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(57) ABSTRACT

The 1nvention provides liquid formulations of compounds
that act at sulfonylurea receptors that are suitable for intra-
venous and intra-arterial infusion. Compounds active at a
sulfonylurea receptor include glibenclamide, tolbutamide,
repaglinide,  nateglinide,  meghtinide,  midaglizole,
LY397364, LY389382, glyclazide, and glimepiride. Liquid
formulations may be concentrated solutions suitable for stor-
age; may be diluted (e.g., dilution of 1:1 or 1:1.2) suitable for
bolus mjections, and may be further diluted (e.g., dilution of
1:10 or 1:20 or more) for intravenous and intra-arterial infu-
s1on over an extended period of time. For example, a liquad
formulation may include at least about 0.05 mg/ml glibencla-
mide 1n a water-based solution mncluding 40% polyethylene
glycol 300, 10% Ethanol, 50% water, at about pH 9. The
solution may 1nclude a buifer, and 1s suitable for storage in
refrigerator or at room temperature. This solution may be
diluted 1:1, or more (e.g., 1:20) without precipitation of the
glibenclamide.
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Glibenclamide Solubility in Britton Robinson Buffers
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Figure 3G

Glibenclamide 1mg/mli, pH 9.5, Meglumine 10mM 2-8°C

Related substances by SAP385 (% w/w)
Glibenclamide | Y
Timepn_inv assay by AN
Condition SAP385 (mg/mi)] 0.11 0.11 | r?; ,i BA . | ,?; EBB 040 ! “ "b‘_n‘:la
mi
1 month at 2-8°C 0.999 Not tested 070072
I IR I | 4

3 months at 2-8°C

. pH
: : Appearance and Particulates (SAP0D9)
Timepoint/
Condition (SAP004) AN
:
N Clear colourless liquid with some fibres but 06208
Initial . . 8.72.8.71
no particulates believed to be drug-related. fame B 2
Mean =8.71
- . - Clear colourless liquid, free from visible
-| | Mean = 8.35 T
—d -
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Figure 3H

Glibenclamide 1Tmg/ml, pH 9.5, Meglumine 10mM 25°C/60% RH

Related substances by SAP385 (% w/w)

Glibenclamide -— N
1.00
Timepoint/ assay by Total
Condition SAP385 (mg/mi)| 0.11 0.11 0.18 s AR
. 0.21 0.28 0.40 Glibencla
; Imp A imp B ' _ 20.05%
| mide
Initial 1.001
1 month at 25°C/60% RH ,
0.993 Not 1ested
2 months at 25°C/60% RH "
3 months at 25°C/60% RH | I -
| \ Appearance and Particulates (SAP009) P -
Timepoint/
Condition (SAP0Q4) AN |

T L N el

Clear colourless liguid with some fibres but
no parnticulates believed to be drug-related.

1 month at 25°C/60% RH

Clear colouriess liquid, free from visible

particles.

I
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Figure 3I

Glibenclamide 1mg/mi, pH 9.5, Meglumine 10mM 40°C/75% RH

Related substances by SAP385 (% w/w)
Glibenclamide I _— — |
] 1.00
Timepoint/ assay by Total AN
Condition A1 0.11 |
i SAP38S (mg/mi)| O 0.18 0o 078 0a0 |Giibencia
Imp A ' impB ' ' 20.05%
mide
inival 1.001 0.01 nd 0.10 nd 013 | Tr.o0s | 9974 | 020 | 062082
T —— __ﬂ_.-
1 month at 40°C/75% RH 0.975 Not tested 070074
[ 2 months at 40°C/75% RH | ' T '
. N | —
3 months at 40°C/75% RH --

H
Appearance and Particulates (SAP0Q9) P

Ti mepoi nt/ (S A Pm4) A/N
Condition "
Clear colourless liquid with some fibres but 06208
X i R72. 871
to d .
no particulates believed to be drug-related Mean = 8 71 2

Clear colountess liquid, free from visible
1 month at 40°C/75% RH 7.58. 7.58

nticles.
pa Mean = 7 58 070074
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Figure 3J

Glibenclamide 1mg/ml, Non-aqueous formulation - 25°C/60% RH

Related substances by SAP385 (% wiw) T
Glibenclamide | ____ -
I 1.00
Timepoint/ assay by Total
Condition SAP385 (mg/mi)l 0.11 0.11 | AN
(mg/mi) 0.18 031 0.28 040 |Glibencla
Imp A imp B ' _ >0.05%
mide
Initiai 0.997
| | 0.04 0.05 0.08 m 0.13 0.10 99.57 099 | 062083
T mepoiny B Appearance and Particulates (SAP009) ,
Condition AN
Clear colourless solution with some fibres 06208
Initial but no particulates believed to be drug-

3
1 related. ‘ \
— —— e e—— —n
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LIQUID FORMULATIONS OF COMPOUNDS
ACTIVE AT SULFONYLUREA RECEPTORS

FIELD OF THE INVENTION

[0001] The present invention provides liquid formulations
of compounds active at sulfonylurea receptors and suitable
for administration to a patient 1n need of treatment with such
compounds, methods for using the novel formulations, and
kits providing the formulations for clinical use.

BACKGROUND OF THE INVENTION

[0002] Macromolecules termed “sulfonylurea receptors”
(SUR) are found 1n many body tissues and are important 1n
many physiological activities. Among many important func-
tions, SUR are involved 1n isulin release from pancreatic
beta cells, and may affect blood pressure by affecting vascular
smooth muscle. There are multiple SUR, including a type 1
sulfonylurea receptor (SUR1), a type 2 sulfonylurea receptor
(SUR2) and subtypes of these receptors. Molecularly distinct
SURs are coupled to distinct 1on channel moieties in various
tissues to form, for example, different K , .. channels with
distinguishable physiological and pharmacological charac-
teristics. K, channels 1n pancreatic beta cells are formed
from SUR1 linked with a K™ channel, whereas the cardiac and

smooth muscle K . channels are formed from SUR2A and
SUR2B, respectively, linked to K* channels.

[0003] A newly identified calcium and adenosine triphos-
phate sensitive non-selective cation channel (NC . _ ., chan-
nel) 1s another 1on channel affected by compounds that affect
SUR.NC,. _,.,»channels are found in neural tissue and neural
cells following trauma, stroke, 1schemia, and other injuries

and conditions (Simard et al., U.S. patent application Ser. No.
10/391,561, published as 2003/0215889; Simard et al., U.S.

patent application Ser. No. 10/391,561, published as 2006/
00100183).

[0004] Sulfonylurea drugs are commonly used to treat
patients having blood glucose level disorders, such as patients
with diabetes. Sulfonylurea drugs have other uses 1n addition
to treating diabetes. For example, sulfonylurea drugs interact
with SUR and affect the activity of 10n channels found in
many tissues, including neural tissue such as neurons, glial
cells, and other cells 1n the brain, spinal cord, and peripheral
nervous system. Ion channel types associated with SUR and
alfected by sulfonylurea (and other drugs acting on SUR)
include potasstum channels and non-selective channels. SUR
1s responsible for activation of some potassium channels by a
chemically diverse group of agents termed K* channel open-
ers, such as diazoxide, pinacidil, and cromakalin.

[0005] Sulfonylurea drugs commonly used in clinical
applications include antidiabetic sulfonylureas such as glib-
enclamide and tolbutamide, and may also include repaglin-
ide, nateglinide, meglitinidde, midaglizole, LY397364,
LY389382, glyclazide, glimepiride and other drugs or
metabolites of drugs which interact with SUR.

[0006] Such drugs are typically poorly water soluble, and
are commonly given as pills or 1n other solid form. However,
some patients are not able to swallow pills, or otherwise
would be better served if these drugs were readily available
for delivery 1n another form besides solid pills or powders.
Oral administration of solid dosage forms typically results 1n
a time-lag before clinically effective dose levels are reached
in the patient’s tissues and internal fluids, and makes mainte-
nance of constant levels of drug in those tissues and fluids

Feb. 10, 2011

difficult. Furthermore, pH fluctuations in the stomach or gut
can alter the absorption rates of drugs. Accordingly, there 1s
need 1n the art for alternative formulations of drugs acting at
a SUR, including alternative formulations of sulfonylurea
drugs such as glibenclamide, tolbutamide, and other drugs

that act on SUR.

SUMMARY OF THE INVENTION

[0007] New and useful liquid formulations of compounds
that act at a SUR are disclosed herein. Such liquid formula-
tions are suitable for intravenous, intra-arterial, intrathecal,
parenteral, intraperitoneal, intracerebroventricular, subcuta-
neous, oral, buccal, sublingual, intracavernous, and topical,
or other routes of administration. The liquid formulations
having features of the mvention may be administered to
patients 1n need of treatment with drugs that act at a SUR
according to novel methods disclosed herein. Kits including
the novel liqud formulations and instructions for their use
according to the novel methods of the invention are also
provided.

[0008] A liquid formulation suitable for administration to a
patient and having features of the invention may include: a
compound which interacts with a sulfonylurea receptor
(SUR), water, a solvent, and a co-solvent. In embodiments, a
liquid formulation suitable for administration to a patient and
having features of the mvention may include a compound
which interacts with a SUR, water, a solvent, a co-solvent,
and a surfactant. Liquid formulations having features of the
invention may also include one or more of pharmaceutically
acceptable 1ngredients, including, for example, bullfers,
osmoticants, preservatives, antioxidants, excipients, and
other pharmaceutically acceptable ingredients.

[0009] In embodiments of the liquid formulations having
teatures of the mnvention, the compound which interacts with
a SUR 1s acompound that interacts with a Type 1 sulfonylurea
receptor (SUR1), and may be a sulfonylurea compound, such
as an anftidiabetic sulfonylurea compound. In preferred

embodiments, the compound may be glibenclamide or tolb-
utamide.

[0010] Accordingly, disclosed herein are solutions and
methods providing liquid formulations including a com-
pound or compounds that act at a SUR(SUR-active com-
pound or compounds). Liquid formulations having features
of the mvention include a SUR-active compound or com-
pounds at a concentration of greater than about 0.04 mg/ml, a
solvent, and optionally include a surfactant. A liquid formu-
lation having features of the mvention may further include
one or more of a co-solvent and a pH butfer. Provided herein
are also liquid formulations comprising dilutions of the liquid
tformulations disclosed above to provide formulations includ-
ing water, wherein the SUR-active compound remains dis-
solved 1n the liquid formulation following dilution. In pre-
terred embodiments, the liquid formulations disclosed above
are diluted with a diluent suitable for administration to a
patient, and wherein the diluent 1s a water-based solution
including one or more of a salt, a sugar, a sugar alcohol, and
a pH builer. Liquid formulations having features ol the inven-
tion may also include further ingredients such as, for
example, preservatives and antioxidants, and other igredi-
ents customarily included 1n clinical formulations. The liquid
formulations may be administered undiluted or slightly
diluted as a bolus, by syringe pump or injection, and may also
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be more extensively diluted and administered as an infusion,
including administration by an infusion pump or syringe
pump.

