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TILE I NVENTION This invention relates to

phar maceuti cal conpositions conprising 10

o e i RSP R R G Bopgron o

prostam de marketed commercially for the treatnent

of gl aucoma and ocul ar hygg tension. OCH5 HHH O
HOB, - OH Formula | 20 APEBRi um chl ori de ( BAK)

| S acR SRRy @hhNeE JHARENI Oh_ﬁﬁ%}!{lﬁﬂm@ﬁﬂhan&mfgchﬂ'm@an,
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(Bi matoprost, Allergan, Inc., Irvine, CA) contain

0. 03% bi mat oprost and 0. 005% BAK. Al t hough no ot her
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2

'This invention relates to pharmaceutical compositions comprising

10 bimatoprost.

BACKGROUND OF THE INVENTION

Description of Related Art

15
Bimatoprost, shown below, is a prostamide marketed commercially for
the treatment of glaucoma and ocular hypertension.
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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
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are comrercially avail able which use BAK as a
preservative. These include |atanoprost (Xalatan),
travoprost (Travatan), and unoprostone isopropyl
(Rescula), which require sigflificantly nore BAK, from
150-200 ppm to neet antimcrobial effectiveness
tests in the United States and Europe. 5 United
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FIGQURES Figure 1 is a plot show ng the aqueous hunor
concentration of the parent acid of binmatoprost
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benzal k %%'cb'lmncghtlo %rsieg&d a‘%%,%&e??fn%vided a composition
comprising from 0.005% to 0.02% bimatoprost by weight and from 100 pprﬁ to

250 ppm benzalkonium chloride for use in treating glaucoma or intraocular

hypertension.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 is a plot showing the aqueous humor concentration of the parent

acid of bimatoprost after topical administration of several formulations.

Figure 2 1is a plot showing the membrane permeability of bimatoprost in

several different formulations.

DETAILED DESCRIPTION OF THE INVENTION

A composition comprising from 0.005% to 0.02% bimatoprost by

weight and from 100 ppm to 250 ppm benzalkonium chioride, wherein said



2a conposition is an aqueous liquid which is

formul ated for ophthalmc admnistration is

di scl osed herein. A nethod which is useful in

treating gl aucoma or ocul ar Bypertension related
~thereto is also disclosed herein. 5 An aqueous |iquid
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concentration oEDTA is 0.15%or less. In other
conpositions the concentration of EDTA is 0.1% or
less. In other conpositions the concentration of
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from 150 to 250 ppm BAK and an
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15 effective armUnt of EDTA. As is known in the art,
buffers are commonly used to adjust the pHto a
desi rabl e range for ophthalmc use. Generally, a pH
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20 Another commonly used excipient in ophthalmic compositions is a
viscosity-enhancing, or a thickening agent. Thickening agents are used for &
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
carboxymethylceliulose, hydroxypropylmethylcellulose, povidone, polyvinyl

30  alcohol, and polyethylene giycol.

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

composition of the formulation to the desired isotonic range. Tonicity agents



Anot her conposition has a pH of 7.4 and consists of
0. 01% bi mat oprost, 10 200 ppm benzal koni um chl ori de,
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enbodi ment conprises 0, 015% Bi mat oprost, 0.02%
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Di basi c, o 9@1%9%%65@&&1  had a pBE T Ward dohdiSts 6€0. dl% bimatoprost,
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m 2 ? 2?/ g r @Pﬁ gmg?_lcﬁ%gé@t%@gipﬁ £8s QU195 Bigatopod, 192% 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,
0.0149% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein
the pH 1s 7.3.
Another embodiment comprises 0.015% Bimatoprost, 0.02%
Benzalkonium Chioride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
25  0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, 0.03%, EDTA, and
water, wherein the pHis 7.3
Another embeodiment comprises 0.02% Bimatoprost, 0.02%
Benzalkonium Chioride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, Wh_erein
30 thepHis7.3.
Another embodiment consists essentially of 0.01% Bimatoprost, 0.02%

