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[57] ABSTRACT

Pharmaceutical compositions and a method are disclosed for
treating glaucoma and/or ocular hypertension in the mam-
malian eye by administering to the mammalian eye the
pharmaceutical composition of the invention which contains
as the active ingredient one or more muscarinic antagonist
compounds. Examples of muscarinic antagonists utilized in
the pharmaceutical composition and method of treatment
are: 10H-thieno(3.4-b)(1,5)benzodiazepin-10-one 4.9-
dihydro-3-methyl-4-((4-methyl-1-piperazinyl)acetyl)
(telenzepine); 5,11-dihydro-11[4'-methyl-1'-piperazinyl)-
acetyl]-6H-pyrido[2,3-b][1.4]benzodiazepin-6-one
(pirenzepine); racemic 11-[[2-(Diethylamino)methyl]-1-
piperidinyl]-acetyl]-5.11-dihydro-6H-pyrido[2.3-b}[1,4]
benzodiazepin-6-one (AF-DX 116); dextrorotatory 11-[[2-
(Diethylamino)methyl]-1-piperidinyl]-acetyl]-5.11-
dihydro-6H-pyrido[2,3-b][1.4] benzodiazepin-6-one (AF-
DX 250); an ophthalmically acceptable salt of
4-diphenylacetoxy-1,1-dimethyl piperidine (4-DAMP);
o-cyclohexyl, -o-phenyl-1-piperidinepropanol
(trihexyphenidyl); cyclohexanemethanol, o-phenyl, o-[3-
(1-piperidinyl)-1-propynyl (hexbutinol); 6H-pyrido[2.3-b]
[1.4]benzodiazepin-6-one, 11-[[4-[4-(diethylamino)butyl}-
1-piperidinyl]acetyl]-5,11-dihydro (AQ-RA 741); 11-H-
pyrido[2,3-b]{1.4]benzodiazepine- 11-carboxamide, N-[2-
[2-[(dipropylamino)methyl|-1-piperidinyl]ethyl]-5-,
6-dihydro-6-0xo, monomethanesulfonate (AF-DX 384);
1,8-octanediamine, N.N'-bis[6-[[2-methoxyphenyl)methyl]
amino]hexyl}-tetrahydrochloride (methoctramine) and
naphto[2,3-c]furan-1(3H)-one, 4-2-(1,6-dimethyl-2-
piperidinyl)ethenyl]decahydro-3-methyl-, [358-[3 o, 3a o, 4
BI1E.2(2R*,65%)1.4a P. 8a o, 9a otj}(himbacine).

8 Claims, 3 Drawing Sheets
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METHOD FOR REDUCING INTRAOCULAR
PRESSURE IN THE MAMMALIAN EYE BY
ADMINISTRATION OF MUSCARINIC
ANTAGONISTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to pharmaceutical
compositions, and primarily to topically applied ophthalmic
compositions comprising as the active ingredient one or
more muscarinic anatagonist compounds. The pharmaceu-
tical compositions are useful for reducing intraocular pres-
sure in animals of the mammalian species. In another aspect,
the present invention is directed to administering such
formulations and compositions to animals of the mammalian
species (including humans) for reducing intraocular pressure
in the eye.

2. Brief Description of the Prior Art

Glaucoma is an optical neuropathy associated with
elevated intraocular pressures which are too high for normal
function of the eye, and results in irreversible loss of visnal
function. It is estimated in medical science that glaucoma
afflicts approximately 2 per cent of the population over the
age of fourty years, and is therefore a serious health prob-
lem. Ocular hypertension, i.e. the condition of elevated
intaocular pressure, which has not yet caused imreversible
damage. is believed to represent the earliest phase of glau-
coma. Many therapeutic agents have been devised and
discovered in the prior art for the treatment or amelioration
of glaucoma and of the condition of increased intraocular
pressure which precedes glaucoma. As pertinent prior art to
the present invention the following are noted.

U.S. Pat. No. 3,467,756 describes anti-glaucoma and
intraocular hypotensive compositions which contain in an
ophthalmic vehicle 10,11-dihydro-5-(3-
methylaminoipropyl)-5.10-epoxy-11-hydroxy-SH-dibenzo
[a,d]cycloheptene or related derivatives.

U.S. Pat. No. 4,197,301 describes ophthalmic composi-
tions which contain 1-(4-amino-6,7-dimethoxy-2-
quinazolinyl)-4-(2-furanylcarbonyl)piperazine, also known
under the name “prazosin”.

