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USE OF SYNTHETIC INORGANIC
NANOPARTICLES AS CARRIERS FOR
OPHTHALMIC AND OTIC DRUGS

BACKGROUND OF THE INVENTION

[0001] The present invention is directed to the field of
ophthalmic and otic drug delivery. More specifically, the
present invention is directed to the use of synthetic, inor-
ganic nanoparticles as inert carriers for ophthalmic and otic
drugs, and to the use of pharmaceutical compositions based
on the invention to deliver ophthalmic drugs topically to the
eye and ear.

[0002] Many different types of agents have been utilized
as carriers for delivering ophthalmic drugs to the eye. For
example, the use of carboxyvinyl polymers for this purpose
is described in U.S. Pat. No. 4,271,143. Various other
organic polymers have also been utilized as carriers for
ophthalmic drugs.

[0003] The use of nanoparticles formed from synthetic or
natural polymers in ophthalmic compositions has been
described in various scientific publications, such as:

[0004] Kreuter, J. “Nanoparticles”Colloidal Drug Deliv-
ery Systems, edited by Jork Kreuter, Marcel Dekker, New
York, N.Y. (USA), chapter 5, page 219 (1994);

[0005] Gurny, R. “Ocular therapy with nanoparticle-
s”Polymeric Nanoparticles and Microspheres edited by P.
Guiot and P. Couvreur, Boca Raton, Fla. (USA): CRC Press,
page 127 (1986);

[0006] Gurny, R. “Preliminary study of prolonged acting
drug delivery system for the treatment of glaucoma”Pharm
Acta Helv., volume 56, page 130 (1981);

[0007] Zimmer, et al. “J. Microspheres and nanoparticles
used in ocular delivery systems”Advanced Drug Delivery
Reviews, volume 16, number 1, pages 61-73 (1995); and

[0008] Calvo, et al. “Comparative in vitro evaluation of
several colloidal systems, nanoparticles, nanocapsules, and
nanoemulsions, as ocular drug carriers™J Pharm Sci, volume
85, number 5. pages 530-536 (May 1996).

[0009] The nanoparticles utilized in the present invention
are not formed from synthetic or natural polymers such as
those described in the above-cited publications. Rather, the
present invention is directed to the use of inorganic nano-
particles. The nanoparticles utilized in the present invention
include, for example, clay substances that are water
swellable. An extensive review of clays and their chemical
and physical properties can be found in:

[0010] Giese,R.F. and van Oss C. J., “Colloid and Surface
Properties of Clays and Related Minerals”, A. T. Hubbard,
Marcel Dekker Inc., Vol. 105.

[0011] The preferred nanoparticles are formed from syn-
thetic smectite clays which are prepared from simple sili-
cates. The following publications may be referred to for
further background regarding the use of synthetic clay
nanoparticles in pharmaceutical compositions:

[0012] Plaizier-Vercammen, “Rheological properties of
Laponite XLG, a synthetic purified hectorite” Pharmazie,
volume 47, page 856 (1992);
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[0013] Grandolini, et al. “Intercalation compounds of
hydrotalcite-like anionic clays with anti-inflammatory
agents: L. Intercalation and in vitro release of ibuprofen”in-
ternational Journal of Pharmaceutics, volume 220, numbers
1-2, pages 23-32 (Jun. 4, 2001);

[0014] U.S. Pat. No. 5,585,108 (Ruddy, et al.) entitled
“Formulations of Oral Gastrointestinal Therapeutic Agents
in Combination with Pharmaceutically Acceptable Clays”;

[0015] U.S. Pat. No. 6,177,480 B1 (Tsuzuki, et al.), which
describes the use of a synthetic clay material (i.e., Lapo-
nite™) as a wetting agent for contact lenses and to assist in
the removal of lipid deposits from contact lenses by surfac-
tants;

[0016] U.S. Pat. No. 6,015,816 (Kostyniak, et al.), which
describes an improved method using colloid particles, such
as smectite clay minerals, as a substrate for ligands having
antimicrobial activity, so as to control microbial growth on
a material; and

[0017] U.S. Pat. No. 6,177,480 (Tsuzuki, et al.) describes
the use of synthetic clay material (i.e., Laponite™) as a
wetting agent for contact lenses and to assist in the removal
of lipid deposits from contact lenses by surfactants.

