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prising terlipressin having increased concentration with long
term storage stability.
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FORMULATIONS OF TERLIPRESSIN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/611,478, filed Nov. 15, 2021, which
is a U.S. national phase under 35 U.S.C. § 371 of Interna-
tional Application No. PCT/US2020/034269, filed May 22,
2020, which claims priority to U.S. Provisional Patent
Application Serial Number 62/851,366, filed May 22, 2019,
the contents of each of which are hereby incorporated by
reference in their entirety.

BACKGROUND

Field

[0002] The disclosure is directed to stable pharmaceutical
compositions of terlipressin having increased concentrations
at room or ambient temperature or under refrigeration.

Technical Background

[0003] Terlipressin is a synthetic vasopressin that is
approved in many countries outside of the United States to
treat the life-threatening complications of cirrhosis, includ-
ing hepatorenal syndrome (HRS) and esophageal bleeding
(EVB). Its use is limited to the hospital setting due to its
short half-life (Nilsson, et al., (1990) Drugs Explt Clin. Res.,
XVI(6):307-314), necessitating its administration as an
intravenous bolus usually every 4 to 6 hours. Additionally,
terlipressin can cause side effects in up to 40% of patients.
Severe side effects—including myocardial infarction,
arrhythmia and intestinal infarction—can require discon-
tinuation of treatment in up to 10% of the patients (Angeli,
(2011) Ascites, Hyponatremia and Hepatorenal Syndrome:
Progress in Treatment, 28:189-197). Indeed, due to the rapid
vasoconstrictor properties, IV bolus dosed terlipressin must
be used with caution in patients with severe asthma, severe
hypertension, advanced atherosclerosis, cardiac dysrhyth-
mias, and coronary insufficiency.

[0004] Patients with cirrhosis exhibiting type 1 hepator-
enal syndrome (HRS-1) have been safely treated with ter-
lipressin administered continuously outside the United
States. Dosage ranged from 2.0-12.0 mg per 24 hours
(Angeli, et al., (2009) Journal of Hepatology, 50:S73: 2.0-
12.0 mg/24 h; Gerbes, (2009) Gastroenterology, 137:1179-
1189: starting dose 3.0 mg/day; Robertson, et al., (2014)
Hepatology, 60(6):2125-2126: 3.0 mg/day; Ding, et al.,
(2013), Gastroenterology and Hepatology, 28:1242-1246:
4.0 mg/day; Cavallin, et al., (2015), Hepatology, 62(2):567-
574: 3-12 mg/day). In the approximately 40 countries where
terlipressin is approved, it is commonly available in lyo-
philized powder format (Glypressin SmPC), or in certain
countries as a liquid in a vial (EVERject label). These
formats require preparation by a medical professional before
they can be administered in the hospital setting.

[0005] Currently terlipressin is available in two formats:
lyophilized powder for reconstitution or as a liquid (0.2
milligrams/mL) in vials. The lyophilized version is typically
supplied in vials containing 1 mg terlipressin powder for
reconstitution using the provided ampoule of 5 mL of saline
solution (e.g., Glypressin, Ferring Pharmaceuticals is sup-
plied as one vial containing 1 mg terlipressin acetate for
reconstitution in 5 mL solution) to deliver 0.17 mg/mL
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terlipressin (0.2 mg/ml. terlipressin acetate) solution for
injection. Administering this product requires two or three
prior steps: reconstituting the powder with diluent, with-
drawing the solution, and possible further dilution, then
injection by slow bolus dose directly into the patient or into
the patient’s intravenous line or IV bag. Glypressin requires
refrigerated storage at a temperature of 2° C. to 8° C.
[0006] The liquid, terlipressin acetate 0.2 milligrams/mL.
solution for injection (Terlipressin acetate, Ever Pharma) is
also not stable at room temperature (RT) and requires
refrigerated storage at a temperature of 2° C. to 8° C. It is
supplied in vials containing 5 mL or 10 mL of solution. This
solution is withdrawn into a syringe for administration via
bolus injection. Current formulations use acetic acid to
adjust the pH of the terlipressin acetate solution.

[0007] Thus, there is a need for a pre-filled syringe product
format to simplify the administration of terlipressin by
administering the product directly into the patient or via
intravenous line placed in the patient or IV bag. There is also
a need for a formulation of terlipressin which is room
temperature stable for a sustained period of time, allowing
for use at home or rapid use settings such as the ICU or
ambulances or in other settings where terlipressin can be
administered without the need for refrigeration space and
with less manipulation by the healthcare worker.

SUMMARY

[0008] One aspect of the disclosure provides an aqueous
composition comprising terlipressin acetate or a pharmaceu-
tically acceptable salt thereof, wherein the composition
comprises from about 0.2 to about 10.0 mg/mlL. terlipressin
acetate or a pharmaceutically acceptable salt thereof,
wherein the pH of the composition is from about 3.4 to about
5.0.

[0009] In some embodiments of the disclosure, the com-
position has a sum of impurities of less than 4.5% of the total
weight of the impurities and terlipressin in the composition.
[0010] In some embodiments of the disclosure, the pH of
the composition is in the range of 4.0 to 5.0.

[0011] In some embodiments of the disclosure, the com-
position is stable at about 25° C. for at least 24 months and
at 30° C. and about 75% relative humidity for at least six
months, or at about 30° C. to about 40° C. and about 75%
relative humidity for up to 26 weeks, or at about 25° C. and
about 60% relative humidity for up to 2 years.

[0012] In some embodiments of the disclosure, the com-
position is stored at 2° C. to 8° C.

[0013] In some embodiments of the disclosure, the com-
position comprises a stabilizing agent. In some embodi-
ments of the disclosure, the stabilizing agent is aspartic acid.
[0014] In some embodiments of the disclosure, the com-
position comprises an isotonicity agent. In some embodi-
ments of the disclosure, the isotonicity agent is dextrose or
sodium chloride.

[0015] In some embodiments of the disclosure, the com-
position comprises a pH adjusting agent. In some embodi-
ments of the disclosure, the pH adjusting agent is hydro-
chloric acid, potassium hydroxide, acetic acid, sodium
hydroxide, or potassium hydroxide.

[0016] Another aspect of the disclosure provides a pre-
filled syringe comprising an aqueous composition compris-
ing terlipressin acetate or a pharmaceutically acceptable salt
thereof, wherein the composition comprises from about 0.2
to about 10.0 mg/mlL terlipressin acetate or a pharmaceuti-
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cally acceptable salt thereof, wherein the pH of the compo-
sition is from about 3.4 to about 5.0.

[0017] In some embodiments of the disclosure, a head
space within the syringe comprises nitrogen.

[0018] Yet another aspect of the disclosure provides a kit
comprising an aqueous composition comprising terlipressin
acetate or a pharmaceutically acceptable salt thereof,
wherein the composition comprises from about 0.2 to about
10.0 mg/ml. terlipressin acetate or a pharmaceutically
acceptable salt thereof, wherein the pH of the composition
is from about 3.4 to about 5.0, wherein the kit comprises a
container for the composition, wherein the container option-
ally has a means for injecting the composition into a subject.
[0019] In some embodiments of the disclosure, the con-
tainer is a syringe that is pre-filled with the composition. In
other embodiments of the disclosure, the pre-filled syringe is
made of glass or plastic.

[0020] In some embodiments of the disclosure, the kit
further comprises a needle and/or a syringe rod.

[0021] In some embodiments of the disclosure, the kit
further comprises instructions for administering the compo-
sition. In other embodiments of the disclosure, the instruc-
tions provide administering the composition by continuous
infusion or as a bolus intravenous dose.

[0022] In some embodiments of the disclosure, the con-
tinuous infusion is administered with an ambulatory pump
or other controlled delivery device.