U.S. Pat. No. 4,565,821 describes a method of topically
administering certain dopamine antagonists to reduce ocular
hypertension and to treat glaucoma.

U.S. Pat. No. 4,886,815 describes a method for treating
retinal edema by administration of dopaminergic antagonists
to a patient suffering from such condition.

U.S. Pat. No. 5,066,664 describes 2-hydroxy-2-
alkylphenylamino)-oxazolines and thiazolines as anti-
glaucoma and vasoconstrictive agents.

U.S. Pat. No. 5,091,528 describe 6 or 7-(2-imino-2-
imidazolidine)-1.4-benzoxazines as o adrenergic agents
useful for treating glaucoma.

The foregoing and other anti-glaucoma and ocular
hypotensive compounds and agents of the prior art do not
provide such treatment or cure for glaucoma and ocular
hypertension which is satisfactory in all respects. Therefore,
the pharmacological and related arts continue searching for
additional and better anti-glaucoma and ocular hypotensive
agents.

The concept of muscarinic receptors has been known in
the biological sciences for a long time. Acccording to the
classical definition, muscarinic receptors of living
organisms, (including mammals and particularly humans)
are those biological receptor sites which are selectively
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activated by the natural product muscarine. Muscarinic
antagonists are those compounds or substances which
exhibit an inhibitory action on muscarinic receptors. A
review of muscarinic agonists and antagonist as well as
description of research directed to classifying muscarinic
receptors into several subtypes is provided in the article
titled MUSCARINIC RECEPTOR SUBTYPES, by E. C.
Hulme et al.. Annu. Rev. Pharmacol. Toxicol. 1990 30
633-73.

A number of naturally occurring and synthetic compounds
which are active as anti-spasmodics, inhibitors of stomach
juice excretion. anti-emetics, anti-secretory or cardiovascu-
lar agents, have been established to be muscarinic antago-
nists. In this regard the following patents are mentioned as
background to the present invention.

U.S. Pat. No. 3,743,734 describes 11-aminoacetyl-5,11-
dihydro-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one as
inhibitor of stomach ulcers, stomach juice secretion, anti-
tussive and antiemetic.

U.S. Pat. No. 4,550,107 describes condensed diazepino-
nes as agents for treating cardiovascular disorders.

U.S. Pat. No. 4,556,653 describes acyl derivatives of
5.11-dihydro-6H-pyrido-[2,3-b]{1.4]benzodiazepine-6-one
and of related compounds as antisecretory, antiulcer,
antimuscarinic, and spasmolytic agents.

U.S. Pat. No. 4,971,966 describes substituted 6H-pyrido
[2,3-b}{1.4]benzodiazapin-6-ones as agents for treating
bradycardias and bradyarrhytmias.

U.S. Pat. No. 2,918,407 describes N-lower alkyl-3-
piperidyl diphenyl acetates as anti-spasmodics and agents
for treating upper gastrointestinal pain and spasm.

SUMMARY OF THE INVENTION

Surprisingly it has been discovered in accordance with the
present invention that muscarinic antagonists are effective as
anti-glaucoma agents and as agents for reducing intraocular
pressure, when such agents are applied to the mammalian
eye in a pharmaceutical composition, preferably in a topical
ophthalmic composition. Accordingly, the present invention
relates to a method of treating glaucoma, or ocular hyper-
tension by topically administering to the mammalian eye an
ophthalmic composition which contain an effective amount
of a muscarinic antagonist. Preferred examples of muscar-
inic antagonists suitable as the active ingredients of the
ophthalmic compositions of the invention are:

10H-thieno (3.4-b) (1.5) benzodiazepin-10-one 4.9-
dihydro-3-methyl-4-((4-methyl-1-piperazinyl)acetyl)
(telenzepine);

5,11-dihydro-11[4'-methyl-1'-piperazinyl)-acetyl]-6H-
pyrido[2,3-b][ 1 .4]benzodiazepin-6-one (pirenzepine);

racemic 11-[[2-(Diethylamino)methyl]- 1-piperidinyl]-
acetyl]-5,11-dihydro-6H-pyrido[2.3-b][1.4]benzodiazepin-
6-one (AF-DX 116);

dextrorotatory 11-[[2-(Diethylamino)methyl}-1-
piperidinyl]-acetyl]-5,11-dihydro-6H-pyrido[2,3-b][1.4]
benzodiazepin-6-one (AF-DX 250, the (+) enantiomer of
AF-DX 116).

