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PHARMACEUTICAL COMPOSITIONS CONTAINING A
FLUOROQUINOLONE ANTIBIOTIC DRUG AND XANTHAN GUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to pharmaceutical compositions. In
particular, this invention relates to pharmaceutical compositions formulated so

that fluoroquinolone antibiotic drugs and xanthan gum are compatible.

2. Description of Related Art

Xanthan gum is a polysaccharide known to be useful in ophthalmic
compositions as a viscosity-enhancing agent. U.S. Patent No. 4,136,177
discloses ophthalmic compositions containing an ophthalmic drug and from
about 0.01 to 2.5 % (w/v) of xanthan gum. The ‘177 patent teaches that if the
concentration of xanthan gum is from about 0.02 to about 1.0 % (w/v), the
composition is suitable for “dropwise” ophthalmic applications. In contrast, at
concentrations of xanthan gum above about 1.0 % and up to about 2.5 % (w/v),
“a gel-like consistency is attained.” Thus, the ‘177 patent discloses
compositions that are formulated to be either non-gelled liquids or gels before
instillation in the eye. The ‘177 patent does not describe any xanthan gum-
containing compositions as capable of being administered as a liquid and
gelling upon contact with the eye. According to the ‘177 patent, any ophthalmic
drug can be added to the xanthan gum-containing compositions, but the ‘177
patent does not include a fluoroquinolone antibiotic drug when it lists suitable

antibacterial drugs (see Col. 3, lines 54 — 58).

WO 99/61273 discloses gel-forming compositions containing xanthan
gum where the xanthan gum has an initial bound acetate content of at least

about 4 % and an initial bound pyruvate content of at least about 2.5 %. The
1
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entire contents of WO 99/51273 are hereby incorporated by reference.

Ciprofloxacin is an antibiotic drug known to be useful in pharmaceutical
compositions. Because of solubility limitations, topically administrable aqueous
compositions containing 0.3% (w/w) ciprofloxacin are generally formulated at
low pH (e.g., pH 4.5) in order to avoid ciprofloxacin precipitating out of the
composition. U.S. Patent No. 5,679,336 discloses topically administrable
pharmaceutical compositions formulated as solutions at or near physiological
pH using polystyrene sulfonic acid.

Adding 0.3% (w/w) ciprofloxacin to a simple aqueous xanthan gum-
containing composition, even at a pH of 4.5, causes a precipitate to form

between ciprofloxacin and xanthan gum.

SUMMARY OF THE INVENTION

The present invention is directed toward a method of making
fluoroquinolone antibiotic drugs and xanthan gum compatible in aqueous
pharmaceutical compositions. According to the present method, a calcium salt
is added to the composition in an amount sufficient to make the fluoroquinolone
drug compatible with xanthan gum. The present invention is also directed
toward compositions containing a fluoroquinolone drug, xanthan gum and a
calcium salt in an amount sufficient to make the fluoroquinolone drug and
xanthan gum compatible. The methods and compositions of the present
invention include a minimum of 0.15 wt.% of calcium salt such that the
formulations have a turbidity rating of < 40 NTU (nephelos turbidity units) at

room temperature.

Among other factors, the present invention is based upon the finding
that, unlike salts of monovalent cations or multivalent anions, calcium salts are
particularly effective in making ciprofloxacin and xanthan gum compatible in

pharmaceutical compositions.
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DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise indicated, all ingredient concentrations are listed as %

(wWiw).

Xanthan gum is a well-known polysaccharide that is commercially
available from a variety of sources. The amount of xanthan gum contained in
the compositions of the present invention will depend upon the properties
desired for the final composition and the identity and concentration of other
ingredients in the composition, but will generally range from about 0.4 to about
0.8 %, preferably 0.5 — 0.7 %.

Xanthan gum is generally available in at least two grades from some
commercial suppliers, a food or industrial grade and a pharmaceutical grade. It
is preferable to polish filter even pharmaceutical grade materials so that the
finished pharmaceutical product will have increased clarity. As one skilled in
the art appreciates, the appropriate filter size for polish filtration depends upon
the size of the undesired impurities contained in raw material. For example, in
the case of a solution composition, it has been found that the Rhodigel Clear
grade of xanthan gum from Rhone- Poulenc Inc. should be filtered through a
0.45 pum filter in order to remove cell debris and impurities. Multiple stages of
filters can be used to increase the overall efficiency of the polish filtration

process.

Although the amount of the fluoroquinolone drug included in the
compositions of the present invention will be whatever amount is therapeutically
effective and will depend upon a number of factors, including the identity and
potency of the chosen drug, the total concentration of drug will generally be
about 1% or less. A preferred fluoroquinolone antibiotic drug is ciprofloxacin.
In topically administrable ophthalmic compositions, the preferred concentration

of ciprofloxacin will range from 0.2 — 0.4%.
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In addition to xanthan gum and a fluoroquinolone antibiotic drug, the
compositions of the present invention include a water-soluble calcium salt in an
amount sufficient to make the xanthan gum and the fluoroquinolone drug
compatible. The necessary amount of calcium salt will depend upon the
concentration of xanthan gum, the identity and concentration of the
fluoroquinolone drug and the desired clarity of the final formulation. In general,
however, the calcium salt concentration should be sufficient to give the final
formulation a turbidity (nephelos) rating of <40 NTU at room temperature. The
calcium salt concentration is preferably > 0.15 %. Suitable water-soluble
calcium salts include calcium chloride, calcium lactate; calcium acetate; calcium
propionate and calcium ascorbate. The most preferred calcium salt is calcium

chloride.