[0023] In some embodiments of the disclosure, the
instructions provide the option of administering the compo-
sition by injecting the composition into a container of
diluent that can then be connected to or inserted into an
ambulatory pump for continuous infusion.

[0024] Yet another aspect of the disclose provides an
aqueous composition, consisting of: terlipressin or a phar-
maceutically acceptable salt thereof, a pharmaceutically
acceptable solvent, a stabilizing agent, an isotonicity agent,
and a pH adjusting agent, wherein the composition com-
prises from 0.2 mg/mL to 10.0 mg/mL terlipressin or a
pharmaceutically acceptable salt thereof, wherein the com-
position has a pH from about 3.4 to about 5.0, wherein after
the composition is stored at about 40° C. and about 75%
relative humidity for 12 weeks, and wherein the composition
has a sum of impurities of less than about 4.5% of the total
weight of the impurities and terlipressin in the composition.
[0025] In some embodiments of the disclosure, the com-
position consists of: terlipressin or a pharmaceutically
acceptable salt thereof in the amount of about 0.5 mg/mL to
about 10.0 mg/mlL, aspartic acid in the amount of about 0.1
mg/mL to about 2 mg/ml., dextrose, succinic acid, sodium
hydroxide, and water.

[0026] In other embodiments of the disclosure, the com-
position consists of: terlipressin or a pharmaceutically
acceptable salt thereof in the amount of from about 0.2
mg/ml to about 1.0 mg/ml, sodium acetate, sodium
hydroxide, and water.

[0027] In yet other embodiments of the disclosure, the
composition consists of: terlipressin or a pharmaceutically
acceptable salt thereof in the amount of 0.2 mg/ml., methio-
nine in the amount of about 1.0 mg/ml., dextrose in the
amount of about 50.0 mg/ml., succinic acid in the amount of
about 1.2 mg/ml, sodium hydroxide, and water.

[0028] In some embodiments of the disclosure, the phar-
maceutically acceptable solvent is water.
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[0029] In some embodiments of the disclosure, the stabi-
lizing agent is aspartic acid, acetic acid, adipic acid, citric
acid, maleic acid, succinic acid, or phosphate.

[0030] In some embodiments of the disclosure the isoto-
nicity agent is dextrose or sodium chloride.

[0031] In some embodiments of the disclosure the pH
adjusting agent is acetic acid, hydrochloric acid or sodium
hydroxide.

DESCRIPTION OF THE FIGURES

[0032] The foregoing aspects and other features of the
disclosure are explained in the following description, taken
in connection with the accompanying drawings, wherein:
[0033] FIG. 1 is overlapping HPLC chromatograms for
acetic acid and aspartic acid terlipressin formulations (with-
out nitrogen protection) at pH 4.5 for three months at 2°
C.-8° C.

[0034] FIG. 2 is overlapping HPLC chromatograms for
acetic acid and aspartic acid terlipressin formulations (with-
out nitrogen protection) at pH 4.5 for three months at 25° C.
Peaks Ul and U2 are impurities.

[0035] FIG. 3 is overlapping HPLC chromatograms for
acetic acid and aspartic acid terlipressin formulations at pH
4.5 (without nitrogen protection) for three months at 40° C.
Peaks Ul and U2 are impurities.

[0036] FIG. 4 is overlapping HPL.C chromatograms show-
ing temperature effects on the aspartic acid terlipressin
formulation at pH 4.5 (without nitrogen protection) for three
months at 2° C.-8° C., 25° C., and 40° C.

[0037] FIG. 5 is overlapping HPL.C chromatograms show-
ing temperature effects on the acetic acid terlipressin for-
mulation at pH 4.5 (without nitrogen protection) for three
months at 2° C.-8° C., 25° C., and 40° C.

DESCRIPTION

[0038] The disclosure is directed to liquid formulations of
terlipressin that have been optimized for a pre-filled syringe
product format and that simplify drug delivery, particularly
for the rapid use and outpatient settings. In one aspect, the
formulation can be injected into a diluent container that is
connected to or inserted into an ambulatory pump to con-
trollably infuse the diluent/terlipressin into the patient.
Alternatively, the formulations can be infused directly with-
out dilution or administered as an IV bolus.

Definitions

[0039] Articles “a” and “an” are used herein to refer to one
or to more than one (i.e., at least one) of the grammatical
object of the article. By way of example, “an element”
means at least one element and can include more than one
element.

[0040] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. It will be further understood that the use herein of the
terms “including,” “comprising,” or “having,” and varia-
tions thereof, is meant to encompass the eclements listed
thereafter and equivalents thereof as well as additional
elements. Embodiments recited as “including,” “compris-
ing,” or “having” certain elements are also contemplated as
“consisting essentially of” and “consisting of” those certain
elements.

[0041] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
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vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. For example, if a concentration range is
stated as 1% to 50%, it is intended that values such as 2%
to 40%, 10% to 30%, or 1% to 3%, are expressly enumerated
in this specification. These are only examples of what is
specifically intended, and all possible combinations of
numerical values between and including the lowest value
and the highest value enumerated are to be considered to be
expressly stated in this disclosure.

[0042] The term “about” in association with a numerical
value means that the numerical value can vary plus or minus
by 5% or less of the numerical value.

[0043] The term “excipient” includes a non-therapeutic
agent added to a pharmaceutical composition to provide a
desired consistency or stabilizing effect. Suitable pharma-
ceutical excipients include, but are not limited to, starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate, talc,
sodium chloride, dried skim milk, glycerol, propylene, gly-
col, water, ethanol and the like.

[0044] The term “patient” refers to both human and non-
human animals. The term “nonhuman animals” of the dis-
closure includes all vertebrates, e.g., mammals and non-
mammals, such as nonhuman primates, sheep, dog, cat,
horse, cow, chickens, amphibians, reptiles, and the like. The
patient can be a human patient that is at risk for, or suffering
from, a complication of cirrhosis (e.g., ascites).

[0045] The term “pharmaceutical composition” or “phar-
maceutical formulation” refers to preparations which are in
such form as to permit the biological activity of the active
ingredient to be unequivocally effective, and which contain
no additional components which are significantly toxic to
the subjects to which the formulation would be adminis-
tered. “Pharmaceutically acceptable” excipients (vehicles,
additives) are those which can reasonably be administered to
a patient to provide an effective dose of the active ingredient
employed.

[0046] The term “pharmaceutically acceptable carrier” is
recognized in the art and includes a pharmaceutically
acceptable material, composition or vehicle, suitable for
administration to mammals. The carriers include liquid or
solid filler, diluent, excipient, solvent or encapsulating mate-
rial, involved in carrying or transporting the subject agent
from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be “acceptable” in the
sense of being compatible with the other ingredients of the
formulation and not injurious to the patient.

[0047] Terlipressin (also referred to herein as terlipressin
acetate) is a synthetic triglycyllysine derivative of vasopres-
sin with vasoconstrictive, antihemorrhagic, and antidiuretic
properties. Terlipressin is an inactive peptide prodrug having
an amino acid sequence of GGGCYFQNCPKG that is
biotransformed upon administration to its more active form,
lysine vasopressin. Suitable salts of terlipressin include, but
are not limited to, terlipressin acetate.

Stable Aqueous Formulations of Terlipressin

[0048] Aqueous pharmaceutical compositions of the dis-
closure comprising terlipressin acetate or pharmaceutically
active salt thereof, and having pH within about 3.4 to about
5.0 can be stored at room temperature (e.g., at about 25° C.
and about 60% relative humidity) for a sustained period
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(e.g., up to about 2 years). The aqueous compositions
comprising terlipressin acetate or other pharmaceutically
active salt thereof of the disclosure exhibit improved stabil-
ity at higher concentrations (e.g., at or above about 0.2
mg/ml) because the formulations can prevent peptides
aggregation and loss of stability that is typical for peptides
when stored in a concentrated liquid form.