an ophthalmically acceptable salt of 4-diphenylacetoxy-
1,1-dimethy! piperidine (4-DAMP);

o-cyclohexyl,-a-phenyl-1-piperidinepropanol
(trihexyphenidyl);

cyclohexanemethanol, o-phenyl, o-[3-(1-piperidinyl)-1-
propynyl (hexbutinol);

6H-pyrido[2,3-b}[1.4]benzodiazepin-6-one, 11-[[4-[4-
(diethylamino)butyl]-1-piperidinyljacetyl]-5.11-dihydro
(AQ-RA 741);
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11-H-pyrido[2 3-b][ 1,4]benzodiazepine-11-carboxamide,
N-[2-[2-[(dipropylamino)methyl]- 1-piperidinyl]ethyl]-5-,6-
dihydro-6-oxo, monomethanesulfonate (AF-DX 384);

1,8-octanediamine, N.N'-bis[6-[[2-methoxyphenyl)
methyl]amino]hexyl]-tetrahydrochloride (methoctramine);

naphto[2.3-c]furan-1(3H)-one, 4-2-(1.6-dimethyl-2-
piperidinyl)ethenylldecahydro-3-methyl-, [35-[3 o, 3a o, 4
BI1E.2(2R*,65%)].4a B, 8a c. 9a «]] (himbacine)

The ophthalmic compositions of the invention contain the
active ingredient in a concentration range of approximately
0.0001 to 0.1 per cent weight by volume. The composition
itself includes, in addition to the active ingredient, such
excipients which are per se well known in the art for
preparing ophthalmic. compositions, particularly oph-
thalmic solutions. In accordance with the method of the
invention the ophthalmic compositions, preferably oph-
thalmic solutions are applied topically to the mammalian eye
approximately 1 or 2 times daily.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the effect of topical adminis-
tration of the drug telenzepine on the intraocular pressure
(IOP) in the rabbit eye;

FIG. 2 is a graph showing the effect of topical adminis-
tration of the drug telenzepine on the intraocular pressure
(IOP) in the eye of owl monkeys;

FIG. 3 is a graph showing the effect of intracameral (IC)
administration of the drug telenzepine on the intraocular
pressure (IOP) in the rabbit eye, and

FIG. 4 is a graph showing the effect of topical adminis-
tration of the drug telenzepine on the pupil diameter (PD) in
the rabbit eye.

DETAILED DESCRIPTION OF THE
INVENTION

The compounds which are utilized in accordance with the
method of the present invention, and in the pharmaceutical
compositions of the present invention, are muscarinic
antagonists. In this regard the term “muscarinic antagonist”
is defined as in the pharmacological and related sciences
where this term has a well accepted meaning. Briefly,
muscarinic antagonists are those compounds which cause an
inhibitory action on muscarinic receptors. Specific and pre-
ferred examples of muscarinic antagonist compounds which
are utilized in accordance with the present invention are
provided below.

Pharmaceutically acceptable salts of the muscarinic
antagonist compounds can also be used in accordance with
the present invention, where the nature of the antagonist
compound permits the preparation of such salt. A pharma-
ceutically acceptable salt may be any salt which retains the
activity of the parent compound and does not impart any
deleterious or untoward effect on the subject to which it is
administered and in the context in which it is administered.

Such a salt may be derived from any organic or inorganic
acid or base. The salt may be a mono or polyvalent ion. Of
particular interest where the acid function is concerned are
the inorganic ions, sodium, potassium, calcium, and mag-
pesium. Organic amine salts may be made with amines,
particularly ammonium salts such as mono-, di- and trialkyl
amines or ethanol amines. Salts may also be formed with
caffeine, tromethamine and similar molecules. Where there
is a nitrogen sufficiently basic as to be capable of forming
acid addition salts, such may be formed with any inorganic
or organic acids or alkylating agent such as methyl iodide.
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Preferred salts are those formed with inorganic acids such as
hydrochloric acid, sulfuric acid or phosphoric acid. Any of
a number of simple organic acids such as mono-, di- or
tri-acid may also be used.