Benzalkonium Chloride, 0.268% Sodium Phosphate Dibasic, Heptahydrate,



Anot her enbodi nent consists essentially of 0.015%
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Another embodiment consists of 0.015% Bimatoprost, 0.02%

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

Another embodiment consists of 0.015% Bimatoprost, 0.02%

Benzalkonium Chloride, 0.268% Sodium Phosphate Dibas_icr, Heptahydrate.
a5  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% Sodiuvm Phosphate Dibasic, Heptahydrate,
0.014% Citric Acid, Monohydrate, 0.81% Sodium Chloride, and water, wherein

30 thepHi1s7.3.

Another embodiment comprises 0.0125% bimatoprost, 0.02%

benzalkonium chloride, 0.268% sodium phosphate dibasic heptahydrate,
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0. 02% benzal koni um chl ori de, 0.268% sodi um phosphate
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the art. Table 1 Forrmulation 1. 0.03% Bi nat opr ost
(50 ppm BAIL) Control 2. 0.@&zemBledat oprost - 200 ppm

BAK 3. OOO/Bert I.ast hvdrat
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Table 1

Fermulation

0.03% Bimatoprost (50 ppm BAK) Control

. 0.03% Bimatoprost — 200 ppm BAK

. 0.02% Bimaioprost — 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 giycol 1000 succinate
(TPGS) on ocular absorption of bimatoprost in vivo. For the in vivo study,
eighteen female rabbits were given a single 28 pL eyedrop bilaterally and
aqueous humor samples were collected (n=3 animas 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



20 Studies were carried out to determ ne the effect
of benzal konium chl oride (BAK) and d-al pha
t ocopheryl pol yethyl ene glycol 1000 succinate (TPGS)
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bi mﬁ@ﬁﬁost fornmul ati ons are summarized in Figure 1

and_Table 2 below Tahle 2 Formulation 1 Aguegus———
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(ND2.2813% Biga@rost -FpempavBARL i ve) 4. 0. 03% BiffatdpPost -
0. P RS TR Bba e 22- 9 | 3. 2 %1 15.83%

Bi mat oprost - 0.4% TPGS (no preserjvative) 19.3 5. 6*
6. | FU%'Bi mat oprost - 1.0% TPGS (Ino preservative)_
15} 4. 603%. BmédtoproftD- G2 VEPES (noBBser@ave) fjor mul at 3365 3-RE=3
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6. 0.03% Bimatoprost — 1.0% TPGS (no preservative) 154 £3.3%

7 10 a  Mean + SD. Per formulation, N=3 rabbits (6 eyes).
*  Sratistically 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 agueous 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



Test fornul ati ons containing 0.015% 0.2% 0.4% and

1.0% TPGS resulted in a | ower agueous hunor

carboxylic acid concentration conpared to 15
wHhiiBiAROSt by 52% 59% 62% and 72% respestiNeloge/009124
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conpared to the Bi matoprost control, fornulations
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Example 4
The effect of benzalkonium chloride (BAK) and

ethylenediaminetetraacetic acid (EDTA) on bimatoprost permeability across
primary culture of rabbit comeal 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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post dose, 200 tL sanples were taken fromthe

basol ateral chanber for apical to basol ateral (AB)
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Lowered intraocul ar pressure persists for as long as
the treatnent continues. 10
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CLAIMS What is clained is: 5 1. A conposition
conprising fromO0.005%to 0.02% bi nat oprost by wei ght
and from 100 ppmto 250 ppm benzal koni um chl ori de,
wherei n said conposition is an aqueous |liquid which
is formul ated for ophthal mc adm nistration. 2. The
conposition of claim1 which further conprises an
effective anobunt of EDTA. 10 3. The conposition of
cl acmadvherein the concentration of benzal koni um
chloride is from 150 ppmto 200 ppm 4. The
conposi tion of claim3 having a pH of 7.4 which
Whepissllaimed éssential |y of 0.015% bi mat oprost, 200 ppm
benzal koni um chl oride, fromO to 0.03% EDTA, a
1. phosphat@npaesiterconyaing feord OWESEs to (1% bimteprost by weight
conpaqsition aof claim]l erein the concentrati on of .
andoﬁ??mtleBPB@tmi%O pPPPobRngalsamgmshiprigisoavhergin spicomposition is an
aq e BEPRTIiA WAL i RIAR PO A fRGCEBR! atTon of
bimat oprost 1s fromO0.015%to 0.02% 7. The
2. conpodibeicompofitioh af aetn Wveri@i furthreconysensn effféctine afount
of@ﬁ?éﬁlkoniun} 20 chloride is from 150 ppmto 200 ppm
7 Fhe conposition of claim7 wherein the