The compositions of the present invention may include other
components. For example, the compositions may include a second active
agent (not limited to anti-infective agents). The compositions may also contain
one or more excipients including, but not limited to, pharmaceutically
acceptable buffering agents, preservatives (including preservative adjuncts),
tonicity-adjusting agents including salts containing monovalent cations,
surfactants, solubilizing agents, stabilizing agents, comfort-enhancing agents,
emollients, pH-adjusting agents and/or lubricants.

The following examples are presented to illustrate further various
aspects of the present invention, but are not intended to limit the scope of the

invention in any respect.

EXAMPLES

Each of the formulations shown in Tables 1 - 3 below was prepared as follows.
If present, benzododecinium bromide (BDAB), acetic acid, sodium acetate and
edetate disodium were combined with purified water, followed by the indicated
salt(s) and then, if present, ciprofloxacin. All ingredients were dissolved by

stirring and pH was adjusted, if necessary. Then xanthan gum stock solution
4
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was added and the resulting formulation mixed by stirring to give a
homogeneous composition. If necessary, pH was adjusted again. The
resulting formulation was then autoclaved at 121 °C for 30 minutes (using liquid

cycle). The sterilized formulations were then cooled to room temperature and
added to a test tube.

Viscosity at 1.2, 6, and in some cases 120 s", was measured for certain
samples using a Brookfield Rheometer. Visual appearance or turbidity was
recorded for each sample. Turbidity (NTU) was measured at room temperature
using a DRT-100B turbidimeter (H.F. Scientific). The results appear in Tables 1

— 3 immediately below the list of ingredients for each formulation.
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Table 1
Ingredient % (Wiw)

A B C D E F G H
Ciprofloxacin HCI 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Monohydrate
Xanthan Gum 0.6 0.6 0.6 0.6 0.6 0.3 0.3 0.6
Mannitol 0 0 0 0 46 46 0 0
Potassium Chloride 11 0 0 0 0 0 0
Sodium Chloride 0.86 0.86 0.66 0 0.86 0.86
Calcium Chloride 0 0 0 0 0
Dihydrate
Boric Acid 0 0 0 04 0 0 0 0
Polysorbate 80 0 0 0.05 0 0 0 0 0
Edetate Disodium 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Acetic acid 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Sodium acetate 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
BDAB 0.012 | 0.012 | 0.012 | 0.012 0.012 0.012 0.012 0.012
NaOH/HCI pH45 | pH45 | pH45 | pH4.5 | pH4.5 pH4.5 pH45 | pH4.5
Purified Water as as as as gs as gs gs
Turbidity (NTU) 68 67 49 74 248 793 36 70
Viscosity at 1.2 s™ 3300 3100 - 3100 Gel 200 280 3030
Viscosity at 6 s 1040 1000 - 980 Clumps 45 170 980
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Example 2: Multivalent Anions

TABLE 2
Ingredient % (wiw)

I J K L M
Ciprofloxacin HCI 0.35 0.35 0 0.35 0
Monohydrate
Xanthan Gum 0.6 0.6 0.6 0.3 03
Sodium Sulfate 15 15 15 15 1.5
Edetate Disodium 0.05 0.05 0.05 0.05 0.05
Polysorbate 80 0.05 0.05 0.05 0.05 0.05
BDAB 0.012 0.012 0.012 0.012 0.012
NaOH/HCI pH4.5 pH 6.6 pH4.5 pH4.5 pH 4.5
Purified Water gs qs qs qas gs
Viscosityat 1.2 s 2700 4700 640 690
Viscosity at 6 s~ 830 - 1300 280 300
Viscosity at 120 s 76 — 106 37 38

In each of Formulations |, J and L, small particles were observed after

the formulations were left standing for one week.
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TABLE 3
Ingredient % (Wiw)

N o P Q _
Ciprofloxacin HCI 0.35 0.35 0 0.35 0
Monohydrate
Xanthan Gum 0.6 0.6 0.6 0.3 0.3
Calcium Chloride 1.2 1.2 1.2 1.2 1.2
Dihydrate
Edetate Disodium 0.05 0.05 0.05 0.05 0.05
Polysorbate 80 0.05 0.05 0.05 0.05 0.05
BDAB 0.012 0.012 0.012 0.012 0.012
NaOH/HCI pH 4.5 pH 6.6 pH4.5 pH4.5 pH 4.5
Purified Water as as gs gs as
Appearance m
Viscosityat 1.2 s™ 4800 5300 4800 1130 1340
Viscosity at 6 s’ 1230 1350 1230 370 390
Viscosity at 120 s™ 95 103 95 37 38
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TABLE 3 (continued)
Ingredient % (wWiw)