[0011] Provided herein are multiple embodiments of liquid
formulations of SUR-active compounds, including a) con-
centrated embodiments with concentrations greater than
about 0.04 mg/ml (suitable, for example, for bolus adminis-
tration or for injection by infusion pump or syringe pump); b)
concentrated embodiments suitable for dilution with pharma-
ceutically acceptable diluents, which diluents are typically
water-based solutions including salts and/or sugars and/or
sugar alcohols (also suitable, for example, for bolus admin-
1stration or for mjection by infusion pump or syringe pump);
¢) diluted embodiments, with solutions which may have
lower concentrations of SUR-active compounds, which may
include pharmaceutically acceptable diluents, which diluents
are typically water-based solutions including salts and/or
sugars and/or sugar alcohols (suitable for infusion or 1njec-
tion, as a bolus or for administration over an extended period
of time); and other embodiments. In embodiments of the
liguid formulations suitable for bolus administration to a
patient, or for storage before use, the liquid formulations may
have a concentration of SUR-active compound or compounds
of greater than about 0.04 mg/ml, or greater than about 0.1
mg/ml, or greater than about 1 mg/ml, or greater than about 10
mg/ml, or greater than about 20 mg/ml or other amounts. In
turther embodiments, liquid formulations having features of
the 1nvention are diluted liquid formulations having a con-
centration of a SUR-active compound suitable for adminis-
tration to a patient over an extended period of time, where the
compound active at a SUR does not precipitate from solution
during or following dilution, or when frozen or refrigerated.

[0012] The liquid formulations disclosed herein are useful
for administration of SUR-active compounds to patients 1n
need of such compounds. For example, administration of the
liquid formulations containing SUR-active compounds may
be useful 1n alleviating, reducing, or preventing brain swell-
ing, neural cell swelling, or other damage to a patient’s ner-
vous system that may result from, or occur incidental to,
stroke, head trauma, spinal cord injury, cardiac arrest leading
to an interruption of blood tlow to the brain, or other condi-
tion.

[0013] For example, glibenclamide 1s commonly used to
treat certain forms of diabetes, and as such 1s administered
orally. However, the present inventors have found that glib-
enclamide may be used as a treatment for stroke. Use of
glibenclamide in the treatment of stroke may require an 1ntra-
venous formulation, and therefore formulation experiments
have focused on the development of a suitable injectable
formulation of glibenclamide at various concentrations (e.g.,
at 1 mg/ml). For example, glibenclamide for injection may be
administered as a bolus for the mitial treatment (4 mg), and
then diluted for a continuous 5-7 day infusion at 20 mg/day.
Adequate solubility of glibenclamide 1s achieved 1n some
embodiments, for example, by formulating with polyethylene
glycol 300 (PEG 300) and ethanol (which are both better
solvents for glibenclamide than water alone) together with
maintaining a high pH, such as, e.g., a pH above pH 8, or
preferably above pH 9, or higher.

[0014] Liqud formulations disclosed herein may be used
for bolus 1njection into the vasculature (e.g., intravenous or
intra-arterial administration), or cerebrospinal tluid, or other
destination of admimstration, of a patient suifering from
stroke, head trauma, spinal cord injury, cardiac arrest leading
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to an 1interruption of blood tlow to the brain, or other condition
in which the sufferer 1s at risk of brain swelling or neural cell
swelling. Liquid formulations disclosed herein may be used
for infusion, such as infusion over an extended period of time,
into the vasculature, cerebrospinal fluid, or other destination
of administration, of a patient suffering from stroke, head
trauma, spinal cord injury, cardiac arrest leading to an inter-
ruption of blood tlow to the brain, or other condition 1n which
the sufferer 1s at risk of brain swelling or neural cell swelling.
In a yet further example, the liquid formulations disclosed
herein may be used for intracerebroventricular or intrathecal
administration to a patient suffering from stroke, head
trauma, spinal cord injury, cardiac arrest leading to an inter-
ruption of blood flow to the brain, or other condition 1n which
the sutlerer 1s at risk of brain swelling or neural cell swelling.
The liquid formulations disclosed herein may further be use-
tul for parenteral, intraperitoneal, subcutaneous, oral, buccal,
sublingual, intracavernous, and topical, or other administra-
tion to a patient 1n need of a SUR-active compound.

[0015] Accordingly, 1t will be understood that disclosed
herein are also methods for administering a SUR-active com-
pound to a patient 1n need of treatment with a SUR-active
compound. For example, provided herein are methods of
treating a patient suflering from stroke, head trauma, spinal
cord 1njury, cardiac arrest leading to an interruption of blood
flow to the brain, or other condition in which the sutferer 1s at
risk of brain swelling or neural cell swelling comprising
adminmistration of an etfective dose of a SUR-active com-
pound provided via a liquid formulation of a SUR-active
compound having features of the invention. Methods of treat-
ing a patient in need of administration of a SUR-active com-
pound include intravenous, intra-arterial, intrathecal,
parenteral, intraperitoneal, intracerebroventricular, subcuta-
neous, oral, buccal, sublingual, intracavernous, and topical,
or other routes of administration. Administration of SUR-
active compounds via liquid formulation, and in particular via
intra-arterial or intravenous administration, provides rapid
and readily controlled increase 1n circulating drug concentra-
tions, providing rapid onset of treatment which allows rapid
adjustment and ready maintenance of circulating drug con-
centrations.

[0016] The liquid formulations and methods of using the
liquid formulations provide alternative forms of administra-
tion of SUR-active compounds, aid 1in such administration by
improved ease of administration, and allow ready adminis-
tration to patients 1n need thereof who may not be able to
swallow solid dosage forms or who may be in need of rapid
pharmacological availability of the drug without the lag-time
often encountered with administration of drugs by solid, oral
dosage forms.

[0017] These and other advantages of the invention will
become more apparent from the following detailed descrip-
tion of the liquid formulations, compositions, methods and
kits having features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows glibenclamide solubility at different
pH values 1n a solution including polyethylene glycol, etha-
nol, and meglumine.

[0019] FIG. 2 shows glibenclamide solubility 1n a Britton
Robinson buffer solution at different pH values.

[0020] FIG. 3 shows glibenclamide stability 1n various for-
mulations. FIG. 3A shows glibenclamide stability at a con-
centration of 1 mg/ml at pH 9, with 5 mM meglumine, when




US 2011/0034560 Al

stored at 2-8° C. FIG. 3B shows glibenclamide stability at a
concentration of 1 mg/ml at pH 9, with 5 mM meglumine,
when stored at 25° C. and 60% relative humidity. FIG. 3C
shows glibenclamide stability at a concentration of 1 mg/ml at
pH 9, with 5 mM meglumine, when stored at 40° C. and 75%
relative humidity. FIG. 3D shows glibenclamide stability at a
concentration of 1 mg/ml at pH 9, with 5 mM diethanolamine,
when stored at 2-8° C. FI1G. 3E shows glibenclamide stability
at a concentration of 1 mg/ml at pH 9, with 5 mM diethano-
lamine, when stored at 25° C. and 60% relative humadity.
FIG. 3F shows glibenclamide stability at a concentration of 1
mg/ml at pH 9, with 5 mM diethanolamine, when stored at
40° C. and 75% relative humadity. FIG. 3G shows glibencla-
mide stability ata concentration ol 1 mg/ml atpH 9.5, with 10
mM meglumine, when stored at 2-8° C. FIG. 3H shows glib-
enclamide stability at a concentration of 1 mg/ml at pH 9.5,
with 10 mM meglumine, when stored at 25° C. and 60%
relattve humidity. FIG. 31 shows glibenclamide stability at a
concentration of 1 mg/ml at pH 9.5, with 10 mM meglumine,
when stored at 40° C. and 75% relative humadity. FIG. 3]
shows glibenclamide stability at a concentration of 1 mg/ml
1in a non-aqueous formulation, when stored at 25° C. and 60%
relative humadity.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0021] The phrase “SUR-active compound” and similar
phrases, such as “a compound which 1s pharmaceutically
active at a sulfonylurea receptor” as used herein refer to
pharmaceutically acceptable compounds that act at a SUR.
SUR-active compounds include compounds active at SURI,
at SUR2, or at both SUR1 and SUR2 type SUR, and include
both sulfonylurea compounds and non-sulfonylurea com-
pounds. SUR-active compounds suitable for use 1n the prac-
tice of the mvention include antidiabetic sulfonylureas such
as glibenclamide and tolbutamide, and may also include repa-
glimde, nateglinide, meglitinide, midaglizole, L.Y397364,
LY389382, glyclazide, glimepiride and other drugs or
metabolites of drugs which interact with SUR. In some pre-
terred embodiments of a liquid formulation having features
of the invention, the SUR-active compound 1s selected from
glibenclamide and tolbutamide. In further preferred embodi-
ments, the compound 1s glibenclamide. In some embodi-
ments, a liquid formulation having features of the invention
includes more than one SUR-active compound, and 1in
embodiments may include several SUR-active compounds.

[0022] As used herein, the term “pharmaceutical composi-
tion” refers to a mixture mcluding one or more SUR-active
compounds, or a pharmaceutically acceptable salts thereof,
with other chemical components, such as pharmaceutically
acceptable solvents, co-solvents, surfactants, bullers, carriers
and/or excipients. The purpose of a pharmaceutical compo-
sition 1s to facilitate administration of a compound to an
organism.

[0023] As used herein, the term “pharmaceutically accept-
able” refers to solvents, co-solvents, surfactants, carriers,
diluents, excipients, bullers, salts. and/or other components
that are compatible with the other ingredients of the formu-
lation and are not deleterious to the recipient thereof. Thus,
pharmaceutically acceptable components of a formulation,
pharmaceutical composition, or mixture, are those compo-
nents that do not prevent the therapeutic compound from
exerting a therapeutic etl

ect which are suitable tor clinical use
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without excessive toxicity, irritation, allergic response, or
other problem or complication, according to accepted medi-
cal belietf and practice.

[0024] Examples of pharmaceutically acceptable reagents
are provided in The United States Pharmacopeila, The

National Formulary, adopted at the United States Pharma-
copelal Convention, held in Rockville, Md. 1n 1990 and FDA

Inactive Ingredient Guide 1990, 1996 1ssued by the U.S. Food
and Drug Administration (which references are hereby incor-

porated herein by reference 1n their entireties).

[0025] A pharmaceutically acceptable infusion solution
includes water.
[0026] The term “pharmaceutically acceptable alcohol™ as

used herein refers to alcohols, which are liquids at about room
temperature (approximately 20° C.). Pharmaceutically
acceptable alcohols include ethanol, benzyl alcohol, propy-
lene glycol, 242-ethoxyethoxy)ethanol (TRANSCUTOL,
Gattefosse, Westwood, N.J. 07675), glycerol, and combina-
tions or mixtures thereof.

