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PHARMACEUTICAL FORMULATIONS FOR SUBCUTANEOUS
ADMINISTRATION OF FUROSEMIDE

FIELD
“The present teachings relate to pharmaceutical formulations including
5 furosemide. More specifically, the present leachings relate fo pharmacoutical
formulations including furosemide and a buffer including

tristhydroxymethylaminomethane,

BACKGROUND
frurosemide, an exemplary loop diuretic, can be used in the treatment of
10 hypertension, edema and related conditions, including decompensated heart failure.
Farosemide is commonly used in the treatment and/or management of edema
assotiated with cardiae, renal, and hepatic insufliciency or failore, for example,
congestive heart failure. M. Bundgaard, T. Norgaard, N, M, Nielsen,
“Photodegradotion and kydrolysis of furosemide ond furosemide esters in agueous

15 sofutions,” Interpational Journal of Pharmuceutics 42, 217 (1988),

Oral bloavailabilily, and therefore oral efficacy, of furosemide s limited.
Furosemide is commonly administered both parenterally and orally, although highly
variable oral absorption is observed due o the combined effects of Bimited solubiliy
and deersased stability at acidic pH. B. Devarakonda, D. P. Otto, A. Judefeind, R,
26 AHIL M, M, de Vitliers, “Effect of pH on the solubiliiy ond release of furosemide
from polyamidoamine (PAMAM) dendrimer complexes,” Internationa Jogrnal of
Pharmaceytics 348, 142 (Dec 10, 2007). Accordingly, furosemide typically ig
administered intravenously or intramusoularty for most patients with decompensated

feart fallure or other forms of mere advanced cdema.

25 Intravenous administration of a"pharmac-eutica{ drng, such as furosemide,
requires a trained healtheare professional for placement of the catheter and
adminisiration of the drug solution. In contrast, subcutaneous adminisiration of ¢
pharmaceutical drug can be accomplished with the aid of auto-injection devices-
and/or minlpumps or subeutaneous injections or inflsions, which can parmit

30 administration to be performed by the patient or caregiver, fur example, at home.

Subcutaneous administration of furosemide by the patient or caregiver also can.



allow for more optimal therapeutic administration and total dose to provide a more

appropriate pharmacokinetic and pharmacodynamic profile and patient outcome.

For subcutaneous administration, discomfort and pain during administration
should be minimized so as to-avoid poor patient compliance with the treatment
regimen. Factors that can contribute to pain and discomfort perceived by a patient
upon, during, or after subcutaneous administration include the injection volume, the
pH of the formulation, and the osmoticity or tonicity of the formulation. Moreover,
such a formulation should be stable 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 administration -of furosemide.

SUMMARY

It has now béen discovered that a stable, liquid pharmaceutical formulation
including furosemide can be realized by including a molar excess of
tris(hydroxymethyl)aminomethane (“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 to about 8.5. The
pharmaceutical formulations alse can be isosmotic. Consequently; a stable, liguid
pharmaceutical formulation results that can be appropriate for subcutaneous delivery
of furosemide. Subcutaneous administration of furosemide can improve the cost-
effectiveness, convenience, and/or patient outcomes when compared to intravenous

administration.

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

subcutaneous administration or delivery.



In one aspect, there is provided the use of a liquid pharmaceutical
formulation in the preparation of a medicament for treating edema, hypertension or
heart failure or for treating a patient exhibiting the symptoms of edema,

hypertension or heart fajlure, wherein the pharmaceutical formulation comprises:

furosemide, or a pharmaceutically acceptable salt, hydrate or ester thereof,
wherein the amount of furosemide in the pharmaceutical formulation is beiween 6

mg/mL to 10 mg/mL; and

a pharmaceutically acceptable buffer comprising
tris(hydroxymethyl)aminomethane, wherein the concentration of
tris(hydroxymethyl)aminomethane in the pharmaceutical formulation is in a range of
50.mM to 250 mM;

wherein the pharmaceutical formulation has a pH between 7.2 to 8, is
isosmotic, and the molar ratio of tristhydroxymethyl)aminomethane to furosemide is

greater than or equal to two.

In one aspect, there is provided a liquid pharmaceutical formulation

comprising:

furosemide, or a pharmaceutically acceptable salt, hydrate or ester thereof,
wherein the amount of furosemide in the pharmaceutical formulation is between 6

mg/mL to 10 mg/mL; and

a pharmaceutically acceptable buffer comprising
tristhydroxymethyl)aminomethane, wherein the concentration of
tris(hydroxymethyl)aminomethane in the pharmaceutical formulation is in a range of

50 mM to 250 mM,

wherein the molar ratio of tris(thydroxymethyljaminomethane to furosemide
is greater than or equal to two, and the pharmaceutical formulation has a pH between

7.2 and 8, and is isosmotic.

In one aspect, there is provided the pharmaceutical formulation as described

herein for use as a medicament,

Thus, in another aspect, the present teachings provide metheds for treating a

patient with edema or hypertension, which can be due to congestive heart failure, or
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renal or hepatic insufficiency or failure. The methods generally include

administering to a patient'a pharmaceutical formulation of the present teachings,

where the pharmaceutical formulation includes furosemide, or a
pharmaceutically acceptable salt, hydrate or ester thereof; and a pharmaceutically
acceptable buffer including 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 isosmotic.

In particular embodiments, methods of treating a patient with or exhibiting
the symptoms of edema, hypertension or heart failure can include administering
subcutaneously to a patient using a patch device a pharmaceutical formulation
including 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, 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 furosemide is greater than or equal to 1.65, and the

pharmaceutical formulation has a pH between about 7.2 to about 8 and is isosmotic.

In anotheér aspect, the present teachings provide pharmaceutical formulations
including furosemide, or pharmaceutically acceptable salt, 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 furosemide is greater than
one and the pharmaceutical formulation can have a pH in the range of about 7 to

about 8.5 and can be isosmotic.

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

examples, and claims:
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DESCRIPTION OF DRAWINGS
It should be understood that the drawings described below are forillustration
purposes only. The drawings are not necessarily to scale, with emphasis generally
being placed upon illustrating the principles of the present teachings. The drawings

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

FIG. 1 is a representative high pressure liquid chromatography (“HPLC”)
chromatogram of samples of 8 mg/mL furosemide in 50 mM Tris-buffered,
isosmotic solutions at pH’s 8, 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
in 100 mM Tris-buffered, isosmotic solutions 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-buffered, isosmotic solutions at pH’s 8, 7.4, and 7, respectively,
stored at 70 °C for three months.

FIGS. 4A-4C are HPLC chromatograms of samples of 8 mg/mL furosemide
in 25 mM Tris-buffered, isosmotic solutions at pH’s 8, 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
liquid compositions (liquid pharmaceutical formulations) that include furosemide
and a buffer including tris(hydroxymethyl)aminomethane (“Tris”). Such methods
and pharmaceutical formulations can be useful in the treatment of edema,
hypertension or heart failure in a patient having or exhibiting symptoms of sach

conditions.

For subcutaneous administration, 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 controlled to provide
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a liquid formulation that will assist in patient compliance with the treatment
regimien. In addition, a useful pharmaceutical formulation for subcutaneous
administration should be a stable, liquid pharmaceutical formulation so that it can be
stored and available for use without any preparation, particularly if the
pharmaceutical formulation is to be dispensed from a micropump, a patch device, or

other pre-loaded device,

Accordingly, a pharmaceutical formulation should have a sufficient
concentration of API so as to minimize the volume of formulation that needs to be
administered subcutaneously to provide a therapeutically effective amount of the
drug. A pharmaceutical formulation for subcutaneous administration should have a
pH at about or at physiclogical pH, or be within a relatively narrow range of pH’s
near physiological pH (e.g., between 6 or 6.5 to about 8.5) so that the administered
formulation readily can equilibrate to physiological pH. In addition, the
pharmaceutical formulation should be substantially isosmotic or isotonic, Moreover,
the pharmaceutical formulation should be API and/or pH stable over a sufficient
time so that the formulation has a reasonable shelf life and readily can be available

for use when needed.