[0049] A “stable” composition is one in which the active
ingredient therein (e.g., terlipressin) essentially retains its
physical stability and/or chemical stability and/or biological
activity upon storage.

[0050] A composition “retains its physical stability” in a
pharmaceutical formulation if'it shows substantially no signs
of'aggregation, and/or precipitation upon visual examination
of color and/or clarity, or as measured by UV light scattering
or by size exclusion chromatography. A composition
“retains its chemical stability” in a pharmaceutical formu-
lation, if the chemical stability at a given time is such that
the active ingredient (e.g., terlipressin) undergoes minimal
alterations when analyzed by stability indicated chromato-
graphic method.

[0051] One aspect of the disclosure provides an aqueous
composition comprising terlipressin acetate or a pharmaceu-
tically acceptable salt thereof, wherein the composition
comprises from about 0.2 to about 10.0 mg/mlL. terlipressin
acetate or a pharmaceutically acceptable salt thereof,
wherein the pH of the composition is from about 3.4 to about
5.0.

[0052] As used herein, the term “aqueous” refers to a
solution in which the solvent is water. The solvent can be
sterile water suitable for injection. In one embodiment, the
solvent can be bacteriostatic water. In other embodiments,
the solvent can be mixtures of water with other pharmaceu-
tically acceptable solvents or pharmaceutically acceptable
alcohols or other bacteriostatic agents (e.g., benzyl alcohol).
[0053] The concentration of terlipressin in the liquid (e.g.
aqueous composition) can be, for example, 0.2 mg/mlL,, 0.5
mg/ml, 1.0 mg/ml, 2.0 mg/ml, 5.0 mg/ml, or 10.0
mg/mL, etc. In some embodiments, the composition com-
prises from about 0.2 mg/mL to about 10.0 mg/ml, about
0.5 mg/mL to about 10.0 mg/mlL., about 1.0 mg/mL. to about
9.0 mg/ml, about 1.5 mg/mL to about 8.5 mg/ml, from
about 2.0 mg/mL to about 8.0 mg/mL., about 2.5 mg/mL to
about 7.5 mg/ml, about 3.0 mg/mL to about 7.0 mg/mL,
about 3.5 mg/mL to about 6.5 mg/mL., about 0.5 mg/mL to
about 2.0 mg/ml., or about 0.5 mg/mL to about 1.0 mg/mL,
mg/mL terlipressin acetate or a pharmaceutically acceptable
salt thereof.

[0054] In some embodiment, the pH of the composition
can be from about 3.4 to about 5.0, from about 3.5 to about
5.0, from about 3.6 to about 5.0, from about 3.7 from about
5.0, from about 3.8 to about 5.0, from about 3.9 to about 5.0,
from about 4.0 to about 5.0, from about 4.1 to about 5.0,
from about 4.2 to about 5.0, from about 4.3 to about 5.0,
from about 4.4 to about 5.0, from about 4.5 to about 5.0,
from about 4.6 to about 5.0, from about 4.7 to about 5.0,
from about 4.8 to about 5.0, or from about 4.9 to about 5.0.
In other embodiments, the pH of the composition can be
about 3.4, 3.5, 3.6,3.7,3.8,3.9,4.0,4.1,42,43,44, 4.5,
4.6,4.7,438,4.9,5.0,or5.1.

[0055] An advantage of the compositions of the disclosure
is their improved stability at room temperature (or ambient
temperature). As used herein, the term room temperature
stability or stable at room temperature means that the
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composition is capable of being stored at room temperature
without degrading or losing efficacy as compared to a similar
composition that is stored under refrigerated conditions
(e.g., at about 2° C. to about 8° C.). Examples of room
temperature stability include compositions that are stable at
about 20° C., 21° C., 22° C,, 23° C., 24° C., 25° C,, 26° C.,
27° C., 28° C., 29° C., 30° C,, 31° C, 32° C, 33° C,, 34°
C.,35°C.,36°C.,37°C.,38°C.,39°C.,40° C., 41° C., 42°
C.,43° C,, 44° C., or 45° C. for a sustained amount of time
and at a relative humidity of about 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 78%, 79%, or
80%.

[0056] Relative humidity refers to the ratio of partial
pressure of water vapor to the equilibrium vapor pressure of
water at a given temperature. Relative humidity depends on
the temperature and pressure of the environment of interest
(e.g., a patient’s home or other outpatient setting, or ambu-
lance). Relative humidity can be expressed as a percentage,
with a higher percentage meaning that the air-water mixture
is more humid. For example, 100% relative humidity means
that the air is saturated and is at its dew point.

[0057] A sustained amount of time can be for at least three
weeks, at least 1 month, at least 2 months, at least 3 months,
at least 4 months, at least 5 months, at least 6 months, at least
7 months, at least 8 months, at least 9 months, at least 10
months, at least 12 months, at least 15 months, at least 18
months, at least 21 months, at least 24 months, at least 28
months, at least 32 months, at least 36 months, at least 40
months, at least 5 weeks, at least 6 weeks, at least 7 weeks,
at least 9 weeks, at least 10 weeks, at least 11 weeks, at least
13 weeks, at least 14 weeks, at least 15 weeks, at least 17
weeks, at least 18 weeks, at least 19 weeks, at least 21
weeks, at least 22 weeks, at least 23 weeks, at least 25
weeks, at least 26 weeks, at least 27 weeks, at least 29
weeks, at least 30 weeks, at least 1 year, at least 2 years, at
least 3 years, or at least 4 years.

[0058] The compositions of the disclosure can be stable at
any combination of any of the described temperatures,
relative humidity percentages, and timeframes. For example,
in some embodiments, the composition is stable at about 25°
C. for at least 24 months, or at about 30° C. and about 75%
relative humidity for at least six months. In other embodi-
ments, the composition is stable at about 30° C. to about 40°
C. and about 75% relative humidity for up to 26 weeks. In
yet other embodiments, the composition is stable at about
25° C. and about 60% relative humidity for up to 2 years. In
yet other embodiments, the composition is stable at about
40° C. and about 75% relative humidity for about 12 weeks.
[0059] In some embodiments of the disclosure, the com-
position does not need to be stored under refrigerated
conditions and is stable at room temperature for a sustained
amount of time. In other embodiments, the composition is
stored under refrigerated conditions of about 2° C. to about
8° C., about 1° C. to about 4° C., or at about 4° C. The
composition can be stored under refrigerated conditions
before administering to a patient or before being stored at
room temperature for a sustained amount of time and before
administering to a patient.

[0060] The compositions described herein demonstrate
prolonged stability against the formation of impurities.
Impurities can be hydrolytic products, degradation products,
and/or enantiomers of terlipressin. Examples of impurities
include, but are not limited to, [6-D-phenylalanine] terlip-
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ressin, des-(1-3)-terlipressin, des-1,2-glycine-terlipressin,
des-1-glycine-terlipressin, [8-L-f-aspartic acid] terlipressin,
[8-L-at-aspartic acid] terlipressin, [12-glycine| terlipressin
& [7-L-glutamic acid] terlipressin, [8-L-aspartic acid, 12
glycine] terlipressin], N Acetylterlipressin, [7-L-glutamic
acid, 12-glycine] terlipressin, and/or [12-glycine] terlipres-
sin ethyl ester, or combinations thereof. Impurities in a
composition can be identified by HPLC analysis.

