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(57) Abstract: The present invention relates to ophthalmic compositions in the form of suspension gels of the free acid of the
SO diclofenamide for treating glaucoma. The invention also relates to the use of suspension gels containing the free acid of the diclote-
@\ namide for treating primary and/or secondary open-angle glaucomas, for reducing the intra-ocular pressure and for treating ocular
.n h rt v

—_ hypertension.

(57) Zusammenfassung: Die vorliegende Erfindung betrifft ophthalmische Zusammensetzungen zur Glaukombehandlung in Form
O von Suspensionsgelen der freien Séure des Diclofenamids. Ferner betrifft die Erfindung die Verwendung von Suspensionsgelen ent-
haltend die freie Saure des Diclofenamids zur Behandlung von priméren und/oder sekundiren Offenwinkelglaukomen, zur Senkung
des Augeninnendrucks sowie zur Behandlung okulédrer Hypertension.
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DICLOFENAMIDE SUSPENSION GEL

This invention concerns a new ophthalmic composition in the form of a suspension gel
that contains diclofenamide in the form of free acid. In addition, this invention concerns the use
of diclofenamide suspension gel to treat ocular hypertension and for therapy of primary and

secondary open-angle glaucomas.
The use of diclofenamide (INN: dichlorphenamide, 4,5-dichlorbenzene-1,3-
disulfonamide) to reduce intraocular pressure has long been known. The free acid of

diclofenamide is in the prior art almost exclusively systemically. Diclofenamide acts as a
carboanhydrase inhibitor, which blocks the multifunctional enzyme carboanhydrase. In the eye
caxboani‘xydrase (II) is reversibly inhibited, which in the end leads to a reduction of the aqueous
secretion and consequently to a reduction of intraocular pressure.

Carboanhydrase mhibitors like diclofenamide are used in the treatment of glaucoma, a
generative disease of the eye, which 1s accompanied by an increase of the intraocular pressure.
Besides the systemic administration of diclofenamide preparations for topical use have been
known since the 1980s and are increasingly being used. While the free acid of diclofenarmde 1s
mostly used for systemic administration, up to now only the alkali metal salts of diclofenamide

have been used for topical application.
In particular, salt-forming carboanhydrase inhibitors have been used in ophthalmic

compositions for topical application in the trecatment of ocular hypertension.
For example, the European Patent Application EP-A-033 042 describes the use of vanous

carboanhydrase inhibitors in the form of their alkali metal salts to make ophthalmic preparations.
Besides examples of ophthalmic solutions of methazolamide sodium salts, in some cases
thickened to be gel-like with hydroxypropylmethylcellulose, the use of diclofenamide
dipotassium salt is also described in EP-A-033 042, among other places.

The use of monoalkali metal salts of dibasic carboanhydrase inhibitors in ophthalmic
preparations for topical use is described in Ewropean Patent Application EP-A-036 351, The
corresponding ophthalmic compositions are solutions of the active agent or solution gels.

Lotti et al. (Graefe's Archive for Clinical and Expenmental Ophthalmology 1984,
222:13-19) conducted a study on the topical ocular hypotensive activity and ocular penetration of
diclofenamide sodium in rabbits. It was found that an aqueous solution of the sodium salt of
diclofenamide is capable of producing a clear and long lasting reduction of the intraocular
pressure. Lotti et al. reported that the use of solutions of diclofenamide sodium salt leads to a
clearly stronger and longer reduction of the intraocular pressure than suspensions of the free acid

of diclofenamide.
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The agqueous humor values in the study by Lotti et al. were clearly at a Jower level when
using suspensions of diclofenamide than with soletions of sodium diclofenamide. However, it
was also established by Lotti et al. that, although single applications of sodium diclofenamide
solutions are well tolerated, the repeated use of diclofenamide sodium solutions tnggers severe
undesirable side effects in rabbits.

In order to overcome these known disadvantages of the ophthalmic compositions of the
prior art that contain diclofenamide, this invention is based on the task of making available an
ophthalmic composition containing diclofenamide that is capable of effectively reducing the
intraocular pressure and at the same that is well tolerated.

Another task of the invention is to make available a suspension gel of the free acid of
diclofenamide that can be used for systemic administration in place of diclofenamide
preparations.

This invention solves the above tasks by making available an ophthalmic composition for
glaucoma treatment in the form of a suspension gel that contains the free acid of diclofenamide,
preservatives, gel forming agents, agents to adjust the pH value, water, and optionally other
conventional additives.

Surprisingly, in contrast to the study by Lott et al,, it was found that the formulation of -
diclofenamide as a free acid in suspension gels leads to ophthalmic preparations that can achieve
comparable effects to those that can be achieved through the systemic administration of

diclofenamide.
The formulation of [diclofenamide] the containing ophthalmic composition with

diclofenamide in the form of the free acid as suspension gels in accordance with this invention
leads to highly effective and well tolerated drugs for treatment of primary and secondary open-

angle glaucomas and ocular hypertension.
To make the suspension gels in accordance with the invention, the free acid of

diclofenamide has to be micronized. This micronization takes place by the methods that are
conventional in the prior art, for example by grinding in various kinds of mills, trituration and
screening.
The micronized particles for use in ophthalmic compositions in accordance with the
invention preferably have particle sizes less than 90 um, preferably less than 50 pm, especially
preferably less than 25 pm.