For reducing intraocular pressure in a mammalian eye,
and particularly for treatment of glaucoma in humans suf-
fering from that condition, the active compounds (or mix-
tures or salts thereof) are administered in accordance with
the present invention to the eye admixed with an ophthalmi-
cally acceptable carrier. Any suitable, e.g.. conventional,
ophthalmically acceptable carrier may be employed. A car-
rier is ophthalmically acceptable if it has substantially no
long term or permanent detrimental effect on the eye to
which it is administered. Examples of ophthalmically
acceptable carriers include water (distilled or deionized
water) saline and other aqueous media. In accordance with
the invention, the active compounds are preferably soluble
in the carrier which is employed for their administration, so
that the active compounds are administered to the eye in the
form of a solution. Alternatively, a suspension of the active
compound or compounds (or salts thereof) in a suitable
carrier may also be employed.

In accordance with the invention the active compounds
(or mixtures or salts thereof) are administered in an oph-
thalmically acceptable carrier in sufficient concentration so
as to deliver an effective amount of the active compound or
compounds to the eye. Preferably, the ophthalmic, therapeu-
tic solutions contain one or more of the active compounds in
a concentration range of approximately 0.0001% to approxi-
mately 0.1% (weight by volume) and more preferably
approximately 0.0005% to approximately 0.1% (weight by
volume).

Any method of administering drugs directly to a mam-
malian eye may be employed to administer, in accordance
with the present invention, the active compound or com-
pounds to the eye to be treated. By the term “administering
directly” is meant to exclude those general systemic drug
administration modes, e.g., injection directly into the
patient’s blood vessels, oral administration and the like,
which result in the compound or compounds being systemi-
cally available. The primary effect on the mammal resulting
from the direct administering of the active compound or
compounds to the mammal’s eye is preferably a reduction in
intraocular pressure, More preferably, the active useful
compound or compounds are applied topically to the eye or
are injected directly into the eye. Particularly useful results
are obtained when the compound or compounds are applied
topically to the eye in an ophthalmic solution (ocular drops).

Topical ophthalmic preparations, for example ocular
drops, gels or creams, are preferred because of ease of
application, ease of dose delivery, and fewer systemic side
effects, such as cardiovascular hypotension. An exemplary
topical ophthalmic formulation is shown below in Table L
The abbreviation q.s. means a quantity sufficient to effect the
result or to make volume.

TABLE I
Ingredient Amount (% W/V)
Active Compound in accordance about 0.0001 to
with the invention, about 0.1
Prescrvative 0-0.10
Vehicle 0-40
Tonicity Adjustor 1-10
Buffer 001-10
pH Adjustor q.5. pH 4.5-15
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TABLE I-continued
Ingredient Amount (% W/V)
antioxidant as needed
Purified Water as needed to
make 100%

Various preservatives may be used in the ophthalmic
preparation described in Table I above. Preferred preserva-
tives include, but are not limited to, benzalkonium chloride,
chlorobutanol, thimerosal, phenylmercuric acetate, and phe-
nylmercuric nitrate. Likewise, various preferred vehicles
may be used in such ophthalmic preparation. These vehicles
include, but are not limited to, polyvinyl alcohol, povidone,
hydroxypropyl methyl cellulose, poloxamers, carboxym-
ethyl cellulose, hydroxyethyl cellulose. and purified water.

Tonicity adjustors may be added as needed or convenient.
They include, but are not limited to, salts, particularly
sodium chloride, potassium chloride, mannitol, and
glycerin, or any other suitable ophthalmically acceptable
tonicity adjustor.

Various buffers and means for adjusting pH may be used
so long as the resulting preparation is ophthalmically accept-
able. Accordingly, buffers include but are not limited to,
acetate buffers, citrate buffers, phosphate buffers, and borate
buffers. Acids or bases may be used to adjust the pH of these
formulations as needed.

In a similar vein, ophthalmically acceptable antioxidants
include, but are not limited to, sodium metabisulfite, sodium
thiosulfate, acetylcysteine, butylated hydroxyanisole, and
butylated hydroxytoluene.

Other excipient components which may be included in the
exemplary ophthalmic preparation described in Table I are
chelating agents which may be added as needed. The pre-
ferred chelating agent is edetate disodium, although other
chelating agents may also be used in place of or in conjunc-
tion with it.

The ophthalmic solution (ocular drops) may be adminis-
tered to the mammalian eye as often as necessary to maintain
an acceptable level of intraocular pressure in the eye. In
other words, the ophthalmic solution (or other formulation)
which .contains the muscarinic anatagonist as the active
ingredient, is administered to the mammalian eye as often as
necessary to maintain the beneficial hypotensive effect of the
active ingredient in the eye. Those skilled in the art will
recognize that the frequency of administration depends of
the precise nature of the active ingredient and its concen-
tration in the ophthalmic formulation. Within these guide-
lines it is contemplated that the ophthalmic formulation of
the present invention will be administered to the mammalian
eye approximately once or twice daily.