As discussed herein, furosemide has poor water solubility. The intrinsic
aqueous solubility of furosemide at room temperature has been reported to about
18.25 micrograms per milliliter (“pg/mL”). G. E, Granero ef al., “Biowaiver
monographs for immediate release solid oral dosage forms: furosemide,” Journal of

Pharmaceutical Sciences 99, 2544 (June 2010). Consequently, furosemide typically

requires an alkaline environment for adequate solubility and stability. The
commercia] formulation for injectable furosemide contains 10 mg/mL of furosemide
in a saline solution adjusted to pH 8.0 - 9.3 with sodium hydroxide or hydrochloric
acid, as necessary. I. American Reagent, Furosemide Injection, USP. Product

Insert. However, such a high pH is inappropriate for subcutanecus administration.

U.S. Patent No. 4,698,361 to Di Schiena (the “‘361 patent”™) describes the
tris(hydroxymethyl)aminomethane 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 a 1:1 molar ratio of furosemide to tris(hydroxymethylJaminomethane and



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
formulation containing furosemide that can achieve one or more of the above criteria
desired for subcutaneous administration can be realized by including a molar excess
of Tris to furosemide in the pharmaceutical formulation, where the pharmaceutical
formulation includes a concentration of Tris greater than or equal to about 50 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 pharmaceutical 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 50 mM, and the molar ratio of Tris to furosemide is greater than one.

In various embodiments, the pharmaceutical formulation can be isosmotic.

In certain embodiments, the pharmaceutical formulation can have a pH in the
range of about 7.2 to about 8, about 7.2 to about 7.8, 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 to about 8, about 7.3 to about 7.8, about 7.3 to about 7.6, or about 7.3 to
about 7.5. In some embodiments, the pharmaceutical formulation can have a pH in

the range of about 7.4 1o about 8, about 7.4 to about 7.8, or about 7.4 to 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 about two, or greater than about 2.5, or greater than about three. In
particular embodiments, the melar ratio of Tris to furosemide can be greater than

about 3.5, or more.

Further, in various embodiments, the Tris in the pharmaceutical formulation
can be greater than or equal to-about 100 mM. Insome 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 equal to about 250 mM. Tn certain
embodiments, the concentration of Tris can be in a range of about 50 mM to about
500.mM, about 50 mM to about 250 mM, about 50 mM to about 150 mM, or about



50 mM to about 100 mM. In particular embodiments, the ¢concentration of Tris can
be about 50 mM or about 100 mM.

In various embodiments, the pharmaceutical formulation can be isosmotic.
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 325
mOsm/kg), or about 290 mOsM (or 290 mOsm/kg) to about 310 mOsM {or 310
mOsm/kg).

In addition, the pharmaceutical formulations of the present teachings can
achieve a level of solubility of furosemide that is suitable for subcutaneous
administration. For example, the amount of furosemide in a pharmaceutical
formulation can be about 5 mg/mL or greater, about 8 mg/mL 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 25 mg/ml. or greater, or

about 30 mg/mL or greater.

Some embodiments, furosemide can be present in an amount between about
2 mg/mL to about 20 mg/mL, between about 2.mg/mL to about 15 mg/mL, between
about 2 mg/mL to about 10 mg/mL, between about 6 mg/mL to about 10 mg/mL, or
between about 6 mg/mL to about 15 mg/mL. In some embodiments, furosemide can
be present in an amount about-6 mg/ml., about 8 mg/mL, about 10 mg/mL, about

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

Maoreover, in various methods and compositions 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 pH stable and/or API stable at
room temperature for at least two years, for at least three years, or more. In certain
embodiments, the pharmaceutical formulations of the present teachings can exhibit
an increased API stability and/or an increased pH stability at room temperature for
one year and/or two years compared to a substantially identical pharmaceutical

formulation but for the molar ratio of Tris to furosemide being about 1:1.



In particular embodiments, the pharmaceutical formulations of the present
teachings can exhibit an increased pH stability and/or an increased API 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 to

furosemide being about 1:1.

In some embodiments, the pharmaceutical formulations of the present
teachings can exhibit an increased API stability when exposed to light, for example,
sunlight and/or white light, compared to a substantially identical pharmaceutical
formulation but for the molar ratio of Tris to furosemide being about 1:1. In various
embodiments, the pharmaceutical formulations can exhibit an increased API
stability under termination sterilization conditions, for example, dry heat
sterilization, compared to a substantially identical pharmaceutical formulation but

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

In various embodiments, the pharmaceutical formulation is administered
subcutaneously, for example, using a pump device such as a micropump or a patch
device. However, in certain embodiments, the pharmaceutical formulation can be
administered infravenously. Administering intravenously 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

isosmotic as well as can include an increased concentration of furosemide.

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 recited elements or
components, or the element or component can be selected from a group consisting -of

two or more of the recited elements or components, Further, it should be understood
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that elements and/or features of a composition, an apparatus, or a method described
herain can be combined in a variely of ways without depariing from the spirit and

seope of the present teachings, whether explicit or implicit herein,

The use of the terms “includs,” “includes”, “inchuding,” “have,” “has,” or

A

“having” should be generally understood as open-ended and non-limiting unless

apecifically stated otherwise.

The use of the singolar herein includes the phyal (and vice versa) unless

specifically stated otherwise.

Whete the use of the term *about” is before a quantitative value, the present
10 teachings aiso inchude the specitic guantitative value itself, unless specifically stated
otherwise. As used hersin, the torm “sbout™ refers to a & 10% variation from the
nominal vatue unless otherwise indicated or fnferred. For example, in cerfain
gpplications, such as pH measurements, the term “about” can refertoad: 3%, orgt
2.5%, or a = 1% variation from the nomingl value or a fixed variation from the

15 nominal value, for example, = 0.1 pH units or % 0.2 pH unjts.

It should be understood that the order of steps or order for performing certain
actions is immaterial so long as the present teachings remain operable, Moreover,

tweo or more steps or actions may be conducted simultanecnsiy,

At various places in the present specification, values are disclosed in groups
20 orinranges, It is specifically intended that the description include each and every
individual subcambination of the members of such groups anrd ranges. For example,
an integer in the range of 0 1o 40 is gpecifically intended 1o individually discloss 0,
1,2,3,4,5.6,.7,8,9, 10, 11,12, 13, 14, I5, 16, 17, 18, 19, 20, 21, 22, 73, 24, 15,
26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 35, and 40, and an integer in the
25 range of 1 1o 20 is specifically intended to individually disclose 1,2, 3,4, 5,6, 7, §,
9,10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, and 20,

As used herein, “patient” refers to 2 mammal, such as a human,

As used herein, & “compound” (including a specifically named compound,
e.g., furosemide) refers fo the compound liseif and its pharmacentically acceptable

3¢ salts such as a sodium salt or 4 guaternary amimonium salt, hydrates and esters,
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I5

unless otherwise understood from the context of the description or expressly limited
to one partivular form of the compound, i.e., the compound iself, or a
pharmaceutically acceptable salt, hydrate or ester thereof. Where reference is made

hersin 1o an “APL” the AP can be furosemide.