[0027] As used herein, the term “solvent” refers to a com-
pound 1nto which a SUR-active compound may dissolve. As
SUR-active compounds are typically hydrophobic, solvents
suitable for the practice of the invention include hydrophobic
solvents such as organic solvents. Water-soluble organic sol-
vents suitable for use 1n pharmaceutically acceptable formu-
lations having features of the invention include: polyethylene
glycol 300, polyethylene glycol 400, ethanol, propylene gly-
col, glycerin, N-methyl-2-pyrrolidone, dimethylacetamide,
and dimethylsulfoxide). A discussion and listing of such sol-
vents may be found, for example, 1n Strickley, Pharmaceuti-
cal Research 21(2):201-230 (2004 ), the contents of which are

hereby incorporated by reference.

[0028] Asused herein, the term “co-solvent” 1s used to refer
to a material which 1s not necessarily an acceptable solvent
that 1s added to a generally small amount of active solvent to
form a mixture which has enhanced solvent power. For
example, co-solvents suitable for use 1n liquid formulations
having features of the mvention include propylene glycol,
polyalkylene glycols, cyclodextrins (such as, e.g., sulfobu-

tylether 3-cyclodextrin and hydroxypropyl 3-cyclodextrin),
chitosan, and N-methyl-2-pyrrolidone (Pharmasolve®).

[0029] As used herein, the term “polyalkylene glycol”
refers to a polyethylene glycol, polypropylene glycol or poly-
butylene glycol having a molecular weight of less than about
5000, terminating in either a hydroxy or alkyl ether moiety.

[0030] As used herein, the term “‘surfactant” refers to a
compound or molecule effective to increase the water solu-
bility of a hydrophobic compound. A surfactant is typically an
amphipathic molecule having both hydrophobic and hydro-
philic properties. Further, the term “surfactant” as used herein
in reference to liquid formulations of SUR-active compounds
includes pharmaceutically acceptable non-1onic surfactants.
In some preferred embodiments of the ligumid formulations
disclose herein, the surfactant 1s a pharmaceutically accept-
able non-1onic surfactant. Preferred pharmaceutically accept-
able non-1onic surfactants include polyoxyethylenepolypro-
pylene glycols (e.g., POLOXAMER 68 (BASF Corp.) or a
mono fatty acid ester of polyoxyethylene (20) sorbitan
monooleate (TWEEN 80), polyoxyethylene (20) sorbitan
monostearate (I WEEN 60), polyoxyethylene (20) sorbitan
monopalmitate (TWEEN 40), polyoxyethylene (20) sorbitan
monolaurate (TWEEN 20), POLYSORBATE 80 (Spectrum
Chemical Mig. Corp.) and other polyoxyethylene sorbitan
fatty acid esters, glyceryl monooleate, polyvinyl alcohol, eth-
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ylene oxide copolymers such as PLURONIC (a polyether;
BASF Corp.) and TETRONIC (BASF Corp.), polyol moi-
eties, and sorbitan esters. Suitable surfactants further include
polyoxyethylene castor o1l derivatives (e.g., polyoxyethyl-
eneglyceroltriricinoleate or polyoxyl 35 castor o1l (CREMO-
PHOR EL, BASF Corp.), polyoxyethyleneglycerol oxystear-
ate (CREMOPHOR RH 40 (polyethyleneglycol 40
hydrogenated castor o1l) or CREMOPHOR RH 60 (polyeth-
yleneglycol 60 hydrogenated castor oil), BASF Corp.) and
the like)).

[0031] Non-1onic surfactants suitable for use 1in pharma-
ceutically acceptable formulations may include: Cremophor
EL, Cremophor RH 40, Cremophor RH 60, d-tocopherol
polyethylene glycol 1000 succinate, polysorbate 20, polysor-
bate 80, Solutol HS 13, sorbitan monooleate, poloxarner 407,
Labrafil M-1944CS, Labrafil M-2125CS, Labrasol, Gelucire
44/14, Softigen 767, and mono- and di-fatty acid esters of
PEG 300, 400, or 1750). (Strickley, Pharmaceutical
Research 21(2):201-230 (2004)).

[0032] Insome preferred embodiments, surfactants such as
TWEEN 80, POLYSORBATE 80 or ethoxylated castor oils,

such as CREMOPHOR EL (BASF Corp.) are used for the
formulation.

[0033] Surfactants suitable for use 1n liqud formulations
having features of the invention include polyoxyethylene sor-
bitan fatty acid esters, glyceryl monooleate, polyvinyl alco-
hol, ethylene oxide copolymers, polyol moieties, sorbitan
esters, and ethoxylated castor oils; 1n a preferred embodiment
polyoxyethylene sorbitan fatty acid ester includes

POLYSORBATE 80 and ethoxylated castor o1l includes poly-
oxyl 35 castor oil.

[0034] As used herein, a buifer 1s a compound or complex
that 1s effective to maintain the pH of a water solution con-
taining the bufler within a desired range of pH values. In
preferred embodiments, a bulfer 1s a pharmacologically
acceptable bufler. Suitable buffers include lactate, acetate,
citrate, phosphate, carbonate, tromethamine, glutamate, gly-
cine, succinate, meglumine and diethanolamine buffers.

[0035] Pharmaceutically acceptable acids or bases are
included 1n the formulation to adjust the pH to obtain desir-
able solubility or stability. Examples include inorganic or
organic acids such as methanesulfonic acid, lactic acid, tar-
taric acid, citric acid, succinic acid, hydrochloric acid, hydro-
bromic acid, sulturic acid, nitric acid, phosphoric acid,
ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and
the like, or 1norganic or organic bases such as sodium hydrox-
ide, potasstum hydroxide, ammonium hydroxide, calcium
hydroxide, choline, n-methyl glucamine, diethylamine,
procaine and the like. Preferably, organic acids such as meth-
ane sulfonic acid or lactic acid and bases such as sodium
hydroxide are used.

[0036] As used herein, the term “diluent” refers to a water-
based liquid useful for mixing with a first liquid formulation
having features of the mvention to provide a second liquid
formulation having features of the invention that has a lower
concentration of SUR-active compound than the first liquid
formulation. Diluents include water, water containing a salt
(¢.g., a saline solution), water containing a sugar, water con-
taining a sugar alcohol, water containing a buffer, and com-
binations thereof.

[0037] The term “‘pharmaceutically acceptable diluent”
refers to a non-toxic diluent that does not adversely modify
the biological activity of the compounds of the preferred
embodiments of the present invention. The added amount of
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a pharmaceutically acceptable diluent should be sufficient to
avold hemolysis. Examples of suitable pharmaceutically
acceptable diluents such as WFI (water for injection) and
solutions contaiming isotonic saline are known in the art.
Pharmaceutically acceptable aqueous solutions include 0.9%
saline, 0.45% N saline, WFI (water for injection), D5W (5%
dextrose in water), and a dextrose/saline solution (D2.5W
(1.e., 2.5% dextrose 1n water) and 0.45% N saline). Alterna-
tively, the “pharmaceutically acceptable diluent” includes
buifer solutions to maintain the pH of the formulation
between 2.5 to 10.5. These buflers may be composed of
lactates, acetates, citrates, phosphates, carbonates,
tromethamine, glutamates, glycine and others known 1n art.
Preferably, diluents such as 0.9% saline or lactate, phosphate
or tromethamine buifers are used.

[0038] As used herein, pharmaceutically acceptable saline
solution 1s a solution suitable for admimstration to a patient
that includes water and sodium chloride, and may optionally
contain buflers, preservatives, or other components, typically
in small amounts. For example, pharmaceutically acceptable
saline solutions include 0.9% saline (9 g NaCl in 100 ml
distilled, filtered water, containing 150 mM sodium and 150
mM chloride) and saline solutions having 154 mM sodium

and 154 mM chloride.

[0039] As used herein, “Ringer’s solution” refers to a phar-
maceutically acceptable bullered saline solution having
sodium chloride, potassium chloride, and calcium chlornde
salts.

[0040] As used herein, “Hartmann’s solution™ refers to a
lactate Ringer’s solution, A typical Hartmann’s solution
includes 131 mM sodium, 5 mM potassium, 2 mM calcium,
11 mM chloride, and 29 mM lactate (sodium chloride 0.6%,
sodium lactate 0.25%, potassium chloride 0.04%, calcium
chloride 0.027%).

[0041] As usedherein, the term *“‘sugar’ refers to any sugar,
including monosaccharides, di-saccharides, and polysaccha-
rides. Sugars suitable for use in the liquid formulations dis-
closed herein include monosaccharides such as glucose, fruc-
tose, mannose, galactose, arabinose, xylose and ribose, etc.,
and also oligosaccharides such as disaccharides (maltose,
lactose, sucrose, trehalose, etc.) and trisaccharides (e.g. raifi-
nose, maltotriose, etc.).

[0042] As used herein, the term *“‘sugar alcohol™ refers to
any sugar, including monosaccharides, di-saccharides, and
polysaccharides, having a hydroxyl moiety. Pharmaceuti-
cally acceptable sugars and sugar alcohols include mannaitol,
sorbitol, glycerol, xylitol, dulcitol, arabitol, and others,
including alcohols of those sugars previously named herein.

[0043] As used herein, the term “pharmaceutically accept-
able osmolarity” refers to an osmolarity near to, or the same
as, a normal body fluid, such as normal blood plasma. Thus,
a pharmaceutically acceptable osmolarity may be an osmo-
larity of between about 250 milliOsmoles/liter (mOsm) and
about 350 mOsm; or between about 280 mOsm and about 320
mOsm; or between about 290 mOsm and about 310 mOsm.

[0044] The term “antioxidant’ includes various substances
capable ol protecting the parent molecule from oxidization
and 1ncludes sodium metabisulfite, sodium bisulfite, sodium
sulfite, cysteine, methiomne, ascorbic acid, BHA (butylated
hydroxyanisole), BHT (butylated hydroxytoluene), vitamin
E (tocoferols), vitamin E PEG 1000 succinate and the like.
Preferred antioxidants include sodium metabisulfite, sodium
bisulfite, sodium sulfite, cysteine and methionine, or mixtures
thereof. The types of oxidation that are prevented by the
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antioxidant are, without limitation, the oxidation of alkyl or
aryl groups on the parent molecule.

[0045] Itwill be understood that cited values are to be taken
to indicate the values cited and also to denote a range of
suitable values, within about 50% above and about 50%
below the stated value. For example, if where a formulation 1s
noted as including a constituent, such as 20% PEG, 1t will be
understood that suitable formulations may include between
about 10%-30% PEG, with concomitant adjustment of other
values as necessary.

Liquid Formulations

[0046] Liquid formulations of SUR-active compounds, and
methods and kits for using the liquid formulations are dis-
closed herein. The liquid formulations are suitable for admin-
istration of SUR-active compounds to patients 1n need of
treatment using such compounds. Liquid formulations hav-
ing features of the imnvention include a SUR -active compound,
a solvent, a co-solvent, optionally a surfactant, optionally a
buifer, and may include other pharmaceutically acceptable
ingredients.