Examples of muscarinic antagonists which are used as the
active effective ingredients in the ophthalmic compositions
of the present invention are descibed and shown below:

10H-Thieno(3.4-b)(1,5)benzodiazepin-10-one 4,9-
dihydro-3-methyl-4-((4-methyl-1-piperazinyl)acetyl). This
compound is also known under the name telenzepine. Telen-
zepine may be obtained synthetically in accordance with the
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procedure described in U.S. Pat. No. 4,381,301. Telenzepine
is also available commercially from Research Biochemicals
Incorporated of Natick Mass. Ophthaimic solutipns of the
present invention which comprise telenzepine as the active
ingredient preferably contain the drug in the concentration
range of 0.0001-0.1 per cent (weight by volume). Oph-
thalmic preparations which contain telenzepine as the active
ingredient, and the corresponding methods of treatment in
accordance with the present invention, are presently most
preferred.

i3
N
&
s
=~
N

CH;3

P
0% “CH;~N N—CH;
-/

Telenzepine.

5.11-dihydro-11[4"-methyl-1-piperazinyl)-acetyl]-6H-
pyrido]2,3-b][ 1,4]benzodiazepin-6-one is also known under
the name pirenzepine. Pirenzepine can be synthesized in
acoordance with the procedure described in U.S. Pat. No.
3,743,734, the specification of which is incorporated herein
by reference. Pirenzepine is also available commercially
from Research Biochemicals Incorporated of Natick Mass.
Ophthalmic preparations of the invention having piren-
zepine as the active ingredient comprise approximately
0.0001 to 0.1 per cent (weight by volume) of the active

ingredient.
H
U1
N b

N

PO
% NcH—N N—CH;
\/

Pi .

Racemic 11-[[2-(Diethylamino)methyl]-1-piperidinyl]-
acetyl]-5,11-dihydro-6H-pyrido[2,3-b][ 1,4]benzodiazepin-
6-one is also known under the designation AF-DX 116. This
compound can be obtained in accordance with the procedure
described in U.S. Pat. No. 4,550,107, the specification of
which is incorporated herein by reference. Ophthalmic for-
mulations of the invention comprise approximately 0.0001
to 0.1% (weight by volume) AF-DX 116.
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CH; —N—(C;Hs)3

AF-DX 116

Dextrorotatory 11-[[2-(diethylamino)methyl]-1-
piperidinyli-acetyl]-5,11-dihydro-6H-pyrido[2,3-b}{ 1,4]
benzodiazepin-6-one is also known under the designation
AF-DX 250. AF-DX 250 is the (+) enantiomer of AF-DX
116, the structure of which is shown above. A process for
obtaining AF-DX 250 is described in J. Med. Chem. 32(8),
1718-24, 1989. In accordance with the invention, oph-
thalmic formulations comprise approximately 0.0001 to 0.1
per cent (weight by volume) of AF-DX 250 as the active
ingredient.

4-Diphenylacetoxy-1.1-dimethyl piperidine bromide or
iodide (or any other pharmaceutically acceptable salt of this
quaternary amine) is also known in the chemical, pharma-
cological and related arts as 4-DAMP. This muscarinic
antagonist can be obtained in accordance with the proce-
dures described in J. Am. Chem. Soc. 70, 1826-1828 (1948)
and J. Or. Chem. 20, 774-779 (1955). 4-DAMP is commer-
cially available from Research Biochemicals Incorporated
of Natick Mass. Ophthalmic formulations of the invention
which include 4-DAMP comprise approximately 0.0001 to
0.1 per cent (by weight) of this active ingredient.

CHj
] /
HCCO N+ Br
\
CH;
4-DAMP

o-Cyclohexyl,-o-phenyl-1-piperidinepropanol is another
muscarinic antagonist which is utilized in the method and
ophthalmic composition of the present invention. This com-
pound is also known under the name trihexyphenidyl, and
can be prepared in accordance with the teachings of U.S.
Pat. Nos. 2,682,543 and 2,716,121, the specification of
which are incorporated herein by reference. Ophthalmic
compositions of the invention which include trihex-
yphenidyl as the active ingredient contain approximately
0.0001 to 0.1 per cent (weight by volume) of this compound.
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OH
/
c
e
CHy—CH,—N

Trihexyphenidy!