SUMMARY OF THE INVENTION

[0018] The present invention is based on the use of
nanoparticles of inorganic materials to facilitate the formu-
lation of ophthalmic and otic compositions, particularly
compositions adapted for topical application to ophthalmic
or otic tissues. The nanoparticles function as a chemically
inert carrier or depot for ophthalmic and otic drugs and other
components of ophthalmic and otic compositions.

[0019] The present invention is believed to have advan-
tages over the prior art use of organic polymers for oph-
thalmic drug delivery. For example, the inorganic nanopar-
ticles utilized in the present invention are particularly well
suited for use as drug delivery agents in instances wherein
controlled delivery of the drug is needed. The particles offer
advantages over current state of the art delivery agents as a
result of the higher surface area of the particles and the
ability of the particles to form clear gels or solutions when
dispersed in aqueous media.

[0020] Tt has been found that at very low concentrations in
aqueous solutions, the nanoparticles can be dispersed while
retaining a clear solution. Due to the minute size of the
nanoparticles, the compositions of the present invention
remain clear and non-blurry, which is very important for
ophthalmic compositions. It has also been found that the
particles can be utilized as carriers for ophthalmic and otic
drugs without compromising the microbiological activity of
antimicrobial preservatives contained in the compositions.

[0021] In addition to acting as inert carriers for ophthalmic
and otic drugs, the inorganic nanoparticles also provide
advantageous rheological properties for the compositions of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] The nanoparticles utilized in the present invention
are inorganic materials. The particles have colloidal dimen-
sions, a large surface area and a high ion exchange capacity.
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The particles are generally referred to hereinafter as “inor-
ganic nanoparticles”. The use of the synthetic inorganic
nanoparticles is preferred.

[0023] The inorganic nanoparticles used in the present
invention preferably have particle dimensions less than 100
nanometers (“nm”), but greater than 1 nm. The morphology
of the nanoparticles is not limited to being spherical; plate-
like, cubic, ellipsoid or other particle shapes are also useful.
The particles have surface areas ranging from 30-1000
square meters/gram (“m?/g”), and have an overall negative
surface charge at a pH in the range of 6.0 to 7.8.

[0024] The inorganic nanoparticles utilized in the present
invention may also be surface modified, depending on the
particular type of composition involved and stability
requirements. Different types of nanoparticles may be com-
bined to optimize the formulation properties.

[0025] The inorganic nanoparticles utilized in the present
invention are preferably formed from clays that swell in
aqueous solutions. These types of clays are referred to herein
as being “hydrous”. The use of nanoparticles of synthetic
hydrous clays is preferred due to the commercial availabil-
ity, purity, and well-defined chemical composition and
physical properties of these materials. In addition, the syn-
thetic clay nanoparticles are easier to formulate and can
form colorless and transparent gels more readily than inor-
ganic nanoparticles formed from naturally occurring clays.

[0026] Synthetic inorganic nanoparticles that are particu-
larly useful include a synthetic smectite clay that is com-
mercially available under the trademark Laponite® (South-
ern Clay Products, Gonzales, Tex., USA). Laponite® is a
layered hydrous magnesium silicate prepared from simple
silicates. The following publication may be referred to for
further details concerning the physical properties and func-
tions of Laponite®: “Laponite Technical Bulletin “Laponite-
synthetic layered silicate—its chemistry, structure and rela-
tionship to natural clays” 1.204/01 g. Another synthetic
magnesium aluminum silicate material is also commercially
available under the trademark OPTIGEL® SH (Sud-Che-
mie, Louisville, Ky.).

[0027] Inorganic nanoparticles formed from naturally
occurring hydrous clays may also be utilized, either in
combination with a synthetic clay or alone. Examples of
suitable naturally occurring clays include aliettite, beidellite,
bentonite, hectorite, kaolinite, magadite, montmorillonite,
nontronite, saponite, sauconite, stevensite and volkonskoite.

