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PHARMACEUTICAL FORMULATIONS FOR SUBCUTANEOCUS
ADMINISTRATION OF FUROSEMIDE

FIELD
The present teachings relate fo pharmaceutical formulations including
furosemide. More specifically, the present teachings relate io pharmaceutical
formulations including furosemide and a buffer including

tris(hydroxymethyDaminomethane.

BACKGROUND
Furosemide, an exemplary loop diuretic, can be used fa the treatment of
hypertension, edema and related conditions, inchuding decompensated heart fallure.
Furosemide is commonly used in the treatment and/or management of edema
associated with cardiac, renal, and hepatic insufficiency or failure, for example,
congestive heart failure. . Buondpaard, T. Norgaard, N, M. Nielsen,
“Photodegradation and hydrolvsis of furosemide and furosemide esters in agueous

sofutivns,” International Journal of Pharmaceutics 42, 217 (19883,

Oral bloavailability, and thercfore oral efficacy, of furosemide is limited.
Furosernide is commonly administered both parenterally and orally, although highly
variable oral absorption is observed due io the combined ¢ffects of limited sotubility
and decreased stability at acidic pH. B. Devarakonda, D. P. Otto, A Judefeind, R.

AL Hill, ML M, de Villiers, “Effect of pH on the solubilily and release of furosemide

Jrom polyamideamine (PAMAM) dendrimer complexes,” aternational Journal of

Pharmageutics 345, 142 (Dec 10, 2007). Accordingly, furosemide typically is
administered intravenously or intramuscularly for most patients with decompensated

heart fathure or other forms of more advanced edema.

Intravenous administration of a pharmaceutical drug, such as furosemide,
requires a irained healthcare professional for placement of the catheter and
administration of the drug solution, In contrast, subeutanecous adminisiration of g
pharmaceutical drug can be accomplishad with the aid of auto-injection devices
and/or minipuraps or subcutansous injections or infusions, which can permit
administration t© be performed by the patient or caregiver, for example, at home.

Subcutaneous administration of furosemide by the patient or caregiver also can
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allow for more optimal therapeutic administration and total dose to provide a more

appropriate pharmacokinetic and pharmacodynamic profile and patient outcome,

For subcutaneouns administration, discomfort and pain during administration
should be minimized so as to aveid poor patient compliance with the treatment
regimen. Factors that can contribute to pain and discomfort perceived by a patient
upon, during, or after subcutanzous administration include the injection volume, the
pi of the formulation, and the osmoticity or tonicity of the formulation. Moreover,
such a formulation should be siable in solution so that it readily is available for use

and/or can be pre-loaded into a variety of dispensing devices,

Therefore, a need exists for improved pharmaceutical formulations
containing furosemide that are stable in solution, contain a sufficient concentration
of furosemide, and are at an appropriate pH and osmolality, for example, to permit

subcutaneous adminisiration of furosemide.

SUMMARY

It has now been discovered that a stable, liguid pharmaceutical formulation
including furosemide cas be realized by including a molar excess of
tris(hydroxymethyDaminomethane (“Tris”™) to furosemide, where the concentration
of Tris in the pharmaceutical formulation is greater than or equal to about 50 mM
and the pH of the pharmaceutical formulation is between about 7 (o about 8.5, The
pharmacentical forowulations also can be isoosmotic. Consequently, a stable, liquid
pharmaceutical formulation results that can be appropriate for suboutaneous delivery
of furesemide. Subecutansous administration of furosemide can improve the cost-
effectiveness, conveniencs, and/or patient outcomes when compared 1o intravenous

admitnistration,

Accordingly, the present teachings relate to pharmacentical formulations that
include furosemide and Tris as well as to the administration of such pharmaceutical
jormmlations. The present teachings generally can improve the pH stability and/or
the active pharmaceutical ingredient (*APT”) stability of the pharmaceutical
formulations, and/or the suitability of the pharmaceutical formulations for

subcutanecus administration or delivery,
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Thus, in one aspest, the present teachings provide methods for treating a
patient with edema or hypertension, which can be due o congestive heart fatlure, or
renal or hepatic insufficiency or failure. The methods gensrally include
administering to a patient a pharmaccutical formulation of the present teachings,
where the pharmaceustical formulation includes furosemide, or a pharmaceutically
acceptable salt, hydrate or ester thereof) and a pharmaceutically acceptable buffer
inchiding Tris, where the concentration of Tris in the pharmaceutical formulation
can be greater than or equal to about 50 mM, and the pharmaceutical formulation
has a molar excess of Tris to furosemide and a pH in the range of about 7 to about

8.5, In various embodiments, the pharmaceutical formulation can be isoosmotic.

In particular embodiments, methods of treating a patient with or exhibiting
the symptoms of edema, hypertension or heart failure can include administering
subcutaneously to 2 patient using a pateh device a pharmaceutical formulation
including between about 6 mg/ml to about 10 mg/mL of furosemide, ora
pharmacentically acceptable salt, hydrate or ester thereof: and a pharmaceutically
acceptable buiter comprising Tris, where the concentration of Tris in the
pharmaceutical formulation is greater than or equal to about 50 mM; and where the
molar ratio of Tris to furcsemide is greater than or equal to 1.653, and the
pharmaceutical formulation has & pH betweon about 7.2 {0 about 8 and is
isoosmotic.

In another aspect, the present teachings provide pharmaceutical formulations
including furosemide, or pharmaceutically acceplable sall, hydrate or ester thereof;
and a pharmaceutically acceptable buffer including Tris in an amount greater than or
equal to about 50 mM, where the molar ratio of Tris to furcsemide is greater than
one and the pharmacewtical formulation can have a pH in the range of about 7 to
about 8.5 and can be isocosmotic.

The foregoing as well as other features and advantages of the present
teachings will be more fully understood from the following figures, deseription,

examples, and claims.
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DESCRIPTION OF BRAWINGS
it should be understood that the drawings described below are {for Hlustration
purposes only. The drawings sre not necessarily to scale, with emphasis generally
being placed upon iflustrating the prineiples of the present teachings. The drawings

are not intended fo limit the scope of the present teachings in any way.

BIG. 1is a representative high pressore tiquid chromatography ("HPLC™)
chromatogram of samples of & mg/mb furosemide in 50 mM Tris-buifered,
isposmotic solutions at pH’s §, 7.4, and 7 stored at -20 °C, 2 °C ~ 8 °C, 25 °C, and
40 °C for three months, where the upper trace shows the retention time of

furosemide at about 11 minutes and the lower trace is a diluent blank.

FIGS. 2A-2C are HPLC chromatograms of samples of 8 mg/mL furosemide
o 100 mM Tris-buffered, isoosmotic solntions at pH's 8, 7.4, and 7, respectively,

stored at 70 °C for three months.

FIGS, 3A-3C are HPLC chromatograms of samples of 8 mg/mL furosemide
in 50 mM Tris-butfered, isoosmotic solutions at pH’s 8, 7.4, and 7, respectively,

stored at 70 °C for three months.

FIGS. 44-4C are HPLC chromatograms of samples of 8 mg/mL furosemide
in 25 mM Tris-buffered, isoosmotic solutions al pH's &, 7.4, and 7, respectively,
stored at 70 °C for three months.

DETAILED DESCRIPTION

The present teachings can enable the subcutaneous administration of
furosemide. More specifically, the present teachings provide methods that use and
tquid compositions (liguid pharmacentical formulations) that include furosemide
and a buffer including tristhydroxymethyDaminomethane (“Tris”). Such methods
and pharmaceutical formulations can be useful in the treatment of cderma,
hypertension or heart failure in a patient having or exhibiting symptoms of such
conditions,

For subcutaneous sdministration, as with any type of drug administration,
pain and discomfort during administration should be minimized. To that end, the
injection volume (relating to the concentration of the API in the formulation), the

pH, and the osmoticity or tonicity of the formulation should be conirolled to provide

4.
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a liquid formulation that will assist in patient compliance with the treatment
regimen. In addition, a useful pharmaceutical formulation for subcutaneous
administration should be a stable, Hquid pharmaceutical formulaiion so that it can be
stored and available for use withont any preparation, particularly if the
pharmaceuitcal formulation is o be dispensed from a micropump, a8 pateh device, or

other pre-loaded devica.