Chiefly more than 50%, preferably more than 60%, preferably more than 80% and most
preferably more than 99% of the diclofenamide particles have a particle size less than 90 pm.

In accordance with the invention more than 50%, preferably more than 60%, preferably
more than 80% and even more preferably more than 95% of the diclofenamide particles suitably

have a particle size less than SO um.
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It is advantageous if more than 10%, preferably more than 20%, more preferably more
than 30% and still more preferably more than 50%, furthermore preferably 80% and most
preferably more than 95% of the diclofenamide particles have a particle size less than 25 um.

It is especially preferred if 100% of the diclofenamide particles are smaller than 90 um,
more preferably smaller than 50 um and most preferably smaller than 25 pm.

Before furthcr processing to a suspension gel the micronized diclofenamide is preferably
steriized. |

All of the polymer compounds suitable for producing stable suspension gels can be used
as gel forming agenis. In particular, the ge] forming agents are chosen from the group consisting
of polyacrylic acid, cellulose ethers, polyvinyl alcohol and polysacchandes. These can, as
desired, be of synthetic or natural origin.

The use of hydrogels bases on polyacrylic acid and/or cellulose ethers is especially
preferred. Polyacrylic acid gels are 1n particular preferred, especially ones based on carbomers of
the Carbopol® type, which are commercially availablc from B. F. Goodrich. Especially preferred
is the usc of Carbopol 980 as gel forming agent in suspension gels in accordance with the
invention. N

Preferred embodiments of the diclofenamide suspension gels in accordance with the
invention coutain polyacrylic acid gels hke Carbopol, especially Carbopol 980, in an amount
from >0 to 10 wt%, preferably 0.01 wt% to S wt%, more preferably 0.05 wt% to 1 wt%, even
more preferably 0.1 wt% to 0.5 wt% and most preferably 0.2 wt% to 0.4 wt%.

In order to avoid possible contamination of the gel dunng application, the ophtbhalmic
compositions in accordance with the invention are preserved through the addition of a
preservative agent. All of the substances that are well known to the specialist and suitable for
application to the eye can be used as preservatives, for example benzyl alcohol, benzalconium
chloride or other quaternary ammonium compounds, chlorhexidine diacetate or dicluconate [sic;
digluconate], thiomersal etc. Especially preferred 1s the use of benzododecmium salts, especially
benzododecininm chlonde.

Preferably sorbitol is used as another additive in the composition in accordance with the
invention. In preferred embodiments of the diclofenamide suspension gels in accordance with the
invention sorbitol and/or a polyacrylic acid gel are contained i an amount from 0 to 10 wt%,
preferably 2 to 8 wt%, especially preferably 3 to 6 wt% and most preferably between 4 wt% and
5 wt%.

Glycerol, mannitol and/or dextrose can also be used instead of sorbitol.

Mineral acids and bases are used to adjust the pH value of the suspension gels n
accordance with the invention. The use of sodium hydroxide and/or hydrochloric acid 1s

especially preferred.
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The pH value of the ophthalmological composition in accordance with the invention lies
between pH 6.8 and pH 7.6, preferably pH 7 — 7.5, more preferably pH 7.1 — 7.5 and most
preferably between pH 7.25 and pH 7.35.

Preferred embodiments of the suspension gels in accordance with the invention have a
viscosity betoween 1,000 and 8,000 mPa.sec, preferably between 2,000 and 6,000 mPa.sec and
especially preferably between 2,500 and 5,500 mPa.sec and even more preferably between 2,800

and 4,500 mPa.sec.
Preferably the viscosity of the gel composition in accordance with the invention is set so

that the contact time in the eye is > 1 min, especially at least > 5 min, preferably > 10 min, more
preferably > 15 min, even more preferably > 20 min and most preferably > 30 min. The contact
time is the time measured from the application of the gel in‘accordance with the invention up to
the time at which the gel has been completely washed out of the eye together with lactrimal fluid.
The active agent content of the suspension gels in accordance with the invention is 0.1 to
10 wt%, preferably 0.1 to S wi%, more preferably 0.5 wt% to 4 wt%, even more preferably
1 wt% to 3 wt% and most preferably 1.5 wt% - 2 wt% of the free acid of diclofenamide.
Suspension gels that have an active agent content between 2 w% and 7 wt% free acid of
diclofenamide are more preferred.
An advantage of the suspension gels of the free acid of diclofenamide in accordance with
the invention over the solutions and solution gels of diclofenamide potassium or sodium salts
that are known 1n the prior art is in particular their clearly better tolerability. For example, no

undesirable eye imritations like buming and the like arise.
The preparation of the suspension gels in accordance with the invention takes place by

the usua] methods of the prior art. The micronized active agent is sterilized and added to a sterile
suspension gel matrix. Then it 1s homogenized so that a completely uniform distribution of the
suspended particles is achieved.

