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United States Pa 0. 0, 040, B2
conposi tions conprising 0.03% bi mat oprost and 0.01%
BAK or "0.01% + 5% excess" BAK

Description of Related Art
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Bimatoprost, shown below, is a prostamide marketed commercially for

the treatment of glaucoma and ocular hypertension.
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20

Benzalkonium chloride (BAK) is a preservative used in many commercial
ophthalmic products to prevent microbial contamination in multi-use products.
The commercial eye drops (Bimatoprost, Allergan, Inc., Irvine, CA) contain
0.03% bimatoprost and 0.005% BAK. Although no other prostamides are

25  currently marketed for the treatment of glaucoma, several prostaglandin analogs



BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES Figure 1 is a

pl ot showi ng the aqueous hunor concentration of the
w@areno18aci d of bi mat oprost after topical PCT/US2006/009124

adm ni stration of several fdbrnulations. Figure 2 is a

pl ot show ng t he nenbrane per nmeabi | ity of bi mat oprost

in several diffe DETA
DEERFPTRSEE FEPERT B TN R AR e B Eo e iy
f 1 Ol oPQRPX PatBn D BHOdYrOR DRV ASH), Byd W éﬂdﬁtorﬁﬁs’oﬁrbmm
100 ppmto 250 ppm benzal koni um chl ori wherei n said

conﬁ%@cula)o which rauisesigeifisantyqueie BdvKe fromsl 0700 apa, dejmeet
for ht hal [ Lein. A
ot HOAR R efie i Epleibei i BEUBRedSBeeaRE TGRS T 2,

:hyper t envinfled SekatRatknt Net €,596,765 BBshsctbsss:di csmpbsitemei n.
An aqueous uid which is formul ated. for thal mc
dnFATBEs B8 § B or KRB O GEHE d MEE S e

admi ni st gf,604 0RlGRldY NoO6 BH@O?VB2 deQ%sEé’EGrﬂﬁJsﬂﬁﬁ@%ﬁﬁpnsmg
be maxi mzed as much as possib hough soneti nes

f or 0nOB &t biomtapooss iadld 0 Al FoBAK(@. 9. 014¢ tt@o/s txdspd i BAK. may
necessitate less than optimal confort. In certain
conposi tions the concentration of bimatoprost is from
16. 01% t o 0 p3d¥F bRSTHIPTIONOFSIHEIRAMIENG FIGURES
concentration o rmatoprost 1s rromO. oto

0.02% I n cert ai n conpositions the concentrati on of BAK

Icgn]; gg'tm ’ {q P4 @Rﬁﬁ%\xﬁﬁ@hc aﬁg%otulg %ni%&’ E‘%%h&ét% fttﬁé‘parent

ot hegid ©0BReAbpos ek fpid adainist@ation bf sefveﬁr\&)mmlaftmsn
150 ppmto 250 ppm In ophthal mc conpositions, a
chel ati ng agent nay be used to enhance preservative
161 f ect Vﬁ[b%lc'ecﬂ iR B Fvifi ) Blehd Bk a RO R aBH1iSy & Wifftoprost in
known in the art,
several different formulations.

DETAILED DESCRIPTION OF THE INVENTION

20 A composition comprising from 0.005% to 0.02% bimatoprost by
weight and from 100 ppm to 250 ppm benzalkonium chloride, wherein said
composition is an aqueous liquid which is formulated for ophthalmic
administration is disclosed herein.

A method which is useful in treating glaucoma or ocular hypertension

25 related thereto is also disclosed herein.

An aqueous liquid which is formulated for ophthalmic administration is
formulated such that it can be administered topically to the eye. The comfort
should be maximized as much as possible, although sometimes formulation
considerations (e.g. drug stability) may necessitate less than optimal comfort.

30 In certain compositions the concentration of bimatoprost is from 0.01%
to 0.02%. In other compositions the concentration of bimatoprost is from

0.015% to 0.02%.
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al cohol , Asfngketnymtthy herteiffgksyare commonly used to adjust the pH to a
desirable range for ophthalmic use. Generally, a pH of around 6-8 is desired,
and in certain compositions a pH of 7.4 is desired. Many buffers including salts
of inorganic acids such as phosphate, borate, and sulfate are known.

20 Another commonly used excipient in ophthalmic compositions is a
viscosity-enhancing, or a thickening agent. Thickening agents are used for a
variety of reasons, ranging from improving the form of the formulation for
convenient administration to improving the contact with the eye to improve
bioavailability. The viscosity-enhancing agent may comprise a polymer

25  containing hydrophilic groups such as monosaccharides, polysaccharides,
ethylene oxide groups, hydroxyl groups, carboxylic acids or other charged
functional groups. While not intending to limit the scope of the invention, some
examples of useful viscosity-enhancing agents are sodium
carboxymethylcellulose, hydroxypropylmethylcellulose, povidone, polyvinyl

30 alcohol, and polyethylene glycol.

