acceptable vehicle, to yield the concentrated low-viscosity liquid formulations. The presence
of the viscosity-lowering agent(s) facilitates and/or accelerates the reconstitution of the
lyophilized dosage unit compared to a lyophilized dosage unit not containing a viscosity-
lowering agent.

[0017] Methods are provided herein for preparing concentrated, low-viscosity liquid
formulations of high-molecular-weight polysaccharides or nucleic acids, as well as methods
for storing the low-viscosity, high-concentration polysaccharide or nucleic acid formulations,
and for administration thereof to patients. In another embodiment, the viscosity-lowering
agent (e.g., viscosity-lowering compounds of formulae A-I, A-II, A-III and variations thereof,
ionic liquids, organophosphates, water-soluble organic dyes, and other viscosity-lowering
compounds described herein) is added to facilitate processing (e.g., pumping, concentration,
and/or filtration) by reducing the viscosity of the polysaccharide/nucleic acid solutions.

[0017a] In one aspect, there is provided a liquid pharmaceutical formulation for injection

comprising one or more polysaccharides, one or more viscosity-lowering agents, wherein the

one or more viscosity lowering agents comprise ammonium sulfate, creatinine, Yellow 5, 4-

aminopyridine, 1-butyl-1-methylpyrrolidinium chloride (BMP-CI), or combinations thereof’

and a pharmaceutically acceptable solvent, wherein the liquid pharmaceutical formulation,

when in a volume suitable for injection, has an absolute viscosity from about 1 cP to about 50

cP at 25°C, as measured using a cone and plate viscometer or a microfluidic viscometer; and

the absolute viscosity of the liquid pharmaceutical formulation is lower than an absolute

viscosity of a control composition comprising the one or more polysaccharides and the

pharmaceutically acceptable solvent, but without the one or more viscosity-lowering agents,

wherein the absolute viscosity is an extrapolated zero-shear viscosity.

[0017b] In another aspect, there is provided the liquid pharmaceutical formulation as

described herein which is to be administered by subcutaneous (SC) or intramuscular (IM)

injections.

[0017c] In another aspect, there is a method of preparing the liquid pharmaceutical

formulation as described herein, comprising the step of combining the one or more

polysaccharides, the pharmaceutically acceptable solvent, and the one or more viscosity-

lowering agents.

[0017d] In a further aspect, there is provided a liquid pharmaceutical formulation prepared

by the method described herein.

[0017¢] In another aspect, there is provided a lyophilized composition comprising one or

more polysaccharides comprising heparin or dextran; and one or more viscosity-lowering




agents, wherein the one or more viscosity lowering agents comprise ammonium sulfate,

creatinine, Yellow 5, 4-aminopyridine, 1-butyl-1-methylpyrrolidinium chloride (BMP-CI), or

combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 depicts the viscosity in cP as a function of the flow rate for aqueous solutions
of “medium-viscosity” sodium alginate in water (8.2 mg/mL, pH 7.4, diamonds), Dextran in
phosphate buffer (approximately 200 mg/mL, squares), and Heparin sodium in phosphate
buffer (approximately 300 mg/mL, pH 7.1, triangles).

[0019] FIG. 2 depicts the viscosity in cP as a function of flow rate for aqueous solutions of
Dextran (400 mg/mL) in the presence of various viscosity-lowering excipients.

[0020] FIG. 3 depicts the viscosity in cP as a function of flow rate for aqueous solutions of

DEAE-Dextran (340 mg/mL) in the presence of various viscosity-lowering excipients.
DETAILED DESCRIPTION OF THE INVENTION
L. DEFINITIONS

[0021] The term “polysaccharide,” as used herein, refers to a compound made from at least
two monosaccharide units which are linked via a glycosylic (or glycosidic) bond. Unless
otherwise specified, a polysaccharide may contain only sugar components, or may contain
non-sugar components as well, such as amino acids and small molecule aglycones.
Polysaccharides having a molecular weight (expressed in kDa wherein “Da” stands for
“Daltons” and 1 kDa = 1,000 Da) greater than about 10,000 Da may be designated “high-
molecular-weight polysaccharides,” whereas polysaccharides having a molecular weight less

than about 10,000 Da may be designated “low-molecular-weight polysaccharides.”