As used herein, “furosemide” refers 1o a compound having the formula:

C

ki - SONH,
o ‘ )
i{ 5{‘\?‘!« "\.g ! .~"
LA C{J

aid pharaceutically accepiable salts, hydrates and esters thereof, for example,
furosemide sodium sali and furcsemide quaternary ammoniam salt, Furosemide can
be referred o by other names, for example, frusemide, 5-(aminosulphonyl)-4-
chioro-2-[(2-furanyl-methyamine[benzoic acid, or its TUPAC name, 4-chioro-2-
{Furan-2-ylmathylamino}-S-sutfamoyb-benzoic acid, or its common trade name,

i)
Lasix®”,

As used herein, a “buffer” refors (0 an squecus solution that is resistant to
changes in pH. A buffer can include a weak acid and its salt, or a weak base and its
salt, which assist in maintainiog the stability of the pH. Examples of buffers used in
pharmaceusical formulations include bicarbonate buffers, carbonate buffers, citratc
buffers, histidine buffsrs, phosphate buffers, tarivate boffers,
tris(hydroxymethyaminomethane (or 2-amino-2-hydroxymethyl-propane-1,3-diot
(HGCH3:CNH, 1) buffers, and combinations thereof., Certain of these buffers are

suitable for pharmaceutical formulations administered subcutancously.

Tris(hydroxymethyDaminomethane or a tris(hydroxymethyDaminomethane
buffer can be referred to 28 *“TRIS” “Tris,” “Tris base,” *“Tris buffer,” “Trisaming,”
“THAM,” and other names. In addition, many buffers and/or buffer systems Include
Tris. For example, Trisshuffered saltne ("TB8"), Tris-hydrochloride buffer *Tris-
HCI™), Tris base {(pH 10.6), Tristborate/ethyiens diamine tetia-acetate (“"EDTA”)
buffer (“TBE"™), and Trisfacetale/EDTA buffer (“TAE"). Tris base often is used

with Tris-HCI to prepare Tris buffers at a desired pH. In addition, the pressnt
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teachings include Tris-related compounds, for example, compounds derived from

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

As used herein, “tonicity” refers to the ionic strength or concentration of ions
in a solution such as a pharmaceutical formulation. Tonicity often is measured in
molarity (“M”). As used herein, an “isotonic solution,” an “isotonic formulation,”
an “isotonic pharmaceutical formulation,” and a pharmaceutical formulation that is
“isotonic” refers to a solution or formulation that has the same or similar

concentration of ions as found in bodily fluids.

As used herein, “osmoticity” and “osmolality” refer to the osmotic pressure
of a solution such as a pharmaceutical formulation. Osmoticity often is measured in
osmolarity (“Osm/L” or “OsM”) or osmolality (“Osm/kg”), which can be used
interchangeably herein. When measuring freezing point depression, the observed
value is the osmolality of the solution. In contrast to tonicity, 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 tonicity. Asused herein, an
“isosmotic solution,” an “isosmotic formulation,” an “isosmotic pharmaceutical
formulation,” and a pharmaceutical formulation that is “isosmotic” refers to a
solution or a formulation that has the same or similar concentration of solutes as
found in bodily fluids. In certain embodiments, a pharmaceutical formulation that is
“isosmotic” can have an osmolarity in the range of about 275 mOsM to about 350
mOsM or when the osmolality of the formulation is in the range of about 275

mOsm/kg to about. 350 mOsnvkg.

As uvsed herein, “pharmaceutically acceptable” refers to a substance that is
acceptable for use in pharmaceutical applications from a toxicological perspective
and does not adversely interact with the active ingredient. Accordingly,
pharmaceutically acceptable 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 pharmaceutical compositions.

As used herein, “pH stable” refers to less than or equal to about a.+ 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
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about a £ 0.4 pH valoe variation in the pH of a solution over time. In some

embodiments, pH stable canrefer 11 less than or equal lo about a £ G.3 pH value

variation in the pii of a solution over time, Tu certain embodiments, pH stable can

vefer o [oss than or equal to about 2+ 0.2 pH valug variation in the pH of a solution
5 overtime. Inpartioniar embodiments, pH stable can refer to less than or equal to

about a = 0.1 pH value variation in the pH ot a solution over time,

As used herein, “AP] stable” refors 1o less than or squalic abouta = 10 %
variation in the amount of AP, for example, faresemide, in a sohetion, for example,
a pharmaceutival formulation, over time., In various embodiments, AP siable can
10 refer to iess.than orequal to about a & 7.5 % variation in the amount of AP in g
soluiion over time. In some embodiments, AP{ stable can refer to less than or equal
to abowt 8 3 % variation in the amount of APY tn a solution over time, In ceriain
smbodiments, APl stable can refer to Jess than of equal to about a + 3 % varfaiion in
the amount of AP] in a soluiion over time. In particular embodiments, AP stable
15 canrefer fo less than or equal Yo about & 2= 2 % variation, oras 1 % variation, in the

amount of APL in a solution over time.
As tsed herein, “physiological pH” refers to a pH of abont 7.4.

As used herein, “therapeutic combination” refers to g combination of ana or
more active drug substances, i.e., compounds having a therapeutic utility, Typically,

gach such compound in the therspeutic combinations of the present feachings can be
H 1 P 3t

fd
<

present in a pharmaceuiicsl formulation comprising that compound and &
pharmaceutically accepiable carrier. The compouneds in a therapeutic combination of
the present teachings can be administered simultanesusly, together or separately, or

separately at diffevent times, as part of g regimen.

A The present teachings provide pharmaceutical formulations that include
furosemide or a therapeutic combination including furosemide, and one or more
pharmaceuiically accepiable carriers, excipients, or diluents such as a butfer.
Examples of such carriers are well known (o those skilled in the art and can be
prepared in accordance with acceptable pharmaceutical procedures, such as, for

30 example, those described In Remington: The Scignce and Practice of Pharmacy,

20th edition, ed, Alfonso R. Gennwro {Lippincott Williams & Wilkins, Baltimorg;



MD (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, suspensions, and emulsions. A compound
described herein can be dissolved or suspended in a pharmaceutically acceptable
liquid carrier such as a buffer, which liquid carrier also can include an.organic

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

The pharmacentical formulations of the present teachings can include other
suitable 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
patients such as humans, each of the ingredients or compounds of a pharmaceutical
formulation described herein can be a pharmaceutically acceptable ingredient or

compound.

As described herein, the present teachings provide methoeds and stable, liquid
pharmaceutical formulations containing furosemide that can achieve one or more of
the following beneficial characteristics for subcutaneous delivery. That is, the
pharmaceutical formulations can be near or at physiological pH or at a pH that
readily can equilibrate to physiological pH upon administration to a patient. The
pharmaceutical formulations can be isosmotic and or substantially isosmotic, and
can include an increased concentration of furosemide so that less volume of the
liquid formulation needs to be administered per dose. The pharmaceutical

formuiations also can be pH stable and API stable.