[0047] Compoundsthatactata SUR and are suitable for the
practice of the invention are termed herein “SUR-active com-
pounds” and may be sulfonylurea compounds, and may be
non-sulfonylurea compounds that act at a SUR. SUR-active
compounds suitable for use 1n the practice of the invention
include antidiabetic sulfonylureas such as glibenclamide and
tolbutamide, and may also include repaglinide, nateglinide,
meglitimde, midaglizole, LY397364, LY389382, glyclazide,
glimepiride and other drugs or metabolites of drugs which
interact with SUR. In some preferred embodiments of a liquid
formulation having features of the invention, the SUR-active
compound 1s selected from glibenclamide and tolbutamide.
In further preferred embodiments, the compound i1s glib-
enclamide. In some embodiments, a liquid formulation hav-
ing features of the invention includes more than one SUR-
active compound, and in embodiments may include several
SUR-active compounds.

[0048] The solvent may be a solvent suitable for solubiliz-
ing a hydrophobic molecule and for aiding 1n dissolving a
hydrophobic molecule into a water solution. For example, the
solvent may be an alcohol, such as ethanol, or a sulfoxide
compound, such as dimethyl sulfoxide (DMSQO), or an aceta-
mide, such as dimethylacetamide, and other solvents, such as
tetraglycol (also known as glycoturol or Tetrahydroturfuryl
Alcohol Polyethyleneglycol Ether), and dimethylacetamide
(DMA). Although all the named solvents are suitable, the
inventors have discovered that ethanol, tetraglycol and DMA
are preferred solvents for the liquid formulations having fea-
tures of the mvention.

[0049] The co-solvent may be suitable for solubilizing a
hydrophobic molecule, where the co-solvent 1s compatible
with a solvent useful for dissolving a compound 1nto a water
solution. A co-solvent may be, for example, propylene glycol,
a polyalkylene glycol, glycerin, N-methyl-2-pyrrolidone, a
cyclodextrin, or other molecule suitable for dissolving a
hydrophobic drug compound and aiding its further dissolu-
tion 1nto a water solution. The inventors have discovered that
polyalkylene glycols, polyethylene glycol in particular, are to
be preferred over propylene glycol as co-solvents. Pretferred
polyethylene glycols include PEG 300 and PEG 400.

[0050] A surfactant may be, for example, a non-ionic sur-
factant, or any pharmaceutically acceptable surfactant. In
embodiments, one or more compounds may find use in one or
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more of the named categories. For example, a component of
a liquid formulation having features of the invention may act
as both a co-solvent and as a surfactant (e.g., a Crernophor®,
d-a-tocopherol-polyethylene glycol 1000 succinate, and oth-
ers). The liquid formulation may include an anti-oxidant.
Suitable anti-oxidants include, for example, ascorbic acid,
ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, hypophosphorous acid, monothioglycerol,
potassium metabisulfite, propyl gallate, sodium formalde-
hylde sulfoxylate, sodium metabisulfite, sodium thiosuliate,
sulfur dioxide, tocopherol, tocopherol acetate, tocopherol
hemisuccinate, TPGS or other tocopherol derivatives, eftc.
The carrier composition may also contain e.g., stabilising
agents. The concentration of an anti-oxidant and/or a stabi-

lizing agent 1n the composition may be, for example, from
about 0.1% w/w to about 5% w/w.

[0051] Concentrated solutions containing a SUR-active
compound having features of the invention may have a pH of
about pH 7 to about pH 12, or about pH 7.4 to aboutpH 11.5,
or other pH range within the range of about pH 7 to about pH

12. The inventors have determined that a concentrated solu-
tion of SUR-active compound having a pH of about pH 9 to
about pH 11, including a pH of about 9 (e.g., about pH 8.5 to
aboutpH 9.5) or apH of about 10 (e.g., about pH 9.5 to about
pH 10.5) 1s suitable for use for bolus injections of SUR-active
compound, and 1s also suitable for dilution, with a pharma-
ceutically acceptable solution such as Hartmann’s solution,
for administration of lower concentrations of SUR-active
compounds. For example, a concentrated solution having a
SUR-active compound concentration of 1 mg/ml at a pH of
about 9.5 could be diluted 1:50 1n Hartmann’s solution to
provide an infusion solution for delivery of a SUR-active
compound at a concentration of about 0.02 mg/ml 1n Hart-
mann’s at an acceptable pH.

[0052] The inventors have determined that a concentrated
solution of SUR-active compound having a pH of about 8
(e.g., about pH 7.5 to about pH 8.5) 1s suitable for use for
bolus 1njections of SUR-active compound, and 1s also suit-
able for dilution 1:1 or 1:2, with a pharmaceutically accept-
able solution such as 0.9% NaCl, for administration of lower
concentrations of SUR-active compounds. For example, a
concentrated solution having a SUR-active compound con-
centration of 1 mg/ml ata pH of about 8.4 could be diluted 1:1
in 0.9% NaC(l solution to provide an infusion solution for
delivery of a SUR-active compound at a concentration of

about 0.5 mg/ml 1n Hartmann’s at a pharmaceutically accept-
able pH.

[0053] Liquid formulations having features of the invention
include liquid formulations having a SUR-active compound
solubilized at a pH suitable for bolus infusion into a patient. A
pH of a liquid formulation suitable for bolus infusion into a
patient may be a pH of no more than about pH 11.5, or may be
a pH of no more than about pH 9.5, or may be a pH of no more
than aboutpH 9, or may be apH of no more than aboutpH 8.5,
or may be a pH of no more than about pH 8, or may be a pH
of no more than about pH 7.4. In embodiments, a pH of a
liquid formulation suitable for bolus infusion nto a patient
may be a pH of between about pH 8.5 and about pH 9.5, or
may be a pH of between about pH 8 and about pH 9. In
embodiments, the pH of a liquid formulation suitable for
bolus infusion into a patient may be a pH of between about pH
7.4 and about pH 9.5, ormay be a pH of between aboutpH 7.4
and about pH 8.3.
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[0054] Liquid formulations having features of the invention
may further include a pharmaceutically acceptable butfer. In
embodiments, a liqud formulation having features of the
invention includes more than one pharmaceutically accept-
able bufler. Pharmaceutically acceptable buil

ers suitable for
use 1n liquid formulations having features of the invention
include bicarbonate bullers, phosphate butfers, lactate buil-
ers, and other butfers. In embodiments of the liquid formula-
tions having features of the invention, the bufler or builers

may aid 1n maintaining the pH at a desired level.

[0055] SUR-active compounds, such as glibenclamide and
tolbutamide, are reported to be sparingly soluble in water,
being soluble 1n concentrations of less than about 0.04 mg/ml1.
In order to develop liquid formulations of SUR-active com-
pounds able to contain greater than about 0.05 mg/ml in
water-based solutions, the solubility of SUR-active com-
pounds at different values of pH was mnvestigated. As shown
in FIG. 1, glibenclamide solubility was measured in solutions
contaiming 40% PEG 300, 10% ethanol, and 50% water with
a meglumine buifer adjusting the pH to the several indicated
values. The solubility of glibenclamide was greatly increased
at basic pH values, such as at pH values greater than about pH
8. As shown 1n FIG. 2, similar results were also obtained with
measurements ol glibenclamide solubility made in Britton
Robinson butfers (water solutions including phosphoric acid,
acetic acid and boric acid). It was observed that the solubility
in Meglumine at pH 10 was much better than had been seen
with a previously examined pH 10 buffer. These differences
may retlect the pH differences between the buil

ers (Meglu-
mine has a pH of 10.1 whereas the Britton Robinson “pH 10
bullter hasapH of 9.7). As illustrated in FI1G. 1, slight changes
of pH 1n this pH region result in large changes in observed
solubility. Solubility at high pH levels was increased as pH
was further increased: the solubility of glibenclamide 1n the
Britton Robinson buifer at pH 9.0 was 0.14 mg/ml, while
glibenclamide solubility 1n the Britton Robinson buifer at pH
9.7 was increased to 0.86 mg/ml. Similarly, glibenclamide
solubility 1n Meglumine at pH 10.1 was 2.35 mg/ml, while
increasing pH (with Meglumine butier) to pH 10.7 increased
glibenclamide solubility to 8.12 mg/ml.

[0056] Thus, the mventors have demonstrated that SUR-
active compounds such as glibenclamide may be dissolved 1n
water based solutions at concentrations greater than about
0.04 mg/ml at pH levels of about pH 8 or greater. The mven-
tors thus disclose herein that liguid formulations having rela-
tively high concentrations (greater than about 0.05 mg/ml) of
SUR-active compounds such as glibenclamide preferably
have relatively high pH values, such as above about pH 8, or
above about pH 8.5, or above about pH 9, for example. Such
formulations do not precipitate active components from solu-
tion during or following dilution, or when frozen or refriger-
ated (e.g., to improve shelf life and/or reduce hydrolysis).

[0057] The inventors have further discovered that water-
based solutions containing relatively high concentrations of
SUR-active compounds may be diluted with water-based
solutions to more dilute concentrations, and to lower pH
levels, without precipitation of the SUR-active compound.
Such dilutions, and such lowering of pH levels without pre-
cipitation of the SUR-active compounds 1s made possible by
the liquid formulations disclosed herein, 1n which the pH of
the solution drops slowly with dilution. Inclusion of a buifer,
such as meglumine, diethanolamine, or other buifer, aids 1n
providing solutions suitable for dilution and reduction of pH
from relatively high values (e.g., greater than about pH 8 or
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more) to more physiologically acceptable pH values (e.g.,
about pH 8 or less than about pH 8).

[0058] Liquid formulations having features of the invention
suitable for bolus infusion 1nto a patient may also be suitable
for dilution with a pharmaceutically acceptable diluent effec-
tive to provide a diluted liquid formulation in which the
SUR-active compound remains solubilized following the
dilution. A liquid formulation having features of the invention
that provides a diluted liquid formulation 1n which the SUR -
active compound remains solubilized may include a butfer. In
embodiments of the liquid formulations havmg features of
the mvention, the buffer or builers may aid in providing a
desired pH after dilution of the solution to a more dilute
concentration of the SUR-active compound or SUR-active
compounds.

[0059] Such diluted solutions may have a pH suitable for
infusion into a patient for an extended period of time. A pH of
a diluted solution having features of the invention, and suit-
able for infusion into a patient for an extended period of time
may be a pH of no more than about pH 8.5, or may be a pH of
no more than about pH 8, or may be a pH of no more than
aboutpH 7.5, or may be a pH of about pH 7. In embodiments,
a pH of a diluted liquid formulation suitable for infusion into
a patient for an extended period of time may be a pH of
between about pH 7.5 and about pH 8.5, or may be a pH of
between about pH 7 and about pH 8.

[0060] A liquid formulation for administration to a patient
having features of the mnvention, comprising a dilution of the
liquid formulation having a concentration of a SUR-active
compound of greater than about 0.05 mg/ml, may include, as
a diluent, a pharmaceutically acceptable water-based solu-
tion. A pharmaceutically acceptable water-based solution
may be any solution which 1s suitable for infusion or injection
into a patient. Such a pharmaceutically acceptable water-
based solution may be a saline solution or other pharmaceu-
tically acceptable salt solution; a glucose solution; a solution
containing a sugar (which may be, e.g., a monosaccharide or
a polysaccharide); a solution including a sugar alcohol; a
solution including a salt and a sugar; a solution including a
salt and a sugar alcohol, a Ringer’s solution, a lactate Ringer’s
solution (Hartmann’s solution), or other pharmaceutically
acceptable solution. Such a pharmaceutically acceptable
water-based solution may be a buifered solution effective to
maintain solution pH at a desired level or within a desired pH
range.