CLAIMS

We claim:
1. A liquid pharmaceutical formulation for injection comprising
(i) one or more polysaccharides-ard/ornucleicacids;

—(i1) one or more viscosity-lowering agents, wherein the one or more viscosity

lowering agents comprise:

ammonium sulfate,

creatinine

Yellow 5

4-aminopyridine,

1-butyl-1-methylpyrrolidinium chloride (BMP-CI),

or combinations thereof; and

(ii1) a pharmaceutically acceptable solvent;

wherein w

and—viseositytowering—agentthe liquid pharmaceutical formulation, when in a volume
suitable for injection, thefermulation-has an absolute viscosity from about 1 cP to about 50

cP at 25°C, as measured;forexample; using a cone and plate viscometer_or a microfluidic

viscometer; and the absolute viscosity of the liquid pharmaceutical formulation is lower than

the—an absolute viscosity of a control composition comprising the one or more

polysaccharides and the pharmaceutically acceptable solvent, etherwise—substantiathy—the
same-formulation-but without the one or more viscosity-lowering agents;

wherein the absolute viscosity in-each-case-is an extrapolated zero-shear viscosity.

2. The liquid pharmaceutical formulation of claim 1, wherein the one or more

polysaccharides are present in an amount of from 200 mg/ml to 400 mg/ml.

43. The liquid pharmaceutical formulation of any-ef-elaims+-3-claim 1 or 2, wherein the

one or more polysaccharides is seleetedfrom—the—group—eonsisting—of-heparins—heparin. ef
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4. The liguid pharmaceutical formulation of claim 1 or 2, wherein the one or more

polysaccharides is dextran.

85. The liquid pharmaceutical formulation of any one of the previous claims—+-7, wherein

the liquid pharmaceutical formulation is aqueous having a pH between about 4.0 and about

8.0.

96. The liquid pharmaceutical formulation of any one of the previous claims—+-8, wherein

the eempristag-one or more viscosity-lowering agents are present #-at a concentration of

from about 0.01 M to about 1.0 M or from about 0.01 M to about 0.25 M.

+7.  The liquid pharmaceutical formulation of any one of the previous claims +38 further

comprising one or more pharmaceutically acceptable excipients for—subeutaneeus{(SC)—or
bt D jeeton—elected Dromthesroupseons dneolcomprising o sugar—o+,

sugar alcohols, buffering agents, preservatives, carriers, antioxidants, chelating agents,
natural polymer, e¥-synthetic polymers, cryoprotectants, lyoprotectants, surfactants, bulking

agents, and-stabilizing agents or any combination thereof.

8. The liguid pharmaceutical formulation of claim 7, wherein the sugar alcohol

comprises mannitol or sorbitol.

129.  The liquid pharmaceutical formulation of claim 417, wherein the one or more of-the

pharmaceutically acceptable excipients isselectedfromthe-group-consisting-of-comprises a
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polysorbates, poloxamer 188, sodium lauryl sulfate, a polyol. selectedfrom-the-group

consisting-of sugar-aleoholssuch-as-mannitel-and-serbitel-a poly(ethylene glycols), glycerol,
a propylene glycols, and-or a poly(vinyl alcohols).

14810. The liquid pharmaceutical formulation of any one of elaims——7the previous claims

in a unit-dose vial, multi-dose vial, cartridge eentairer;-or pre-filled syringe.

4911. The liquid pharmaceutical formulation of any one of the previous claims—+8 wherein

form;—preferably_liquid pharmaceutical formulation is reconstituted from a lyophilized

composition.

2+12. The liquid pharmaceutical formulation of any one of the previous claims—-26,

wherein the liquid pharmaceutical formulation is isotonic to human blood serum.
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2513. The liquid pharmaceutical formulation of any one of the previous claims—-24,

wherein the absolute viscosity of the liquid pharmaceutical formulation is measured at a shear

rate of at least about 0.5 s™!, when measured using a cone and plate viscometer, or a -

formulation—is—measured—atashear rate of at least about 1.0 s”!, when measured using a

microfluidic viscometer.