A study was undertaken to determine whether a commercial formulation of
furosemide for intravenous administration could be adapted for subcutaneous

administration generally in view of the above beneficial characteristics,

More specifically, to confirm the insolubility and instability of furosemide in
an unbuffered solution as a function of pH, a study was performed as described in
Example 1. It 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
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uhscrved to be guite slow in nevtral and weakly alkaline solutions, Highly basic (pH
of 11 1o 12) solution conditions were necessary to drive dissolotion for

concenirations as low as 0.1 mg/mL of furcsemide,

Additionally, samples were prepared at both 6.1 mg/ml and 8 mg/mi
furosemide and adjusted to target values in the pH range of & to 9 using sodium
hydroxide and hydrochioric acid. The pH of these solitions was observed to be
highly variable over time and as such, the solution pH was monitored for a period of
77 hours. Over this Lime, the solution pH was observed to continually decrease and
astable pH value was not achieved. The resulis suggest that an unbuifered aquecns
solution of furosemide may be unsiable with respect to pH when prepared below

pH 9,

To confirm these preliminary observations, the reproducibility of solution
behavior at pH 8.5 was ovaluated for 8 mgfmlL furosemide (experimental not
showi). Although all samples were prepared to contain the same equivalents of
furosemide, acid, and base, the observed pH values varied widely. Thus, the
formulation of furosemide in an unbuffsred system is likely not feasible in the pH

range-of 7.5 to 4.5,

As described in Hxample 2, a buffer was added to furosemide solutions to
determine whether the pH stability of the solutions can be improved, Sodivm and
potassium phosphate and Tris buffor systems were evaivated at pH values inthe
target vasige of 7.0 to 8.5 and at selected buffer concentrations ranging from 156 mM
to 500 mM. Buffer concentration can be an important factor when deviating from:
physiological pH. In such embodiments, the buffer strength can be minimized bat
retain its buffering capacity o permit efficient equilibration of the pharmaceutical

formulation to physiclogical pH upon administration to a patient.

Although both phosphate and Tris buffers improved the pH stability
compared o unbuffered solutions, it was discovered that the Tris buffer system
waintained solution pH values closer to the nominal values than the various
phosphate buffer systerns evaluated. Moreover, the results unexpectedly showed
that solution concentrations of up te approximately 32 mg/mL of furosemide In the

target pH range could be attained.



In addition, the Tris buffer system 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 concentration of furosemide to be present in the solution,
which was less alkaline and closer to physiological pH than the commercial

formulations of furcsemide.

Given the unexpected increase in solubility of furosemide in a buffer
including Tris, the chemical stability of furosemide in buffered solutions including
Tris over a pH range of 6.7 to 8.5 at ambient temperature at a sclution corcentration
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 0.1 units of

the initial value.

Example 4 evaluated the chemical and physical stability of furosemide in
buffered solutions at pH’s 7.0, 7.5 and 8.0 following short term exposure to
commonly encountered storage conditions (i.e, -20 °C, 2 °C - 8 °C, 25 °C, and
40 °C) at a solution concentration of 8 mg/mL of furosemide, 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 was consistent over 48
hours. These results suggest that the Tris-buffered furosemide solutions may not be
susceptible to cold-induced precipitation, as has been observed for the commercially

available product.

Because 8 mg/mL furosemide sclutions can be a suitable concentration for a
commercial pharmaceutical product, further studies were conducted using this
concentration of furosemide. Nevertheless, the results with the 8 mg/ml. furosemide
solutions could apply equally to other concentrations of furosemide provided the

pharmaceutical formulations are in-accordance with the present teachings.

Example 5 evaluated the chemical stability of 8 mg/mL furosemide in
25 mM, 50 mM, and 100 mM Tris-buffered, isosmaotic solutions at pH’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 furosemide

concentration, pH, osmolality, or visual appearance was observed in any of the
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samples. FIG. 1 shows a representative HPLC chromatogram of samples of 8
mg/mL furosemide in 50 mM Tris-buffered, isosmotic solutions stored at the various
temperatures for three months. The lower trace in FIG. 1 is the a diluent blank and
the upper trace shows the retention time of furosemide to be about 11 minutes.
These results suggest that the long term storage of the pharmaceutical formulations

of the present teachings can be satisfactory for a commercial product.

Example 6 evaluated the chemical stability of 8 mg/ml. furosemide.in 25
mM, 50 mM, and 100 mM Tris-buffered, isosmotic solutions at pH’s 7.0, 7.4, and
8.0 following three month exposure to accelerated storage conditions (i.e., 70 °C).
Accelerated storage conditions attempt to advance any deleterious effects that would
result upon long term exposure of the solutions to commonly encountered storage
conditions. The aggressive storage conditions can be used to identify trends in the
results to inform early-on of possible direction for development of commercial

products.

In particular, isosmotic sclutions containing 8 mg/mL furosemide with
concentrations of Tris of 25 mM, 50 mM, and 100 mM and at pH’s 7.0, 7.4, and 8.0
were subjected to 70 °C over three months, After 3 months at 70 °C, furosemide
concentration 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 particular, a significant furosemide degradation product can be seen in the HPLC
chromatograms at a retention time of about five minutes. Moreover, in FIGS.
4A-4C, which are the 25 mM Tris-buffered samples, other degradation products can
be seen as double peaks at a retention time between about 7 to 7.5 minutes. As
confirmed by the analytical measurement of the concentration of furosemide in the
solutions, the trends of the results show that at lower pH and at lower concentrations

of Tris, the stability of the solutions is reduced.

Indeed the results show a trend which suggests that a molar excess of Tris (o
furosemide can be advantageous for the stability of the solution. An 8 mg/mL
furosemide solution having a concentration of 25 mM Tris has a Tris:furosemide
ratio of about 1:1. When the concentration of Tris is 50 mM, a solution containing 8

mg/mL furosemide would have a Tris:furosemide ratio of about 2:1, Accordingly,
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the trend of the results of Example 6 suggests that a higher molar ratio of Tiis to
furosemide can improve the stability of the liquid pharmaceutical formulations. For
example, a pharmaceutical formulation can include a molar ratio of Tris; furosemide
of greater-than or equal to about 1.23, greater than or equal to about 1.5, greater than
or equal to about 1.65, 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 a pH dependency. In particular, the
results suggest that a non-acidic pH can improve the stability of the liquid
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 physiclogical
pH. Although the higher end of the pH range to about 8.5 to 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.

Consequently, the results 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 8 mg/mL
of furosemide in 25 mM, 50 mM, and 100 mM Tris-buffered, isosmotic solutions in
a pH range of 7 - § after short term exposure to light. Visual inspection of the vials
after light exposure shiowed a dark brown colored solution for the solution
containing 25 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 Example 6.

Example 7 evaluated the dry heat sterilization of 8 mg/mL furosemide at pH
7.4 in 100 mM and 50 mM Tris-buffered solutions that were previously stored at

2°C -8 °C for 1 month. The results suggest that heat sterilization can be a feasible
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approach for the terminal sterilization of a pharimaceutical formulation of the present
teachivgs.
Furosemide, therapeutic combinations, and pharmaceutical formulations of

the present teachings can be usefud for treating a pathological condition or disorder

4

in a patient, for example, o human. As used herein, “lreating” refers to partially or
completely alleviating and/or ameliorating the condition and/or symptoms thereof,
The present leachings accordingly include a method of providing to a patient a
pharmaceutical composition that includes 2 compound or therapeutic combination of
the present teachings in cownbinetion or association with a pharmaceutically
16 acceptable carrier. Compounds and therapeutic combinations of the present
teachings can be sdministered alone or in combination with other therapeusically
effective compounds or theraples for the trestment of a pathological condition or
disorder,
As used hersin, “therapeutically effective™ refers to 8 subsiance or an amount
15 that eliciis a desirable biclogical activity or sffect.