[0061] The desired solubility of a SUR-active compound
may be achieved through a combination of inclusion of
excipients and of pH adjustment. For example, the desired
solubility of glibenclamide may be achieved through a com-
bination of inclusion 1n the solution of excipients and of pH
adjustment. The pH adjustment may include inclusion or
addition of a butter, or buflers, 1n the solution. For example,
the solution including a SUR -active compound may include a
pH buffer. In a further example, a water-based diluent solu-
tion, that may be added to the solution including a SUR-active
compound, may include a pH butler. In a further example, the
solution including a SUR-active compound and the water-
based solution to be added may each include a buffer or
butlers effective to control the pH of the solution to a desired
degree. The solutions that are mixed together to provide a
diluted liquid formulation having features of the invention
may be configured so that the pH 1s buflered in order to
achieve the desired dilution without precipitation of the SUR -
active compound.
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[0062] A pharmaceutically acceptable diluent may have an
osmolarity near to, or the same as, a normal body fluid, such
as normal blood plasma. In embodiments, a pharmaceutically
acceptable diluent may have an osmolarity adjusted so that
the osmolarity of the diluted solution, after addition of the
diluent, 1s near to, or the same as, the osmolarity of a normal
body tluid, such as normal blood plasma.

[0063] A liquid formulation having features of the mven-
tion may have an osmolarty that 1s physiologically tolerable
by a patient. Thus, although 1t will be understood that a liquid
formulation for bolus infusion need not have a pharmaceuti-
cally acceptable osmolarity, in embodiments a liquid formu-
lation for bolus mnfusion may have a pharmaceutically accept-
able osmolarity. Sitmilarly, a diluted liquid formulation for
infusion over an extended period of time may have a pharma-
ceutically acceptable osmolarity.

[0064] For example, a diluted liquid formulation having
features of the invention may have an osmolarity that 1s physi-
ologically tolerable by a patient for an infusion lasting greater
than about 3 hours, or greater than about 6 hours. A diluted
liquid formulation having features of the invention may have
a pH that 1s physiologically tolerable by a patient for an
infusion lasting greater than about 3 hours, or greater than
about 6 hours. Liquid formulations having features of the
invention include undiluted liquid formulations as well as
dilutions of liquid formulations for bolus administration that
are diluted with a diluent at a ratio of at least about 1:1; or at
least about 1:2; or at least about 1:5; or at least about 1:10; or
at least about 1:20; or at least about 1:30; or at least about
1:40; or at least about 1:50.

[0065] In embodiments of the liquid formulations having
teatures of the invention, before dilution, a liquid formulation
may include at least 0.04 mg/ml SUR-active compound or
compounds 1n a solution comprising 40% PEG 300, 10%
cthanol, and 50% water at a pH of between about pH 8.5 to
about pH 9.5. In further embodiments, a liquid formulation
may include at least 0.05 mg/ml SUR-active compound or
compounds 1n a solution comprising 40% PEG 300, 10%
cthanol, and 50% water at a pH of between about pH 8.5 to
aboutpH 9.3, and including a surfactant, such as Tween 80. In
a Turther embodiment, a liquid formulation may include at
least 0.04 mg/ml SUR-active compound or compounds 1n a
solution comprising 40% PEG 400, 10% ethanol, and 50%
water at a pH of between about pH 8.5 to about pH 9.5; in
embodiments, this solution may further include a surfactant,
such as Tween 80.

[0066] In yet further embodiments, a liqmd formulation
having features of the invention may include at least 0.04
mg/ml SUR-active compound or compounds in a solution
comprising 50% PEG 300, 10% ethanol, and 40% water at a
pH of between about pH 8 to about pH 9; this solution may
further include a surfactant, such as Tween 80. Other embodi-
ments of the liquid formulation having features of the inven-
tion 1include a liquid formulation that includes at least 0.05
mg/ml SUR-active compound or compounds 1n a solution
comprising 40% PEG 300, 10% ecthanol, and 35% water at a
pH of between about pH 8 to about pH 9, and optionally
including a surfactant, such as 15% Tween 80.

[0067] In embodiments of the liquid formulations having
teatures of the invention, before dilution, a liquid formulation

may 1nclude at least 0.05 mg/ml Glibenclamide 1n a solution

comprising 40% PEG 300, 10% ethanol, and 50% water at a
pH of between about pH 8.5 to about pH 9.5, In further
embodiments, a liquid formulation may include at least 0.05
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mg/ml Glibenclamide 1n a solution comprising 40% PEG
300, 10% ethanol, and 50% water at a pH of between about
pH 8.5 to about pH 9.5, and including Tween 80. In a further
embodiment, a liquid formulation may include at least 0.05
mg/ml Glibenclamide 1n a solution comprising 40% PEG
400, 10% ethanol, and 50% water at a pH of between about
pH 8.5 to about pH 9.3; in embodiments, this solution may
turther include Tween 80.

[0068] In yet further embodiments, a liqud formulation
having features of the mvention may include at least 0.05
mg/ml Glibenclamide 1n a solution comprising 50% PEG
300, 10% ethanol, and 40% water at a pH of between about
pH 8 to about pH 9; this solution may further include Tween
80. Other embodiments of the liquid formulation having fea-
tures of the invention include a liquid formulation that
includes at least 0.05 mg/ml Glibenclamide 1 a solution
comprising 40% PEG 300, 10% ethanol, and 35% water at a
pH of between about pH 8 to about pH 9, and optionally
including 15% Tween 80.

[0069] Liquid formulations having features of the invention
include dilutions of the liquid formulations discussed above.
Such liqud formulations may be provided using a pharma-
ceutically acceptable butlered solution as a diluent. The dilu-
ent may also include a sugar or a sugar alcohol. A sugar or
sugar alcohol suitable for inclusion in a pharmaceutically
acceptable diluent solution may be selected from glucose,
fructose, mannose, galactose, arabinose, xylose, ribose, man-
nitol, maltose, lactose, sucrose, trehalose, raffinose, and mal-
totriose.

Glibenclamide Solubility

[0070] Glibenclamide (N-p-(2-[5-Chloro-2-methoxyben-
zamido |ethyl)benzenesulionyl-N'-cyclohexylurea; also
known as glibenclamide) 1s a representative and preferred
SUR-active compound. The solubility of glibenclamide was
tested 1n various solutions and at various pH. The results of
these solubility experiments are presented 1n Table 1.

TABL.

(Ll

1

(slibenclamide Solubility

Solvent pH  Solubility (mg/ml)
Water 8.3 0.02
pH 5 buffer 5.3 0.01
pH 6 buffer 6.2 0.01
pH 7 buffer 7.1 0.01
pH 8 buffer 8.0 0.02
pH 9 buffer 9.0 0.14
pH 10 buffer 9.7 0.86
1% Tween 80 7.7 0.01
10% Solutol 7.2 0.08
10% Cremophor 7.2 0.05
2% Benzyl alcohol 6.6 0.07
10% Pharmasolve 7.6 0.60
Ethanol, absolute — 2.38
PEG 300 — 8.39
PEG 400 — 7.55
Propylene glycol - 1.31
Tetraglycol — 17.8%
DMA — 247.15
Glycerol — 0.06
PEG 300/ Ethanol/water 40/10/50 7.2 0.07
PEG 300/ DMA/water 40/10/50 6.9 0.09
PEG 300/ Tetraglycol/water 40/10/50 6.9 0.06
100 mM Meglumine 10.7 8.12
100 mM Meglumine, pH 10 10.1 2.35



US 2011/0034560 Al

TABLE 1-continued

(glibenclamide Solubility

Solvent pH  Solubility (mg/ml)
PEG 300/ Ethanol/200 mM Meglumine 10.5 13.44
40/10/50

PEG 300/ DMA/200 mM Meglumine 10.5 15.65
40/10/50

PEG 300/ Tetraglycol/200 mM Meglumine 10.7 13.93
40/10/50

PEG 300/ Ethanol/200 mM Meglumine 9.7 18.28
pH 10 40/10/50

PEG 300/ DMA/200 mM Meglumine pH 10 9.8 14.65
40/10/50

PEG 300/ Tetraglycol/200 mM Meglumine 9.8 11.20

pH 10 40/10/50

[0071] The effect of pH on solubility of SUR-active com-
pounds was investigated further. The solubility of glibencla-
mide was measured at various pH levels in the presence of
different amounts of the butler meglumine in solutions con-
taining 40% PEG 300, 10% ethanol, and 50% water. The final
meglumine concentration was 10 mM, 25 mM, and 50 mM, as
shown 1n Table 2 (which presents glibenclamide solubility
solutions containing 40% PEG 300, 10% ethanol, and 50%
water and meglumine butter at various pH levels). The pH of
the meglumine butier was adjusted down from pH 11 to the
target pH range of between about pH 8 to about pH 10. At
nominal pH 9 (pH 8.8) a solubility of 2.7 mg/ml was obtained.

TABL.

2

(L]

(libenclamide Solubility at Various pHs

Nomuinal pH Actual pH Solubility mg/ml

PEG 300/Ethanol/20 mM Meglumine * 40%/10%/50%

8.0 5.3 0.07
8.5 5.4 0.10
9.0 3.6 0.13
9.5 0.4 0.12
10.0 0.9 0.9%

PEG 300/Ethanol/50 mM Meglumine * 40%0/10%/50%

8.0 5.2 0.16
8.5 5.4 0.06
9.0 0.0 0.07
9.5 0.6 0.09
10.0 7.8 0.36

PEG 300/Ethanol/100 mM Meglumine * 40%/10%/50%

8.0 5.3 0.09
8.5 5.5 0.10
9.0 0.2 0.10
9.5 7.7 0.41
10.0 8.8 2.74

* final concentration of meglumine in vehicle 1s half that indicated 1.e. 10 mM, 25 mM and
50 mM respectively.

[0072] Asshownin FIGS. 1 and 2, there 1s a rapid increase
in SUR-active compound solubility as pH increases from
about pH to about pH 10. The inventors have observed that at
lower pH levels, the presence of a co-solvent 1s has a smaller
elfect on SUR-active compound solubility than at higher pH
levels. It appears that at higher pH levels the presence of a

co-solvent improves SUR-active compound solubility over
the solubility that would be obtained by lhigher pH alone.

[0073] Further investigation of glibenclamide solubility 1n
polyethylene glycol/ethanol/meglumine solutions 1s pre-
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sented 1n Table 3. Increasing pH 1s shown to increase the
solubility of the glibenclamide 1n these experiments as well.