Accordingly, a pharmaceuiical formulation should have a sufficient
concentration of API s0 as to minimize the volume of formulation that needs to be
administerad subculaneously to provide a therapeutically effective amount of the
drug. A pharmaceutical formulation for subcutaneous administration should have a
pH at about or at physiological pH, or be within a relatively narrow range of pH's
near physiological pH (2.g., between 6 or 6.5 to about 8.5) so that the adminisiered
formulation readily can equilibrate to physiological pH. In addition, the
pharmaceutical formulation should be snbstantially isoosmaotic or isotonic.
Moreover, the phanmaceutical formulation should be APY andfor pH stable over a
sufficient tirae so that the formulation has a reasonable shelf lifc and readily can be
available for use when needed.

As discussed herein, furosemide has poor water sohubility. The intrinsic
aqueous solubility of furosemide at room temperature has been reportad to about
18.25 mierograms per mijliliier ‘ug/mL”). G. E. Granero er ad., “Biowaiver
monographs for immediate velease solid oral dosage forms: furvsemide,” Journal of

Pharmageutical Sciences 99, 2544 (June 2010). Consequently, furosemide typicaily

requires an alkaline envirenment for adequate solubility and stability, The
commercial formulation for injectable furosemide contains 10 mg/mL of furosemide
in a saline solution adjustad to ptl 8.0 - 9.3 with sodium hydroxide or hydrochloric
acid, as necessary, 1. American Reagent, Furosemid: Injection, USP. Product
Inseri, However, such a high pH is inappropriate for subcutancous administration,
U.S. Patent No. 4,698,361 to Di Schiena (the “*361 patent”) describes the
tristhydroxymethyDaminomethane salt of furosemide as being highly soluble in
water and having a pH between 6 - 6.5, The *361 patent describes making the salt

using 2 1:1 molar ratio of furosemide to tris(hydroxymethyDaminomethane and
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using the salt in pharmaceutical forms for injection {e.g., intramuscular and
intravenous) and for oral administration. The “361 patent further describes isolating

the salt or disposing a solution preparation of the salt in vials suitable for injection.

However, it now has been discovered that a stable, liquid pharmaceutical
formoulation containing furcsemide that can achieve one or more of the above criteria
desired for subcutaneous administration can be realized by inchuding a molar excess
of Tris to furosemide in the pharmaceutical formulation, where the pharmaceutical
formulation includes a concentration of Trig greater than or equal to about 30 mM
and has a pH between about 7 to about 8.5, In particular, the pharmaceutical
formulations of the present teachings include furosemide and a buffer including Tris,
where the pharmacentical formulation has a pH range between about 7 and about
8.5, the concentration of Tris in the pharmaceutical formulation is greater than or
equal to about S¢ mM, and the molar ratic of Tris to furosemide is greater than one.

In various embodiments, the pharmacentical formulation can be {soosmotic,

In certain embodiments, the pharmaceutical formulation can have a pH in the
range of about 7.2 o about §, about 7.2 to about 7.3, or about 7.2 to about 7.6, In
particular embodiments, the pharmaceutical formulations can have a pH in the range
of about 7.3 o about 8, about 7.3 to about 7.8, about 7.3 to about 7.4, or about 7.3 to
aboul 7.5, In some embodiments, the pharmaceutical formulation can have a pH in

the range of about 7.4 to about &, about 7.4 to about 7.8, or about 74 {0 7.6,

In various embodiments, the molar ratio of Tris to furosemide in the
pharmaceutical formulation can be greater than about 1.5, or greater than about 1.65,
or greater than sbout two, or greater than about 2.5, or greater than about three, In
particular embodimsnts, the molar ratic of Tris o furosemide can be greater than

abowt 3.5, or more.

Further, in various cmbodiments, the Tris in the pharmaceutical formulation
can be greater than or equal to about 100 mM. 1a some embodiments, the
concentration of Tris can be greater than or equal to about 150 mM, greater than or
equal to about 200 mM, or greater than or egual to about 250 mM. In certain
embodiments, the concentration of Tris can be in a range of about 50 mM (o about

500 md, about 30 oM (o about 250 mM, about S0 mM 1o about 150 mM, or about




10

Noat
A

20

30

56 mM fo about 100 mM. In particular embodiments, the concentration of Tris can

be about 50 mM oy ghout 100 mM.

In varicus embodiments, the pharmaceutical formulation can be isoosmotic,
in some embodiments, the pharmaceutical formulation can have an osmolality of
between about 250 mOsM {or 250 mOsm/kg) to about 350 mOsM (or 350
mOsm/kg), about 275 mOsM {or 275 mOsm/kg) to about 325 mOsM (or 323
mOsw/kg), or about 280 mOsM {or 280 mOsnvkg) to about 310 mOsM (or 316
mOsm/kgl.

In addition, the pharmaceutical formulations of the present teachings can
achicve a level of solubility of furosemide that is suitable for subcutancous
administration. For example, the amount of firosemide in a pharmaceutical
formulation can be about § mg/mL or greater, about 8 mg/mi. or greater, or about 10
mg/ml. or greater. In various embodiments, the amount of furosemide can be about
15 mg/mL or greater, about 20 mg/ml. or greater, about 23 mg/ml or greater, or
about 30 mg/ml or greater,

3

Some embodiments, furosemide can be present in an amount between about
2 mg/mb to about 20 mgiml, between about 2 mg/mL to about 15 mg/mL, beiween
about 2 mg/ml to about 10 me/mi, between about 6 mg/mL o about 10 mg/mL, or
between about 6 mg/mL to about 15 mg/mi. In some embodiments, {urosemide can
be present in an amount about 6 mg/ml, about § myg/mal, about 10 mg/mi., about

12 mgfmlL, about 15 mp/ml, about 20 mg/mL, or about 30 mg/ml.

Moreover, in various methods and compuositions of the present teachings, the
pharmaceutical formulation can be substantially pH stable and/or API stable at room
temperature for at least three months, or for at least one year, In some embodiments,
the pharmaceutical formulation can be substantially pl stable and/or API stable at
room temperature for at jeast two years, for at least three vears, or more, In certain
embodiments, the pbarmaceutical formulations of the present teachings can exhibit
an increased AP stability and/or an increased pH stability at room temperature for
one year and/or two years compared to a substantially identical pharmaceutical

formulation baot for the molar ratio of Tris o furosemide being about 1:1.
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In particular embodiments, the pharmaceutical formulations of the present
teachings can exhibit an increased pH stability and/or an increased AP stability
when exposed 1o a temperature of about 70 °C for thres months compared to a
substantially identical pharmaccutical formulation but for the molar ratio of Tris to

furogsemide being about 11,

In sowe smbodiments, the pharmaceutical formulations of the present
teachings can exhibit an increased AP stability when exposed to tight, for example,
sunlight and/or white light, compared to a substantially identical pharmaceuytical
formulation but for the molar ratio of Tris to furosemide being abowt 111, In various
embodiments, the pharmaceutical formulations can exhibit an increased AP
stability under iermination sterilization conditions, for example, dry hea
sterilization, compared t0 a substantially identical pharmaceutical formulation but

for the molar ratio of Tris to furosemide being about ;1.

In various embodiments, the pharmaceutical formulation is administered
subcutancously, for example, using a pump device such as & micropump or a paich
device. However, in certain ernbodiments, the pharmaceutical formulation can be
administered iniravenousty. Administering intravencusly the pharmaceutical
formulations of the present teachings can provide certain benefits as the
pharmaceutical formulations can be at or near physiological pH and/or can be

isgosmotic as well as can include an increased concentration of turosemide.

Throughout the application, where compositions are described as having,
including, or comprising specific components, or where processes are described as
having, including, or comprising specific process steps, it is contemplated that
compositions of the present teachings also consist essentially of, or consist of| the
recited components, and that the processes of the present teachings also consist

essentially of, or consist of] the recited process steps.

in the application, where an element or component is said to be included in
and/or selected from a list of recited elements or components, it should be
understood that the element or component can be any one of the recifed elements or
components, or the element or component can be selected from a group consisting of

two or more of the recited clements or components. Further, it should be understood




10

20

30

that clements and/or features of a composition, an apparatus, or & method described
herain can be combined in a variety of ways without departing from the spirit and

scope of the present teachings, whether explicit or implicit herein.

The use of the terms “include,” “includes”, “including,” “have,” “has,” or
“having” should be generally understood as open-ended and non-limiting unless

specifically stated otherwise.