[0028] The following publications may be referred to for
further details regarding the physical properties of various
types of clay nanoparticles and the use of these materials as
ion-exchange materials, viscosity modifiers and film form-
ing agents:

[0029] Gieseking, J. E., “Mechanism of Cation Exchange
in the Mont-Morillonite-Beidellite-Nontronite Type of Clay
Minerals”, Soil Science, volume 47, pages 1-14 (1939);

[0030] Theng, B. K. G., “Formation and Properties of
Clay-Polymer Complexes”, Elsevier, Amsterdam, (1979);
and

[0031] H. van Olphen, “Clay Colloid Chemistry”, Krieger
Publishing Company, Florida, Second Edition (1991).
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[0032] Examples of other inorganic nanoparticle materials
that may be utilized instead of or in combination with the
clay nanoparticles described above include zeolites, silica,
aluminum oxide, cerium oxide, titanium oxide and zinc
oxide. Nanometer sized silica particles, such as those sup-
plied by Nalco (e.g., Nalco® 115 and 1140) and EKA
Chemicals (NYACOL® grades), are readily available. Min-
eral oxide nanoparticles based on other metals are also
commercially available. For example, mineral oxides (e.g.,
aluminum oxide, cerium oxide, titanium oxide and zinc
oxide) having well defined nano-dimensions are available
from Nanophase Technologies (Romeoville, Ill., USA)
under the trade name “NanoTek®”.

[0033] As indicated above, it has been discovered that the
above-described inorganic nanoparticles are capable of
functioning as carriers for ophthalmic and otic drug mol-
ecules and other components of ophthalmic and otic phar-
maceutical compositions. The present invention is appli-
cable to the use of nanoparticles as carriers for various types
of pharmaceutically active agents, such as agents for con-
trolling intraocular pressure and treating glaucoma, neuro-
protectants, anti-allergy agents, anti-infectives, anti-inflam-
matory agents, mucosecretagogues, angiostatic steroids,
pain relievers, decongestants or astringents, and so on.

[0034] Examples of pharmaceutically active agents which
may be included in the compositions of the present inven-
tion, and administered via the methods of the present inven-
tion include, but are not limited to: anti-glaucoma agents,
such as apraclonidine, brimonidine, betaxolol, timolol, pilo-
carpine, carbonic anhydrase inhibitors, prostaglandins and
serotonergics; dopaminergic antagonists; anti-infectives,
such as moxifloxacin, gatifloxacin, levofloxacin, ciprofloxa-
cin and tobramyecin; non-steroidal and steroidal anti-inflam-
matories, such as rimexolone, dexamethasone, prednisolone,
fluorometholone, lotoprednol, naproxen, diclofenac, supro-
fen and ketorolac; proteins; growth factors, such as epider-
mal growth factor; mucosecretagogues, such as 15-HETE;
angiostatic steroids, such as anecortave acetate; antihista-
mines, such as emadine; mast cell stabilizers, such as
olopatadine; and immunomodulators, such as cyclosporin.

[0035] The concentration of the inorganic nanoparticles
utilized in specific ophthalmic or otic compositions of the
present invention will depend on the physical form of the
composition (e.g., solution, dispersion, suspension or gel)
and other factors apparent to those skilled in the art. The
identification of an ideal concentration of nanoparticles for
a specific formulation can be determined by means of
routine experimentation, conducted in accordance with the
specifications and considerations described herein. The ideal
concentrations selected as a result of such testing may vary
significantly from formulation to formulation, but the con-
centrations will generally fall within the range of 0.1 to 10
w/v %. The concentration of dispersed smectite clay nano-
particles (e.g., Laponite®) in the compositions of the present
invention may vary significantly from formulation to for-
mulation, but is normally within the range of 0.1 to 1 w/v %,
and preferably within the range of 0.3 to 0.5 w/v %.

[0036] 1t has been found that at low concentrations in
aqueous buffered solutions, the above-described inorganic
nanoparticles can be dispersed under physiological pH con-
ditions while retaining a transparent solution, dispersion or
gel. The inorganic nanoparticles will form clear and color-
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less dispersions of low viscosity at concentrations of up to
10 w/v %. However, if combined with appropriate amounts
of salts and other excipients, the nanoparticles will form
clear, highly shear thinning, thixotropic gels. More particu-
larly, at concentrations of greater than 0.5 weight/volume
percent (“w/v %”), the particles will form clear gels under
appropriate electrolyte conditions and display lubrication,
film forming and viscoelastic properties.