S T u \" w X Y z
Ciprofloxacin HCI | 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Monohydrate
Xanthan Gum 06 0.6 0.6 0.6 0.6 06 0.6 0.6
Sodium Chloride 0 0 0.45 0 0.26 0 0 0
Calcium Chloride 14 1.3 0.7 1.1 0.7 1.1 0.7 14
Dihydrate
Boric Acid 0 0 0 04 0.4 04 04 0
Polysorbate 80 0 0 0 0 0 0.05 0.05 0
Edetate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Disodium
Acetic acid 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Sodium acetate 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
BDAB 0.012 | 0.012 | 0.012 | 0.012 | 0.012 | 0.012 | 0.012 | 0.012
NaOH/HCI pH45 | pH45 | pH45 | PH45 | pH4.5 | pH4.5 | pH4.5 | pH4.5
Purified Water qs gs gs gs qs qs gs gs

Q

Turbidity (NTU) 15 7 15 34 30 29 27 20
Viscosityat1.2s” | 5600 -— - 6000 | 4000 - -— 3860
1
Viscosityat6s” | 1370 — 1630 | 1140 1130
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TABLE 3 (continued)
Ingredient % (wiw)

AA AB AC AD AE AF
Ciprofloxacin HCI 035 | 035 0.35 0.35 0.35 0.35
Monohydrate
Xanthan Gum 0.6 0.6 0.6 0.6 0.6 0.6
Sodium Chloride 0.26 0.26 0.26 0.5 0.65 0.78
Calcium Chloride 0.7 0.7 0.7 0.5 03 0.1
Dihydrate
Boric Acid 0 04 04 0 0 0
Polysorbate 80 0 0 0.05 0 0 0
Edetate Disodium 0.05 0.05 0.05 0.05 0.05 0.05
Acetic acid 0.04 0.04 0.04 0.04 0.04 0.04
Sodium acetate 0.03 0.03 0.03 0.03 0.03 0.03
BDAB 0.012 0.012 0.012 0.012 0.012 0.012
NaOH/HCI pH45 | pH45 | pH45 | pH45 | pH45 | pH4S5
Purified Water qs qs gs gs gas as
Turbidity (NTU) 26 33 25 24 27 43
Viscosityat1.2s” | 4200 | 3670 | 4300 — — -
Viscosity at 6 s™ 1210 1070 1230 - — -—

Formulations S, T and U were left standing at room temperature for 5
months. All other formulations in Table 3 were left standing at room
temperature for at least two weeks. No particulates were observed after these

time periods in any of the formulations shown in Table 3.

The invention has been described by reference to certain preferred
embodiments; however, it should be understood that it may be embodied in
other specific forms or variations thereof without departing from its spirit or
essential characteristics. The embodiments described above are therefore
considered to be illustrative in all respects and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing

description.

10
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We Claim:

1. A method of making an aqueous pharmaceutical composition containing
xanthan gum and a fluoroquinolone antibiotic drug comprising the step of
adding to the composition a water-soluble calcium salt in an amount of at least
0.15% (w/w), wherein the composition has a turbidity rating (NTU) < 40 at room

temperature.

2. The method of Claim 1 wherein the concentration of xanthan gum is 0.4
—0.8% (wiw).

3. The method of Claim 1 wherein the concentration of fluoroquinolone

antibiotic drug is 1% (w/w) or less.

4. The method of Claim 3 wherein the fluoroquinolone antibiotic drug is
ciprofloxacin and the concentration of fluoroquinolone antibiotic drug is 0.2 —
0.4% (wiw).

5. The method of Claim 1 wherein the calcium salt is selected from the
group consisting of calcium chloride, calcium lactate; calcium acetate; calcium

propionate and calcium ascorbate.

6. The method of Claim 5 wherein the calcium salt is calcium chloride.

7. The method of Claim 5 wherein the calcium salt is present at a

concentration of at least 0.3% (w/w).

8. The method of Claim 1 wherein the composition further comprises a

water-soluble salt of a monovalent cation.

9. An aqueous pharmaceutical composition comprising xanthan gum in an
amount of 0.4 — 0.8% (w/w), a fluoroquinolone antibiotic drug in an amount of

1% (w/w) or less, and a water-soluble calcium salt in an amount of > 0.15 %
11
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(w/w), and wherein the composition has a turbidity rating (NTU) < 40 at room

temperature.
10.  The aqueous pharmaceutical composition of Claim 9 wherein the
fluoroquinolone antibiotic drug is ciprofloxacin and the fluoroquinolone antibiotic

drug is present in an amount of 0.2 — 0.4% (w/w).

11.  The aqueous pharmaceutical composition of Claim 10 wherein the

composition further comprises a water-soluble salt of a monovalent cation.

12