3. concenteabhPBsifbn BEOARY Kyt tHeRoREIHELHS 0 POAZRRPRium
9. The conposition of claim6 which further conprises

-chigmdeififeost | YeppmbeiA®0 pph. EDTA. 25 10. The conposition

of clai,m 9 hawvi.n H 7.4 i C onpri ses. 0. 015%
4 bt mac AU SOPPRSET o R A par g P forT SFRASRRSE R
of @0 D34 bEROproat, OO pphdteBzalliHidie Chlogide, 010 DD3%TBBTA, a
conmposition of claim 10 having a pH of 7.4 which
phasphae belderoNaGl, gnd 9%atasi mat oprost, 200 ppm benzal koni um
5. chlorige ’co%rpggpdg% bP cl?i“ng) %%II%BT&IIG%OH%%IBB&B &r biﬁl%toprost is
buf fer, NaCl, and water.
from 0.01% to 0.02%..

6. The composition of claim 5 wherein the concentration of bimatoprost is

 from 0.015% to 0.02%.

7. The composition of claim 6 wherein the concentration of benzalkonium
chloride 1s from 150 ppm to 200 ppm.

8. The composition of claim 7 wherein the concentration of benzalkonium
chioride is 200 ppm.

9. The composition of claim 6 which further comprises an efféctive amount
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 0.015%
bimatoprost, 200 ppm benzalkonium chloride, from 0 to 0.03% EDTA, a phosphate
buffer, NaCl, and water.

12. A composition comprising from 0.005% to
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12. A conposition conprising fromO0.005%to 11 0.02%
bi mat oprost by wei ght and from 100 ppmto 250 ppm
benzal koni um chl oride for &Jse in treating glaucona

or intraocul ar hypertensi odl 13. The conposi tion of
claim2 conprising fromO0.001%to 0.15% EDTA. 14.

The conposition of claim 13 conprising fromO0.01%to
0.1% EDTA. 5 15. The conposition of claim 14
conprising from0.01%to 0.05% EDTA. 16. The

mposi tion of claim2 conprising from 150 to 250 ppm
0.0 %q@mprrqaﬁ by &t and from % R ) Regmpenizellegium chloride

forQsQ 222%:Rl : 9 oni um chl ori de,
05885 slogiggagrﬁe%ﬁgé% élt%‘e’ggﬁ?@?@é%&e%i ahydrate, 0.014%
[53.ci tri cllmgiochpositiohyflclatre 2 cOmipii¥ing debinui0000 teas i0de% EDTA.

suffi cgi,ent sodi.um hydri and/.or .10 hydrochloric
14acid t eé&ﬂ?&fﬂlf’ﬂé?‘b %‘@ng ?P@Pﬂ%lﬁ%lﬁ\ﬂﬁ’(%isl%ifg 0.13p EDJBA.

1530 397 heAcgmposition of claim 14 comprising from 0.01% to 0.05% EDTA.
16. The composition of claim 2 comprising from 150 to 250 ppm BAK

17. The composition of claim 5 comprising 0.0125% bimatoprost, 0.02%
benzalkonium chloride, 0.268% sodium phosphate dibasic heptahydrate, 0.014%
citric acid monohydrate, 0.81% sodium chldride, sufficient sodium hydride and/or

hydrochloric acid to adjust the pH to 7.3, and water.