Cyclohexanemethanol, o-phenyl, o-[3-(1-piperidinyl)-1-
propynyl is also known under the name hexbutinol. Hexbu-
tinol can be prepared in accordance with the teaching of
(U.S. Pat. No. 2,782,191, the specification of which is
incorporated herein by reference. Hexbutinol is used in a
concentration range of approximately 0.0001 to 0.1 per cent
(weight by volume) in the method and pharmaceutical
compositions of the present invention.

OH
/
c :
O\
C=C—CH~N

Hexbutinol

6H-Pyrido[2,3-b][ 1,4]benzodiazepin-6-one, 11-[[4-[4-
(diethylamino)butyl]- 1-piperidinyl]acetyl]-5,11-dihydro is
another muscarinic antagonist which is preferred as the
active ingredient in the method and pharmaceutical compo-
sitions of the present invention. This compound is also
known in the relevant art under the designation AQ-RA 741,
and can be prepared pursuant to the procedure described in
Published European Patent Application EP312895 A2, pub-
lished on Apr. 26, 1989. Pharmaceutical compositions of the
invention contain this compound in the approximate con-
centration range of 0.0001 to 0.1 per cent.

o
N
\ N
N/
C
0%\
(‘31{2
N

(CHz)4—N(CHzHs)
AQ-RA 741
Still another muscarinic antagonist which is preferably

included as the active ingredient in the ophthalmic compo-
sitions of the present invention (and in the methods of
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administering the same) is 11-H-pyrido[2,3-b]{1.4]
benzodiazepine-11-carboxamide, N-2-[2-[(dipropylamino)
methyl]-1-piperidinyllethyl]-5-,6-dihydro-
monomethanesulfonate. This compound is also known in the
relevant art under the designation AF-DX 384, and can be
prepared in accordance with the teachings of U.S. Pat. No.
4,873,236, the specification of which is incorporated herein
by reference. This compound is comprised in the ophthalmic
compositions of the present invention in the approximate
concentration range of 0.0001 to 0.1 per cent.

o
| J?;\>
Y,
Q/N
0%\

CHz—N(n-CsHrn

J

AF-DX 384

1,8-Octanediamine, N,N'-bis[6-[[2-methoxyphenyl)
methyllaminolhexyl]-tetrahydrochloride is a muscarinic
antagonist which is also known under the name methoctra-
mine. Methoctramine can be obtained in accordance with
the procedure described in Chemistry and Industry (London)
89 (19) pp 652-3; and in J. Med. Chem 87 Volume 30 (1) pp
201-4. Ophthalmic compositions of the invention utilizing
this active ingredient comprise approximately 0.0001 to 0.1
per cent of this compound.

CH;—NH—(CH;)s—NH—
(CHz)s

OCH;3

Methoctramine

Yet another example of a muscarinic antagonist which can
be utilized in the method and ophthalmic compositions of
the present invention, is a naturally occurring alkaloid
himbacine, which is isolated from the bark of trees of the
Galbulimima species, growing in Northern Queensland Aus-
tralia and in Papua New Guinea. The chemical name of
himbacine is naphto[2.3-c]furan-1(3H)-one, 4-2-(1.6-
dimethyl-2-piperidinyljethenyl]decahydro-3-methyl-,
[35-[3 o 3a o, 4 BIIE.2(2R*,65%)},4a B, 8a a, 9a a}].
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Himbacine

Himbacine is comprised in the ophthalmic copmpositions
of the present invention in the approximate concentration of
0.0001 to 0.1 per cent.

The anti-glaucoma/ocular hypotensive effect, namely the
effect of the muscarinic antagonists to reduce intraocular
pressure, was confirmed by assay procedures conducted on
New Zealand-cross Dutch belted (NZxDB) rabbits, owl
monkeys and cynomolgus monkeys.

In one assay procedure the test compounds were topically
applied into one eye in normal saline solution (10 pl in owl
monkeys and 25 pl in rabbits and cynomolgus monkeys. The
other eye was left unireated.

In another assay procedure 20 pl of the normal saline
solution of the test compounds was injected into the anterior
chamber of rabbit eyes (intracameral administration). Con-
trol animals were treated with normal saline solution only.

Intraocular pressure (IOP) was measured in the assays
with pneumotonometer (BIO-RAD/Digilab), and pupil
diameter (PD) was measured with a ruler (OPtistick®,
Allergan), every one or two hours from time zero (time of
administration) to 6 hours. Results are mean S.E. of three
or more animals.