[0061] In some embodiments, the composition has a sum
of impurities of less than about 1.5%, about 1.6%, about
1.7%, about 1.8%, about 1.9%, about 2.0%, about 2.1%,
about 2.2%, about 2.3%, about 2.4%, about 2.5%, about
2.6%, about 2.7%, about 2.8%, about 2.9%, about 3.0%,
about 3.1%, about 3.2%, about 3.3%, about 3.4%, about
3.5%, about 3.6%, about 3.7%, about 3.8%, about 3.9%,
about 4.0%, about 4.1%, about 4.2%, about 4.3%, about
4.4%, about 4.5%, about 4.6%, about 4.7%, about 4.8%,
about 4.9% or about 5.0% of the total weight of the
impurities and terlipressin in the composition. In other
embodiments, the composition has a sum of impurities of
less than about 5.0% of the total weight of the impurities and
terlipressin in the composition. Non-limiting examples of
the sum of impurities include 0.1%, 0.2%, 0.3%, 0.4%,
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%,
1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2%,
2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8% of the total weight of
the impurities and terlipressin in the composition.

[0062] The sum of impurities can be determined by ana-
lyzing the composition using chromatography under condi-
tions described in the below examples. Formulation studies
can be conducted to reduce the level of impurities formed
during the shelf-life of the composition.

[0063] In some embodiments, the stability of the compo-
sition can have reduced formation of impurities as compared
to the commercial formulation of Glypressin and can
refelect a reduced formation of impurities as compared to
levels of Glypressin stored under the same conditions.
[0064] The composition can include a stabilizing agent (or
buffering agent), for example a pharmaceutically acceptable
stabilizing agent. As used herein, the term “stabilizing
agent” refers to an agent that is capable of driving an acidic
or basic solution to a certain pH state, and then preventing
a change from that state; in other words a stabilizing agent
is an agent which is added to an already acidic or basic
solution to modity the pH and then maintain the pH at the
modified level.

[0065] A stabilizing agent can be a weak acid or a weak
base that would be comprised in a buffer solution, and be
responsible for the buffering action seen in these solutions.
The stabilizing agent can be, for example, acetic acid, adipic
acid, aspartic acid, citric acid, maleic acid, succinic acid or
phosphate (e.g., sodium phosphate or sodium phosphate
dibasic dihydrate). In some embodiments, the stabilizing
agent is aspartic acid. The composition can comprise a
single stabilizing agent (i.e., does not include two or more
stabilizing agents). The composition can also comprise two
or more stabilizing agents (e.g., citric acid and sodium
phosphate).

[0066] The composition can also comprise a stabilizing
solution (or buffer solution). As used herein, term stabilizing
solution means a solution including a mixture of a weak acid
and its conjugate base or a weak base and its conjugate acid,
which has the property that the pH of the solution changes
very little when a small amount of strong acid or base is
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added, such that the pH of the buffer or buffer solution is
maintained. The stabilizing solution can be, for example, a
citrate stabilizing solution, comprising citric acid and a
citrate (e.g., sodium citrate), a succinate stabilizing solution
comprising succinic acid and a succinate (e.g., sodium
succinate), an aspartate stabilizing solution comprising
aspartic acid and aspartate (e.g., monosodium aspartate), an
acetate stabilizing solution comprising acetic acid and an
acetate (e.g., sodium acetate), a citrate/phosphate stabilizing
solution comprising citric acid and phosphate, or a phos-
phate stabilizing solution comprising phosphate (e.g. mono-
sodium phosphate) and its conjugate base, (e.g., disodium
phosphate). In some embodiments, the stabilizing solution is
an aspartate stabilizing solution. The composition can
include a single stabilizing solution (i.e., does not include
two or more stabilizing solution). The composition can also
include two or more stabilizing solutions (e.g., a succinate
stabilizing solution and an acetate stabilizing solution).
[0067] The inventors have found that inclusion of an
aspartic acid stabilizing agent (or use of an aspartate stabi-
lizing solution) can provide effective room temperature
stability. Use of an aspartic acid stabilizing agent (or an
aspartate stabilizing solution) can also confer additional
advantages over other stabilizing agents, including, for
example, reducing injection site reactions and associated
pain that occurs following administering terlipressin formu-
lations. In some embodiments, the aspartic acid stabilizing
agent can be used at a concentration of about 0.05 mg/ml to
about 10 mg/ml, for example, 0.1 mg/ml to about 10 mg/ml,
0.05 mg/ml to about 9 mg/ml, 1 mg/ml to about 8 mg/ml, 0.5
mg/ml to about 6 mg/ml. Examples of particular concentra-
tions include 0.05 mg/ml, 0.1 mg/ml, 0.5 mg/ml, 1 mg/ml,
2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8
mg/ml, 9 mg/ml or 10 mg/ml. Similarly, an acetic acid
stabilizing agent can be used and in some embodiments at a
concentration of about 0.02 mg/ml to about 4.2 mg/ml for
acetic acid, for example, about 0.02 mg/ml to about 4 mg/ml,
about 0.02 mg/ml to about 3 mg/ml about 0.03 mg/ml to
about 2 mg/ml, or about 0.5 to about 1 mg/ml. For example,
the acetic acid stabilizing agent can be used at a concentra-
tion of about 0.02 mg/ml, 0.03 mg/ml, 0.05 mg/ml, 0.1
mg/ml, 0.5 mg/ml, 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, or
4.2 mg/ml.

[0068] The composition can further comprise a pH-adjust-
ing agent. A pH adjusting agent can include, but is not
limited to, acetic acid, hydrochloric acid or sodium hydrox-
ide.

[0069] The composition can include an anti-oxidant agent.
The anti-oxidant agent can be any anti-oxidant commonly
used in the art, for example any anti-oxidant approved for
use as a pharmaceutical excipient. For example, the anti-
oxidant can be methionine, EDTA, butylated hydroxy tolu-
ene, sodium metabisulfite, ascorbic acid, or L-cysteine. The
anti-oxidant can be in an amount of 0.01% to 10% (w/v), for
example 0.05% to 5% (w/v) or 0.08% to 1% (w/v). The
anti-oxidant can be methionine, EDTA, or a combination of
methionine and EDTA. For example, the antioxidant is
methionine and is in an amount of 0.5% w/v. In another
example, the antioxidant is EDTA and is in an amount of
0.1% w/v.

[0070] In some embodiments, the composition does not
include an anti-oxidant agent. Oxygen can be excluded
during manufacturing and the container or closure system
contains only low levels of oxygen, thus eliminating the
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need for an anti-oxidant agent in the composition. Liquid
formulations can be stored in an oxygen-deprived environ-
ment. Oxygen-deprived environments can be generated by
storing the formulations under an inert gas such as, for
example, nitrogen or argon. In some embodiments, the head
space within the container for the composition includes
nitrogen for protection of the composition from oxygen.
[0071] The composition can further comprise an isotonic-
ity agent. “Isotonic” is a term recognized in the art. Isotonic
can mean, for example, that the composition of interest has
essentially the same osmotic pressure as human blood.
Isotonic composition will generally have an osmotic pres-
sure from about 250 to 350 mOsm. Isotonicity can be
measured using a vapor pressure or ice-freezing type
osmometer, for example. An “isotonicity agent” is a com-
pound which renders the composition isotonic.

[0072] Isotonicity agents such as mannitol or sodium
chloride (NaCl) are well known in the art. The isotonicity
agent can be in an amount sufficient to provide an isotonic
composition (solution), for example in an amount of 0.01%
to 10% (w/v). The isotonicity agent can be dextrose. If the
isotonicity agent is dextrose it can be in an amount of 0.5%
to 7.5% (w/v), or 4.0% to 5.5% (w/v), for example 5.0%
(w/v). If the isotonicity agent is mannitol it can be in an
amount of 0.05% to 7.5% (w/v). If the isotonicity agent is
NaCl it can be in an amount of 0.05% to 1.2% (w/v), more
preferably 0.08% to 1% (w/v), for example 0.9% (w/v). The
isotonicity agent can be in an amount of about 0.1 mg/mL
to about 100.0 mg/mlL., for example about 0.5 mg/mL to 7.0
mg/mL or about 1.0 mg/ml to about 5.0 mg/ml.. For
example, if the isotonicity agent is dextrose it may be in an
amount of 5.0 mg/mL to 75.0 mg/ml.,, for example 40.0
mg/mL to 55 mg/mL. If the isotonicity agent is NaCl it can
be in an amount of 0.5 mg/mlL. to 12 mg/mL,, for example 8.0
mg/mL to 10.0 mg/mL.