[0037] The electrolyte conditions required for the forma-
tion of such gels will vary somewhat depending on the
particular type of inorganic nanoparticle selected, the con-
centration utilized, the type of buffer or vehicle involved and
other factors apparent to persons skilled in the art. However,
the preferred electrolyte conditions will generally involve
the use of very low levels of 1:1 electrolytes (e.g., NaCl).
The ideal concentration of the electrolyte in the gel compo-
sitions of the present invention can be readily determined
through routine experimentation for each formulation. How-
ever, the amount of electrolyte required will generally be on
the order of 0.01 to 0.1 w/v %.

[0038] The incorporation of inorganic nanoparticles in
aqueous ophthalmic and otic compositions as described
herein results in significant rheological changes. The com-
positions of the present invention will typically have vis-
cosities that are orders of magnitude higher than the vis-
cosities of compositions that are identical, except for the
inclusion of synthetic inorganic nanoparticles. The compo-
sitions of the present invention will preferably have a
viscosity of less than 5.0 millipascal second (“mPa* sec”) at
high shear rates. More specifically, the compositions of the
present invention preferably have Newtonian plateau vis-
cosities of less than 5 mPa*sec at shear rates above 25 sec™?,
with viscosities in the range of 0.1 to 1 mPa* sec being most
preferred.

[0039] The above-discussed modification of rheological
properties provided by the inorganic nanoparticles may be
utilized to enhance the retention time of the compositions of
the present invention in the eye or ear, or improve the flow
characteristics of the compositions.

[0040] The ophthalmic and otic compositions of the
present invention may contain various ancillary substances,
in addition to the above-described synthetic inorganic nano-
particles and pharmaceutically active agents, such as buffers
and tonicity adjusting agents. The ophthalmic and otic
compositions of the present invention will generally be
formulated as sterile aqueous solutions, suspensions, disper-
sions or gels. The compositions must be formulated so as to
be compatible with ophthalmic and otic tissues. The oph-
thalmic solutions, suspensions and dispersions of the present
invention will generally have an osmolality of from about
200 to about 400 milliosmoles/kilogram water (“mOsm/
kg”). All of the compositions of the invention will have a
physiologically compatible pH.

[0041] The ophthalmic and otic compositions of the
present invention that are packaged as multi-dose products
may contain one or more ophthalmically acceptable biocides
in an amount effective to prevent microbial contamination of
the compositions by microbes, such as bacteria and fungi.
The biocides utilized for this purpose are referred to herein
as “antimicrobial preservatives”.

Jan. 6, 2005

[0042] The invention is not limited relative to the types of
biocides that may be utilized as antimicrobial preservatives.
The preferred biocides include: chlorhexidine, polyhexam-
ethylene biguanide polymers (“PHMB”), polyquaternium-1,
and the amino biguanides described in co-pending U.S.
patent application Ser. No. 09/581,952 and corresponding
International (PCT) Publication No. WO 99/32158, the
entire contents of which are hereby incorporated in the
present specification by reference. The use of surface-active
biocides is preferred.

[0043] The preferred antimicrobial agents are polyquater-
nium-1 and amino biguanides of the type described in U.S.
patent application Ser. No. 09/581,952 and corresponding
International (PCT) Publication No. WO 99/32158. The
most preferred amino biguanide is identified in U.S. patent
application Ser. No. 09/581,952 and corresponding PCT
publication as “Compound Number 17, and has the follow-
ing structure:

*2HCl

NH NH

*HCl
Cpa /\/\
~ N NH NH NH-

[0044] This compound is referred to below by means of
the code number “AL8496”.

[0045] The levels of antimicrobial activity required to
preserve ophthalmic and otic pharmaceutical compositions
from microbial contamination are well known to those
skilled in the art, based both on personal experience and
official, published standards, such as those set forth in the
United States Pharmacopoeia (“USP”) and similar publica-
tions in other countries. The amount of antimicrobial pre-
servative required for this purpose is referred to herein as
“an effective amount™.