The use of the singular herein includes the plural {and vice versa) unless
specifically stated otherwise,

Whete the use of the term “about” is before a quantitative valus, the prosent
teachings also include the specific quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” vefers to a & 10% variation from the
nominal value unless otherwise indicated or inferred. For example, in certain
applications, such as pH measurements, the term “about” cau refarto a 3%, ora %
2.5%, or a + [% variation from the nominal value or a fixed variation from the

nowinal value, for example, & 6.1 pH units or + 0.2 pH units,

it should be understood that the order of steps or order for performing certain
actions is imumnaterial 50 long as the present teachings remain operable, Moreover,

two or more steps or getions may be conducted simultaneously,

At various places in the present specification, values are disclosed in groups
or in ranges. It is specifically intended that the description include cach and every
individual subcombination of the members of such groups and ranges. For example,
an integer in the range of 0 to 40 is specifically intended to individually disclose 0,
1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 26, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40, and an integer in the
range of 1 o 20 is specifically inlended to individually disclose 1, 2,3, 4, 5,6, 7. 8,
9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, and 20.

As used hergin, “patient” refers o a mammal, such as a human,

As used herein, 2 “compound” (including a specifically named compound,
e.g., turosemide) refers to the compound iself and ils pharmaceutically acceptable

salts such as a sodium sakt or g guaternary ammonium salt, hydrates and esters,

-9.
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unless otherwise understood from the context of the description or expressly limited
{o ene particular form of the compound, i.e., the compound Hself, or a
pharmaceutically acceptable salt, hydrate or ester thereof. Where reference is made

herein to an “APL” the API can be furosemide.
As used herein, “turoseratde” refers to a compound having the formula;

al
AL SOMNH,

NGy
£

MJ
N

C{};?H

and pharmaceutically acceptable salts, hydrates and esters thereof, for example,
furosemide sodium salt and firosemide quaternary ammonium salt. Furosemide can

be referred to by other names, for example, frusemide, 5-(aminosulphonyl)-4-

chioro-2-[(2-furanyl-methylyamincibenzoic acid, or its IUPAC name, 4-chloro-2-

(furan-2-yhmethylamino)-3-sulfamoyl-benzoic acid, or its common trade name,

Lasix”.

As used herein, a “buffer” refers (0 an aqueous solution that is resistant to
changes in pH. A buffer can include a weak acid and its salf, or a weak base and its
salt, which assist in maintaining the stability of the pH. Examples of buffers used in
pharmaceutical formulations include bicarbonaie buffers, carbonate buffers, citraie
buffers, histidine buffers, phosphate buffers, tartrate buffors,
tristhydroxymethylyaminomethane {or 2-~amino-2-hydrogymethyl-propane-1,3-diol
[(HOCH;);CNH, )b buffers, and combinations thereof., Certain of these buffers are

suitable for pharmaceotical formulations administered subcutaneously,

Tris(hydroxymethylaminomethane or a tris(hydroxymethylDaminomethane
butfer can be referred (o as “TRIS,” “Tris,” “Tris base,” “Tris buffer,” “Irisamine,”
“THAM,” and other names. In addition, many buffers and/or buffer systems include
Tris. For example, Tris-buffered saline (*THBS”), Tris-hydrochloride buffer (“Tris-
HCI™), Tris base (pH 10.6), Tris/borate/ethylene diamine tetra-acetate (“EDTA™)
buffer (“TBE"), and Trisfacetate/EDTA buffer (“TAE™). Tris base often is used
with Tris-HCl to prepare Tris buffers at a destred pH. Tn addition, the present

<10 -
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teschings include Tris-related compounds, for example, compounds derived from

Tris or struchurally-related to Tris, that can act as a buffer.

As used herein, “tonicity” refers {0 the fonic strength or concentration of ions
in a solution such as # pharmaceutical formulation. Tonicity offen is measured in
molarity (“M”). As used herein, an “isotonic solution,” an “isotonic formulation,”
an “isotonic pharmaceutical formulation,” and a pharmaceutical formalation that is
“isotonic” refers to o sohution or formulation that has the same or simifar

concentration of ions as found in bodily fluids.

As used herelny, “osmoticity” and “osmelality” refer {o the osmotic pressure
of a solution such as a pharmaceutical formulation. Osmoticity often is measured in
osmolarity (“Osm/L” ar “OsM”} or osmolality (“Osm/kg™), which can be used
interchangeably herein. 'When measuring freeving point depression, the observed
value is the osmolality of the solution. In contrast o fonicity, osmoticity accounts
for un-ionized solutes in a solution such that when present, the osmolarity or
osmolality of the solution will be higher than its tonicily. As used herein, an
“isoosmotic solution,” an “isoosmeotic formulation,” an “isoosmotic pharmaceutical
formulation,” and a pharmaceutical formulation that is “isoosmotic” refers (o a
solution or a formulation that has the same or similar concentration of solutes as
found in bedily fluids, In certain embodiments, a pharmaceutical formulation that is
“Isogsmotic” can have an osmolarity in the range of about 273 mOsM to about 350
mOsM or when the osmolality of the formulation is in the range of about 275

mOsm/kg o about 350 mOsm/kg.

As useid herein, “pharmacentically acceptable™ refers to 4 substance that is
acceptable for wse in pharmaceutical applications from a toxicological perspective
and does not adversely interact with the active ingredient. Accordingly,
pharmaceutically accepiable carriers are those that are compatible with the other
ingredients in the formulation and are biologically acceptable. Supplementary active

ingredients can also be incorporated into the pharmaceutival compositions.

As ased herein, “pH stable” refers to less than or equal {o abouta = 0.5 pH
value variation in the pH of a solution, for example, a pharmaceutical formulation,

over time. In various embodiments, pH stable can refer to less than or equal to

-11-
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about a =+ 0.4 pH value variation in the pH of a solution over time. In some
erbodiments, pH stable can refer to less than or equal o about a + 0.3 pH value
varigtion in the pH of a solution over time. In certain embodiments, pH stable can
refor to less than or equal to about a £ 0.2 pH value variation in the pli of a solution
over time. In particular embodiments, pH stable can refer to less than or equal to

about a % 0.1 pH value variation in the pH of a solution over time.

As used hereln, “APY stable” refers to less than or equal fo about a+ 10 %
variation in the amount of APL for example, furosemide, in a solution, for example,
a pharmaceutical formulation, over time. In various embodiments, API stable can
refer 1o less than or equal to about a £ 7.5 % vaviation in the amount of APl ina
solution over time, I some embodiments, API stable can refer to Jess than or equal
to about 2 £ 5 % varigtion in the amount of API in a solution over time, In certain
embodiments, AP stable can refer 1o less than or equal to about a & 3 % variation in
the amount of APl in a solution over time. In pariicular embodiments, AP stable
can refer to less than or cqual to about a = 2 % variation, or a == 1 % varigtion, in the

amount of APl in 5 solution over time.
As used hergin, “physiological pH” refers to a pH of about 7.4

As used herein, “therapeutic combinstion” refors to a combination of ane or
more active drug substances, i.e., compounds having a therapeutic utility. Typically,
gach such compound in the therapeutic combinations of the present teachings can be
present in s pharmaceutical formulation comprising that compound and a
pharinaceutically acceptable carrier. The compounds in a therapeutic combination of
the present teachings can be administered simultaneously, together or separately, or

separately at differsnt times, as part of 4 regimen.

The present teachings provide pharmaceutical formulations that inciude
furoseinide or a therapeutic combination including furosemide, and one or more
pharmaceutically acceptable carriers, excipients, or diluents such as a buffer.
Examples of such carriers are well known {o those skilled in the art and can be
prepared in accordsuce with acceptable pharmaceutical procedures, such as, for
example, those described in Remington: The Science and Practice of Pharmacy,

20th edition, ed. Alfonso R. Gennaro (Lippincott Williams & Wilkins, Baltimore,
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MDD 2000)). For example, liquid media or liquid carriers (which are used
interchangeably herein) can be used in preparing pharmaceutical formulations of the
present teachings such as solutions, suspeunsions, and emulsions, A compound
described herein can be dissolved or suspended in a pharmaceutically acceptable
Hquid carrier such as a buffer, which liquid carrier also gan include an organic

solvent, and/or pharmaceutically acceptable oils and/or fats.

The pharmaceutical formulations of the present icachings can include other
snitable pharmaceutical additives such as solubilizers, emulsifiers, buffers,
preservatives, sweeteners, flavoring agents, suspending agents, thickening agents,
colors, viscosity regulators, stabilizers, and osmo-regulators. Because the present
teachings provide pharmaceutical formulations and their intended use is with
paticnts such as humans, each of the ingredienis or compounds of a pharmaceutical
formulation described hergin can be a pharmaceutically acceptable jngredient or

compound,

As deseribed herein, the present teachings provide methods and stable, Heuid
pharmaceutical formulations containing furosemide that can achieve one or more of
the following beneficial characieristics for subcutaneous delivery, That s, the
pharmaceutical formulations can be near or at physiological pH or at a pH that
readily can equilibrate to physiological pH upon administration io a patient. The
pharmaceutical formulations can be isoosmotic and or substantially jsoosmotic, and
cap inchude an increased concentration of furosemide so that less volume of the
liquid formulation needs to be administered per dose. The pharmaceutical

formulations also can be pH siable and AP stable.