TABLE II shows the effect of intracameral administration
of certain muscarinic antagonists on the intraocular pressure
(IOP) and pupil diameter (PD) in rabbit eyes. The first
column of TABLE II identifies the compound tested; the
second column provides the concentrations of the tested
compounds in the saline solution; the third column identifies
the “RESPONSE” in terms of decreased IOP (in milimeters
of mercury) taken at the time of maximum effect which was
usually 4 to 5 hours after topical application; and the fifth
column identifies the change (if any) in pupil diameter
(expressed in milimeters.).

As it can be seen from TABLE II the tested compounds
were effective in reducing TOP without a significant increase
in pupil diameter.

TABLE 11

EFFECT OF SELECTIVE MUSCARINIC ANTAGONISTS
ON IOP AND PD IN RABBITS

RESPONSE
COMPOUND CONC [tM] JIOP (mm Hg)  PD (mm)
PIRENZEPINE 10 6 —
50 4 _
100 4 _
AF-DX 116 10 5 —
100 3 —
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TABLE II-continued
EFFECT OF SELECTIVE MUSCARINIC ANTAGONISTS
ON IOP AND PD IN RABBITS
RESPONSE

COMPOUND CONC {nM] JIOP (mm Hg)  PD (mm)

4-DAMP 3 4 T1.6

10 8 T10

100 11 To.6

1000 11 T1.5

FIGS. 1 and 2, show the effect of topical application of
telenzepine (in saline solution at 0.1 micro molar, at 0.3
micro molar and at 1.0 micro molar concentrations as
applicable) on the eyes of rabbits and owl monkeys, respec-
tively. The charts of these drawing figures are self-
explanatory and demonstrate the effectiveness of this musc-
ranic antagonist as an anti-glaucoma/ocular hypotensive
drug.

FIG. 3 demonstrates the effect of intracamerally applied
telenzepine (at 1 nanomolar concentration) on the IOP in
rabbits.

FIG. 4 demonstrates the effect of topically applied telen-
zepine at 0.1, 1.0 and at 10 micromolar concentrations on the
pupil diameter (PD)in the rabbit eye. As it can be seen the
drug does not cause an increase (or other significant change)
in PD. This is a desirable feature for an anti-glaucoma/ocular
hypotensive drug, as the pupil dilatory effect of some prior
art anti-glaucoma drugs is considered undesirable in medical
practice.

Several modifications of the present invention may
become readily apparent to those skilled in the art in light of
the present disclosure. Therefore, the scope of the present
invention should be interpreted solely on the basis of the
follwing claims, as such claims are read in light of the
disclosure.

What is claimed is:

1. A method of treating animals of the mammalian
species, including humans, for the purpose of reducing
intraocular pressure in the eye of the mammal, the method
of treatment comprising the steps of administering to the
mammal a pharmaceutical composition which comprises as
its active ingredient one or more muscarinic antagonist
compounds, the active ingredient being present in the com-
position in the concentration range of 0.0001 to 0.1 per cent
weight by volume.

2. The method of treatment of claim 1 where the com-
position is an ophthalmic solution adapted for administra-
tion to the eye of a mammal in the form of eye droplets.

3. A method of treating animals of the mammalian
species, including humans, for the purpose of reducing
intraocular pressure in the eye of the mammal, the method
of treatment comprising the steps of administering to the
mammal an ophthalmic composition which comprises as its
active ingredient one or more muscarinic antagonist com-
pounds selected from a group consisting of:

10H-thieno(3,4-b)(1.5)benzodiazepin-10-one 4,9-

dihydro-3-methyl-4-((4-methyl-1-piperazinyl)acetyl)
(telenzepine),
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5,11-dihydro-11[{4'-methyl-1'-piperazinyl)-acetyl]-6H-
pyrido[2.3-b][1.4]benzodiazepin-6-one, (pirenzepine)

racemic 11-[[2-(Diethylamino)methyl]-1-piperidinyl]-
acetyl]-5,11-dihydro-6H-pyrido[2,3-b][1.4]
benzodiazepin-6-one (AF-DX 116),

dextrorotatory 11-[[2-(Diethylamino)methyl]-1-
piperidinyl}-acetyl]-5,11-dihydro-6H-pyrido[2.3-b][1,
4]benzodiazepin-6-one (AF-DX 250),

an ophthalmically acceptable salt of 4-diphenylacetoxy-
1.1-dimethyl piperidine (4-DAMP),

a-cyclohexyl,-a-phenyl-1-piperidinepropanol
(trihexyphenidyl).