The pharmaceuntical formulations of the prosent eachings can be sierile
solutions or suspensions. A sterile pharmacenitcal formulation cas be prepared

using pharmaceutically accepted practices, for example, filtration and/or heat,

The pharmaceutical formulations can be adminisiered parenterally, inclading
20 by infusion, injection or implantation, which includes subcutaneous administration
as appropriate. For example, the pharmaceutical formulations can be udministered
by, for example, suboutaneous Injection or delivery, or intravenous injection or
delivery.
A mumber of devices have been proposed {o facilitale self-administration of 8
35  pharmaceutical formulation. The device typically invludes & reservoir contalning,
for example, pre-loaded with, the pharmaceutical formulation to be administered,
For example, a micropump can provide precise subcntancous administration of small
guantities of a liquid pharmacentics! formulation. Such micropumps can be
compact and portable. Another type of device uselul for subcutaneous delivery or

30 administration of pharmaceutical formulations is often referred 1o as a patch device
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or 8 purap-pateh device. Patch devices usually are attached directly to the skin of a
paiient. See, 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 asa

micropump or patch device can include a reservoir containing a pharmaceutical

A

formulation, a subeutaneous injection needle configured for removable insertion inte
skin of a patient, a micropump having an inlet in fluid communication with the
reservolr and an ostlet in fluid cospmunication with the subcutaneous injection
needle, a sontrol system configured for controlling the micropump fo deliver the
pharniaceutical formulation from the reservoir o the subcutaneous injection needle,
10 wherchy the vharmacentical formulation is administered subsutancously to a pailent,
and a housing for supporting the reservoir, subowanenus injection needle,
micropump and cowirol system, the housing being portable and adapted for contact
with the skin of the patient, The pharmaceutical formulation contained within the
reservolr can be any of the pharmaceutical formulation of the present tocachings, for
15 example, a pharmacentical formulgtion comprising befween abount 6 mg/ml to about
10 mg/mL of furosemide, or a pharmaceitioally acceptable salt, hydrate or ester
thereof; and a phammaceutically acceptable buffer comprising
wristhydroxymethylaminomethane at a concentration of greater than or equal 1o
about 50 mM, the molar matio of tris(hydroxymethyDaminomethane to furosemide
20 being preater than or equal to 1,63, the pharmaceutical formulation having a pH

batween about 7.2 to shout 8 and being isesmotic,

in certuin embodiments, the medical device can be of a unitary construction.

Buch medica! deviess can be for & singie or one-time vse. In particuiar
embodiments, the medical device can be of 8 multi-piece construction, In such

25  medical devices, a disposable or a resuseable portion or component can be present.
For example, a housing defining or inctuding the reservoir can be a disposable or a
reuscable component of the medical devics. In some smbodiments; the disposable
or reuseable housing defining or incloding the reservoir can contsin a
pharmaccutics] fornmilation of the preseni-teachings. In various embodiments, the

30 subcutancous injection needic can be & disposable component of the medical device.
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When administered for the treatment or inhibition of a pariicular dissase
state, condition or disorder, if is understood that an effective dosage can vary
depending upon many factors such as the particutar compound or therapeatic
combination utilized, the mode of administration, and severity of the condition being
treated, as weil as the various physical factors refated to the individual being treated.
In therapentic apptications, a compound or therapentic combination of the present
teachings can be provided to a patient already suffering from a disesse, for example,
babterial infoction, in an amount sefficient to cure or at feast partially ameliorate the
symploms of the discase and its complivations. The dosage to be used in the
treatment of a.specific individual typically must be subjectively determined by the
attending physician, The variables involved mclids the specific condition and Its

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

The compounds and therapeutic combinations described herein can be
adminisiered parenterally, Solutions or suspensions of ihese active corapounds oy
pharmacetically acceptable salts, bydrates, or esters thereof can be prepared in
water suiiably mixed with a surfactant such as hydroxyl-propylcetiviose.

Dispersions can also be prepared in glycerol, liguid polyethyiens glycols, and
mixtures therecf in oils, Exawmples of liquid carriers for parenteral administration
include water, alcohels (including monohydric alechols and polvhydrie aleohols,
e.g., glycols) and their derivatives, and oils (e.g., fraciionated coconut oif and arachis
oif). For parenteral adwinistration, the carrier can be an oily ester such as ethyl
oleate and isopropy| myristate. Sterile fiquid carriers are used in sterile liguid form

compositions for parenteral admiststration,

In certain embodiments, a parenteral proparation can include a proservative

{0 inhibii the growih of microorganisms. However, in some embodiments, the

parenteral preparation is preservative-free. In particufar embodimentis, a parenteral

preparation can include a buffer as well as other suifable pharmaceuntical additives
mentioned herein such as solabilizers, emulsifiers, preservatives, sweeteners,
flavoring agents, suspending agenis, thickening agents, colors, viscosity regulators,

stabilizers, snd osmo-regulators,



The pharmaceutical forms suitable for injection can include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions, Tn certain embodiments, the
pharmacentical 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 contaminating action of microorganisms
such as bacteria and fungi, if needed. The carrier can be a solvent or dispersion
medium containing liquids such as water, ethanol, polyol (e.g., glycerol, propylene

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

Although the present teachings can provide methods and pharmaceutical
formulations that can achieve one or more of the desired characteristics for
subcutaneous administration of furosemide, certain of the characteristics of the
pharmaceutical formulations, for example, being at or near physiological pH and/or
being isosmotic or substantially isosmotic, also can be desirable for intravenous and
‘other types of parenteral administration 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.

Examples
The materials, equipment, and procedures for the examples were as follows.
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Maierials
Furosarnide Alfa Aesar JE1487 JO4Y Ot
Fornic acid LT, Baker 9128-01 620003
Methanai . EMD AAXD475-1 52180
Sodium phosphaie, B . e
moncbasic Spectium E’msi V§§1145
- Sodium phosphate, . AR OEOE
dibasic Spectrum 50138 30658
Sodiun phosphate, EMD SX0725-1 031017
Iribasic .
0.5 84 Polassium A . )
Frer 3
bhasshate, oH 7.4 BbGentest ) w4 612 )
Trizra pre-set ; Cinaws sne
crysials, pH 7.5 Jigma 17818 108RES3 )
Trizma pre-set : TRR e '
crvsiale. pH 8.5 Sigma . 78518 076K5414
Tris base G. Bivsciences RC-105 {81006
Tris HC! ~ Sigma T-5041 111KS408
Hydrochioric ack  Ricea 377015 2101466
Syringe BD 308653 7130051
0.2 um nylon syrings Pafi 4433 22361
: fiter —
0.45 prs nyion filters Pall £6503 T115491
Water in-house delonized (Barnstead Nanopure)

RPN TS

Fochoe}

For xamples 3-7, the following changes are noted with respect io the materials.

s ATy UL

AR

CRAHRI|, 2089HRIL,

Taaiaa L
Furssermide stPhasma - 2093HRI

§ Methanol EMD MX0475-1 53005
“Tris bass J.T, Baker 4102:01 0000033772
Tris HEY AT Baker 1 410801 0000039560
Sosium bydroside petiels | EMD SX0800-1 BOB0RSE2

1 Hydrochioric aoic Macron 2612-14 0000035974

| Sadium ehloride EMD 1,06400,1063 Ke3181300

§ 0.2 um aylon filters Pall 66602 11821

Water

in-house deionized (Barnstead Nanopure)

.
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Fguipment

Chromatograph:  Shimadzy Proj ree LG-20 AT
Dslecion Shimadzu Prominerce SPD-204
Soitware Systam:  Shimadzu Class VP Soflware

HPLE Systermn
(Wi HPLC 812)

. " Metiler Toledo MX-5
Analylical b3ISACES | yatier Tolado AB204/S-FACT

Qricn 4 Star-Pius pH and conductivity meter
pH mister pH elecirots (VWR Symphony)
Automnatic tevparature compensation probe {Thermo)

Csmamsler Precision Systems POsmsita

Procedures
1. Preparation of phosphate buffers

108 m monobasic sodium phosphare: A quantity of 24.0 g of anhydrous
monobasic sodivtm m phosphate was accurately weighed on ao analytical balance,
dispensed into a 2 L volumetric flask, and dissolved in DI water. The flask was
filled to volume with water and inverted to mix thoroughly., The pH of the resalting

solution was 4.55.