TABL

L1

3

pH after a 50-fold Dilution of Glibenclamide
1 meg/ml in PEG/Ethanol/Buftfer (4/1/5)

Hartmann’s NaCl
pH 6.48 pH 6.60 pH4.59 pH 6.82

Meglumine 5 mM

pH 8 6.66 6.55 6.56 8.21
pH 9 6.8 8.40
pH 9.5 6.93 8.49 8.04 8.71
pH 10 8.32

Meglumine 10 mM

pH 9 7.37 6.35

pH 10 8.9% 9.54
Diethanolamine 5 mM

pH 8 6.71 7.99 7.27 8.32
pH 9 7.54 8.65
pH 9.5 6.73 8.85 8.72 8.88
pH 10 8.46

Diethanolamine 10 mM

pH 9 8.3% 8.46

pH 10 8.8% 9.31

Glibenclamide Liquid Formulations

Example 1

[0074] A liquid formulation having 40% PEG 300, 10%

Ethanol and 50% water, at a pH of about pH 9 (8.5-9.5)

included 1 mg glibenclamide per ml. This formulation may
also include a butler, such as meglumine or diethanolamine.
This formulation may also 1include a surfactant; for example,
this solution may include Tween 80 (e.g., less than about 1
ug/ml or less than about 1 ug/mg of glibenclamide). This
formulation can be stored 1n a refrigerator (e.g., at about 2-8°
C.) or can be stored at room temperature. This formulation 1s
suitable for dilution; for example, it may be diluted 1:1, or 1:2
for use 1n bolus injections. This formulation may also be
diluted by larger amounts of diluent, to 1:50 for example, for
administration of glibenclamide as an infusion over an
extended period of time. Dilution with a buifered solution
allows the reduction of the solution pH to physiological levels
without causing precipitation of glibenclamide. Glibencla-
mide remained 1n solution during and following dilution of
this solution 1:50 with Hartman’s solution.

pH after a 50-fold Dilution of Glibenclamide
1 mg/ml in PEG/Ethanol/Buffer (4/1/5)

Dilution into Hartmann’s

(pH 6.4%)
Expt 1 Expt 2
Meglumine 5 mM
pH 8 6.66 —
pH 8.5 — 6.64
pH9 6.8 6.96
pH 9.5 6.93 7.68
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-continued

pH after a 50-fold Dilution of Glibenclamide
1 mg/ml in PEG/Ethanol/Butfter (4/1/5)

Dilution into Hartmann’s

(pH 6.48)
Expt 1 Expt 2
Diethanolamine 5 mM
pH & 6.71 —
pH 8.5 — 6.82
pH9 7.54 7.29
pH 9.5 6.73 8.37

Example 2

[0075] A further liguid formulation containing glibencla-
mide or tolbutamide includes 50% PEG 300, 10% Ethanol
and 40% Water, and has a small quantity of Tween 80 « 1
ug/mg glibenclamide), at pH 8.4. This solution may be
diluted by about 1:2 or 1:3. This formulation may also include
a butler, such as meglumine or diethanolamine.

Example 3

[0076] A further liquid formulation containing glibencla-
mide or tolbutamide includes 40% PEG 300, 15% Tween 80,

10% Ethanol and 35% water, and 1 mg/ml glibenclamide.

Example 4

[0077] A further liguid formulation containing glibencla-
mide or tolbutamide includes 40% PG, 10% Ethanol and 50%
water. This solution may also include a surfactant, and may be
diluted by about 1:2 or 1:3. This formulation may also include
a butler, such as meglumine or diethanolamine.

Example 5

[0078] A further liguid formulation containing glibencla-
mide or tolbutamide includes 50% PG, 10% Ethanol and 40%
Water, and has a small quantity of Tween 80 (<1 ug/mg
glibenclamide), at ph 8.4. This solution may be diluted by
about 1:2 or 1:3. This formulation may also include a butter,
such as meglumine or diethanolamine.

Example 6

[0079] A further liquid formulation containing glibencla-

mide or tolbutamide includes 40% PG, 15% Tween 80, 10%
Ethanol and 35% water.

Example 7

[0080] A further liguid formulation containing glibencla-
mide or tolbutamide includes 40% PEG 400, 10% Ethanol
and 50% water. This solution may also include a surfactant,
and may be diluted by about 1:2 or 1:3. This formulation may
also 1nclude a butler, such as meglumine or diethanolamine.

Example 8

[0081] A further liguid formulation containing glibencla-

mide or tolbutamide includes 50% PEG 400, 10% Ethanol
and 40% Water, and has a small quantity of Tween 80 (<1
ug/ml), at ph 8.4. This solution may be diluted by about 1:2 or
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1:3. This formulation may also include a buifer, such as
meglumine or diethanolamine.

Example 9

[0082] A further liquid formulation containing glibencla-
mide or tolbutamide includes 40% PEG 400, 15% Tween 80,

10% Ethanol and 35% water.

Example 10

[0083] A further liquid formulation containing glibencla-
mide or tolbutamide 1includes 70% Cremophor ELP and 30%
Ethanol.

Example 11
[0084] Further liquid formulations are as follows:
Ingredient SP06092-01 SP06092-02 SP06092-03 SP06092-04
Glibenclamide 1.0 mg 1.0 mg 1.0 mg 1.0 mg
Meglumine 0.976 mg 1.952 mg —

(5 mM) (10 mM)
Diethanolamine — 0.526 mg — —
(5 mM)

Ethanol 0.1 ml 0.1 ml 0.1 ml 0.2 ml
PEG 300 0.4 ml 0.4 ml 0.4 ml to 1.0 ml
NaOH/HCI gstopH 9.0 qgstopH9.0 qgstopH9.5 —
Water for to 1.0 ml to 1.0 ml to 1.0 ml —
[rriqation
[0085] The formulation SP06092-04 does not contain

water, and 1s diluted prior to use so as to replicate any of the
aforementioned buifered, unbufiered, pH adjusted, or non-
pH adjusted formulations.

Dosages

[0086] Inoneembodiment, the liquid formulations provide
solutions having a relatively high concentration of a SUR-
active compound (e.g., greater than about 0.05 mg/ml). In
embodiments, the concentration of a SUR-active compound
may be greater than about 0.1 mg/ml, or greater than about 0.2
mg/ml, or greater than about 0.5 mg/ml, or greater than about
1 mg/ml, or greater than about 2 mg/ml, or greater than about
S mg/ml, or greater than about 10 mg/ml, or greater than about
20 mg/ml. In embodiments 1n which the liqud formulations
comprise more than one SUR-active compound, liquid for-
mulations having features of the invention have relatively
high concentrations of SUR-active compounds (e.g., greater
than about 0.05 mg/ml). In embodiments, the combined con-
centrations of the SUR-active compounds may be greater
than about 0.1 mg/ml, or greater than about 0.2 mg/ml, or
greater than about 0.5 mg/ml, or greater than about 1 mg/ml,
or greater than about 2 mg/ml, or greater than about 5 mg/ml,
or greater than about 10 mg/ml, or greater than about 20
mg/ml. In embodiments, the individual concentration of one
or more of the SUR-active compounds may be greater than
about 0.1 mg/ml, or greater than about 0.2 mg/ml, or greater
than about 0.5 mg/ml, or greater than about 1 mg/ml, or
greater than about 2 mg/ml, or greater than about 5 mg/ml, or
greater than about 10 mg/ml, or greater than about 20 mg/ml.

Dilutions

[0087] Experiments imvestigating the effect of dilution of
relatively high concentrations of SUR-active compounds
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were performed. Solutions of 2 mg/ml glibenclamide were
made with either 0.9% NaCl or 5% glucose 1n 100 mM
meglumine buifer. These solutions were diluted as follows
with each of these diluents (0.9% NaCl and 3% glucose
solutions): 1mm2;1in4;1m5;11m 10;1 1 20; and 1 1n 50.
There was no precipitation with any of these dilutions.
[0088] The solubility of SUR-active compounds in fluid
suitable for infusion into a patient was ivestigated. The solu-
bility of glibenclamide was determined by high pressure 11g-
uid chromatography (HPLC) 1n a variety of infusion fluids.
Excess glibenclamide was shaken with the vehicle for 24
hours at ambient temperature and the glibenclamide content
of the supernatant determined by HPLC.

[0089] The following infusion vehicles were assessed 1n

these experiments:
[0090] 1.) 0.9% NacCl at the lowest end of the pH specifi-

cation (pH 4.5) contaiming a 50-fold dilution of the PEG/
cthanol/meglumine 10 mM pH 9.0 formulation.

[0091] 2.) 0.9% NacCl at the lowest end of the pH specifi-
cation (pH 4.5) contaiming a 50-fold dilution of the PEG/
cthanol/diethanolamine 10 mM pH 9.0 formulation.

[0092] 3.) 0.9% NaC(l at the lowest end of the pH specifi-
cation (pH 4.5) containing a 50-fold dilution of the PEG/
cthanol/TRIS 10 mM pH 9.0 formulation.

[0093] 4.) 0.9% NaC(l at the lowest end of the pH specifi-
cation (pH 4.5).

[0094] 35.) 0.9% NaCl at the highest end of the pH specifi-
cation (pH 7.0).

[0095] 6.) 0.9% NaCl ‘as 1s” (pH 5.8).

[0096] 7.) 0.9% NaC(l at the lowest end of the pH specifi-

cation (pH 4.5) contaiming a 50-fold dilution of the PEG/
cthanol formulation (without buffer or pH adjustment).

[0097] 8.) 0.9% NacCl at the highest end of the pH specifi-
cation (pH 7.0) containing a 50-fold dilution of the PEG/
cthanol formulation (without buffer or pH adjustment).

[0098] For example, glibenclamide solubility 1n solutions
having sodium chloride, polyethylene glycol, ethanol, with
and without buifer (where the buffers investigated were 10
mM meglumine, 10 mM diethanolamine, and 10 mM tr1s
(hydroxymethyl)aminomethane (TRIS)) 1s shown 1n Table 4.

TABLE 4

(glibenclamide Solubility 50-Fold Dilution
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Hartmann’s solutions, 1t was found that, where the 1nitial,
concentrated solution had a pH of 10, the resulting pH of the
diluted solution was typically greater than pH 8. This was
found even for experiments 1 which the concentration of
buifer was reduced to 5 mM.

[0101] Inorder to determine whether the pH of the concen-
trated solution might be lowered while maintaining SUR-
active compound solubility, the pH a concentrate was
reduced. A clear solution was obtained at pH levels down to
pH 7.2. Haziness of the solution was observed at pH 6.9.
[0102] In order to determine the final pH of diluted solu-
tions resulting from high pH solutions having high concen-
trations of SUR-active compounds, measurements of the pH
of glibenclamide solutions at various levels of dilution were
made. High concentration glibenclamide solutions (1 mg/ml
glibenclamide 1n 40% PEG, 10% ethanol, 50% water) includ-
ing either 5 mM meglumine or 5 mM diethanolamine buifers
were diluted with 50-fold using pH 6.48 Hartmann’s solution
(1:50 dilution). Inmitial pH varied from pH 8 to pH 9. The

results are presented in Table 5.