cyclohexanemethanol, o-phenyl, o-[3-(1-piperidinyl)-1-

propynyl (hexbutinol),
6H-pyrido[2.3-b][1,4]benzodiazepin-6-one, 11-[[4-[4-
(diethylamino)butyl]-1-piperidinyl]acetyl}-5,11-
dihydro (AQ-RA 741),

11-H-pyrido{2,3-b}[1.4]benzodiazepine-11-carboxamide,
N-[2-[2-[(dipropylamino)methyl]-1-piperidinyl]ethyl]-
5-.6-dihydro-6-oxo, monomethanesulfonate (AF-DX
384),

1,8-octanediamine, N N'-bis[6-[[2-methoxyphenyl)
methyllaminolhexyl]-tetrahydrochloride
(methoctramine) and

naphto[2,3-c]furan-1(3H)-one, 4-2-(1,6-dimethyl-2-
piperidinyl)ethenylldecahydro-3-methyl-, [35-[3 o, 3a
o. 4 B[1E.2(2R*.65*)].4a B, 8a o, 9a o]] (himbacine),
the active ingredient being present in the composition
in the concentration range of 0.0001 to 0.1 per cent
weight by volume.

4. The method of treatment of claim 3 where the com-
position is an ophthalmic solution adapted for administra-
tion to the eye of a mammal in the form of eye droplets.

5. The method of treatment of claim 3 where the musca-
rinic antagonist is selected from a group consisting of:

10H-thieno(3,4-b)(1,5)benzodiazepin-10-one 4.,9-

dihydro-3-methyl-4-((4-methyl- 1-piperazinyl)acetyl)
(telenzepine),
5,11-dihydro-11[4"-methyl-1'-piperazinyl)-acetyl}-6H-
pyrido[2,3-b][1,4]benzodiazepin-6-one, (pirenzepine)
racemic 11-{[2-(Diethylamino)methyl]-1-piperidinyl}-
acetyl}-5,11-dihydro-6H-pyrido[2,3-b][1.4]
benzodiazepin-6-one (AF-DX 116), and

an ophthalmically acceptable salt of 4-diphenylacetoxy-

1.1-dimethyl piperidine (4-DAMP).

6. The method of treatment of claim 5 where the com-
position is an ophthalmic solution adapted for administra-
tion to the eye of a mammal in the form of eye droplets.

7. The method of treatment of claim 5 wherein the
muscarinic antagonist is 10H-thieno(3,4 -b)(1.5)
benzodiazepin-10-one 4,9-dihydro-3-methyl-4-((4-methyl-
1-piperazinyl)acetyl) (telenzepine).

8. The method of treatment of claim 7 where the com-
position is an ophthalmic solution adapted for administra-
tion to the eye of a mammal in the form of eye droplets.

LI T .

Eyenovia Exhibit 1036, Page 10 of 12



UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. :5,716,952 Page 1 of -2
DATED :February 10, 19938
INVENTOR(S) :WoldeMussic et al.

it is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 12, "anatagonist" should be --antagonist--.

Column 1, line 27, "intaocular" should be --intraocular--.

Column 1, line 37, "methylaminoipropyl" should be
--methylaminopropyl--.

Column 1, line 52. "describe" should be --describes--.
Column 1, line 64, "aAcccording" should be --According--.
Column 2, line 42, "contain" should be --contains--.
Column 5, line 44, "anatagonist" should be --antagonist--.
Column 5, line 48, "of" (2nd occurrence) should read —on—
Column 5, line 56, "descibed" should be --described--.

Column 8, line 17, "(U.S." should be —-U.S.--.

Column 10, line 17, "copmpositions" should be —--compositions--.
Column 10, line 46, "milimeters" should be -—-millimeters--.
Column 10, line 50, "milimeters" should be —-millimeters--.

Column 11, lines 19-20, "muscranic" should be --muscarinic--.
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,716,952 Page 2 of 2

DATED * February 10, 1998
INVENTOR(S) : WoldeMussic et al.

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 3, line 14, "ophthalmic." should be --ophthalmic--.
Column 4, line 66, after "pH Adjustor", "g.s. pH" should be in

the next column.

Signed and Sealed this
Twenty-ninth Day of December, 1998

BRUCE LEHMAN
Antesting Officer

Commissioner of Patents and Trademarks
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