14. The liquid pharmaceutical formulation of any one of the previous claims, wherein the

one or more viscosity lowering agents comprises ammonium sulfate.

15. The liguid pharmaceutical formulation of any one of claims 1 to 13, wherein the one

or more viscosity lowering agents comprises creatinine.

16. The liguid pharmaceutical formulation of any one of claims 1 to 13, wherein the one

or more viscosity lowering agents comprises Yellow 5.

17. The liguid pharmaceutical formulation of any one of claims 1 to 13, wherein the one

or more viscosity lowering agents comprises 4-aminopyridine.

18. The liquid pharmaceutical formulation of any one of claims 1 to 13, wherein the one

or more viscosity lowering agents comprises 1-butyl-1-methylpyrrolidinium chloride (BMP

jecti The liquid pharmaceutical formulation of any

one of claims 1-2618 which is to be administered by subcutaneous (SC) or intramuscular

(IM) injections. .
2820. The liquid pharmaceutical formulation method-of claim 2719, wherein the SC-or 1M
injections are to be performed with a syringe-seleeted-from-the-sroup-consisting-of-heated

syringes, a self-mixing syringes, an auto-injectors, a pre-filled syringes, ard-or combinations

thereof.

2921. The liquid pharmaceutical formulation method-of claim 2819 or 20, wherein the

syringe is a heated syringe and the liquid pharmaceutical formulation is-administered-athas a

temperature between 25°C and 40°C.
3022. The liquid pharmaceutical formulation smethod-of any one of claims 272919 to 21,

wherein the liquid pharmaceutical formulation produces a primary irritation index of less than

3 when evaluated using a Draize scoring system.
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3423. The liquid pharmaceutical formulation methed-of any one of claims 273619 to 22,

wherein the injection force of the injection is at least 10% less or at least 20% less than the-an
injection force for the-etherwise-same-formulation-a control composition comprising the one

or more polysaccharides and the pharmaceutically acceptable solvent, but without the one or

more viscosity-lowering, ageat-when administered in the same way.

3224. The liquid pharmaceutical formulation methed-of any one of claims 273419 to 23,

wherein the injection is to be administered with a needle between 27 and 31 gauge in

diameter and the injection force is less than 30 N with the 27 gauge needle.

3325. A method of preparing a-the liquid pharmaceutical formulation of any one of claims |

to 18, comprising the step of combining the one or more polysaccharides-andlornueleic-aeid,

the pharmaceutically acceptable solvent, and the one or more viscosity-lowering agents—ef

26. A liquid pharmaceutical formulation prepared by the method of claim 25.

27. A lyophilized composition comprising:

(1) one or more polysaccharides comprising heparin or dextran; and

(ii) one or more viscosity-lowering agents, wherein the one or more Viscosity

lowering agents comprise:

ammonium sulfate,

creatinine

Yellow 5

4-aminopyridine,
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1-butyl-1-methylpyrrolidinium chloride (BMP-CI),

or combinations thereof.

28. The lyophilized composition of claim 27, wherein the one or more polysaccharides is

heparin.

29. The lyophilized composition of claim 27, wherein the one or more polysaccharides is

dextran.

30. The lyophilized composition of any one of claims 27-29, wherein the one or more

viscosity lowering agents comprises ammonium sulfate.

31. The lyophilized composition of any one of claims 27-29, wherein the one or more

viscosity lowering agents comprises creatinine.

32. The lyophilized composition of any one of claims 27-29, wherein the one or more

viscosity lowering agents comprises Yellow 5.

33. The lyophilized composition of any one of claims 27-29, wherein the one or more

viscosity lowering agents comprises 4-aminopyridine.
34. The lyophilized composition of any one of claims 27-29, wherein the one or more

viscosity lowering agents comprises 1-butyl-1-methylpyrrolidinium chloride (BMP-CI).

107



	29869SG76 amended p5 (marked)
	29869SG76 amended claims (marked)