[0073] In some embodiments, the aqueous composition
consists of terlipressin or a pharmaceutically acceptable salt
thereof, a pharmaceutically acceptable solvent, a stabilizing
agent, an isotonicity agent, and a pH adjusting agent,
wherein the composition comprises from 0.2 mg/ml. to 10.0
mg/mL terlipressin or a pharmaceutically acceptable salt
thereof, wherein the composition has a pH from about 3.4 to
about 5.0, wherein after the composition is stored at about
40° C. and about 75% relative humidity for 12 weeks, and
wherein the composition has a sum of impurities of less than
about 4.5% of the total weight of the impurities and terlip-
ressin in the composition. In other embodiments, the com-
position is storage stable reflecting the ability to remain
within label specifications for at least 6 months, at least 12
months, at least 18 months, or at least 24 months when
stored at room temperature. The stabilizing agent may be
aspartic acid in an amount of about 0.05-10 mg/ml for
aspartic acid or acetic acid in an amount of about 0.02
mg/ml-4.2 mg/ml.

[0074] In some embodiments, the composition does not
contain a quaternary ammonium or disinfectant compound
(e.g., benzalkonium chloride, didecyldimonium chloride).
[0075] In some embodiments, the composition contains
bacteriostatic/fungistatic agents as anti-microbial preserva-
tives (e.g. including but not limited to parabens, chlorbuta-
nol, benzyl alcohol, phenol, thimerosal).

[0076] Insome embodiments, the composition consists of:
terlipressin or a pharmaceutically acceptable salt thereof in
the amount of about 0.2 mg/ml. to about 10.0 mg/mlL,
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aspartic acid in the amount of about 0.1 mg/mL to about 2
mg/ml, dextrose, succinic acid, sodium hydroxide, and
water. In other embodiments, the composition consists of:
terlipressin or a pharmaceutically acceptable salt thereof in
the amount of from about 0.2 mg/mL to about 10 mg/mlL,,
sodium acetate, sodium hydroxide, and water. In yet other
embodiments, the composition consists of: terlipressin or a
pharmaceutically acceptable salt thereofin the amount of 0.2
to 10 mg/m[, methionine in the amount of about 1.0 mg/mlL.,
dextrose in the amount of about 50.0 mg/mlL., succinic acid
in the amount of about 1.2 mg/ml., sodium hydroxide, and
water.

[0077] In some embodiments, the disclosure is directed to
an aqueous formulation consisting essentially of terlipressin
acetate or a pharmaceutically acceptable salt thereof and a
stabilizing agent at concentrations to enable stability during
long-term storage at room temperature. In this aspect, the
terlipressin concentration is about from about 0.2 to about
10.0 mg/ml. and the stabilizing agent is from about 0.05-10
mg/ml aspartic acid or about 0.02 mg/ml-4.2 mg/ml acetic
acid. In addition, the composition may include an isotonicity
agent and optionally a pH-adjusting agent. The formulation
has a sum of impurities of less than 4.5% of the total weight
of the impurities and terlipressin in the composition. The pH
of the composition is from about 3.4 to about 5.0.

[0078] In the various aspects of the disclosure, a terlip-
ressin formulation is storage stable for several months or
more at room temperature or accelerated storage conditions
when the amount of terlipressin in the formulation is at least
90% of the terlipressin in the formulation at the time of
initial manufacturing or packaging (label strength (“LS”).
For example, a stable formulation of the disclosure has a LS
of at least 90% after 6 months of storage at room tempera-
ture or accelerated conditions. More particularly, a stable
terlipressin formulation of the disclosure has an LS of at
least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
after at least 6, at least 12, at least 18, or at least 24 months
of storage at room temperature or accelerated storage con-
ditions. In addition, the amount of impurities present in the
formulation may be less than 1%, less than 2%, less than 3%,
less than 4%, less than 5%, less than 6%, less than %, less
than 8% or less than 9% after the storage to the formulation.
[0079] The composition can be for any route of drug
administration, e.g. oral, buccal, nasal, transdermal (e.g.
patch technology), parenteral, intravenous, intramuscular or
subcutaneous injection, intracisternal, intraperitoneal. In
some embodiments, the composition is for intravenous
administration, e.g. by continuous infusion or by a bolus IV
dose. As indicated above, compositions suitable for intra-
venous administration can remain stable in solution at room
temperature for a sustained period of time.

[0080] The compositions of the disclosure can be for use
in (or in the manufacture of medicaments for) treating or
preventing complications of cirrhosis in a patient in need
thereof. Complications of cirrhosis can include ascites,
HRS, jaundice, hepatic encephalopathy, and esophageal or
gastric variceal hemorrhage. For example, the compositions
can be for use in the treatment or prevention of ascites due
to cirrhosis.

[0081] Another aspect of the disclosure provides a kit
comprising the compositions of the disclosure, wherein the
kit comprises a container for the composition, wherein the
container optionally has a means for injecting the compo-
sition into a subject.
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[0082] The container can be, for example, a syringe, a vial,
a bottle, an ampule, or a cartridge. The container can be
made from any material that is suitable for sustained storage
at room temperature, including, but not limited to, glass,
plastic, or metal. The container can be sterile before it is
filled with the aqueous composition. The container can also
block natural and/or artificial UV light such that the com-
position is protected from photodegradation or other chemi-
cal reactions that can affect the stability of the composition
(e.g., the container is made from amber glass or plastic, or
contains a foil packet as outer wrapping).

[0083] In some embodiments the container (e.g., a pre-
filled syringe) can contain a volume of the aqueous compo-
sition of 1mL to 10 mL, for example, 10 mL,, 5 mL, 3.5 mL,
30mL, 2.5 mL, 20 mL, 1.5 mL, or 1.0 mL.

[0084] In some embodiments, the container (e.g., pre-
filled syringe) can comprise a fluoropolymer film coating
and a stopper having a closure (e.g., cap, stopper) that may
have a fluoropolymer-coated coating on any product-contact
surface.

[0085] In some embodiments, the kit further comprises a
needle and/or a syringe rod that can be attached to the
container.

[0086] The kit can further comprise instructions for
administering the composition. In some embodiments, the
instruction provide for administering the composition by
continuous infusion or as a bolus intravenous dose. Admin-
istering the composition by continuous infusion can be
achieved, for example, by using an ambulatory infusion
pump, programmable syringe pump, a mini infusion pump,
a micro infusion pump, a fusion touch pump, an osmotic
pump, a syringe touch pump, a syringe pump, or other
controlled delivery device.

[0087] In some embodiments, the kit instructions provide
the option of administering the composition by injecting the
composition into a bag of diluent (e.g., saline or dextrose)
that can then be connected to or inserted into an infusion
pump for continuous infusion.

[0088] Stability of the compositions can be determined in
a number of ways at specified time points, including deter-
mination of pH, visual inspection of color and appearance,
determination of total peptide content by methods known in
the art, e.g., UV spectroscopy, and purity is determined by,
for example, SDS-PAGE, size-exclusion and UV HPLC.
[0089] The following examples are offered by way of
illustration and not by way of limitation.