100 mdd dibasic sodivm phosphaie: A quantity of 28.4 g of anhydrous
dibasic sodium phosphate was accurately weighed on an analytical balance,
dispensed into a 2 L volumetric flask, and dissolved in Bl water, The [Task was
filed 1o volome with water and inverted to mix thoroughly. The pH of the resulting

solution was 9.20,

100 mdd 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 mkL volumetric flask, and dissolved in T2 water. The flask was
filled to volume with water and inveried 1o 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 vohmmes to produce buffers of pH 7.0, 7.2, and 7.5 -85 in

4.1 unit increments,
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2. Preparation of Fris bulfers
200 mdd Tris HCEH A quantity of 13.8 g of Tris HCE was aceurately weighed
on an analytical balance, dispensed into a 300 mi volumetric flask, and dissolved in

B water, The flask was filled 1o volume with water and inverted to mix thoroughly.

i

The pH of the resulting solution was 4,45,

200 Tris base: A quantity of 12.1 g of Tris base was acourately weighed on
an analytical balance, dispensed into a 300 ml. volumetric flask, and dissolved in BI
water. The flask was filled to volume with water and fnverted to mix thoroughly,

The pH of the resulting sofution was 13,65,

114 Solutions of 200 mb Tris were prepared by combining the companent
selutions in appropriate volumes to produce buffers of pH 6.7, 6.5, 7.1 - 7.7 in 0.1

uilt increments, 7.9, &1, 8.3 and 8.5.
3. Preparation of 8.1 mg/mL favosemide solutions

A quantity of approximately 40 g furosemide was dispensed into sach of
15 thirtesn conical fubes and dissobved to 10 mg/mL in the appropriate volume of 100
malM dibasic sodium phosphate or the buffer of desired farget pH. The resulting
solutions were adjusted o the target pH values oF 7.0, 7.2, and 7.5 < &5, in 0.1 unit
increments, using 100 M monobasic, dibasic, or tribasic sodium phosphate, as
necessary. All solutions were diluted to 0.1 mg/mL furcsemide using the
20 appropriate pH buffer,
4. Preparation of 20 mg/mY. faresemide solutions
A quantily of approximately 100 mg furosemide was dispensad into each of
thirteen conical tubas and dissolved to 40 mgfsl. in the appropriate volame of 206
mM Tris base or a sufficiently high pH buffer (G.2. greater than pH 8.0}, The
25 resulting sciutions were adjusted to the target pH values 0of 6.7, 6.9, 71 ~ 7.7 n 0.
unit increments, 7.9, 8.1, 8.3 and 8.5, using 200 mM Tris HC or 1 N hydrochloric
acid, as necessary. Specifically, addition of FICl was required to achieve pH values
of 6.7 and 6.9. All soletions were diluted to 20 mg/mL furosemide using the

appropriate pH buffer.
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3, Prepsration of 8 my/mi feresemide solutions
A quantity of approximately 200 mg furosemide was dispensed info esch of
three conical tubes and dissoived to 20 mg/mL i the appropriate volume of 200 mM

Tris base. The resulting solutions were adjusted to the target pH values of 7.0, 7.5,

h

and 8.0, using 200 mM Tris HC or 1 N hydsochloric acid, as necessary,
Specifically, addition of HCE was required to achieve a ph value of 7.0, Al
solutions were diluted to a final targat concentration of § mp/mL furosemide using
the appropriafe pH buffer. Upon preparation, samples were filtered throngh 0.2 jun

nylon filters.
10 4. Bieasurement of solution osmolality
The osmolality valugs of 50 u1 aliquots of each sample were measured by
freezing point depression.
7. Preparation of mohile phases

Mobile phase 4, 0.1% formic acid in water: A volume of approximately

1900 ml of delonized water was dispensed Into 2 2'L volumeiric tlask. Afier

o
A

adding 2 mL of formic acid, the flask was brought to volume with water and
inverted several thmes to mix thoroughly, The resnitant solution was filtered through

a 0.45 pm nylon filter,

Mahile phase B, 0.1% formic acid in methanol: A volume of approximaiely:
28 1900 mL of methanol was dispensed into a 2 1, vohumetric flask, Afleradding 2 mL
of formic acid, the flask was brought to volume with metharol and inverted several
times to mix thoroughly. The resultant solution was filtered through a 0.45 pm

nylon filter.
8. Preparation of Huearity standards for HPLC

25 A guantity of 3 mg of furosemide was accurately weighed on an analytical
balance and dispensed into a 5 mL volumeiric fiask. The solid was dissolved and
the flask filled to volume with methanol diluent 1o produce a | mg/mi stock
solution. Lincarity standards were prepared from the stock solution as described in

the table below.
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Exampic 1. Unbuifered Furosemide Studics

A study was conducted to determine the appropriste ratio of HClto
furosemide o produce aqueocus solutions in a target pH range of 7.5 to 8.5, Nine
samples were prepared by dispensing 80 mg of furosemide cach into nine tubes, An

5 excess of sodivns hydroside was added to each tube, corresponding to 2.48 mmoles
base per 1 pmole of furosemide, to ensure complete dissolution was obiained vpon
addition of saline. An appropriate volume of saline was added to the resuiting
selution targeting a concentration of B mgfml. Various volumes of 10N
hydrochlorie acid (*HCP’) were added to each sample to attempt o obtain solutions

10 of pH 7.5 o 8.5, The results of the study are summarized in Table 1 below.

Fable 1. Summary of resals.

1 1,482 B8 ' "Ciear solution

2 1.458 538 Ciear solution

3 1.508 85 Clear solufion

4 1645 8.4 " Clear solution

5 1518 8.1 _A Solids prosant

5 1.628 80 Scfids prasent

7 1.531 8.0 Solids present

B R Tse 1 Golds preeant

8 1538 L Bo Sofids present |

Clear sohutions within the fargeted pH range of 7.5 o 8.5 wers achieved in
samples 3 and 4 only, which are at the top of the desired range. Additionally, it was
observed that very small changes in the quantity of acid added resulied in

15 precipitation of solids and a disproportionate decrease in pH, as demonstrated by the
difference in pH hetween samples 4 and 3. These resulis suggest that the preparation

of unbuffered furosemide solutions at the low end of the desired pl range is likely
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unfeasible due to the highly variable pl values obirined following addition of very

similar molar ¢quivalents of acid.