A study was undertaken {o determine whether a commereial formulation of
furosemide for intravenons administration could be adapied for subcutaneous

administration generally in view of the above bencficial characteristics.

More specifically, to confirm the insolubility and instability of furosemide in
an ynbuffered sohution as a function of pH, a study was performed as described in
Example 1. Tt was observed that the solution pH was strongly influenced by
furosemide dissolution, such that any changes in the amount of dissolved solid

affected a significant change in the solution pH. The rate of dissolution was also

13-
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observed 1o be guite slow in noutral and weakly alkaline solations, Highly basic (pH
of 11 o 12) soluticn conditions were necessary o drive dissolation for

concenirations as low as 0.1 mg/mL of furosemide.

Additionally, samples were prepared at both 0.1 mg/mL and 8 mg/mlL
farosemide and adjusted 1o farget values in the pH range of & to 9 using sodium
hydroxide and hydrochlorio acid. The pH of these solutions was observed to be
highly variable over time and as such, the solution pH was monitored for a period of
72 hours, Over ihis time, the solution pH was observed to continually decrease and
a stable pH value was not achieved. The results suggest that an unbutfered aqueous
solution of furosemide may be unstable with respeet io pH when preparcd below

pHS.

To confirm these preliminary observations, the reproducibility of solution
behavior at pH 8.5 was evaluated for 8§ mg/mL furosemide (experimental not
showsn). Although all samples were prepared to contain the same equivalents of
furosemide, acid, and base, the observed pH vaiues varied widely, Thus, the
formulation of furosemide in an unbuffered system is likely not feasible in the pH

range of 7.5 to &.5.

‘

As described in Example 2, a buffer was added to furosemide solutions to
determine whether the pH stability of the solutions can be improved. Sodium and
potassium phosphate and Tris buffer systems were evaluated ai pH values in the
target range of 7.0 10 8.5 and at selecied buffer concentrations ranging from 150 mM
to 500 mM. Buffer concentration can be an important {factor when deviating from
physiological pt. In such embodiments, the buffer strength can be minimized bat
retain its buffering capacity to permit efficient equilibration of the pharmaceutical
formulation to physiological piT upon administration to a patient.

Although both phosphate and Tris buffers improved the pH stability
compared to unbuffered solutions, it was discovered that the Tris buffer system
maintained solution pH valoes closer to the nominal values than the various
phosphate buffer systems evaluated. Moreover, the results unexpectedly showed
that solution concenirstions of up to approximately 32 mg/mL of furosemide in the

target pH range could be attained,

R
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In addition, the Tris buffer systom performed better despite the significantly
higher solution concentration of furosemide, That is, not only did a buffer including
Tris provide a pH stable solution including furosemide, but the buffer including Tris
also permitted a greater conceniration of furosemide to be present in the solution,
which was less alkaline and closer to physiological pH than the commercial
formulations of furosemide,

Given the unexpected increase in solubility of firosemide in a bufter
including Tris, the chemical stability of furosemide in buffered sclations including
Tris over a pH range of 6.7 10 8.5 at ambient femperature at 2 sofution concentration
of 20 mg/mL was conducted as detailed in Example 3. No decrease in furosemide
concentration was observed over 48 hours. All pH values were within 6.1 unifs of

the iniiial value.

Example 4 evaluated the chemical and physics! stability of furosemide in
buffered solutions at pH’s 7.0, 7.5 and 8.0 following short term exposure fo
conunonly eacountered storage conditions (i.e, ~20 °C, 2 °C -8 °(, 25 °C, and
40 °C) at a solution concentration of 8 mg/ml. of furosemide. No decrease in
furosemide concentraiion was observed over 48 hours, All pH values were within
0.1 units of the initial value, Additionally, the osmolalily was consistent over 48
hours, These resulls suggest that the Tris-buffered furosemide sohitions may not be
susceptible to cold-induced precipitation, as has been observed for the commergially
available product.

Beeaose 8 mg/ml. fwrosemide solutions can be a suitable coneentration fora
commercial pharmaceutical product, further studies were conducted using this
conceniration of furosemide. Noevertheless, the resulis with the & mg/mL furosemide
solutions could apply equally to other concentrations of furosemide provided the

pharmaceutical formulations are in accordance with the present teachings.

Example 3 evaluated the chemical stability of & mg/ml. furosemide in
25 M, 50 mM, and 100 mM Tris-buffered, isoosmaotic solutions at pii’s 7.0, 7.4
and 8.0 following three months of exposure to temperatures of <20 °C, 2 °C -8 °C,
25 °C, and 40 °C, After three months of storage, no change in furosernide

concentration, pH, osmolality, or visual appearance was observed i any of the
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sampies, FIG. 1 shows a representative HPLC chromatogram of samples of 8
mg/mb furosemide in 50 mM Tris-buffered, iscosmotic solutions stored at the
various temperatures for thres months, The fower trace in FIG. 1 is the a diluent
blank and the upper trace shows the retention time of furosemide 1o be about 11
minutes. Theso results sugpest that the long term storage of the pharmaceutical

formulations of the present {eachings can be satisfactory for a commercial product.

Example 6 evaluated the chemical stabilily of 8 mg/ml. furcsemide in 25
mM, 30 mM, and 100 mM Tris-buffered, isoosmotic solutions at pH’s 7.0, 7.4, and
8.0 following thres month exposure (o aceslerated storage conditions (Lo, 70 °C),
Accelerated storage conditions attempt to advance any deleterious effects that would
result upon long term exposure of the solutions to coromonly encountered storage
conditions. The agpressive storage conditions can be used to identify trends in the
resulis to inform carly-on of possible direction for development of commercial

produets.

In particular, isnosmotic solutions containing 8 mg/ml. furosemide with
concentrations of Tris of 25 mM, 530 M, and 106 mM and at pH’s 7.0, 7.4, and 8.0
were subjected to 70 °C over throe months, Afler 3 months at 70 °C, furosemide
conceniration and pH decreased significantly, and osmolality slightly increased.
Figures 2A-2C, 3A-3C and 4A-4C show the trends of the results more dramatically,
In particuolar, a significant furoscmaide degradation product can be seen in the HPLC
chromatograms at & retestion time of about five minutes, Moregver, in FIGS,
44-4C, which are the 25 mM Tris-buffered samples, other degradation products can
be seen as double peaks at g retention time between abont 7 to 7.5 minutes. As
confirmed by the analytical measurement of the concentration of furcsemide in the
soluiions, the trends of the results show that at Jower pH and at Jower concentraiions

of Tris, the stability of the solutions is reduced.

Indeed the results show a trend which suggests that a molar excess of Tris to
furosemide can be advantageous for the stability of the solution. An & mg/mlL
furosemide solution having a concentration of 23 mM Tris has a Trisifirosemide
ratio of about 1:1. When the concentration of Tris is 50 mb, a solution containing R

mg/ml. furosemide would have a Tris:furosemide ratio of about 2:1. Accordingty,

- 16 -
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the trend of the results of Example 6 suggests that a higher molar ratio of Tris to
furosemide can fmprove the stability of the liquid pharmaceutical formulations. For
example, a pharmaceutical formulation can include a molar ratic of Tris; furosemide
of greater than or equal to about 1.23, greater than or equal to about 1,5, greater than
or egual to about 1.63, greater than or equal to about 2, greater than or equal to about
2.5, or greater than or equal to about 3, which can improve the stability and other

beneficial characteristics of the pharmaceutical formulation.

The trends of the results also suggest 8 pH dependency. In particular, the
results suggest that a non-gcidic pH can improve the stability of the liguid
pharmaceutical formulations, For example, a pharmaceutical formulation can have a
pH greater than about 7.2, greater than about 7.3, or greater than about 7.4, which
can improve the stability of the formulation while also remaining near physiological
pH. Although the higher end of the pH range to about 8.5 10 about 9 can be
advantageous for stability and solubility, a high end of the pH range of about 8 (or

lower) is closer to physiological pH and can be advantageous for that purpose.