EXAMPLES

Analytical Methods

[0090] The analytical methods described herein are speci-
fied in the European Pharmacopeia for analysis of terlipres-
sin acetate API. It consists of a gradient system with two
mobile phases. The following parameters were used for the
analyses of terlipressin acetate solutions: Column: X-Terra
MS C18 4.6x250 mm 3.5 um; Wavelength: 210 nm; Flow
Rate: 0.6 ml./min; Column Oven: 30° C.; Autosampler
temp: 5° C.; Injection Volume: 50 ul; Run Time: 75 min;
Mobile phase: Gradient; Buffer: 3.30 g ammonium sulfate in
5 L water for chromatography; 1.0 mL sulfuric acid; Eluent
A: Methanol: Buffer (18.5:81.5 v/v); Eluent B: Methanol:
Buffer (35:65 v/v). The gradient conditions are shown in
Table 1.
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TABLE 1

Jun. 30, 2022

TABLE 3

Gradient Conditions

Aspartic Acid Formulation with Nitrogen at pH 4.5

Gradient:
Time (min) % Eluent A % Eluent B

0 80 20
45 80 20
55 0 100
65 0 100
65.01 80 20
75 80 20

Example 1: Aspartic Acid Formulations

[0091] Terlipressin acetate formulations containing aspar-
tic acid (with and without nitrogen) at a pH of 4.5 are
prepared.

[0092] With Nitrogen Protection: Perform all procedures
using N2 protection. Sparge water for injection (WFI) prior
to addition of materials. Overlay N2 during mix operations,
discontinuing only to add solid materials. Keep solution at
20-25° C.

[0093] Add WFI to formulation vessel, equivalent to 80%
of the final QS volume.

[0094] Add aspartic acid to WFI; rinse aspartic acid
weighing vessel with WFI (rinse volume </=to 3% of final
volume). Mix to dissolve

[0095] Adjust pH to 4.0 with 0.1 N NaOH solution.
[0096] Add terlipressin acetate with WFI rinses (rinse
volume </=5% of QS volume). Mix to dissolve.

[0097] Adjust pH to 4.5 with either 0.1 N NaOH or 0.1 N
acetic acid solution (expect the pH to be 4.6 after addition
of terlipressin acetate to pH 4.0 solution).

[0098] Bring to final volume with low O2 WFI. Readjust
pH if required.

[0099] Without Nitrogen Protection: Keep solution at
20-25° C.

[0100] Add WFI to formulation vessel, equivalent to 80%
of the final QS volume.

[0101] Add aspartic acid to WFI; rinse aspartic acid
weighing vessel with WFI (rinse volume </=to 3% of final
volume). Mix to dissolve.

[0102] Adjust pH to 4.0 with 0.1 N NaOH solution.
[0103] Add terlipressin acetate with WFI rinses (rinse
volume </=5% of QS volume). Mix to dissolve.

[0104] Adjust pH to 4.5 with either 0.1 N NaOH or 0.1 N
acetic acid solution (expect the pH to be 4.6 after addition
of terlipressin acetate to pH 4.0 solution).

[0105] Bring to final volume with WFI. Readjust pH if
required.
[0106] The terlipressin aspartic acid formulations are

shown in Tables 2 and 3.

TABLE 2

Component Amount per mL Function
Terlipressin acetate 1.0 mg/mL Active ingredient
Aspartic acid 0.46 mg/mL Stabilizing agent
0.1N NaOH To adj. pH pH adjustment
0.IN Acetic Acid To adj. pH pH adjustment
Nitrogen N/A Protection from oxygen
Water for Injection Qs solvent

Example 2: Acetic Acid Formulations

[0107] Terlipressin acetate formulations containing acetic
acid (with and without nitrogen) at a pH of 4.5 are prepared.
[0108] With Nitrogen Protection: Perform all procedures
using N2 protection. Sparge WFI prior to addition of mate-
rials. Overlay N2 during mix operations, discontinuing only
to add solid materials. Keep solution at 20-25° C.

[0109] Add WFI to formulation vessel, equivalent to 80%
of the final QS volume.

[0110] Add acetic acid to WFTI; rinse ascetic acid weighing
vessel with WFI (rinse volume </=to 3% of final volume).
Mix to dissolve

[0111] Adjust pH to 4.0 with 0.1 N NaOH solution.
[0112] Add terlipressin acetate with WFI rinses (rinse
volume </=5% of QS volume). Mix to dissolve.

[0113] Adjust pH to 4.5 with either 0.1 N NaOH or 0.1 N
acetic acid solution (expect the pH to be 4.6 after addition
of terlipressin acetate to pH 4.0 solution).

[0114] Bring to final volume with low O2 WFI. Readjust
pH if required.

[0115] Without Nitrogen Protection: Keep solution at
20-25° C.

[0116] Add WFTI to formulation vessel, equivalent to 80%
of the final QS volume.

[0117] Add ascetic acid to WFI; rinse aspartic acid weigh-
ing vessel with WFI (rinse volume </=to 3% of final
volume). Mix to dissolve

[0118] Adjust pH to 4.0 with 0.1 N NaOH solution.

[0119] Add terlipressin acetate with WFI rinses (rinse
volume </=5% of QS volume). Mix to dissolve.

[0120] Adjust pH to 4.5 with either 0.1 N NaOH or 0.1 N
acetic acid solution (expect the pH to be 4.6 after addition
of terlipressin acetate to pH 4.0 solution).

[0121] Bring to final volume with WFI. Readjust pH if
required.
[0122] The terlipressin acetic acid formulations are shown

in Tables 4 and 5.

TABLE 4

Aspartic Acid Formulation at pH 4.5

Acetic Acid Formulation at pH 4.5

Component Amount per mL Function Component Amount per mL Function
Terlipressin acetate 1.0 mg/mL Active ingredient Terlipressin acetate 1.0 mg/mL Active ingredient

Aspartic acid 0.46 mg/mL Stabilizing agent Acetic acid 0.21 mg/mL Stabilizing agent

0.1N NaOH To adj. pH pH adjustment 0.IN NaOH To adj. pH pH adjustment
0.1N Acetic Acid To adj. pH pH adjustment 0.1N Acetic Acid To adj. pH pH adjustment
Water for Injection Qs solvent Water for Injection Qs solvent
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TABLE 5

Acetic Acid Formulation with Nitrogen at pH 4.5

Component Amount per mL Function
Terlipressin acetate 1.0 mg/mL Active ingredient
Acetic acid 0.21 mg/mL Stabilizing agent
0.1N NaOH To adj. pH pH adjustment
0.IN Acetic Acid To adj. pH pH adjustment
Nitrogen N/A Protection from oxygen
Water for Injection Qs solvent

Example 3: Stability of Terlipressin Formulations

[0123] The impact of aspartic acid formulations with and
without nitrogen at pH 4.5 and acetic acid formulations with
and without nitrogen at pH 4.5 were assessed at 2° C.-8° C.,
25° C. and 40° C. at 3 months and 4 months. The aspartic
acid and acetic acid formulations were prepared by methods
similar to those described in Examples 1 and 2. The results
shown in Tables 6-9 below are shown in terms of % label
strength (LS) for the active ingredient (terlipressin acetate),
as well as the % change as compared to the day O (initial)
time point. Table 10 shows a comparison of the %LS data
presented in Tables 6-9. Percent label strength was calcu-
lated using the following formula: (mg/ml. found)/(1.0
mg/mL label strength)x100%.