[0046] The compositions may also contain one or more
components to enhance the antimicrobial activity of the
compositions, such as: a borate/polyol complex (e.g., boric
acid/propylene glycol), as described in U.S. Pat. No. 6,143,
799 (Chowhan, et al); a low molecular weight amino
alcohol (e.g., AMP), as described in U.S. Pat. No. 6,319,464
B2 (Asgharian); or a low molecular weight amino acid (e.g.,
glycine), as described in U.S. Pat. No. 5,741,817 (Chowhan,
et al.). The entire contents of the above-referenced patents
are hereby incorporated in the present specification by
reference. The above-cited components may be used either
alone or in combination with conventional antimicrobial
agents such as polyquaternium-1.

[0047] The compositions of the present invention are
further illustrated by the representative formulations
described in the following examples.

EXAMPLES

[0048] The table below provides examples of opthalmic
drug suspensions containing rimexolone. These composi-
tions are useful in the treatment of ocular inflammation. All
concentrations in the table are expressed as weight/volume
percent.



US 2005/0003014 Al Jan. 6, 2005

9534-  9534-  9534-  9534-  9534- 9534- 9534- 9534- 9534-
Ingredient 38A 38B 38C 38D 38E 38F 38G  38H 381
Laponite ® XLG 0.25 0.125 0.05 0.5 025 05 05 0.25 0.25
Rimexolone — — — 0.1 0.1 0.1 0.1 01 041
BAC — — — — — 0.01 — 0.01 —
AL-8496A — — — — — — 0.0004 — 0.0004
Poloxamine 1304 0.1 0.1 0.1 0.1 0.1 01 o1 01 041
Tween 80 0.1 0.1 0.1 0.1 0.1 01 o1 01 041
EDTA 0.1 0.1 0.1 0.1 0.1 01 o1 01 041
Sodium Chloride 0.4 0.4 0.4 0.4 0.4 0.4 04 0.4 04
Propylene Glycol 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
HPMC 0.4 0.4 0.4 0.4 0.4 0.4 04 0.4 04
Sodium Borate 0.4 0.4 0.4 0.4 0.4 0.4 04 0.4 04
Purified Water Qs Qs Qs Qs Qs Qs Qs Qs Qs
pH 7.8 7.8 7.8 7.8 7.8 7.8 18 7.8 7.8
*Viscosity mPas -s  7.89 = 978 £+ 10.09 + 1320« 1236+ TBD TBD TBD TBD
at 61.15 s7* 0.25* 0.32 0.30 0.01 0.54

*Determined using Brookfied DVIII+ — ULA spindle-room temperature-not controlled

We claim:

1. Use of synthetic inorganic nanoparticles as carriers for
ophthalmic or otic drugs.

2. A method of delivering a drug to the eye or ear, which
comprises utilizing synthetic inorganic nanoparticles as car-
riers for the drug.

3. An ophthalmic or otic pharmaceutical composition
comprising a therapeutically effective amount of an oph-
thalmic or otic drug and an amount of synthetic inorganic
nanoparticles sufficient to carry the drug.

4. A composition according to claim 3 wherein the nano-
particles have: (a) particle dimensions less than 100 nm, but
greater than 1 nm, with a standard deviation of the distri-
bution of less than 10%; (b) surface areas ranging from 30
to 1000 m*/g; and (c) an overall negative surface charge at
a pH in the range of 6.0 to 7.8.

5. A composition according to claims 3 or 4, wherein the
nanoparticles are formed form a synthetic hydrous clay

6. A composition according to claim 5, wherein the
synthetic hydrous clay is a smectite clay.

7. A composition according to claims 3 or 4, wherein the
nanoparticles are selected from the group consisting of
zealites, hydrotalcite, silica, aluminum oxide, cerium oxide,
titanium oxide and zinc oxide.

8. A composition according to any one of claims 3 to 7,
wherein the concentration of the nanoparticles in the com-
position is 0.000001 to 10 w/v %.