Conseguently, the resulis and their trends suggest that a pharmaceutical
formulation having a concentration of Tris is greater than or equal to about 50 mM,
a molar excess of Tris to furosemide, and within a pH range of about 7 to about 8.5
can provide a stable, liquid pharmaceutical formulation suitable for subcutaneous
administration.

Qualitative observations were made with respect to the stability of § mg/ml
of furosemide in 25 mM, 50 mM, and 100 mM Tris-buffered, isoosmotic solutions
in a pH range of 7 - 8 after short term exposure to light. Visual inspection of the
vials after light exposure showed a dark brown colored solution for the solution
containing 23 mM Tris, with progressively lighter shades of brown for the 50 mM
and 100 mM Tris-buffered solutions, respectively. These qualitative results
correlate well with the results of the accelerated storage conditions of xample 6.

Example 7 evaluated the dry heat sterilization of 8 mg/mL furosemide at pH
7.4 in 100 mM and 30 mM Tris-buffered solutions thai were previously stored at

2°C -8 °C for I month, The resulls suggest that heat sterilization can be a feasible
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approach for the terminal steritization of a pharmaceutical formulation of the present
{eachings.

Furosemide, therapeutic combinations, and pharmaceutical formulations of
the present teachings can be uscful for treating a pathological condition or disorder
in g patient, for cxample, a human. As used herein, “iresting” refers to partially or
completely alleviating and/or ameliorating the condition avd/or symptoms thereof.
The present ieachings accordingly include a method of providing to a patient a
pharmaceutical compaosition that includes a compound or therapeutic combination of
the present teachings in combination or association with a pharmaceutically
acceptable carrier. Compounds and therapeutic combinations of the present
teachings can be administered alone or in combination with other therapeutically
effective compounds or therapies for the treatment of a pathological condition or

disorder,

As used herein, “therapeutically cffective” refers to a subsiance or an amount

that eliciis a desirable blological activity or effect.

The pharmaccutical formulations of the present teachings can be sterile
solutions or suspensions. A sterile pharmaceutical formulation can be prepared

using pharmaceutically accepted practices, for example, filtration andior heat,

The pharmaceutical formulations can be administered parenterally, including
by infusion, injection or implantation, which includes subcutanecus administration
as appropriate. For example, the pharmaceutical formuiations can be administered
by, for example, subcutancous injection or delivery, or intravenous injection or

delivery.

A number of devices have been proposed to facilitate self-administration of a
pharmaceutical formudation. The device typically includes a reservoir containing,
for example, pre-loaded with, the pharmaceutical formulation to be administered.
For example, a micropump cau provide precise subcutancouns administration of small
quantities of & liquid pharmaceutical formulation. Such micropumps can be
compact and portable. Another type of device usefol for subcutaneous dolivery or

adminisiration of pharmaceutical formulations is often referved o as a pateh device
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or & pump-pateh device. Patch devices usually are altached directly o the skin of a

patient. Sec, e.g., U.S. Patent Nos. 8,282,366 and 8,414,532 to Sensile Pat AG.

Accordingly, in various embodiments, a medical device such as a
micropump or pateh device can include a reservoir containing a pharmaccutical
formulation, a subeutaneous injection needle configured for removable insertion inte
skin of a patient, a micropump having an inlet in fluid communication with the
reservoir and an outlet in fluid commaunication with the subcutaneous injection
needle, a control system contigyred for controlling the micropump to deliver the
pharmaceutical formulation from the rescrvoir o the subeutancous injection needle,
whereby the pharmaceatical formulation is administered subcutancously to a patient,
and a housing for supporting the reservoir, subcutaneous injection needie,
micropump and conirol system, the housing being portable and adapied for contact
with the skin of the patient., The pharmaceutical formulation contained within the
reserveir can be any of the pharmaceutical formulation of the present teachings, for
example, a pharmaceutical formulation comprising between about 6 mg/mL to about
10 mg/mL of furosemide, or a pharmaceutically acceptable salt, hydrate or ester
thereof, and a pharmaceutically acceptable buffer comprising
tris(hydroxymethyllaminomethane at a concentration of greater than or equal to
about 50 mM, the molar ratio of tris(hydroxymethyDaminomethane to furosemide
being greater than or equal to 1.65, the pharmaceuticai formulation having a pH

between about 7.2 to about 8 and being isosmotic,

in certain embodiments, the medical device can be of 2 unitary construction.
Such medical devices can be for a single or one-time use. In particular
embodiments, the medical device can be of a mulii-piece construction. In such
medical devices, a disposable or a resuseable portion or component can be present.
For example, a housing defining or including the reservolr can be a disposable ora
reuseable component of the medical device. In some embodiments, the disposable
or reuseable housing defining or including the reservoir can contain g
pharmaceutical formulation of the present teachings. In various embodiments, the

subcutaneous injection needle can be a disposable component of the medical device.

-19-
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When administered for the trestment or inhibition of a particular discase
state, condition or disorder, it is understood that an effective dosage ean vary
depending upon many faciors such as the particular compound or therapeutic
combingtion ulilized, the mode of administration, and severity of the condition being
treated, as well as the various physical factors related to the individual being treated.
In therapeutic applications, a compound or therapeutic combination of the present
teachings can be provided to a patient already suffering from a disease, for example,
bacterial infection, in an amount sufficient to cure or at least partially ameliorate the
symptoms of the discase and its complications. The dosage to be used in the
treatment of a specific individual typically must be subjectively determined by the
atiending physician, The variables involved include the specific condition and its

state a5 well as the size, age and response paitern of the patient,

The compounds and therapeutic combinations described herein can be
administered parenterally. Solutions or suspensions of these active compounds or
pharmaceutically acceptable salts, hydrates, or esters thereof can be prepared in
water suitably mixed with a surfactant such as hydroxyl-propylceliniose,
Dispersions can also be prepared in glycerol, liguid polyethylene glycols, and
mixtures thereof in oils, Examples of liquid carriers for parenteral administraiion
include water, alcohols (including mounohydric aleohols and polyhydric alcohols,
2.g., glyeols) and their derivatives, and oils {e.g., fractionated coconut oif and arachis
oif}. For parenteral administration, the carrier can be an oily ester such as ethyl
oleate and isopropyl myristate. Sterile Hquid carriers are used in sterile liguid form

compositions for parenteral administration.

In certain embodiments, a parenteral proparation ¢an inchude a preservative
{o inhibit the growih of microorganisms. However, in some embodiments, the
parenieral preparation is preservative-free, Tn particular embodiments, a parenteral
preparation can include a buffer as well as other suitable pharmaceutical additives

mentioned herein such as solubilizers, emulsifiers, preservatives, sweeteners,

flavoring agents, suspending agents, thickening agents, colors, viscosity regulators,

stabilizers, and osmo-regulators,
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The pharmaceutical forms suitable for injection can include sterile aqueous
schtions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. In certain embodimenits, the
pharmaceutical form is sterile and its viscosity permits it to flow through a syringe.
The pharmaceutical form should be stable under the conditions of manufacture and
storage, for example, preserved against the contarninating action of microorganisms
such as bacteria and fungi, if needed. The carrier can be a solvent or dispersion
medium containing liquids such as water, gthanol, polyol {e.g., glycerol, propyiene

glyeol, and liquid polyethylene glycol), suitable mixtures thereof, and vegetable oils.

Although the present teachings can provide methods and pharmaceatical
formulations that can achieve one or more of the desired characteristics for
subcutaneous adminisiration of furosemide, certain of the characteristics of the
pharmaceutical formulations, for example, being at or near physiological pH and/or
being iscosmotic or substantially isoosmotic, also can be desirable for intravenous
and other types of parenteral adminisiration to a patient and are within the scope of
the present teachings,

The following examples are provided to illustrate further and to facilitate the
understanding of the present teachings and are not in any way intended to limit the

invention.

Exampley
The materials, equipment, and procedures for the examples were as follows.




Materialg

Furcearnide _Alfa Aesar J61487 JO4YC1H
Formic acid J.T. Baker 0128-01 G20J03
Methancl EMD MX0475-1 52180
: 2?3:2{:; sil;osphate, Spactrum SQ187 . VK1 125
'gi‘t’)‘:;fph‘}s"“atef o Spectrum so138 WG0595
Sodium phosphme. | EMD SXO725-1 3031CE17
g}ig':}_,f :t‘:s;‘;‘;"‘?‘ 4 BD Gentest - 6123
Zgzs';:?sf’g’;f;‘s  Sigma T7818 ' ':108k54:§5"
crvetais P55 signa Te818 078K5414
Tris base_ G. Biosciences RC-105 081008
Tris HC) Sigma T-5941 111K5405 -
;ﬂydroéiii&ric acid |  Ricea 3770-18 2101466
Syringe ©BD 309653 7130081
giti;"f‘ nylon syringe Pall 4433 22361
0.45 pm nylon filters Pali 86608 - T115491

{ Water

. in-house deionized (Barnstead Manopure)

cct to the materials.