TABLE 6
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TABLE 7

Aspartic Acid Formulation with Nitrogen at pH 4.5 Stability

2° C.-8° C. 25° C. 40° C.
Time % % % % % %
(months) LS change LS change LS  change
0 97.18 — 97.18 — 97.18 —
3 97.54 0.36 96.97 -0.21 95.04 -2.14
4 99.19 2.01 98.38 1.20 9530 -1.88
TABLE 8
Acetic Acid Formulation at pH 4.5 Stability
2°C.-8° C. 25° C. 40° C.
Time % % % % % %
(months) LS change LS change LS change
0 99.22 99.22 99.22
3 100.26 1.04 99.75 0.53 97.03  -2.19
4 101.87 2.65 101.07 1.85 97.38 -1.84
TABLE 9

Aspartic Acid Formulation at pH 4.5 Stability

Acetic Acid Formulation with Nitrogen at pH 4.5 Stability

2°C-8° C. 25° C. 40° C. 2°C.-8° C. 25° C. 40° C.
Time % % % % % % Time % % % % % %
(months) LS change LS change LS  change (months) LS change LS change LS  change
0 96.95 — 96.95 — 96.95 — 0 95.70 — 95.70 — 95.70 —
3 96.53 -0.42 95.87 -1.08 94.00 -2.95 3 95.55 -0.15 95.01 -0.69 92.66 -3.04
4 98.34 1.39 97.38 0.43 9430 -2.65 4 96.87 1.17 95.99 0.29 92.27 -3.43
TABLE 10
Combined Terlipressin Formulation Stability Data
3 Months 4 Months
Initial 2° C.-8° C. 25°C. 40°C. 2°C.-8C. 25°C. 40° C.
Acetic Acid  99.22% 100.26%  99.75% 97.03% 101.87% 101.0%7  97.38%
pH 4.5
Acetic Acid  95.70%  95.55%  95.01% 92.66%  96.87% 95.99% 92.2%7
pH 45 +
Nitrogen
Aspartic Acid 96.95%  96.53%  95.87% 94.00%  98.34% 97.38% 94.30%
pH 4.5
Aspartic Acid 97.18%  97.54%  96.97% 95.04%  99.19% 98.38% 95.30%

pH 45 +
Nitrogen
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[0124] There was a clear trend that demonstrated accept-
able assay values throughout the study, even at the 4 month
timepoint at 40° C. (stability specification to be 90.0-110.0%
label strength).

Example 4: Purity of Terlipressin Formulations

[0125] The terlipressin and aspartic acid formulations at
pH 4.5 (with and without nitrogen preservation) and the
terlipressin and acetic acid formulations at pH 4.5 (with and
without nitrogen preservation) were tested for overall purity
by HPLC after 3 months and 4 months at 2° C.-8° C., 25°
C. and 40° C. The aspartic acid and acetic acid formulations
were prepared by methods similar to those described in
Examples 1 and 2. The overall purity results at 3 months are
shown in Table 11 and the overall purity results at 4 months
are shown in Table 12 with the % change values shown with
respect to the initial time points. The purity/impurity data
further demonstrates the stability of the product at both room
temperature (i.e., 25° C.) and accelerated temperatures (i.e.,
40° C)).

TABLE 11

Overall Purity of Terlipressin Formulations at 3 Months

Initial 2° C.-8° C. 25° C. 40° C.

% % % % % % %

Purity  Pwrity change Purity change Purity change
Acetic  98.878 99.258  0.38  98.890 0.01  97.107 -1.77
Acid
pH 4.5
Agpartic  99.096 99.247  0.15 98.754 -0.34 97.051 -2.05
Acid
pH 4.5
Acetic  98.245 98895  0.65 98.229  -0.02 96961 -1.28
Acid
pH 45 +
Nitrogen
Aspartic  98.758 99.279 052 98551 -0.21 97.098 -1.66
Acid
pH 45 +
Nitrogen

TABLE 12

Overall Purity of Terlipressin Formulations at 4 Months

Initial 2° C.-8° C. 25° C. 40° C.
% % % % % % %
Purity  Pwrity change Purity change Purity change
Acetic  98.878 99.344  +0.47  98.988  +0.11 96.542 -2.34
Acid
pH 4.5
Aspartic  99.096 99389  +0.29  98.854 -0.24 96408 -2.71
Acid
pH 4.5
Acetic  98.245 98902 +0.66 98.534  +0.29 96.188 -2.09
Acid
pH 4.5 +
Nitrogen
Aspartic 98.758 99357  +0.60  98.855  +0.10  96.895 -1.89
Acid
pH 4.5 +
Nitrogen
[0126] Furthermore, FIGS. 1-5 are chromatograms show-

ing the effect at three months of temperature (2° C.-8° C.,
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25° C., and 40° C.) of the acetic acid and aspartic acid
terlipressin formulations without nitrogen at pH 4.5. FIG. 1
is overlapping HPLC chromatograms for acetic acid and
aspartic acid terlipressin formulations (without nitrogen
protection) at pH 4.5 for three months at 2° C.-8° C. FIG. 2
is overlapping HPLC chromatograms for acetic acid and
aspartic acid terlipressin formulations (without nitrogen
protection) at pH 4.5 for three months at 25° C. Peaks Ul
and U2 are impurities. FIG. 3 is overlapping HPLC chro-
matograms for acetic acid and aspartic acid terlipressin
formulations at pH 4.5 (without nitrogen protection) for
three months at 40° C. Peaks U1 and U2 are impurities. FIG.
4 is overlapping HPL.C chromatograms showing tempera-
ture effects on the aspartic acid terlipressin formulation at
pH 4.5 (without nitrogen protection) for three months at 2°
C.-8° C., 25° C., and 40° C. FIG. 5 is overlapping HPL.C
chromatograms showing temperature effects on the acetic
acid terlipressin formulation at pH 4.5 (without nitrogen
protection) for three months at 2° C.-8° C., 25° C., and 40°
C.

[0127] The lot of API used for the manufacturing was the
same for all conditions. At the time of manufacture, the
batches with aspartic acid showed better purity than the ones
containing acetic acid. Impurity U1 appears to be a hydro-
Iytic product of terlipressin. The purity of the formulations
containing aspartic acid after three months both at 2° C.-8°
C. and 25° C. were similar to the ones containing acetic acid
because of a higher increase of impurity U2.

[0128] The acetic acid formulation exhibited higher impu-
rity profiles for a peak that is likely to be des-1,2-glycine
terlipressin and the aspartic acid formulation produces
higher levels of two impurities that are likely enantiomers of
terlipressin. Formulations containing higher terlipressin
enantiomers are preferred to having higher hydrolytic prod-
ucts because hydrolytic products may have much higher
potency than terlipressin. Indeed, enantiomer impurities are
acceptable and can be found in the US drug products for
vasopressin at 6-7%. The results also indicate that the acetic
acid formulations seem to degrade quicker during com-
pounding and then degrade more slowly over time. With the
rates of degradation observed in the current study, impurities
of approximately 1.2% per year at 25° C. and a steady
situation with no (or very minor increase) at 2° C.-8° C. can
be anticipated.

Example 5: Long-term Stability and Purity of
Terlipressin

[0129] The stability and purity of an aspartic acid terlip-
ressin formulation with nitrogen at pH 4.4 contained in a 3
ml long glass syringe with a flurocoated plunger was
assessed in a 6 month study. This formulation was prepared
essentially as described in Example 1 with nitrogen overlay
during filling, no nitrogen during formulation). The storage
stability of the formulation was analyzed at four time points
(initial [0 months], 1 month, 3 months, and 6 months) at four
temperatures (5° C., 25° C., 30° C., and 40° C.). The results
shown in Table 13 contain the % label strength (% LS) for
the active ingredient (terlipressin acetate), the sum of impu-
rities of the total weight of the impurities and terlipressin in
the composition (% Total Impur.), and the physical appear-
ance (“PA”) of the formulation. The pH of the formulation
was 4.4 at 0, 1 and 3 months (results not available for 6
months).
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TABLE 13
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Long Term Stability and Purity of Aspartic Acid
Terlipressin Formulations at pH 4.4

5° C. 25° C. 30° C. 40° C.
Total Total Total Total
Time LS  Impur LS  Impur LS  Impur LS  Impur
(mo.) % % PA % % PA % % PA % % PA
0 99.4 1.0 CCs 994 1.0 CCs 994 1.0 CCs 994 1.0 CCS
1 98.1 1.1 CCs 984 1.2 CCs  97.2 1.2 ccs 971 1.8 CCS
3 101.9 1.0 CCS 100.6 1.2 CCS 100.3 1.4 CCs  98.1 2.9 CCS
6 97.0 1.0 CCs 957 1.5 CCS  96.6 2.0 NA 877 5.5 CCS
PA = Physical Appearance
CCS = clear, colorless solution
[0130] As shown in Table 13, the terlipressin formulation [0134] Unless otherwise defined, all terms (including tech-

maintained an acceptable label strength after 6 months at all
temperatures except at accelerate condition 40° C. The
formulation met specifications at the intermediate storage
temperature (30° C.) reflecting that it is expected that the
formulation will remain stable for 12-24 months or more at
room temperature. The physical appearance of the formu-
lation remained a clear, colorless solution at 6 months at all
temperatures, indicating both stability and purity.