Example 2. Bulfered Furosemide Studies

A study was conducted to determine whether a buffer would improve the pH

5 stability of furosemide in the pH range of 7 to 8.5 and what buffer strengih was

necessary to maintain & nominal pH upon preparation of a saturated furosemide

solution, Accordingly, sodium phosphate buffer, potassium phosphate buffer, and

Tris buffer systems were evalvated st pH values In the target range of 7.0 to 8.5 and

at selected buffer concentrations ranging from 150 mM {o 500 mi,

10 Sampies were prepared such that complete dissolution, though not

anticipated, would result in a target concentration of approximately 30 ma/mil.

furosemide and measured for pd immediately following prepuration. The results arg

sumnarized in the Table 2 below,

Table 2. Summary of resulis at fime 2¢v0 (o).

al Observatii

*Gel" with clumps

1. 500
. 400 e Soluionwithelumps 1
3 7.5 300 vaa Solution with clumps
LA 200 B.93 Suspension with fine solids
8 100 &84 Suspension with fine solids
__________ 6 . 500 - L "Gel" with clumps
7 400 Solution with clumps
a 8.5 300 . Soiution with clumps
8 200 Buspension with fine solids

Suspension with fine solids

T e - )

" 1 Swength (my pﬂ Visual Qbuervation

1 ] 500 7.08 _Salution with clumps
7.4 400 , Solution wilh needles ~

Suspension with fine solids

‘Obs;er_va{ion .

Visygzlly disaolved solutions

Visually dissolved solutions

<7
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Afier 24 hours.at amblent conditions, samples were centrifuged to pellet any
undissolved solids and the resulting supernatani was measwred for pH and

coneentration by HPLC, The resulls are summarized in Table 3 below.

Table 3, Summary of resalts affer 24 hours,

. IFifrogemide]
‘mglmi.
5,81

£y N i  FFurosemidel,
H fny : T T
) 5 i ) I , 314
2 8.5 $00 135 8.33 32z
5 ! Tonic strength esiculated for buffers at target pH prior to addition of furosernids,

‘The resuits 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 frend was cbserved such that reducing the buffer
steength resulied in o corresponding increase in furosemide solubility. The trend

1) appears to eorrefate with the fonic strength of the buffer solutions.

The Tris buifer system was observed (0 mainiain solution pH values that
were gloser to the nominal values than the various phosphate buffer systems
evaluated even though the solution concentration of furesemids was significantly

higher in the Tris selutions. More specifically, the results suggested that solution

.28 -
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concentrations of up to approximately 32 mg/mL of furosemide could be achieved.
Additionally, the pH 7.5 Tris solation was capable of maintaining significantly
higher solgtion concentrations than phosphate buffer solutions at comparable pH and

ionic stength.

Ezample 3. Buffered Furosemide Studies — pll Bange

A study was conducted to-evaluate the chemical and physical stability of
20 mgiml. furosemide Tris-buffered soluticns over a pH range of 6.7 to 8.5 at
ambient femperapure, Although the results In Example 2 supgested that solution
congentrations of about 32 mg/mk of furosemide could be atfained and that these
samples were not saturated at this concentration, a lower concentration that may be

more appropriste for a pharmaceutical formulation was selected for evaluation.

A goantity of approximately 100 g furosemide was dispensed into each of
thirteen conical tubss and dissolved to 40 rag/mL i the appropriste volume of 200
mM Tris base or a 200 mM Tris buffer having a pH between 8 to 8.5, The resulting
sofutions were adjusted to the target pH values 0f 6.7, 6.2, 7.1 10 7.7 in 0.1 unit
increments, 7.9, 8.1, 8.3 and 8.5, using 260 mM Tris HCl or § N HC|, as necessary.
Adl solutions were diluted to 20 mg/mL of furosemide using the appropriate pH

buifer. Upon preparation, samples were analyzed for concentration and purity by

HPLC and for pH. Sesaples were stored af ambient temperature and subsequentiy

analyzed after 24 and 438 hours of storage. The concentrations and pH values are

suramarized in Table 4 and Table 5, respectively.
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Table 4. Sammary of furcsemide concentrations over 48 hours,

AR B SRR e "

1 8.7 20.0 )

2 5.8 T 208 1.0
3 74 ‘ 20.8 20,8
4 72 o=y PR
5 73 | 208 R
8 T 74 21.0 2G4 20.5,
7 75 © 208 205 20.2
g 78 0 267 | 208
g 77 oz X 20.1
10 79 204 | 204 70.4
11 8.1 20.2 104 2036
12 83 1 200 20 20,3
13 25 N2 X 2 SR ¥ 205

K 6.7 566 | 687 TU87S
3 5.2 892 1 691 6.98

3 7.1 7.1z 7.08 A7

4 7.2 7.2 7,20 7.47

5 7.3 727 7.27 7.6

8. T4 7.38 7.35 7,45
_________ 7 7.5 7.51 747 7.57
8 L 7.62 7.52 7,85
L9 A - 778
i 7.9 7.87 7.83 7.93
1% 8.1 8,11 £.04 3,14
12 ‘ 8.3 829 8.28 8497
13§ 85 8.48 B.48 257

No decrease in sample concentration was observed over 48 hours. All pH

valuos were within 0.1 uniis of the initial vaiue,

Exampled. Buifered Furosemide Studies - Shovt Yerm Stovare Conditions

A stully was conducted o gvalaate the chemical and physical stability of
furosemide in Tris-buffered solutions at pH's 7.0, 7.5, and 8.0 following shori term

exposure to commonly-encountered storage conditions (i.e., -20 °C, 2 °C ~ § 4,

25 °C, and 40 °C). A quantity of approximately 280 mg furosemide was dispensed

inio each of three conical tubes and dissolved to 20 mg/inL in the gppropriate.

volume of 200 M Tris base. The resulting solutions wete adjusted to the target pH
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vatoes of 7.0, 7.5, and 8.0, using 200 mM Tris-HC or 1 N HCI, a8 negessary, All

solutions were dituted to a final target concentration of § mgh L. furosemide using

the appropriate pH buffer. Upon preparation, samples were filtered through 0.2 pm

aylon filters and analyzed for concentration and purity by HPLC, and for pH and

osmolality. Aliguots of each sample were stored at each condition and subsequently

filtered and analyzed after 24 aud 48 hours of storage. The results are summarized

in Tables 6-% balow.

Table 6. Summary of furosemide concentrafions over 48 hours,

1 PSR S-S5 >SN SO S - 73
28 59 8.52 8.49
acc 8,41 8.51
- 20 °C 10:\;6' 247
3. 8°C 8.60 g
2 7\5 3. -2 4
25 ) B 830 pre
40°C 8.48
....... nRCOC 849
2:8%C 8.47
3 B0 .70 :
’ [we ot
40 00 $.58

*Coutfier sample soncentration, fkely due te dilutlon asror.

Table 7. Summary of solntion pH over 48 hours.

P - 2-8° - 8.98 .08
S N~ LU R T o
40°C | 8.47 7401
200G 7.53 7.54
2-3% 752 7.55
2 7.5 e T T 7.48 S L3
25 °C 7.52 755
407G 7.53 7E
o 20C 7.98 g7
2-8°C 7.96 5.50
’ L e 796 802
40°C 197 8.00

t
143
ot

1]



Table 8. Summary of solution osmolality over 48 hours

7.0

7.5

8.0

25°C

342 343 346
339 340 341
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. Additionaily, the osmolality of
the solutions was consistent over 48 hours. These results suggest that the Tris
buffered furosemide solutions may not be susceptible to cold-induced precipitation,

as has been observed for the commercially available product.