TABLE 5

pH after a 50-fold Dilution of Glibenclamide
1 mg/ml in PEG/Ethanol/Buffer (4/1/5)

L1

Dilution into Hartmann’s

(pH 6.48)
Expt 1 Expt 2

Meglumine 5 mM

pH 8 6.66 —
pH 8.5 — 6.64
pH9 6.8 6.96
pH 9.5 6.93 7.68
Diethanolamine 5 mM

pH 8 6.71 —
pH 8.5 — 6.82
pH9 7.54 7.29
pH 9.5 6.73 8.37

pH after a 50-fold Dilution of Glibenclamide
1 mg/ml in PEG/Ethanol/Buffer (4/11S)

Hartmann’s Na(l

pH 648  pH6.60 pH4.59 pH 6.82

Meglumine 5 mM

Actual  Solubility
pH (mg/ml)

NaCl at pH 4.5 + PEG/EtOH/Meglumine 10 mM, 7.92 0.15
pH 9.0
NaCl at pH 4.5 + PEG/EtOH/Diethanolamine 8.19 0.13
10 mm, pH 9.0
NaCl at pH 4.5 + PEG/EtOH/TRIS 10 mM, pH 9.0 7.89 0.15
NaCl at pH 4.5 7.72 0.08
NaCl at pH 7.0 7.75 0.12
NaCl ‘as 18’ 7.80 0.15
NaCl at pH 4.5 + PEG/EtOH, no bufifer 7.64 0.10
NaCl at pH 7.0 + PEG/EtOH, no buffer 7.90 0.14
[0099] The pH of the supernatant was also measured 1n

these experiments; 1t was found that all the samples ended up
within a pH range of about pH 7.6 to pH 8.2.

[0100] In further experiments, a number of formulations
were diluted imnto Hartmann’s solution (50-fold dilution). It
was found that Hartmann’s solution performed better than
normal saline, resulting 1n a lower final pH when infusion
fluids of stmilar starting pH are compared. For either saline or

pH 8 6.66 6.55 6.56 8.21
pH 9 6.8 8.40
pH 9.5 6.93 8.49 8.04 8.71
pH 10 8.32
Meglumine 10 mM
pH 9 7.37 6.35
pH 10 8.98 9.54
Diethanolamine 5 mM
pH 8 6.71 7.99 7.27 8.32
pH 9 7.54 8.65
pH 9.5 6.73 8.85 8.72 8.8%
pH 10 8.46
Diethanolamine 10 mM
pH 9 8.38 8.46
pH 10 8.88 9.31

Example 12

Stability

[0103] Glibenclamide stability was investigated by storing
several formulations under ditferent conditions for long peri-
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ods of time. In particular, glibenclamide formulations suit-
able for 1njection were stored for up to six months and stabil-
ity data for these formulations was obtained over that period
of time.

[0104] This study assessed the relative stability o1 4 batches
of glibenclamide formulations suitable for injection. The fol-
lowing studies were conducted.

Study No. Formulation Description
SP06092-01 Lead Formulation -Glibenclamide 1.0 mg/ml

at pH 9 with meglumine buffer 3 mM
SP0O6092-02 Back-up Formulation -Glibenclamide

1.0 mg/ml at pH 9 with diethanolamine buffer 5 mM
SP0O6092-03 Back-up Formulation-Glibenclamide

1.0 mg/ml at pH 9.5 with meglumine buffer 10 mM
SP06092-04 Back-up Formulation -Glibenclamide

1.0 mg/ml (non-aqueous formulation)

Description of Glibenclamide Formulations

Composition of Glibenclamide Injections for Stability Evalu-
ation

10105]
Ingredient SP0O6092-01 SP06092-02 SP06092-03 SP06092-04
Glibenclamide 1.0 mg 1.0 mg 1.0 mg 1.0 mg
Meglumine 0.976 mg — 1.952 mg —
Diethanolamine - 0.526 mg - -
Ethanol 0.1 ml 0.1 ml 0.1 ml 0.2 ml
PEG 300 0.4 ml 0.4 ml 0.4 ml to 1.0 ml
NaOH/HCI qgstopH9.0 qgstopH9.0 qgstopH9.5 —
Water for to 1.0 ml to 1.0 ml to 1.0 ml

[rrigation

[0106] Method of Preparation

[0107] The ethanol and PEG 300 were measured 1nto a
suitable vessel and the glibenclamide added. The mixture was
stirred until the glibenclamide had dissolved.

[0108] As appropnate, the buifer salt was dissolved 1n
approximately 40% of the batch volume of water. Once dis-
solved the bufler solution was added to the PEG/ethanol
solution of glibenclamide with stirring. The pH of this solu-
tion was measured and adjusted to pH 9.0+0.1 (or pH 9.5+0.1
as appropriate) with sodium hydroxide or hydrochloric acid
solutions. The solutions were brought to their final volume
with further water for 1rrigation and the pH was re-measured
and adjusted as required.

[0109] The solutions were sterilized by passing through a
0.2 um filter. Aliquots of 5 ml were filled into pre-sterilized 5
ml vials and sealed with a pre-sterilized stopper.

[0110] Testing Protocol

[0111] The glibenclamide mnjections were stored and tested
according to the schedules below, in which the symbols X, Y,
and 7 have the following meanings:

[0112] X Appearance, pH, assay and related substances

[0113] Y Appearance, pH, assay and related substances

[0114] Z Appearance, assay and related substances.
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Study SPO6092-01

Initial M M 3IM 6M

2-8° C. X X X X (X)

25° C./60% RH - X X X (X)

40° C./75% RH - X X X (X)
ICH Light X

Study SP06092-02 and SP06092-03

Initial M M M 6M

2-8° C. Y Y Y Y (Y)

25° C./60% RH - Y Y Y (Y)

40° C./75% RH - Y Y Y (Y)
ICH Light Y

Study SPO6092-04

Initial M M 3IM 6M

2-8° C. Z (Z) (Z) Z) (2

25° C./60% RH - (Z) (Z) Z) (2

40° C./75% RH - (Z) (Z) Z) (2
ICH Light (Z)

[0115] All storage cabinets were continually monitored for
temperature and humidity using calibrated probes. After
removal from long-term storage, all samples were stored at
2-8° C. protected from light while awaiting analysis.

[0116] At each time point, 2 vials of glibenclamide injec-
tions will be removed from the storage cabinet from the
appropriate conditions and allowed to equilibrate to ambient
temperature. This will be used to perform the analyses
described above and will be stored under normal laboratory
conditions throughout the duration of the analyses.

[0117] The {formulations were nspected wvisually {for
appearance and for the presence of particulates. The pH of
duplicate samples from separate vials was measured to deter-
mine formulation pH and to track changes, 1f any, over the
course ol time during the stability experiments. Results of
glibenclamide stability experiments are presented 1n FIG. 3,
which shows glibenclamide stability in various formulations.

[0118] FIG. 3A shows glibenclamide stability at a concen-
tration of 1 mg/ml at pH 9, with 5 mM meglumine, when
stored at 2-8° C. FIG. 3B shows glibenclamide stability at a
concentration of 1 mg/ml at pH 9, with 5 mM meglumine,
when stored at 25° C. and 60% relative humidity. FIG. 3C
shows glibenclamide stability at a concentration of 1 mg/ml at
pH 9, with 5 mM meglumine, when stored at 40° C. and 75%
relative humidity. FIG. 3D shows glibenclamide stability at a
concentration of 1 mg/ml atpH 9, with 5 mM diethanolamine,
when stored at 2-8° C. FIG. 3E shows glibenclamide stability
at a concentration of 1 mg/ml at pH 9, with 5 mM diethano-
lamine, when stored at 25° C. and 60% relative humadity.
FIG. 3F shows glibenclamide stability at a concentration of 1
mg/ml at pH 9, with 5 mM diethanolamine, when stored at

40° C. and 75% relative humadity. FI1G. 3G shows glibencla-
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mide stability ata concentration of 1 mg/ml atpH 9.5, with 10
mM meglumine, when stored at 2-8° C. FIG. 3H shows glib-
enclamide stability at a concentration of 1 mg/ml at pH 9.5,
with 10 mM meglumine, when stored at 25° C. and 60%
relattve humidity. FIG. 31 shows glibenclamide stability at a
concentration of 1 mg/ml at pH 9.5, with 10 mM meglumine,
when stored at 40° C. and 75% relative humadity. FIG. 3]
shows glibenclamide stability at a concentration of 1 mg/ml
1in a non-aqueous formulation, when stored at 25° C. and 60%
relative humadity.

[0119] As shown i FIGS. 3A, 3B, and 3C, for example,
there appeared to be some hydrolysis of glibenclamide in the
1 mM glibenclamide formulation with 5 mM meglumine at
pH 9 when stored at elevated temperatures. However, surpris-
ingly, such hydrolysis was not seen in the refrigerated
samples stored at 2-8° C., and the glibenclamide remained 1n
solution at these temperatures.

Methods of Use

[0120] The liquid formulations disclosed herein may be
used to administer SUR -active compounds to patients in need
of such compounds. For example, a patient suffering from
stroke; brain trauma; heart attack leading to brain hypoxia,
brain 1schemia or brain hypoxia/ischemia; spinal cord injury;
or other disorder leading to neural cell swelling or to brain
swelling, would benefit from administration of a SUR-active
compound via a iquid formulation disclosed herein. Concen-
trated formulations having greater than about 0.05 mg/mlof a
SUR-active compound, such as glibenclamide or tolbuta-
mide, may be administered as a bolus infusion to a vein or
artery of a patient in need of such treatment, effective to
provide an 1nitial effective dose of the compound. A bolus
infusion may provide greater than about 0.1 mg/ml, or greater
than about 0.5 mg/ml, or greater than about 1 mg/ml, or
greater than about 5 mg/ml, or greater than about 10 mg/ml, or
greater than about 20 mg/ml of a SUR-active compound. A
bolus infusion may be an infusion lasting for a period of time
of up to 15 minutes, or up to 30 minutes, or up to about one
hour, or up to about 3 hours. A SUR-active compound may be
administered to a patient at lower doses as well, and typically
via steady infusion of drug over an extended period of time,
cifective to maintain an effective dose of the compound to
provide treatment to the patient. A long-term infusion may
provide a SUR-active compound at a concentration of less
than about 0.01 mg/ml, or of about 0.01 mg/ml, or of about
0.02 mg/ml, or of about 0.03 mg/ml, or of about 0.04 mg/ml,
or of greater than about 0.04 mg/ml of a SUR-active com-
pound. A long-term 1nfusion may be an infusion lasting for a
period of time of about 3 hours; or may be for a period of time
of about 6 hours; or may be for a period of time of about 12
hours; or may be for a period of time of about a day; or may
be for a period of time of about 2 days; or may be for a period
of time of about 5 days; or may be for a period of time of about
one week; or may be for a period of time of about two weeks;
or may be for a period of time of about one month; or may be
for another time period.

[0121] In addition, a patient suifering from a disorder of
blood glucose levels will benefit from administration of a
SUR-active compound via a liqmd formulation disclosed
herein.