S Seanaeass

2 RS & e i
Furosemide . acPharma e gggggg;:’ 2089HR_I.17 ;
£ Methanol EMD MX0475-1 | 53003
Tris base 4T, Baker 1 4102-01 0000033772
Tris HC! | 4T Baker | 4108-01 000003956
Sodium hydroxide peflets | EMD | sxo800-1 BOBOB6E2
§ Hydrochloric acid Macron 2812-14 0000035974
{ Sodium chioride EMD 1.08400.1003 K93181300
{ 0.2 um nylon filters Pall eseoz | Ti1621

: in-house &éiohizéd (éamstead Nanopure)

{ water
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| Analytical balances Metiler Toledo AB204/S-FACT

Equipment

Chromatograph:  Shimadzu Prominence LTC-20 AT
Detector: Shimadzu Prominence SFD-204
Scitware Systam;  Shimadzu Class VP Software

HELC Systern

Metiler Toledo MX-5

Qrien 4 Star Pius pH and sonductivity meter
pH mater oH electrods (VWR Symphony)
Automatic temperature compensation probe {Thermo)

CGsmaomeier : Precision Systems pOsmette

Provedures
1. Preparation of phosphats buffers

100 mbd monebasic sodium phosphate: A quantity of 24.0 g of anhydrous
monobasic sodivm m phosphate was accurately weighed on an anaiytical balance,
dispensed into a 2 1 volumetric flask, and dissolved in DM water. The flask was
fitled to volume with water and inverted to mix thoroughly. The pH of the resulting

solution was 4.55,

100 mMM dibasic sodium phosphate: A quantity of 28.4 g of anhydrous
dibasic sodium phosphate was accurately weighed on an analytical balance,
dispensed info a 2 L, volumetric flask, and dissolved in DI water. The flask was
filled 10 volume with water and inverted to mix thoroughly. The pH of the resulting

solution was 9.20,

100 mM tribasic sodium phosphate: A quantity of 3.8 g of tribasic sodium
phosphate, dodecahydrate was accurately weighed on an analytical balance,
dispensed into a 100 mL volumetric flask, and dissolved in DI water. The flask was
filled to volume with water and inverted to mix thoroughly. The pH of the resuliing
solution was 12,32,

Solutions of 100 mM phosphate were prepared by combining the component
solutions in appropriate vohames to produce buffers of pH 7.0, 7.2, and 7.5~ 8.5 in

3.1 unit increments.
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2. Preparation of Tvis buffers

200 mdd Tris FCL A guantity of 15.8 g of Tris HC! was accurately weighed
on an analytical balance, dispensed into a 500 wml. volumetric flask, and dissolved in
Dt water. The flask was filled to volume with water and inverted to mix thoroughly,

The pH of the resulting solution was 4.45.

200 Tris base: A quantity of 12,1 g of Tris base was accurately weighed on
an analytical balance, dispensed into a 500 ol volumetric flask, and dissolved in DI
water, The flask was filled to volume with water and inverted {0 mix thoroughly,

The pH of the resulting solution was 10.60.

Solutions of 200 mM Tris were prepared by combining the compovent
solutions in appropriate volumes to produce buffers of pl 6.7, 6.9, 7.1 - 7.7 in 0.1

unit increments, 7.9, 8,1, 8.3 and 8.5.
3. Preparvation of 8.1 mg/mi. furosemide seolutions

A quantity of approximately 40 myg furosemide was dispensed into each of
thirteen conical tubes and dissolved te 10 mg/ml in the appropriate volume of 100
ralM dibasic sodium phosphate or the buffer of desired target pH. The resulting
solutions were adjusted o the target pH values 0of 7.0, 7.2, and 7.5 - 8.5, in 0.1 unit
increments, using 100 mM monobasic, dibasic, or tribasic sodium phosphate, as
necessary. All solutions were diluted to 0.1 mg/ml. furosemide using the

appropriate pH buifer.
4. Preparation of 20 myg/mi furosemide solutions

A quantity of approximately 100 mg furosemide was dispensed into each of
thirteen conical tubes and dissolved to 40 mg/mL in the appropriate volume of 200
mM Tris base or a suffictently high pH buffer (.e. greater than pH 8.0), The
resulting selutions were adjusted to the target pH vahies 0£6.7, 6.9, 7.1 - 7.7in 0.1
unit incremenis, 7.9, 8.1, 8.3 and 8.5, using 200 mM Tris HCl or 1 N hydrochloric
acid, as necessary. Specifically, addition of HCl was required io achieve pH values
of 6.7 and 6.9. All solutions were diluted to 20 mg/mL furosemide using the

appropriate pH buffer,

~ 24 -
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5. Prepsration of 8 mg/mL furosemids solutions

A quantity of approximately 200 mg furosemide was dispensed into each of
three conical tubes and dissolved to 20 mg/mL in the appropriate volume of 200 mM
Tris base. The resulting solutions were adjusted to the target pH values of 7.0, 7.5,
and 8.0, using 200 mM Tris HCl or 1 N hydrochloric acid, as nocessary,
Specifically, addition of HCI was required to achieve a pH value of 7.0, All
sofutions were diluted to g final target concentration of § mg/ml. furosemide using
the appropriate pH buffer. Upon preparation, samples were filtered through 0.2 pm
nylon filters.
6. Measurement of solution ssmolality

The osmolality values of 50 pL aliquots of each sample were measured by
freezing point depression,
7. Preparation of mobile phases

Mobile phase 4, 0.1% formic acid in water: A volame of approximately
1900 mL of deionized water was dispensed inte a 2 L volumeiric flask. After
adding 2 mL of formic acid, the flask was brought to volume with water and
inverted several times to mix thoroughly. The resultant solution was filicred through
a 6.45 pr nylon filter,

Mohile phase B, 0.1% formic acid in methanol: A volume of approximaiely
1960 mi of methano! was dispensed info a 2 L volumetric flask, After adding 2 mL
of formic acid, the flask was brought to volume with methanol and inverted several
times to mix thoroughly. The resultant solution was filtered through a (0,45 pm
nylon filter.
8. Preparation of linearity standards for HPLC

A quantity of 5 mg of fwosemide was accurately weighed on an analytical
balance and dispensed into a 5 ml. volumetric flask. The solid was dissolved and
the flask filled to volume with methano! diluent to produce a 1 mg/mlL stock
solution. Linearity standards were prepared from the stock solution as described in

the table below.
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Example 1. Unbuffered Furosemide Studies

A study was conducted to determine the appropriate vatio of HCl to
furosemide to produce aqueous solutions in a target piH range of 7.5 to 8.5, Nine
samples were prepared by dispensing 80 mg of furosemide each into nine tubes, An
excess of sodium hydroxide was added to cach tube, corresponding to 2.48 pmoles
base per 1 pmole of furosemide, to ensure complete dissolution was obtained upon
addition of saline. An appropriate volume of saline was added to the resalting
solution targeting a concentration of 8 mg/mL. Various volumes of 10N
hydrochioric acid (“HCIP”) were added to each sample to atiempt to obtain solutions
of pH 7.5 10 8.5, The results of the study are summarized in Table 1 below,

Table 1. Summary of resulis.

e S T A TN

Ciear solution

_ Ciear solution

__Cilear solution

Clear solution

. Solids present

Salids present

~imimiaiwinga

Solids present

Solids present

@'

_ Solids present

Clear solutions within the targeted pH range of 7.5 to 8.5 were achieved in
samples 3 and 4 only, which are at the top of the desired range. Additionally, it was
abserved that very small changes in the quantity of acid added resulted in
precipitation of solids and a disproportionate decrease in pH, as demonstrated by the
difference in pH between samples 4 and 5. These resulis seggest that the preparation

of unbuffered furosemide solutions at the low end of the desired pii range is likely

- 26 -
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unfeasible due to the highly variable pH values obtained following addition of very

similar molar equivalents of acid.