In ophthalmic solutions, tonicity agents often are used to adjust the

composition of the formulation to the desired isotonic range. Tonicity agents
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One embodiment comprises 0.01% Bimatoprost, 0.02% Benzalkonium
Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate, 0.014% Citric
Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein the pH is 7.3.

Another embodiment comprises 0.015% Bimatoprost, 0.02%

20 Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein
the pH is 7.3.

Another embodiment comprises 0.015% Bimatoprost, 0.02%
Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,

25  0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, 0.03%, EDTA, and
water, wherein the pH is 7.3.

Another embodiment comprises 0.02% Bimatoprost, 0.02%
Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein

30 thepHis7.3.
Another embodiment consists essentially of 0.01% Bimatoprost, 0.02%

Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
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Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein
the pH is 7.3.

Another embodiment consists of 0.015% Bimatoprost, 0.02%

20 Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein
the pH is 7.3.

Another embodiment consists of 0.015% Bimatoprost, 0.02%
Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,

25 0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, 0.03%, EDTA, and
water, wherein the pH is 7.3.

Another embodiment consists of 0.02% Bimatoprost, 0.02%
Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein

30 thepHis7.3.

Another embodiment comprises 0.0125% bimatoprost, 0.02%
benzalkonium chloride, 0.268% sodium phosphate dibasic heptahydrate,
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Table 1

Formulation

. 0.03% Bimatoprost (50 ppm BAK) Control

. 0.03% Bimatoprost — 200 ppm BAK

. 0.03% Bimatoprost — 0.015% TPGS (no preservative)
. 0.03% Bimatoprost — 0.2% TPGS (no preservative)

. 0.03% Bimatoprost — 0.4% TPGS (no preservative)

. 0.03% Bimatoprost — 1.0% TPGS (no preservative)
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Example 2
20 Studies were carried out to determine the effect of benzalkonium

chloride (BAK) and d-alpha tocopheryl polyethylene glycol 1000 succinate
(TPGS) on ocular absorption of bimatoprost in vivo. For the in vivo study,
eighteen female rabbits were given a single 28 UL eyedrop bilaterally and
aqueous humor samples were collected (n=3 animals with 6 eyes per

25  formulation) at 60 min postdose. Two rabbits (4 eyes) remained untreated to

serve as pre-dose bioanalytical controls. Bimatoprost and its parent carboxylic
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4. 0.03% Bimatoprost — 0.2% TPGS (no preservative) 229 +3.2%
5. 0.03% Bimatoprost ~ 0.4% TPGS (no preservative) 19.3 £ 5.6%
6. 0.03% Bimatoprost — 1.0% TPGS (no preservative) 154 +3.3%

10 a  Mean * SD. Per formulation, N=3 rabbits (6 eyes).
% Statistically different (p<0.05) compared to 0.03% Bimatoprost

Test formulations containing 0.015%, 0.2%, 0.4% and 1.0% TPGS resulted
in a lower aqueous humor carboxylic acid concentration compared to
15  Bimatoprost by 52%, 59%, 62% and 72%, respectively. In contrast, 0.03%
Bimatoprost containing 200 ppm BAK resulted in 57% higher aqueous humor
AGN 191522 concentration compared to Bimatoprost (50 ppm BAK).
While not intending to limit the scope of the invention in any way, or be
bound by theory, compared to the Bimatoprost control, formulations containing
20 TPGS resulted in decrease bimatoprost permeability. In contrast, formulations

with higher BAK resulted in higher permeability.

Example 3
Formulations containing 0.268% sodium phosphate dibasic heptahydrate,

25  0.014% citric acid, 0.83% sodium chloride, with the pH adjusted to 7.3 in gs
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Example 4

The effect of benzalkonium chloride (BAK) and
ethylenediaminetetraacetic acid (EDTA) on bimatoprost permeability across
primary culture of rabbit corneal epithelial cell layers (RCECL). Corneal
10  epithelial cells were harvested from New Zealand White rabbits and cultured on
Transwell™ filters until confluency (Day 5). For the transport experiment, cells
were first equilibrated in transport buffer for 1 hour at 37°C. Dosing solution
containing 0.015% or 0.03% bimatoprost with varying concentrations of BAK
and EDTA was then applied to the apical compartment of the Transwell™ (2
15  cultures; n=3-4 per culture) and the cells were incubated at 37°C. At 30, 60, 90
and 120 minutes postdose, 200 uL. samples were taken from the basolateral
chamber for apical to basolateral (AB) transport. The samples were analyzed
by a liquid chromatography tandem mass spectrometry (LC-MS/MS) method
with quantitation range of 1-600 ng/mL.