[0122] The methods disclosed herein provide methods of

providing a concentrated liquid formulation of a SUR-active
compound containing a signmificant amount of water, compris-
ing the step of dissolving a SUR-active compound in a solu-
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tion containing a solvent, a co-solvent, and optionally a sur-
factant. In embodiments of the methods of the invention, the
solvent 1s ethanol. In embodiments of the methods of the
invention, the co-solvent 1s a polyalkylene glycol. In further
embodiments of the methods of the mvention, the liquid
formulation includes a butier. In embodiments of the methods
of the invention, the butler 1s selected from meglumine and
diethanolamine. In embodiments of the methods, the pH of
the liquid formulation 1s between about pH 8.5 and about pH
9.5

[0123] The methods disclosed herein provide methods of
providing a liquid formulation of a SUR-active compound
containing a significant amount of water, comprising the step
of diluting a concentrated liquid formulation of a SUR-active
compound with a pharmaceutically acceptable solution con-
taining water, wherein the diluting step does not produce
precipitation of the SUR-active compound. In embodiments
of the methods disclosed herein, the pharmaceutically accept-
able solution containing water further includes a butfer. In
embodiments of the methods, the pH of the diluted liquid
formulation 1s between about pH 7.0 and about pH 8.5.

Kits

[0124] A kat may be provided which includes a SUR-active
compound dissolved 1n a liquid formulation having features
of the invention 1n a suitable container and includes nstruc-
tions for the use of the novel liquid formulation according to
the methods disclosed herein. Preferred kits provide the 1ig-
uid formulations 1n sterile containers, as 1s known in the art. A
kit having features of the invention may also include a diluent,
such as Hartmann’s solution, 1n a suitable container, and
including instructions for the use of the novel liquid formu-
lation according to the methods disclosed herein. In preferred
embodiments of the kits, the volume of the diluent provided 1s
greater than the volume of the SUR-active compound-con-
taining liquid formulation provided. For example, a kit hav-
ing features of the invention may provide 50 times the volume
of a diluent such as Hartmann’s solution as compared to the
volume of the liquid formulation containing dissolved SUR -
active compound. For non-aqueous solutions, kits may fur-
ther contain buffered, unbutiered, pH adjusted, or non-pH
adjusted formulations which do not include the active ingre-
dient and which may be used to dilute the non-aqueous solu-
tions.

[0125] In embodiments, a kit may be provided which
includes a vial of a SUR-active compound 1n a dry form, such
as, e.g., a powdered form (including, e.g., micronized or non
micronized powder, or other dry powder). The kit may further
include a vial of diluent suitable for dilution of the powdered
SUR-active compound to provide, upon mixing, a liquid for-
mulation containing the SUR-active compound. The diluent
may be water; or may include water and alcohol; or may
include water, PEG and alcohol; or may be or include other
liquid, including non-aqueous liquids. In embodiments, the
diluent may have a pH of 7.4 or greater. In further embodi-
ments, the diluent may have a pH of 7.4 or greater and may be
buifered. The buffer 1n such a butfered solution may be at a
concentration within in the range of about 1 mM to about 100
mM; for example, the buffer may have a concentration of
about 5 mM or a concentration of about 10 mM. In embodi-
ments, the buffer 1s meglumine or diethanolamine.

[0126] For example, a kit may be provided which includes
a vial of glibenclamide 1n a powdered form (including, e.g.,
micronized or non micronized powder, or other dry powder)
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packaged with a vial of diluent. The diluent may be water; or
may include water and alcohol; or may include water, PEG
and alcohol; or may be or include other liquid, including
non-aqueous liquids. In embodiments, the diluent may have a
pH of 7.4 or greater. In further embodiments, the diluent may
have a pH o17.4 or greater and may be buifered. The builer in
such a buifered solution may be at a concentration within 1n
the range of about 1 mM to about 100 mM; for example, the
buifer may have a concentration of about 5 mM or a concen-
tration of about 10 mM. In embodiments, the buffer 1s meglu-
mine or diethanolamine.

[0127] In further embodiments, a kit may include a SUR -
active compound and a buffer salt in a powdered form (includ-
ing, e.g., micronized or non micronized powder, or other dry
powder). The SUR-active compound and the butier salt may
be provided in proportions of, for example, 4:1 w/w SUR-
active compound:butfer salt; 2:1 w/w SUR-active compound:
butfer salt; 1:1 w/w SUR-active compound:buffer salt; 0.5:1
w/w SUR-active compound:buifer salt; 0.25:1 w/w SUR-
active compound:bulfer salt; or other proportions. In embodi-
ments, the bulfer salt 1s a salt of meglumine or diethanola-
mine. The kit may turther include a vial of diluent suitable for
dilution of the powdered SUR-active compound and buifer
salt to provide, upon mixing, a liquid formulation containing
the SUR-active compound 1n a buifered solution. The diluent
may be water; or may include water and alcohol; or may
include water, PEG and alcohol; or may be or include other
liquid, including non-aqueous liquids. The diluent need not
be butfered, as the powder includes a builer salt. The resulting
mixture of powder with diluent preferably has a pH of
between about pH 8.5 and about pH 11.5. The desired result-
ing pH depends upon the proportion of SUR-active com-
pound to builer salt, where that proportion 1s chosen to pro-
vide the desired resulting pH.

[0128] Following dilution of a powder of a SUR-active
compound and buifer salt with such a diluent, the resulting
dilution mixture may be added to water to provide an aqueous
formulation suitable for imjection. For example, such a dilu-
tion mixture may be used to provide an aqueous formulation
for injection of about 0.05 mg/ml to about 20 mg/ml of a
SUR-active compound for bolus injection, or infusion (e.g.,
via a syringe pump), or for other method of administration to
a patient. Such a dilution mixture may also be used to provide
an aqueous formulation for addition to a buifered solution,
such as a physiological saline, Ringer’s solution, Hartmann’s
solution, or other butlered aqueous solution, suitable for con-
tinuous 1nfusion into a patient, or for other suitable mode of
administration. Thus, a powder including a SUR -active com-
pound and a buffer salt may be provided in kit form to provide
the ingredients for a pharmaceutical formulation suitable for
addition to a further diluent solution, such as, for example, a
builered aqueous solution. This embodiment differs from the
previously described embodiment which provides a SUR-
active compound and a diluent, which 1s also suitable for
addition to a further diluent solution, 1n that the present
embodiment further includes a bufler salt with the SUR-
active compound.

[0129] Forexample, a kit may include a glibenclamide and
a buifer salt 1n a powdered form (including, e.g., micronized
or non micronized powder, or other dry powder). The glib-
enclamide and the buffer salt may be provided in proportions
of, for example, 4:1 w/w glibenclamide:butfer salt; 2:1 w/w
glibenclamide: butfer salt; 1:1 w/w glibenclamide: butfer salt;
0.5:1 w/w glibenclamide:butfer salt; 0.25:1 w/w glibencla-
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mide:butler salt; or other proportions. In embodiments, the
builer salt 1s a salt of meglumine or diethanolamine. The kat
may further include a vial of diluent suitable for dilution of
the powdered glibenclamide and butfer salt to provide, upon
mixing, a liguid formulation containing the glibenclamide in
a buffered solution. The diluent may be water; or may include
water and alcohol; or may include water, PEG and alcohol; or
may be or mclude other liquid, including non-aqueous 1ig-
uids. The diluent need not be butfered, as the powder includes
a bufler salt. The resulting mixture of powder with diluent
preferably has a pH of between about pH 8.5 and about pH
11.5. The desired resulting pH depends upon the proportion
of glibenclamide to butifer salt, where that proportion is cho-
sen to provide the desired resulting pH.

[0130] Following dilution of the glibenclamide and butfer
powder, the resulting dilution mixture may be added to water
to provide an aqueous formulation suitable for injection, e.g.,
a formulation having about 0.05 mg/ml to about 20 mg/ml
glibenclamide. Such glibenclamide and bufler formulations
are suitable for bolus 1njection, or infusion (e.g., via a syringe
pump), or for other method of administration to a patient.
Such glibenclamide and bufler formulations are also suitable
for addition to a buifered solution, such as a physiological
saline, Ringer’s solution, Hartmann’s solution, or other buil-
ered aqueous solution, suitable for continuous infusion into a
patient, or for other suitable mode of administration.

[0131] All patents, patent applications, and scientific
articles cited herein, both supra and inira, are hereby incor-
porated by reference in their entireties.

[0132] While particular forms of the invention have been
illustrated and described, 1t will be apparent that various
modifications can be made without departing from the spirit
and scope of the invention. Accordingly, it 1s not intended that
the invention be limited, except as by the appended claims.

1. A liquid formulation suitable for administration to a
patient, comprising:
glibenclamide at a concentration of at least about 0.04
mg/ml, and a pharmaceutically acceptable infusion
solution.

2. The liquid formulation of claim 1, wherein said pharma-
ceutically acceptable infusion solution comprises water and a
pharmaceutically acceptable salt or sugar.

3. The liguid formulation of claim 2, wherein said pharma-
ceutically acceptable infusion solution comprises water and a
pharmaceutically acceptable salt.

4. The liquid formulation of claim 1 which has a pH greater
than about pH 7.4.

5. The liquid formulation of claim 1, further comprising a
butiler, wherein said liquid formulation has a pH of at least

about pH 7.4.

6. The liquid formulation of claim 1, further comprising an
alcohol.

7. The liguid formulation of claim 6, wherein said alcohol
1s ethyl alcohol.

8. The liquid formulation of claim 1, further comprising a
co-solvent.

9. The liguid formulation of claim 1, further comprising a
surfactant.

10. The liquid formulation of claim 1, further comprising
an alcohol and a co-solvent.

11. The liquid formulation of claim 10, further comprising
a surfactant.
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12. The liquid formulation of claim 1, further comprising
an alcohol and a co-solvent, wherein said liquid formulation
has a pH of at least about pH 7.4

13. The liquid formulation of claim 12, further comprising
a surfactant.

14. (canceled)

15. The liquid formulation of claim 10, wherein said alco-
hol comprises ethyl alcohol.

16. The liquid formulation of claim 10, wherein said co-
solvent comprises a co-solvent selected from propylene gly-
col and a polyalkylene glycol.

17. The liquid formulation of claim 16, wherein said co-
solvent 1s selected from propylene glycol (PG), polyethylene
glycol (PEG), polybutylene glycol and polypropylene glycol.
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18. The liquid formulation of claim 16, wherein said poly-
alkylene glycol comprises PEG 300.
19. The liquid formulation of claim 16, wherein said poly-
alkylene glycol comprises PEG 400.
20. The liquid formulation of claim 16, wherein said co-
solvent comprises propylene glycol (PG).
21. A liquid formulation suitable for imntravenous or intra-
arterial administration, comprising:
a compound which 1s pharmaceutically active at a sulio-
nylurea receptor, said compound at a concentration of at
least about 0.04 mg/ml, ethanol, water, and a co-solvent.

22-89. (canceled)
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