Exsmple 2. Baffered Furosemide Studies

A study was conducted to determine whether a buffer would Improve the pH
stability of furosemide in the pH range of 7 to 8.5 and what buffer strength was
necessary to maintain 2 nominal pH upon preparation of a saturated furosemide
solution. Accordingly, sodium phosphate buffer, potassium phosphate buffer, and
Tris buffer systems were evaluated at pH values in the target range of 7.0 to 8.5 and

at selected buffer concentrations ranging from 150 mM to 500 mM,

Samples were prepared such that complete dissolution, though not
anticipated, would result in a target concentration of approximately 30 mg/mL
furosemide and measured for pH immediately following preparation. The results are

summarized in the Table 2 below.

Table 2. Summary of vesults at fime zero (fp)

1. v - ~ "Gel" with clumps

2 ! 400 ] .= § Solution with clumps
) 7.5 300 ek Solution with clumps
4 200 | 893 ‘I Suspension with fine solids

5 100 - 6.88 Suspension with fine solids

) 500 e "Gel" with clumps

7. 400 e ~ Solution with ciumps

8 . 8.5 - 300  f oew _ Solution with clumps

9 200 . |} £99 !  Suspension with fine solids

RC © 100 897 Suspension with fine solids
g = RS o0

RO RN W

;su__ail Observation

_Solution with ciumps
6.99 _ Solution with needies
7.02 Suspension with fine soligs

1 m 7.5 L5000 o721 Visually dissolved solutions
8.5 8500 I 825 | Visually dissolved solutions

=2 =
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After 74 hours at ambient conditions, samples were centrifuged to pellet any

undissolved solids and the resulting supernatant was measwred for pH and

concentration by HPLC, The results are summarized in Table 3 below.

Table 3. Summary of results after 24 houys.

LAl
A 15 800 as4 7.26 31.9
2 8.5 500 139 8.33 3z.2
! onic strength ealeutated for buffers at target pH prior to addilion of furcsemide,

The results suggest that both the buffer identity and strength have a
significant effect on the resulting solution concentration. With respect to the
phosphate buffer systems, a trend was observed such that reducing the buffer
strength resulted in a corresponding increase in furosemide solubility, The trend

appears to correlate with the ionic strength of the buffer solutions.

The Tris buffer system was observed to mainiain solution pH values that
were closer fo the nominal values than the various phosphate buffer systems
evaluated gven though the solution concentration of furosemide was significantly

higher in the Tris solutions. More specifically, the results suggested that solution
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concenirations of up to approximately 32 mg/mL of furosemide could be achieved,
Additionally, the pH 7.5 Tris solution was capable of maintaining significantly
higher solution concentrations than phosphate buffer solutions at comparable pH and

ionic strength.

Example 3. Buffered Furoseraide Siudies — pif Ranpe

A study was conducied to cvaluate the chemical and physical stability of
20 mg/mlL furosemide Tris-buffered solutions over a pH range of 6.7 to 8.5 at
ambient tomperature, Although the results in Example 2 suggested that solution
concentrations of about 32 me/ml of furcsemide could be atiained and that these
samples were nof saturated at this concentration, & lower concentration that may be

more appropriate for a pharmaceuntical formulation was selected for evaluation.

A quantity of approximately 100 mg furosemide was dispensed into each of
thirteen conical tubes and dissclved to 40 mg/mL in the appropriate volume of 200
mM Tris base or a 200 mM Tris buffer having a pH between 8 to 8.5, The resulting
solutions were adjusted to the target pH values 0£6.7, 6.9, 7.1 t©0 7.7 in 0.1 unit
increments, 7.9, 8.1, 8.3 and 8.5, using 200 mM Tris HCI or | N BCl, as neccssary,
All solutions were diluted 1o 20 my/mL of furosemide using the appropriate pH
buffer. Upon preparation, samples were analyzed for concentration and purity by
HPLC and for pH. Samples were stored at ambient temperature and subsequently
analyzed after 24 and 48 hours of storage. The concentrations and pH valves are

sommarized in Table 4 and Table 3, respectively,

-39 -




Table 4. Semmary of furosemide concentrations over 48 hours,

2 89 i 206 208 21,0

3 7. © 208 965 1 208

4 1 7.2 g 207 26 40 210}
5 7.3 . 208 06 18.8
8 2 208 20,5

7 75 | 208 205 20.2

"""" 8 78 1204 207 208

] A 202 207 201
10 7.9 20,4, 20.4. 20.4

11 8.1 Tz 19.4 FORS

12 83 26.0 200 20.3

13 85 F 202 20.8 205

Table 5. Swmmary of selution pH over 48 hoars,

n

g 8.7 5 e

2 8.8 8.92 5.98

3 71 712 77

4 72 7.21 T 5y
5 7.3 7.27 VA6
.8 74 7.38 7.45

T 75 751 S

8 78 7.62 765
W2 77 769 )
e &N 7.87 73
11 .1 .41 3.14
12 83 8.29 8.37
3 85 8.48 e

No decrease In sample concentration was observed over 48 howrs. All pHd

values were within 0.1 units of the initial value,

A study was conducled to evaluate the chemical and physical stability of
furosernide in Tris-buffered solutions at pi’s 7.0, 7.5, and £.0 following short term
exposure 1o commonly encountered storage conditions (e, <20 °C, 2°C -8 °C,
25°C, and 40 °C). A quantity of approximaicly 200 mg furosemide was dispensed

18 inko each of three conical tubes and dissolved to 20 mg/mL in the appropriate

volume of 200 mM Tris base. The resulting solutions were adjusted 1o the target pH

-30 -
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values of 7.0, 7.5, and 8.0, using 200 mM Tris-HCl or 1| N HCI, as necessary. All
solutions were dituted to a final target conceniration of 8 mg/mL furosernide using
the appropriate pH buffer. Upon preparation, samples were filtered through 0.2 pm
nylon filters and analyzed for concentration and purity by HPLC, and for pH and
osmolality. Aliquots of each sample were stored at each condition and subsequently
filtered and analyzed atier 24 and 48 hours of storage. The resuits are summarized

in Tables 6-8 telow.

Table 6. Summary of furesemide concentrations over 48 hours,

1 7.0 ¥ sled g8y

L ~20°C
3 8.0 INESLIC. 8.7
‘ ‘ | eEg &70

40°C

*Outlier sample concentration, iikely due 1o diution error,

Table 7. Symmary of solutien pH over 48 hours.

6.8
TTEIBG .95
! 0 ssec | O 897"
40°C 8.97 7.09
20 9C 783 7 54
2-8°C ~ 7.52 7.55
: 75 259C 7.48 7.52 7.55
40°C 7.53 7.56
-20°C 7.98 7.97
BT 796 8.00
3 80 e 7.92 = S
25 °C 7.9¢ 0.02
40°°C 797 8.0C
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Table 8. Swmwmary of solution osmelality over 48 hours.

2 . 7.5 | 28°C | 339 340 | 341
8 ] 8.0 F 305 | 308 ] 308

No decrease in furosemide concentration was observed over 48 hours, All
pH values were within 0.1 units of the initial value. Additionally, the osmolality of
the solutions was consistent over 48 hours. These results suggest that the Tris
buffered furosemide solutions may vot be susceptible to cold-induced precipitation,

as has been observed for the commercially available product.

Example 5. Buffered Furosemide Studies — Longer Term Stovage Conditions

A longer term stability study was conducted to evaluate the chemical
stability of 8 rag/mL furosemide in Tris-buffered (25 mM, 50 mM, and 100 mM),
isoosmotic solutions at pH's 7.0, 7.4, and 8.0 upon storage at temperatures of
-20°C, 2°C - 8 °C, 25 °C, and 40 °C. After three months of storage, samples were
removed from their respective storage conditions and equilibrated to room
ternperature, filtered, and the supernatant tested for concentration and purity by
HPLC, and for pH and osmolality. The results are summarized in Tables 9~11

below and generally in FIG. 1.
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Table 8. Summary of analysis in 100 mM Tris.

-20°C T4 7.82 742 301
70} 7.90 7.00 288

80 7.91 7.99 205

2~-8°C 7.4 7.95 7.41 301
7.0 789 { 7.00 206

80 7.79 7.97 288

25°C 2 7.82 7.41 295
7.0 7.79 6.59. 293

8.0. . 77 7.98 294

40°C T4 7eo T 7.39 207
Yo} 7.87 €98 734

-20°C 74 7.52 292

7.0 7.43 289

3.0 8.10 296

2-8°C 7.4 750 263

7.0 7.10 204

8.0 8.08 256

25°C 74 7.49 202

........ IO 7.10 250

8.0 2190 288

40°C 7.4 7.50 . 206
7.0 712 205
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Table 11, Semmary of analysis in 25 mM Tris.