Example S. Buifered Furosemide Studies — Longer Term Storage Conditions

A longer term stability study was conducted to evaluate the chemical
stability of 8 mg/mL furosemide in Tris-buffered (25 mM, 50 mM, and 100 mM),
isosmotic solutions-at pH’s 7.0, 7.4, and 8.0 upon storage at temperatures of -20 °C,
2°C-87°C,25°C, and 40 °C, After three months of storage, samples were removed
from their respective storage conditions and equilibrated to room temperature,
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 9. Summary of analysis in 100 mM Tris.

emide];

maimi,
8.0 £.08 b 7 282
1 .74 ; 8.17 74z ) 297
7.0 8.04 7.0z 262
8.0 785 7.99 ‘ 295
-G 74 7.82 ’ 14z 301
7.0 L 7.90 7.00 298
8.0 7.91 7.98 . 205
2-8°C C 74 ' 7.65 7.41 301
7.0 7.58 7.00 | 206
8.0 A 7.97 289
25°C FA 7.62 741 ' 205
7.0 7.79 a5 292
80 I i 788 254
40C 7.4 7.60 ' 7.30 297
) 7.67 £.98 254

Table 10, Summary of analysis in 50 mM Tris.

- Osmalglity,”
) mQsm Ly HO

, a0 , 814 8.04 ' 288

1o 7.4 8.0¢ 7.44 , 289
7.0 ' 808 | 704 290

, 8.0 R ' B.11 289

-20°C 7.4 7.93 . 7.52 292
7.0 8.12 743 289

2.0 7.584 1 8.40 1 295

78 74 ‘ X 7.50 ' 283
' 7.0 g £.02 ' 7.10 _ 294

8.0 _ 7.62 8.09 . 288

25 °C 7.4 7.87 749 262
' 7.0 8.07 ' 7.10 250

8.0 795 230 288

a0°c T 7.97 7.80 296
A 7.12 205
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Table 11, Summary of analysis in 25 mM Tris.

8.0 8.08 8.04

to 7.4 8.00 7.42
7.0 8.09 7.02

8.0 7.91 8.06

-20°C 7.4 7.92 7.47
7.0 7.91 7.07

8.0 7.97 8.07

2-8°C 7.4 7.79 7.49
7.0 8.01 7.08

8.0 7.76 8.08

25°C 7.4 7.81 747
7.0 7.91 7.09

8.0 7.99 8.07

40 °C 74 7.90 7.47
7.0 7.89 7.08

After three months of storage, no change in furosemide concentration, pH,

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

Example 6. Buffered Furosemide Studies — Accelerated Storage Conditions

A study was conducted to evaluate the chemical stability of 8 mg/mL
furosemide in Tris-buffered {25 mM, 50 mM, and 100 mM), isosmotic 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, filtered, and the supernatant 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 analysis in 100 mM Tris.

8.0 8.08 7.99 292

to 7.4 8.17 7.42 297
7.0 8.04 7.02 292

8.0 3.67 7.56 303

70°C 74 0.58 568 312
7.0 <0.002 4.54 306
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Table 13, Summary of analysis in 58 mM Tris.

b . Damolaiity,

CRERE mgiml - ! - mBunr s kg HoQ
890 - .14 8.04 238
to A 699 die P 268
700 8.05 ‘ 7.04 T et
8.0 3.50 : 7.30 214
70°C 74 [ <0002 473 T
70 | ooz | 450 505

Table 14. Summary of analysis in 25 mM Tris,

Furosemide], |, Cismolality,
- I & mgiml. ; b mtsm { kg HaOQ
, 35 : .08 504 289
fo .74 { 8OO 7.42 267
7.0 B.09 7.02 293
8.0 1.18 5.26 Z97
70°C 7.4 <0,002 4.57 299
70 <0.002 4 44 308

Alfter 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 — Fleat Sterilization Conditions

Astudy was condueted to evaluate the dry heat sterilization of 8 mg/niL
furosemide in 100 mM-and 30 mM Tris-buffered solutions at pH 7.4 that were
previously stored at 2 °C — § °C for 1 month. The solutions were analyzed in

1) triplicate for concentration and purity before and after sterilization at 120 °C for
hovy,

Table 15, Summary of Nurosemide
concentrations before and after heaf sierilization,

% Rezovery. |

8 mgiml, 100 mb4, oo : N

pH7.4.2°C ~8°C 818 7.98 o8
A 8 mghml, 50 mi, o

pH 7.4, 2 °C~8°0 8.14 7.86 é 97%
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‘The results, summarized in Table 15 above, snggest that heat sterilization can
be a feasible approach for the ierminal steriization-of o pharmaceutical formulation

of the present teackings.

The present {eachings ehcompass embodiments in other specific forms
5 without departing from the spirit or essential charscteristios thereofl The foregoing
embodiments are therefore to be considered in all respects lustrative rather than
initing on the present teachings described herein. Scope of the present invention is
thus indicated by the appendad slaims rather than by the foregoing description, and
all changes that come within the meaning and range of equivalency of the olaims are

10 intended to be embraced therein.

What iz claimed is;
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CLAIMS

1. Use of a liquid pharmaceutical formulation in the preparation of a
medicament for treating edema, hypertension or heart failure or for treating a
patient exhibiting the symptoms of edema, hypertension or heart failure, wherein
the pharmaceutical formulation comprises:

furosemide, or a pharmaceutically acceptable salt, ydrate or ester
thereof, wherein the amount of furosemide in the pharmaceutical formulation is
between 6 mg/mL to 10 mg/mL; and

a pharmaceutically acceptable buffer comprising
tris(hydroxymethyl)aminomethane, wherein the concentration of
tris(hydroxymethyl)aminomethane in the pharmaceutical formulation is in a range
of 50 mM to 250 mM;

wherein the pharmaceutical formulation has a pH between 7.2 to 8, is

isosmotic, and the molar ratio of tristhydroxymethyl)aminomethane to furosemide

is greater than or equal to two.

2, The use of claim 1, wherein the pharmaceutical formulation is to be

administered subcutaneously.

3. The use of claim 2, wherein the pharmaceutical formulation is to be

administered subcutaneously using a pump device.
4, The use of claim 3, wherein the pump device is a patch device:

5. "The use of claim 1, wherein the pharmaceutical formulation is to be

administered intravenously.

6. The use of claim 1 wherein the pharmaceutical formulation is to be
administered subcutaneously using a patch device;
wherein the pharmaceutical formulation comprises 8 mg/mL of furosemniide;
the concentration of tris(hydroxymethyl)aminomethane is 50 mM;
the molar ratio of tris(hydroxymethyl)aminomethane to furosemide is 2; and

the pharmaceutical formulation has a pH of 7.4.
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7. A liguid pharmaceutical formulation comprising:

furosemide, or a pharmaceutically acceptable salt, hydrate or ester thereof,
wherein the amount of furosemide in the pharmaceutical formulation is between 6
mg/mL to 10 mg/mL; and

a pharmaceutically acceptable buffer comprising
tris(hydroxymethyl}aminomethane, wherein the concentration of
tris(thydroxymethyl)aminomethane in the pharmaceutical formulation is in a range
of 50.mM to 250 mM,

wherein the molar ratio of tris(thydroxymethyl)aminomethane to furosemide
is greater than or equal to two, and the pharmaceutical formulation has a pH

between 7.2 and 8, and is isosmotic.

8. The pharmaceutical formulation of claim 7, wherein the pharmaceutical
formulation comprises 8 mg/mL of furosemide;

the concentration of tris(hydroxymethyl)aminomethane is 50 mM;

the molar ratio of tris(hydroxymethyl)aminomethane to furosemide is 2; and

the pharmaceutical formulation has a pH of 7.4.

9. The pharmaceutical formulation of claim 7 or 8, wherein the pharmaceutical

formulation is loaded in a pump device.

10.  The pharmaceutical formulation of claim 9, wherein the pump device is a

patch device.

11.  The pharmaceutical formulation of any one of claims 7-10 for use as a

medicament.
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