~

3. A topical ophthalmic composition according to Claim 2, wherein the
clonidine derivative is selected from 2-(arylimino) imidazolidines,
2-(arylimino) oxazolidines, 2-(arylmethylene) imidazolidines,
2-(arylimino) pyrrolidines, arylalkylaminoguanidines, and
2-(phenylimino) diazocyclopentenes.

4. A topical ophthalmic composition according to Claim 3, wherein the
clonidine derivative comprises a 2-(arylimino) imidazolidine.
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5. A fbpical ophthalmic composition according to Claim 4, wherein the
2-(arylimino) imidazolidine is selected from trisubstituted
2-(phenylimino) imidazolidines of formula:

H
N
_<]
' N
H
0

wherein: Ry and Rz are selected from H, OH, NHR' and O-Q-CHZ-R‘, with
R' being selected from H and C;-C4 alkyl, provided that one of R; and
Ro is H; and X and Y are selected from Br, Cl, CHy and CHpCH3, or a
pharmaceutically acceptable salt thereof. -

6. A composition according to Claim 5, wherein the clonidine
derivative comprises para-amino clonidine.

7. A composition accobding to Claim 5, wherein the beta blocker
comprises betaxolol. : ‘

8. A topical ophthalmic composition according to Claim 1, wherein the
alpha-2 agonist comprises para-amino clonidine and the beta-blocker
comprises betaxolol.

L .
9. A method of controlling intraocular pressure which comprises
applying a therapeutically effective amount of a composition according
to Claim 1 topically to the affected eye.
10. A composition according to claim 1 wherein the

alpha-2 agonist comprises para-amino clonidine and the
beta blocker comprises timilol.

A
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