The ophthalmic diclofenamide compositions in accordance with the invention are suitable
for pressure-reducing treatment of primary and secondary open-angle glaucomas and for

treatment of ocular hyperteasion.
The tolerability of the gel forrulations in accordance with the invention, including the

free acid of diclofenamide, over a period of administration of 6 weeks is very good, i.e., no
undesired side effects in the eye occur.

Weight data, unless otherwise specified, refer 1o the overall composition of the gel
composition in accordance with the invention.

Suspension gels in the sense of this invention are gels in which the active agent in
undissolved form is finely suspended as solid particles in the gel base, or carrier matrix.
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The invention is illustrated 1n more detail below by means of some embodiment
examples.

Examples1to 6
6 Diclofenamide suspension gels with free diclofenamide acid concentrations from 0.1 to

5 wt% were prepared. The compositions of some examples are given in the following Table 1.
All percentage data are understood to be percent by weight with respect to the total composition.
The prepared suspension gels have the physical properties given in Table 2.
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An intraocular bioavailability study of a single dose in rabbits was carried out with the 3
and 5% gels from Examples 1 and 2. For this the concentrations of diclofenamide in the vitreous
humor in the iris-ciliary body at the cornea were measured after various intervals of time. The
measured concentrations are plotted in Figures 1 and 2 against time.

Here Figure 1 shows the concentration time curves of diclofenamide when using the
suspension gel from Example 1, and

Figures 2 shows the concentration time curves of diclofenamide when using the
suspension gel from Example 2.

It can be seen from Figures 1 and 2 that the capacity of the free acid of diclofenamide to
penetrate from the suspension gel through the cornea is relatively high. The iris-ciliary body
level of the topically applied diclofenamide from the suspension gel in accordance with the
invention 1s at a comparable level to systemic administration over 8 hours.

The tolerability of the tested gel formulation over a test period of 6 weeks is very good:;
with the tested suspension gels applied 3 times daily over a period of 6 weeks no eye irritations
or tissue damage to the eye could be detected. Likewise, no signs of systemic side effects were
found.



CA 02396441 2004-06-01

THE EMBODIMENTS OF THE INVENTION IN WHICH AN
EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED
AS FOLLOWS:

1. Ophthalmic composition in the form of a suspension gel for treating
glaucoma, comprising between 0.1 to 10% by weight of the free acid of
diclofenamide in the form of sulphonamide, wherein the composition
contains said free acid in the form of micronmized particles, and

additionally contains gel former, means for adjusting the pH and water.

2. Ophthalmic composition according to claim 1, additionally containing a

preservative.

3. Ophthalmic composition according to either of claims 1 or 2,
characterised in that the gel former 1s selected from the group consisting

of polyacrylic acid, cellulose ether, polyvinyl alcohol and polysaccharides.

4. Ophthalmic composition according to any of claims 1 to 3, characterised

in that benzododecinium chloride 1s used as the preservative.

5. Ophthalmic composition according to any one of claims 1 to 4,

lTM

characterised in that Carbopol ™ is used as the gel former.

6. Ophthalmic composition according to claim 5, wherein the Carbopol™”

comprises Carbopol 980™.

7. Ophthalmic composition according to any one of clams 1 to 6,
characterised in that the suspension gel contains between 0.1 to 5% by

weight of the free acid of diclofenamide.
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Ophthalmic composition according to any one of claims 1 to 7,
characterised in that the suspension gel further contains 0 to 10% by

weight sorbitol.

Ophthalmic composition according to any one of claims 1 to 7,

characterised in that the suspension gel further contains 2 to 8% by

weight sorbitol.

10. Ophthalmic composition according to any one of claams 1 to 7,

11.

12.

13.

14.

15.

characterised in that the suspension gel further contains 3 to 6% by

weight sorbitol.

Ophthalmic composition according to any one of claims 1 to 10,
characterised in that the viscosity of the suspension gel is between 1,000
and 8,000 mPa’s.

Ophthalmic composition according to any one of claams 1 to 10,
characterised in that the viscosity of the suspension gel 1s between 2,000
and 6,000 mPa’s.

Ophthalmic composition according to any one of claims 1 to 10,
characterised in that the viscosity of the suspension gel 1s between 2,500
and 5,500 mPa’s.

Ophthalmic composition according to any one of claims 1 to 13,
characterised in that the diclofenamide 1s micronized to particle sizes of

smaller than 90 pm.

Ophthalmic composition according to any one of claims 1 to 13,
characterised in that the diclofenamide 1s micronized to particle sizes of

smaller than 50 um.

10
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16. Ophthalmic composition according to any one of claims 1 to 13,

characterised in that the diclofenamide 1s micronized to particle sizes of

smaller than 25 pm.

17. Use of an ophthalmic composition according to any one of claims 1 to 16,

for producing a medicinal drug for reducing intra-ocular pressure.

18. Use of an ophthalmic composition according to any one of claims 1 to 16,
for producing a medicinal drug for treating primary and/or secondary

open-angle glaucomas.

19. Use of an ophthalmic composition according to any one of claims 1 to 16,

for producing a medicinal drug for treating ocular hypertension.
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