20 The results are presented in Figure 2.
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(RCECL). Corneal epithelial cells were harvested from
New Zeal and White rabbits and cul tured on
Transwel | (tm filters until confluency (Day 5). For
the transport experinent, cells were first
equilibrated in transport buffer for 1 hour at 37C
Dosi ng sol uti on containing 0.015% or 0.03% bi mat opr ost
with varying concentrations of BAK and EDTA was then
applied to the apical conpartnent of the Transwel | (tm)
(2 cultures; n=3-4 per culture) and the cells were

i ncubated at 370C. At 30, 60, 90 and 120 m nutes
postdose, 200 nlL sanples were taken fromthe
basol at er al



chanber for apical to basolateral (AB) transport. The
sanpl es were anal yzed by a liquid chronmatography
wo a0damsanss spectronetry (LC M5/ MS) net hod wi PET/US2006/009124
gquantitation range of 1-6000ng/nmL. The results are
presented in Figure 2. Exanple 5 A drop of formnul ation
J img stered once daily topically to the eye of a
per sk fering fromglaucoma. After a few hours,
i ntraocul ar pressure drops nore and | ess hyperema is
obseyyek Liharaweul d be observed for fornul ation A
Lowered intraocul ar pressure persists for as |long as
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ad 'Enhﬁ*ﬁ ign. 2. The conposition of claim21 which
fu:nta er %gatﬁ%)?i ses an effective anount of EDTA. 3. The
conmposi t Tha cofpaeditomoXlainet sihicht faghaoomgnisesan effective amount
benzalkqni um chloride is from 150 ppmto 200 ppm 4.
1810t gjo}‘Siti on of claim3 having a pH of 7.4 which
congi st s TRe$6Mbb@ibY odlaith O *b¥ed MRicoREPEhtior O0bdARMonium
benzal koni um chl oride, fromO to 0.03% EDTA, a
phoshlezide isfodn d 50 pRadp 208 pgmwat er. 5. The conposition
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0.015% to _0.02%
15  0.03% EDTA, a phosphate buffer, NaCl, and water.

5. The composition of claim 1 wherein the concentration of bimatoprost is
from 0.01% to 0.02%.
6. The composition of claim 5 wherein the concentration of bimatoprost is
from 0.015% to 0.02%.
20 7. The composition of claim 6 wherein the concentration of benzalkonium
chloride is from 150 ppm to 200 ppm.
8. The composition of claim 7 wherein the concentration of benzalkonium
chloride is 200 ppm.
9. The composition of claim 6 which further comprises an effective amount
25 of EDTA.
10.  The composition of claim 9 having a pH of 7.4 which comprises
0.015% bimatoprost, 200 ppm benzalkonium chloride, from 0 to 0.03% EDTA,
a phosphate buffer, and NaCl.
11.  The composition of claim 10 having a pH of 7.4 which consists of
30  0.015% bimatoprost, 200 ppm benzalkonium chloride, from 0 to 0.03% EDTA,
a phosphate buffer, NaCl, and water.
12. A method comprising administering to a mammal suffering from

glaucoma or intraocular hypertension a composition comprising from 0.005% to



7. The conposition of claim®6 wherein the

concentration of benzal koniumchloride is from 150 ppm
WO 2008Q0i1sppm 8. The conposition of claim7 whePei/msS100€009124

concentration of benzal konitum chloride is 200 ppm 9.

The conposition of claim®6 which further conprises an
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bi nehbypprdest, 200 ppm benzal koni um chloride, fromO to

0. 03% EDTA, hosph buffer, and Nad , 11. Th
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chloride, fromO to 0.03% EDITA, " a phosphate buffer,
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10. O hYatide Shdd&a%oydidtAlorittacidlivadienihe pHt toonB,ahd &tatdrm 2
conprising from 150 to 250 ppm BAK 17. The conposition
of dfaim5 conprising 0.0125% bi mat oprost, 0.02%
benzal koni um chl ori de, 0.268% sodi um phosphat e di basi c
hept ahydrate, 0.014%citric acid nonohydrate, 0.81%
sodi um chl ori de, sufficient sodium hydride and/ or
hydrochloric acid to adjust the pHto 7.3, and water.
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