7 Gamolaity,

IFurosamide],
il PR . mﬁmn;“&;gg_ i_ﬁzO’
8.0 8.08 BO4 288
fo 7.4 §00 742
70 X 7.02
80 791 8.06
-26°C 7.4 78z 7.67 8¢
7.0 o781 70T 295
8.0 797 .07 262
2-8°C 7.4 779 7.49 291
7.0 5.01 " 7.06 257
.80 776 806
25°C 7.4 7.81 747
7.0 791 7.09
8.0 7.09 B.07
40°C 74 790 CTAT
70 7.89 7.08

After three months of siovage, no change in furosemide concentration, pH.

vamolality, or visual appearance was observed in any of the samples,

Example 6. Buffered Furosemide Studies — Acrelerated Storage Conditions

A study was conducted o evaluate the chemical stability of 8 mg/mL

furosemide in Tris-buffered (25 mM, 50 mM, and 100 mbM), isoosmotic solutions at

pH’s 7.0, 7.4, and 8.0 upon storage at a temperature of 70 °C. After three months of

storage, samples were removed from the storage conditions and equilibrated to room

temperature, filiered, and the superatant tested for concentration and purity by

HPLC, and for pH and osmolality. The results are summarized in Tables 12-14

below and in FIGS. 2A-2C, 3A-3C, and 4A-4C.

Table 12. Summary of analysiz in 108 mM Tris,

. Damolality,
mlsm ) kg HaO

292

287

292

T

~3

4 -




Table 13, Summary of analysis in 58 mM Tris,

8.0
io . 7.4
.0
8.0

70°C 7. :
e IO} <0002 450 s

Table 14. Summary of analysis in 25 mM Tris.

8.8

to 74
o
.80

70°C o 7.4
S

After 3 months of storage at 70 °C, furosemide concentration and pH
decreased significantly, osmolality slightly increased, and the samples were

5 observed to be dark brown in color.

Example 7. Buffered Furosemide Studies — Heat Sterilization Conditions

A study was conducted to evaluate the dry heat sterilization of 8 mg/mL
furosemide in 100 mM and 50 mM Tris-buffered solutions at pH 7.4 that were
previously stored at 2 °C — 8 °C for | month. The solutions were analyzed in

10 triplicate for concentration and purity before and after sterilization at 120 °C for |
hour.

Table 15, Summary of furosemide
concentrations before and after heat sterilization.

" 8 mg/ml, 100 mM,
- pH7.4,2°C~8°C
=ty
pH7.4,2°C ~8°C

98% :

YA




A%

i0

The results, summarized in Table 15 above, suggest that hest sterilization can
be g feasible approach for the terminal sterilization of » pharmaceutical formulation

of the present teachings.

The present ivachiogs encompass embodiments in other specific forms
without departing from the spirit or essential charscteristios thersof. The foregoing
embodiments are thercfore to be considered n all respects tllustrative rather than
lismiting on the present teachings described herein. Scope of the present fovention is
thus indicated by the appended claims rather than by the foregoing deseription, and
all changes that come within the meaning snd range of equivalency of the claims are

tntended to be embraced therein.

What is claimed is:
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CLAIMS

1. A method of treating a patient with or exhibiting the symptoms of edema,
hypertension or heart failure, the method comprising:
adminisicring to a patient a pharmaceutical formulation, wherein the
pharmaceutical formulation comprises:
furosemide, or a pharmaceutically acceplable salt, hydrate or ester
thereof: and
a pharmaceutically acceptable buffer comprising
iris(hydroxymethyDaminomethane, wherein the concentration of
iristhydroxymethylaminomethane in the pharmacentical formulation is greater than
or equal to about 50 mM;
wherein the pharmacsutical formulation has a pH between about 7 to about
8.5 and the molar ratio of tris(hydroxymethyljaminomethane fo furosemide {s

greater than one.

The methad of claim 1, wherein the pharmaceutical formulation is

isoosmotic,

3. The method of ¢laim 1 or 2, wherein the molar ratio of

tris(hydroxymethylaminomethane to furosemide is greater than or equal 10 twos
4, The method of ¢laim 1 or 2, wherein the concentration of
tris(hydroxymethyDaminomesthane in the pharmaceutical formulation is in a range of

aboui 58 mM io about 250 mbdd.

3. The method of any one of claims 1-4, wherein the pharmaccutical

formulation has a pH between about 7.2 1o sbout 3.

6. The method of any one of claims 1-3, wherein the amount of furosemide in

the pharmacentical formulation is between about § mg/mL to about 10 mg/mL.

7. The method of any one of claims 1-6, wherein administering comprises

administering subcutaneously the pharmaceutical formulation.
£
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8. The method of claim 7, wherein administering subcutancously comprises

using a pump device.
9. The method of claim 8, wherein the pump device is a pateh device.

10.  The method of any one of claims 1-6, wherein administering comprises

administering intravenously the pharmaceutical formuiation,

1. A method of treating 2 paiient with or exhibiting the symptoms of edema,
hypertension or heart failure, the method comprising:
administering subcutaneously to a patient using a pateh deviee a
pharmaceutical formulation comprising:
furesemide, or a pharmaceutically acceptable sall, hydrate or ester
thereof, wherein the pharmaceutical forrulation comprises between about 6 mg/ml
to about 10 mg/ml of furosemide; and
a pharmaceutically acceptable buffer comprising
tris(hydeoxymethyDaminomethane, wherein the concentration of
trishydroxymethyDaminomethane in the pharmaceutical formulation is greater than
or equal to about 50 mM;
wherein the molar ratio of tristhydroxymethyDaminomethane to furosemide
is greater than or equal to 1.65, and the pharmaceutical formulation has a pH

between about 7.2 to about § and is isoosmotic,

12. A pharmaccutical formulation comprising:

furosemide, or a pharmaceutically acceptable salt, hiydrate or ester thereof}
and

a pharmaceutically acceptable buffer comprising
fris{hydroxymethyljamincmethane, wherein the concentration of
tris(hydroxymethylaminomethane in the pharmaceutical formulation is greater than
ot egual to about 50 mM,

wherein the molar ratio of tristhydroxymethyDaminomethane to

farosemide is greater than or equal to one, and the pharmacentical formulation has a

pH between about 7 {0 sbout 8.5 and is isoosmotic.



13, 'The pharmaceutical formulation of claim 12, wherein the pharmaceutical

formulation comprises between about 6 mg/mL to about 10 mg/ml. of firosemide,

14, The pharmaceutical formulation of claim 12 or 13, wherein the

pharmaceutical forrsulation has a pH between about 7.2 to about &

15.  The pharmaceutical formulation of any one of claims 12-14, wherein the
pharmaceuticsl formulation is substantially pH siable at room temperature for at

least one year,

16.  The pharmaceutical formulation of any one of claims 12-14, wherein the
pharmaceutical formulation ts substantially API stable at room temperature for al

least one year.

17.  'The pharmaceytical formulation of any one of claims 12-14, wherein the
pharmaceutical formulation exhibits increased pH stability when exposed e a
temperature of about 70 °C for three months compared to a substantially identical
pharmaceutical formulation but for the molar ratio of

tristhydroxymethylaminomeihane to furosemide being about 1:1.

18, The pharmacsutical formulation of any one of claims 12-14, wherein the
pharmaceutical formulation exhibits increased APY stability when exposed to a
temperature of about 70 °C for three months compared to a substantially identical
pharmaceutical formulation but for the molar ratio of

tris(hydroxymethylaminomethane to furosemide being about 1:1

19. The pharmaceutical formulation of any one of claims 12-14, wherein the
phariaceutical formulation exhibits increased APY stability when exposed to tight
compared to a substantially identical pharmaceutical formulation but for the molar

ratio of tristhydroxymethyDaminomethane to furosemide being about 1:1.

20.  The pharmacsutical formulation ¢f any one of claims 12-14, wherein the

pharmaceutical formulation exbibits increased APY stability under termination
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sterilization conditions compared to a substantially identical pharmacentical
formulation but for the molar ratio of tris(hydroxymethyDaminomethane to

furosemide being about 1:1,

2}, The pharmacentical formulation of any one of claims 12-14, wherein the
pharmaceutical formulation exhibits increased API stability at room temperature for
two years compared to a substantially identical pharmaceatical formulation but for

the molar ratio of tristhydroxymethyJaminomethane to furosemide being about 1:1.

22, The pharmaceutical formulation of any one of claims 12-14, wherein the

pharmaceutical formulation is leaded in a pump device.

23, The pharmaceutical formulation of claim 19, wherein the pump devicc is a

patch device,
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