Analytical Methods

[0131] The analytical methods used in this Example 5 are
from the European Pharmacopeia for analysis of terlipressin
acetate API. It consists of a gradient system with two mobile
phases. Accordingly, the following parameters were used:
Column: Waters Symmetry C18 3.0x150 mm 5.0 pm; Wave-
length: 210 nm; Flow Rate: 0.6 mI/min; Column Oven: 30°
C.; Autosampler temp: 5° C.; Injection Volume: 100 pulL; Run
Time: 75 min; Mobile phase: Gradient; Buffer: 0.02%
Sulfuric Acid in 5 mM Ammonium Sulfate in water; 1.0 mL
sulfuric acid; Fluent A: Methanol: Buffer (18.5:81.5 v/v);
Eluent B: Methanol: Buffer (30:70 v/v). The gradient con-
ditions are shown in Table 1.

TABLE 1

Gradient Conditions

Gradient:
Time (min) % Eluent A % Eluent B

0 100 0
35 100 0
55 0 100
65 0 100
65.01 100 0
70 100 0

[0132] Any patents or publications mentioned in this

specification are herein incorporated by reference to the
same extent as if each individual publication was specifi-
cally and individually indicated to be incorporated by ref-
erence.

[0133] No limitation of the scope of the disclosure is
intended by use herein of specific embodiments and specific
language to describe the various aspects of the invention.
Alteration and modification of the disclosure as illustrated
herein is contemplated as would normally occur to one
skilled in the art to which the disclosure relates.

nical and scientific terms) used herein have the same mean-
ing as commonly understood by one having ordinary skill in
the art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the disclosure and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

[0135] It will be further understood that a number of
aspects and embodiments are disclosed. Each of these has
individual benefit and each can also be used in conjunction
with one or more, or in some cases all, of the other disclosed
aspects and embodiments, whether specifically delineated or
not. Accordingly, for the sake of clarity, this description
refrains from repeating every possible combination of the
individual aspects and embodiments in an unnecessary fash-
ion. Nevertheless, the specification and claims should be
read with the understanding that such combinations are
implicitly disclosed, and are entirely within the scope of the
disclosure and the claims, unless otherwise specified.
[0136] One skilled in the art will readily appreciate that
the disclosure is well adapted to carry out the objects and
obtain the ends and advantages mentioned, as well as those
inherent therein. The examples along with the methods
described herein are representative of preferred embodi-
ments, are exemplary, and are not intended as limitations on
the scope of the disclosure. Changes therein and other uses
will occur to those skilled in the art which are encompassed
within the spirit of the disclosure as defined by the scope of
the claims.

1. An aqueous composition comprising terlipressin
acetate or a pharmaceutically acceptable salt thereof in an
amount of about 0.5 mg/ml to about 10.0 mg/ml. and an
aspartic acid stabilizing agent, wherein the pH of the com-
position is from about 3.4 to about 5.0.

2. The composition of claim 1, wherein the composition
has a sum of impurities of less than 5.0% of the total weight
of the impurities and terlipressin in the composition.

3. The composition of claim 1, wherein the composition
is stable at about room temperature for about 12 months to
about 24 months or longer.

4. The composition of claim 1, wherein the composition
is stable at about 25° C. to about 30° C. for about 6 months.

5. The composition of claim 1, wherein the composition
is stable at about 40° C. for about 3 months.
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6. The composition of claim 1, wherein the terlipressin
acetate or a pharmaceutically acceptable salt thereof is in an
amount of about 1.0 mg/mL.

7. The composition of claim 1, wherein the aspartic acid
is in an amount of about 0.1 mg/ml to about 2 mg/ml.

8. The composition of claim 1, wherein the composition
further comprises an isotonicity agent.

9. The composition of claim 8, wherein the isotonicity
agent is sodium chloride.

10. The composition of claim 1, wherein the composition
further comprises a pH adjusting agent.

11. The composition of claim 10, wherein the pH adjust-
ing agent is hydrochloric acid, potassium hydroxide, acetic
acid, sodium hydroxide, or potassium hydroxide.

12. The composition of claim 1, wherein the composition
further comprises an anti-microbial preservative.

13. A container comprising the composition of claim 1.

14. The container of claim 13, wherein the container is a
syringe, a vial, a bottle, an ampule, a cartridge, or a bag.

15. The container of claim 13, wherein a head space
within the container optionally comprises nitrogen.

16. The container of claim 14, wherein the syringe is a
pre-filled syringe.

17. A kit comprising the composition of claim 1, wherein
the kit comprises a container for the composition and
instructions for administering the composition.

18. The kit of claim 17, the container optionally has a
means for injecting the composition into a subject.

19. The kit of claim 17, wherein the container is a syringe,
a vial, a bottle an ampule, a cartridge, or a bag.

20. The kit of claim 17, wherein the instructions provide
administering the composition by continuous infusion or as
a bolus intravenous dose.

21. An aqueous composition comprising terlipressin or a
pharmaceutically acceptable salt thereof, a pharmaceutically
acceptable solvent, an aspartic acid stabilizing agent, an
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isotonicity agent, an anti-microbial preservative, and one or
more pH adjusting agents, wherein the composition com-
prises from 0.2 mg/ml to 10.0 mg/ml terlipressin or a
pharmaceutically acceptable salt thereof, wherein the com-
position has a pH from about 3.4 to about 5.0, wherein the
composition has a sum of impurities of less than about 5.0%
of the total weight of the impurities and the terlipressin or a
pharmaceutically acceptable salt thereof in the composition
after storage at about 40° C. and about 75% relative humid-
ity for 12 weeks.

22. The composition of claim 21, wherein the pharma-
ceutically acceptable solvent is water.

23. The composition of claim 21, wherein the pH adjust-
ing agent is acetic acid, hydrochloric acid or sodium hydrox-
ide.

24. The composition of claim 21, wherein the aspartic
acid is in an amount of about 0.1 mg/ml to about 2 mg/ml.

25. The composition of claim 21, wherein the isotonicity
agent is sodium chloride.

26. An aqueous composition comprising from about 0.2 to
about 10.0 mg/mlL terlipressin acetate or a pharmaceutically
acceptable salt thereof, an aspartic acid stabilizing agent,
and a sum of impurities of less than 5.0% of the total weight
of the impurities and terlipressin in the composition,
wherein the pH of the composition is from about 3.4 to about
5.0.

27. The composition of claim 26, wherein the aspartic
acid is in an amount of about 0.1 mg/ml to about 2 mg/ml.

28. The composition of claim 26, wherein the composi-
tion optionally comprises an isotonicity agent.

29. The composition of claim 26, wherein the composi-
tion optionally comprises a pH adjusting agent.

30. The composition of claim 26, wherein the composi-
tion further comprises an anti-microbial preservative.
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